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4. PROJECT/TASK ORGANIZATION 

4.1 Involved Parties and Roles 
The California Department of Transportation (Caltrans) in conjunction with the Federal Highway Administration 
(FHWA) is proposing to construct the Willits Bypass Project (bypass project), a new section of U.S. Highway 101 
(US 101) that will bypass the City of Willits in Mendocino County, California.  The bypass project will result in 
impacts on sensitive natural resources in the bypass project’s right-of-way, including waters of the State.   

The North Coast Regional Water Quality Control Board (RWB) prepared a draft Monitoring and Reporting Program 
(MRP; Order No. R1-2010-0066) to guide surface water quality monitoring for the bypass project. (California 
Regional Water Quality Control Board – North Coast Region 2010).   The MRP requirements include monitoring 
and assessment of waters of the State and the submission of technical reports (California Regional Water Quality 
Control Board – North Coast Region 2010).   The RWB is the lead agency for the bypass project’s surface water 
quality monitoring program, including the baseline surface water quality monitoring program that is the focus of this 
Quality Assurance Project Plan (QAPP).  The RWB will be using the results of the baseline surface water quality 
monitoring program to establish baseline conditions and also use the associated data in conjunction with 
construction and post-construction surface water quality monitoring data to verify expected enhancement of waters 
of the State, CWA Section 404 jurisdictional waters of the U.S. (including wetlands), and riparian areas within and 
adjacent to the mitigation lands.  In addition, these baseline data will be used to demonstrate the enhancement and 
protection of beneficial uses and long-term sediment and water temperature TMDL implementation for the receiving 
waters within the Outlet Creek Basin.  The MRP is included as Appendix E. 

Caltrans retained ICF International (ICF; formerly ICF Jones & Stokes) to conduct the baseline surface water quality 
monitoring program for the bypass project.  ICF will install and maintain continuous water quality monitoring 
equipment; coordinate and collect monthly water quality samples; conduct visual observations of the appearance of 
the stream at sampling sites; and initiate and maintain contracts with Alpha Analytical Laboratories (see paragraph 6 
below).  

Caltrans’ Task Order Manager is Alex Arevalo, P.E.  Mr. Arevalo will be responsible for overseeing the task order 
contract with ICF, acting as a liaison between Caltrans and ICF staff, and ensuring that the surface water quality 
monitoring program is determining baseline conditions of surface waters for the bypass project area, including the 
bypass footprint and mitigation lands (Section 10.1), consistent with this QAPP and the MRP (Appendix E).  (Table 
A-1.) 

ICF’s Task Order Manager is Jeff Kozlowski.  Mr. Kozlowski will be responsible for ensuring that the work 
described in the task order is conducted according to this QAPP and per the schedule in the MRP.  He will act as a 
liaison between Caltrans and ICF staff and communicate to Caltrans’ Task Order Manager any issues or problems 
encountered, organize and coordinate ICF field and office staff involved with the monitoring program, schedule 
monitoring events, and coordinate with Alpha Analytical Laboratories.  (Table A-1.) 

Alpha Analytical Laboratories will be the contract laboratory for analyses of samples collected by ICF in the field.  
Alpha Analytical Laboratories will analyze samples in accordance with all method and quality assurance 
requirements found in this QAPP (Appendix D). Alpha Analytical Laboratories will act as a technical resource to 
ICF staff.  Alpha Analytical Laboratories’ Laboratory Director is Bruce Gove.  Mr. Gove will be responsible for 
ensuring that the laboratory analysis work requested by ICF is conducted according to this QAPP and acting as a 
liaison between ICF and Alpha Analytical Laboratories staff.  (Table A-1.) 

4.2 Quality Assurance Officer Role 
The QA Officers identified for the bypass project baseline surface water quality monitoring program will not be 
involved in data generation activities to maintain their independence in assessing quality of the data.  Caltrans’ 
Quality Assurance (QA) Officer is David Melendrez, P.E.  Mr. Melendrez’s role is to ensure that the quality 
assurance and quality control (QA/QC) procedures contained in this QAPP are being conducted as part of the field 
sampling, field measurement, and laboratory analysis procedures.  Mr. Melendrez will also coordinate with ICF’s 
QA Officer, Andy Wones, and Alpha Analytical Laboratories’ QA Officer, Cheryl Watson, on all issues related to 
the QA/QC procedures contained in this QAPP.  Mr. Wones will also act as an advisor to ICF staff conducting the 
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monitoring and reporting activities, and Ms. Watson will act as an advisor to Alpha Analytical Laboratories staff 
conducting the laboratory analyses. (Table A-1.) 

ICF’s QA Officer will review and assess procedures during the life of the contract against QAPP requirements and 
report all findings to Caltrans’ QA Officer, including all requests for corrective action. ICF’s QA Officer will also 
make requests for corrective actions to Alpha Analytical Laboratories’ QA Officer, as necessary.  Caltrans’ or ICF’s 
QA Officer may stop all actions, including those conducted by Alpha Analytical Laboratories, if there are significant 
deviations from the QAPP or there is evidence of a systematic failure.   

4.3 Persons Responsible for QAPP Update and Maintenance 
Changes and updates to this QAPP may be necessary and can be requested by all personnel listed in Table A-1 as 
well as the RWB.  The QAPP will be revised after a review of the evidence for change by Caltrans’ and ICF’s Task 
Order Managers and QA Officers, and with the concurrence of the Regional Board’s Project Manager and QA 
Officer (Section 3).  ICF’s Task Order Manager will be responsible for making the changes, submitting drafts for 
review, and preparing a final copy. Caltrans’ Task Order Manager will be responsible for  submitting the final copy 
to the RWB for approval. 

Table A-1.  (Element 4) Personnel Responsibilities 

Name Organizational Affiliation Title 

Contact Information 
(telephone number, facsimile 
number, e-mail address) 

Alex Arevalo, 
P.E. 

California Department of 
Transportation 

Caltrans Task Order 
Manager 

707-441-4674 (office) 

707-498-4071 (cell) 

707-441-4674 (fax) 

Alex_Arevalo@dot.ca.gov 

David Melendrez, 
P.E. 

California Department of 
Transportation 

Quality Assurance 
(QA) Officer 

707-445-5201 (office) 

707-834-2471 (cell) 

707-441-4674 (fax) 

David_Melendrez@dot.ca.gov 

Jeff Kozlowski ICF International Contractor Task Order 
Manager 

916-231-9593 (office) 

916-752-0945 (cell) 

916-737-3030 (fax) 

jkozlowski@icfi.com 

Andy Wones ICF International QA Officer 206-801-2833 (office) 

425-830-6694 (cell) 

206-801-2899 (fax) 

awones@icfi.com 

Bruce Gove Alpha Analytical Laboratories, Inc. Laboratory Director 707-468-0401 (office) 

707-621-1117 (cell) 

707-468-5267 (fax) 

bgove@alpha-labs.com 

Cheryl Watson Alpha Analytical Laboratories, Inc. Laboratory QA 
Officer 

707-468-0401 (office) 

707-367-7109 (cell) 

707-468-5267 (fax) 

cwatson@alpha-labs.com 
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4.4 Organizational Chart and Responsibilities 
Figure 1 shows the organizational chart for the monitoring program, and the lines of authority and reporting 
responsibilities between Caltrans, ICF, Alpha Analytical Laboratories, and the RWB.  The QA Officers identified 
for the bypass project baseline surface water quality monitoring program will not be involved in data generation or 
management activities to maintain their independence in assessing quality of the data.   

5. PROBLEM DEFINITION/BACKGROUND 

5.1 Problem Statement 
Caltrans, in conjunction with FHWA, is proposing to construct the bypass project, a new section of US 101 that will 
bypass the City of Willits in Mendocino County, California (Figure 2). The bypass project is a four-lane highway 
with several bridges spanning creeks and local roads; floodway viaducts spanning the regulatory floodway; and 
interchanges with existing US 101 at each end of the bypass. The bypass project meanders through the southwestern 
portion of Little Lake Valley, just east of the City of Willits. The 5.9-mile (mi) bypass begins south of the City of 
Willits approximately 0.5 mi south of the railroad crossing of existing US 101 and ends north of the City of Willits 
approximately 1.8 mi south of Reynolds Highway (Figure 3). 

As part of compensatory mitigation for the bypass project, Caltrans has prepared a mitigation and monitoring 
proposal (MMP; Caltrans 2010) for bypass project effects on sensitive natural resources, including Clean Water Act 
(CWA) Section 404 jurisdictional waters of the United States (including wetlands), waters of the State, riparian 
habitat, special-status plants and fish, and oak woodlands (Caltrans 2010). With respect to compensatory mitigation 
for waters of the State, the MMP will be revised to a final version so that it is consistent with the RWB’s MRP, 
described herein and included as Appendix E. 

Data collection and evaluation in the MRP is broken down into four phases: 1) baseline evaluation of the bypass 
footprint and mitigation lands (baseline water quality monitoring is the focus of this QAPP); 2) construction 
compliance monitoring and reporting for the bypass footprint; 3) evaluation and measurement of success of 
mitigation land enhancement (on the offsite mitigation lands) and repair success (in the onsite mitigation area in the 
bypass footprint); and 4) long-term total maximum daily load (TMDL) compliance monitoring for the bypass 
footprint and mitigation lands.  Caltrans currently is initiating Phase 1 of the MRP (i.e., baseline evaluation of the 
bypass footprint and mitigation lands).    In addition, these baseline data will be used to demonstrate the 
enhancement and protection of beneficial uses and long-term sediment and water temperature TMDL 
implementation for the receiving waters within the Outlet Creek Basin. (California Regional Water Quality Control 
Board – North Coast Region 2010.) 

This QAPP addresses baseline monitoring activities in the bypass footprint and offsite mitigation lands. 

5.2 Decisions or Outcomes 
Per the MRP, the objective of baseline monitoring conducted under the bypass project surface water quality 
monitoring program is to provide Caltrans and the RWB with information concerning the condition and quality of 
waters of the State. The surface water quality monitoring data will be used to demonstrate that the bypass project is 
in compliance with the Basin Plan and the United States Environmental Protection Agency (USEPA) sediment and 
water temperature TMDLs for the upper main Eel River and tributaries (including Outlet Creek).    In addition, these 
baseline data will be used to demonstrate the enhancement and protection of beneficial uses and long-term sediment 
and water temperature TMDL implementation for the receiving waters within the Outlet Creek Basin. (California 
Regional Water Quality Control Board – North Coast Region 2010.) 

5.3 Water Quality or Regulatory Criteria 
The RWB will be using the results of the baseline surface water quality monitoring program to establish baseline 
conditions and also use the associated data to verify expected enhancement of waters of the State, CWA Section 404 
jurisdictional waters of the U.S. (including wetlands), and riparian areas within and adjacent to the mitigation lands.  
In addition, these baseline data will be used to demonstrate the enhancement and protection of beneficial uses and 
long-term sediment and water temperature TMDL implementation for the receiving waters within the Outlet Creek 
Basin.  The MRP references Basin Plan and USEPA-established sediment and temperature TMDLs for the upper 
main Eel River and tributaries (including Outlet Creek).  Currently, the Eel River is impaired for 
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sedimentation/siltation, and water temperature (RWB Section 303(d) list). On November 29, 2004, the RWB passed 
Resolution No. R1-2004-0087, TMDL Implementation Policy Statement for Sediment-Impaired Receiving Waters 
in the North Coast Region. The Resolution encourages the control of sediment from all projects and/or operations 
and the implementation of TMDL thresholds. The bypass project surface water quality monitoring program will 
assist in determining trends in sedimentation rates in Outlet Creek from the bypass project and the performance of 
the mitigation. The RWB is responsible for implementing the Eel River temperature TMDL.  

Mitigation measures and other controls on water quality are currently required by Federal, State, and local 
regulations. Caltrans’ MMP (Caltrans 2010) proposes compensatory mitigation for effects of the bypass project on 
CWA Section 404 jurisdictional waters of the U.S (including wetlands), waters of the State, riparian habitat, special-
status plants and fish, and oak woodlands. 
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6. PROJECT/TASK DESCRIPTION 

6.1 Work Statement and Produced Products 
As part of the baseline surface water monitoring program, both field data and field samples for laboratory analysis 
will be collected. Monitoring frequency will consist of continuous data collection as well as non-continuous and 
storm-event based sample collection. Continuous monitoring will occur at all sampling sites at 15 minute intervals. 
Non-continuous monitoring will occur at all sampling sites on a monthly basis to collect water samples for 
laboratory analysis. Storm-event based sampling will occur at all sampling sites in conjunction with the first 
significant storm event (i.e., first flush event) and three subsequent storm events.  Per the MRP,  storm events that 
trigger storm-event based sampling are defined as having an intensity of more than 0.25-inches within a 24-hour 
period that is preceded by a period of 48 hours or longer with no precipitation. 

The results of monitoring of baseline surface water quality will be used to revise preliminary performance standards 
and success criteria for the onsite mitigation area in the bypass footprint and the enhancement of the offsite 
mitigation lands. In addition, these baseline data will be used to demonstrate the enhancement and protection of 
beneficial uses and long-term sediment and water temperature TMDL implementation for the receiving waters 
within the Outlet Creek Basin. 

A QA report will be prepared on a quarterly basis (i.e., first quarter QA report for January through March will be 
due in late April) and will include a brief description of the work performed during the quarter, a summary of the 
monitoring data for the quarter, any limitations of the data (including verification issues), and any problems 
encountered in the performance of work for the monitoring project during the quarter.  The QA reports will be 
included as an appendix to any reports prepared using the baseline surface water quality monitoring data. Two 
reports, one documenting the results of the baseline water quality sampling for the bypass footprint and one 
documenting the results of the baseline water quality sampling for theoffsite mitigation lands will be prepared after 
the collection and analysis of all baseline water quality data.  The reports will evaluate the data collected and revise 
the preliminary performance standards and success criteria set for the onsite mitigation repair actions in the bypass 
footprint and the enhancement of the offsite mitigation lands, respectively.  At a minimum, the reports will include a 
description of the data collection procedures and protocols; a description of quality assurance and control for field 
measurements and sample collection, sample handling, and laboratory analyses; data summaries in narrative, 
graphical, and tabular forms; and conclusions regarding baseline conditions.  The reports will make use of maps and 
digital images as appropriate. 

6.2 Constituents to be Monitored and Measurement Techniques 
Water quality monitoring will consist of field measurements of stream flow, pH, temperature (air and water), total 
dissolved solids (TDS), turbidity, specific conductance (SC), and dissolved oxygen (DO).  Additional samples for 
laboratory analysis will be collected for total settleable solids, hardness (as CaCO3), total and dissolved metals 
(CAM17), total mercury, oil and grease, Methylene Blue Activated Substances (MBAS), total nitrogen, ammonia, 
nitrate and nitrite (as N), total Kjeldahl nitrogen (TKN), biochemical oxygen demand (BOD), total and dissolved 
phosphorus (as P),  fecal coliform, Enterococcus, and total organic carbon (TOC). In addition, qualitative visual 
observations of the appearance of the stream, including color; presence of floating or suspended matter or debris; 
appearance of the receiving water at the monitoring location (e.g., occurrence of erosion and scouring, solids 
deposition, unusual aquatic growth, and algae); and observations about the receiving water (e.g., presence of aquatic 
life) will be made.  

Water quality constituents to be monitored for the bypass project are listed in Table B-1. The measurement 
techniques for these constituents can be found in Table B-2. 

6.3 Project Schedule 
Table A-2 lists the schedule for the bypass project baseline water quality monitoring program. 
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Table A-2.  (Element 6) Baseline Surface Water Quality Monitoring Schedule 

Activity 

Date 

Deliverable 
Deliverable Due 
Date 

Anticipated 
Date of 
Initiation 

Anticipated 
Date of 
Completion 

Commence Monitoring 
Program 

8/16/10 8/16/10 None NA 

Continuous Monitoring 8/16/10 6/30/11 None NA 

Non-continuous 
Monitoring  
(i.e., monthly) 

8/16/10 6/30/11 None NA 

Storm-Event Based 
Monitoring 

8/16/10 6/30/11 None NA 

QA Report (quarterly) 8/16/10 8/01/11 Single iteration summary of 
QA issues related to field 
measurements and laboratory 
analyses on a quarterly basis 

Quarterly, 1 
month after the 
quarter end 

Annual Report 8/16/10 1/31/11 One annual report 1/31/11 

Draft Reports 8/16/10 10/31/11 One draft report of baseline 
conditions for bypass footprint 
and one draft report of 
baseline conditions for offsite 
mitigation lands for review 

10/31/11 

Final Reports 8/20/11 1/31/12 One final report of baseline 
conditions for bypass footprint 
and one final report of 
baseline conditions for offsite 
mitigation lands 

1/31/12 

 
6.4 Geographical Setting 
Outlet Creek Basin is part of the (Northern California) Coast Range Geomorphic Province, located in northern 
Mendocino County. Outlet Creek Basin is the south-western headwaters of the Eel River, the third largest river 
system in California. The Basin represents an area of approximately 160 mi2 (90,527 acres) or about 4% of the Eel 
River watershed. Outlet Creek is approximately 30 miles long from its headwaters to the Eel River and receives 
water from 12 tributary streams. The Basin is a combination of steep headwaters (>20% gradient) which flow into 
Little Lake Valley and ultimately Outlet Creek. The high transport reaches are dominated by small and large cobble 
and boulders. The low depositional reaches (primarily occurring in Little Lake Valley) are dominated by gravel and 
fine sediment and, in some places, bedrock.  

Outlet Creek Basin consists of three separate subbasins as described in the Outlet Creek Basin Assessment Report 
(LeDoux-Bloom and Downie 2008). These are the Northern, Middle, and Southern subbasins (Figure 4). The bypass 
footprint and offsite mitigation lands are located in the Southern subbasin, which has an area of 64 mi2 (40,960 
acres).  The Southern subbasin includes seven CalWater planning watersheds:  Baechtel, Berry, Broaddus, Lower 
and Upper Davis, String, and Willits Creeks.  The bypass project and the offsite mitigation lands are located in the 
Lower Davis Creek CalWater planning watershed.  The streams affected by the bypass project and enhancement of 
offsite mitigation lands in the Lower Davis Creek subbasin include Baechtel, Berry, Broaddus, Davis, Haehl, Mill, 
Old Outlet, and Outlet Creeks (Figure 3). 

6.5 Constraints 
There are constraints that are associated with implementation of the bypass project surface water quality monitoring 
program; many of these constraints can be addressed through proactive management.  These constraints are 
described below. 
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Hazardous and dangerous channel conditions during extreme wet weather flows may preclude field staff from 
conducting stream flow measurements needed for developing the stage-discharge rating curve. To address this 
constraint, the bypass project surface water quality sampling process design provides for the collection of high-flow 
stream measurements from bridges in the vicinity of the sampling sites.  Activities related to conducting high-flow 
stream measurements from bridges will likely require the approval of the City of Willits Public Works Department 
and/or the Mendocino County Transportation Department. The inability to achieve approval to conduct high-flow 
stream measurements from city or county bridges may compromise data completeness (see discussion below).   

Extreme wet weather flows may result in damage to, or loss of, continuous monitoring equipment and stored data.  
In this case, continuous monitoring equipment will be positioned and secured in the channel to try and prevent 
unnecessary exposure to floating debris or high velocity flows (e.g., unit oriented with stream flow direction, unit 
placed in undercut bank sections that can help deflect flows).  The Field Activities Leader may determine that the 
equipment needs to be re-positioned to better address high flow conditions.  A vertical datum benchmark will be 
established at each sampling site as a reference point for the re-establishment of a staff gauge should it become lost 
or damaged from high flows and stream debris (also vandalism). This vertical benchmark may be a chisel mark on a 
natural or constructed feature of the stream bank or a mark on a t-post/stake deeply driven into the stream bank. 

During periods of prolonged dry weather (i.e., summer), some creeks slated to be monitored dry up and no water 
will be available to monitor.  In this case, continuous field monitoring equipment will be removed from sampling 
sites that go dry and will be replaced when flows are restored in the wet season so as not to compromise the quality 
of field equipment (and minimize the chance for vandalism as the equipment will be in full view in the channel).  

Security of continuous monitoring equipment may be questionable at some sampling sites that are remote and 
subject to vandalism.  In this case, the equipment will be securely installed in non-obvious locations and locked to 
reduce damage from vandals.  

Data completeness (Section 7) could become a concern as a result of  initial lack of equipment from manufacturers 
(i.e., cause a delay in collecting continuous monitoring data), equipment failure, laboratory error, insufficient sample 
volume, broken sample bottles during shipping and handling, or unexpected situations that may arise in the field or 
laboratory.  Coordinating in a timely manner with equipment manufacturers and adhering to the QAPP will help 
reduce such situations that can lead to issues with data completeness.    
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7. QUALITY OBJECTIVES AND CRITERIA FOR MEASUREMENT DATA 

Standard procedures are established to ensure that the results of water quality analyses meet objectives for precision, 
accuracy, recovery and completeness. 
 
Precision of data is a measure of the reproducibility of the measurement when a field measurement or laboratory 
analysis is repeated.  It is typically reported in Relative Percent Difference (RPD) or Relative Standard Deviation 
(RSD).  The accuracy of an analysis is a measure of how much of the constituent actually present is determined.  It 
is measured, where applicable, by adding a known quantity of the constituent to a portion of the sample and 
determining how much of this spike is measured.  It is often reported as Percent Recovery. The completeness of data 
is the relationship between how much data are available for use and how much data are needed before a conclusion 
can be reached. Although the goal is to achieve 100% data completeness, equipment failure, laboratory error, 
unexpected field conditions, and insufficient or lost samples can result in less than 100% data completeness.  For the 
bypass project surface water quality monitoring program, a minimum goal of data completeness is set at 90%. 
 
In the field, precision and accuracy of monthly grab samples will be determined by field duplicates, field blanks 
and/or field equipment blanks. In addition, the precision and accuracy of field equipment being used to measure 
constituents in the field will be determined by taking replicate measurements of each constituent. These replicate 
field measurements will also be used to determine the precision and accuracy of continuous monitoring equipment 
since these field measurements will be taken at the same time and location where continuous monitoring equipment 
are deployed.  In the laboratory, precision and accuracy will be determined by analyzing data from matrix spike and 
matrix spike duplicate, field duplicates, laboratory control samples, and single blind audit samples. Recovery 
measurements are determined by laboratory spiking of a replicate sample with a known concentration of the analyte. 
Table A-3 summarizes precision, accuracy, recovery, and completeness for measurement or analyte type.  More 
detailed information on laboratory Quality Assurance and SOPs can be found in Appendices C and D.   
 
Representativeness of the data is primarily dependent on the sampling sites and the sampling procedures adequately 
representing the true conditions at the sampling site. Data representativeness will be assessed and controlled by 
having a sampling schedule with respect to frequency, locations, and methodology. For example, monthly 
monitoring will generally occur around the same time each month. The exact locations of the sampling sites will be 
referenced by GPS and digital images during the initial sampling event and, as necessary, field marked (e.g., with 
flagging) to ensure that subsequent samples are collected at the same location. 
 
Bias is a systematic or persistent distortion of a measurement process which causes errors in one direction. High 
accuracy results in low bias. Bias usually deprives the sample results of representativeness. Measurement bias and 
lack of sample representativeness can occur from lack of using field blanks or as a result of cross contamination 
from lack of using the proper sampling protocol. Accuracy, precision, recovery and target reporting limits for Alpha 
Analytical Laboratories are included in Appendices C and D.  Staff field techniques and use of monitoring 
equipment represent two of the primary sources of bias in water quality monitoring.  Many water quality 
constituents are subjected to seasonal and diurnal variability.  For example, water temperature in the early morning 
hours is typically cooler compared to water temperature in late afternoon.  Similarly, water temperature along the 
margins of streams is typically warmer than that within the main flow.  Variability of sampling times and locations 
along the stream can introduce bias into monitoring results.  To prevent bias that can occur from field techniques 
and to ensure that comparable data from monitoring event to monitoring event are collected, field techniques will be 
applied consistently across sites and monitoring events.  For example, to minimize bias in the data that can occur 
from temporally varying sample collections, sampling sites will generally be visited at approximately the same time 
of day to limit the potential for diurnal variability to be reflected in the collected data.  This will be especially 
important where trends within sites and across monitoring events at each site are being evaluated.  Staff substitutions 
represent another area where bias can be introduced into the data.  To minimize the potential for bias to result from 
changing staff, consistency in staff will be maintained to the extent possible.  Equipment substitutions can also 
introduce bias into the data.  For example, alternating between instruments across sampling sites can skew 
monitoring as a result of measurement differences between the two instruments.  Potential bias resulting from 
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equipment will be minimized by using the same monitoring equipment across sampling sites and monitoring events 
where possible. 
 
It will be the role of the Contractor and Laboratory QA Officers to ensure that minimum precision, accuracy, 
recovery, and completeness targets for field-measured and laboratory data, respectively, are being met. 
 

7.1 Data Quality Indicators 
Table A-3 lists the measurement or analyses type specific to the bypass project and the applicable data quality 
indicators (DQIs).  DQIs are the quantitative statistics and qualitative descriptors that are used to interpret the degree 
of acceptability or utility of information to the user. The principal DQIs are precision, accuracy, recovery, and 
completeness.    

Table A-3.  (Element 7) Summary of Precision, Accuracy, Recovery, and Completeness for 
Measurement or Analyte Type 

Measurement or Analyses Type  Applicable Data Quality Indicators 

Field Testing  Accuracy, Precision, Completeness 

Conventional Analyses  Accuracy, Precision, Recovery, Completeness 

Metal Analyses  Accuracy, Precision, Recovery, Completeness 

Nutrient Analyses  Accuracy, Precision, Recovery, Completeness 

 
 
7.2 Field and Laboratory Measurement Quality Objectives Tables 
Tables A-4 and A-5 list Measurement Quality Objectives (MQOs) for field and laboratory data, respectively, for 
each constituent. MQOs are the individual performance criteria or acceptance goals that correspond to each of the 
DQIs.  

Table A-4.  (Element 7) Measurement Quality Objectives for Field Data 

Group Constituent Accuracy Precision Recovery 

Target 
Reporting 
Limit Completeness 

Field Testing Stream Flow 

(depth) 

+/- 0.005 m +/- 0.005 m NA 0.02 m 90% 

Field Testing Stream Flow 

(velocity) 

+/- 2% of 
reading 

+/- 2% of 
reading 

NA 0.03 m 90% 

Field Testing pH  +/- 0.2 pH units +/- 0.2 pH 
units 

NA NA 90% 

Field Testing Water 
Temperature 

+/- 0.15 oC +/- 0.15 oC NA NA 90% 

Field Testing Air 
Temperature 

+/- 0.47 oC +/- 0.47 oC NA NA 90% 
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Table A-4.  Continued 

Group Constituent Accuracy Precision Recovery 

Target 
Reporting 
Limit Completeness 

Field Testing Total 
Dissolved 
Solids (TDS) 

Same as 
specific 
conductance 

Same as 
specific 
conductance 

NA NA 90% 

Field Testing Turbidity +/-2 NTU or 
0.3 NTU 
whichever is 
greater 

+/-2 NTU or 0.3 
NTU whichever 
is greater 

NA 5 NTUs 90% 

Field Testing Specific 
Conductance 
(SC) 

+/- 0.5% of 
reading + 0.001 
uS/cm  

+/- 0.5% of 
reading + 0.001 
uS/cm 

NA 2% 90% 

Field Testing Dissolved 
Oxygen (DO) 

1% of reading 
between 0 to 20 
mg/L 

1% of reading 
between 0 to 20 
mg/L 

NA 0.2 mg/L 90% 

Note: 

NA = Not applicable. 
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Table A-5.  (Element 7) Measurement Quality Objectives for Laboratory Data 

Groups Constituent Accuracy Precision Recovery 

Target 
Reporting 
Limit Completeness 

Laboratory 
Testing 

Total 
Settleable 
Solids 

+/- 20% +/- 25% +/- 20% 1.0 mg/L 90% 

Laboratory 
Testing 

Hardness  
(as CaCO3) 

NA NA NA 5mg/L 90% 

Laboratory 
Testing 

Total and 
Dissolved 
Metals 
(CAM17) 

NA NA NA Varies 90% 

Laboratory 
Testing 

Oil and Grease +/- 30% MS/MSD 
25% 
Laboratory 
duplicate 
minimum 

Matrix spike 
80% - 120% 
or control 
limits at +/- 3 
standard 
deviations 
based on 
actual lab 
data 

0.5 mg/L 90% 

Laboratory 
Testing 

Methylene 
Blue Activated 
Substances 
(MBAS) 

85%-115% Expressed as 
RPD < 20% 

85%-115% 0.05 mg/L 90% 

Laboratory 
Testing 

Total Nitrogen NA NA NA NA 90% 

Laboratory 
Testing 

Ammonia 90%-110% Expressed as 
RPD < 10% 

90%-110% NA 90% 

Laboratory 
Testing 

Nitrate and 
Nitrite (as N) 

+/- 20% 

+/- 2% 

 

+/- 20% 

+/- 1% 

 

 

+/- 25% 

+/- 1% 

+/- 20% 

+/- 2% 

 

+/- 20% 

+/- 1% 

 

 

0.1 mg/L 

1400 ng/L 
(0.1uM) 

 

0.05 mg/L 

1400 ng/L 
(0.1uM) 

90% 

Laboratory 
Testing 

Total Kjeldahl 
Nitrogen 
(TKN) 

+/- 20% +/- 25% +/- 20% 0.10 mg/L 90% 

Laboratory 
Testing 

Biochemical 
Oxygen 
Demand 
(BOD) 

85%-115% Expressed as 
RPD < 20% 

85%-115% 5 mg/L 90% 
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Groups Constituent Accuracy Precision Recovery 

Target 
Reporting 
Limit Completeness 

Laboratory 
Testing 

Total and 
Dissolved 
Phosphorus  
(as P) 

+/- 20% +/- 25% +/- 20% 0.50 mg/L 90% 

Laboratory 
Testing 

Fecal Coliform Positive 
results for 
target 
organisms 

RPD < 25% 80%-120% 2 MPN/100 
mL 

90% 

Laboratory 
Testing 

Enterococcus Positive 
results for 
target 
organisms 

RPD < 25% 80%-120% 2 MPN/100 
mL 

90% 

Laboratory 
Testing 

Total Organic 
Carbon (TOC) 

85%-115% 85%-115% 85%-115% 1 mg/L 90% 

Note: 

NA = Not applicable. 
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8. SPECIAL TRAINING NEEDS/CERTIFICATION 

8.1 Specialized Training or Certifications 
Proper training and experience represents a critical aspect of quality control.   Both field staff and laboratory staff 
will be required to meet specific educational and experience requirements. 

ICF’s Field Activities Leaders have specialized experience in water quality monitoring and are proficient in sample 
collection protocols (including SWAMP field collection SOPs referenced in this QAPP as Appendix A), water 
quality monitoring equipment use (including equipment described in Appendix B), and safety requirements.  ICF 
will require that field technicians assisting the Field Activities Leaders with data collection to have an educational 
background and/or experience in biological or physical sciences and experience in field data collection.  All staff 
conducting field activities will be well-versed in the SWAMP field collection SOPs referenced in this QAPP as 
Appendix A and safety requirements.  The ICF QA Officer will be responsible for ensuring that all field staff have 
the proper educational background and/or experience.   

Alpha Analytical Laboratories is certified by the California Environmental Protection Agency (Cal EPA) to analyze 
the constituents that will be collected as part of this monitoring program. Alpha Analytical Laboratories’ QA/QC 
program consists of quarterly reviews of quality control charts and method detection limit (MDL) studies, semi-
annual participation in performance evaluation studies for water and soil matrices, annual reviews of SOP's, QA/QC 
summary updates, and personnel training records.  Alpha Analytical Laboratories meets and exceeds the most 
stringent requirements for their certified analytical methods. The Alpha Analytical Laboratories’ QA Officer will be 
responsible for ensuring that all laboratory staff have the proper certification and/or experience.   
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9. DOCUMENTS AND RECORDS 

If site conditions or method improvements/modifications require changes to the QAPP, the Contractor Task Order 
Manager will discuss these changes with the Field Activities Leader and document protocol revision.  If major 
changes are recommended, the QA Officers from RWB, Caltrans, and ICF will discuss the recommended changes.  
ICF’s Task Order Manager will be responsible for making the changes, submitting drafts for review, and preparing a 
final copy. Caltrans’ Task Order Manager will be responsible for submitting the final copy to the RWB for approval.  
The Contractor Task Order Manager will be responsible for ensuring that all interested parties receive notification of 
QAPP updates and for distributing copies to interested parties. All field data gathered will be recorded on SWAMP 
field data sheets (Appendix F) that include metadata.  Field collected data and laboratory analysis data will be 
managed using the following process: 

 Data will be validated; during this process questionable data will be identified, reviewed, and corrected if 
necessary.  

 Data will be electronically scanned upon receipt from laboratory and immediately after field measurements 
have been completed and saved as pdf files. 

All records generated during baseline surface water quality monitoring (e.g., equipment inspection logs, SWAMP 
field data sheets, GPS data, chain-of-custody forms, laboratory reports, and monitoring reports) will be stored at the 
Sacramento office of Caltrans’ contractor, ICF.  Once baseline monitoring is complete, electronic and/or hard copy 
records will be transferred to Caltrans’ Task Order Manager.  Copies of the records will be maintained at Caltrans’ 
Eureka office. Laboratory records will be stored at Alpha Analytical Laboratories’ Ukiah office in electronic and/or 
hard copy format unless transferred to off-site storage facility. The responsible parties for maintaining records for 
the bypass project baseline monitoring are described in Table B-14. 
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GROUP B:  DATA GENERATION AND ACQUISITION 

10. SAMPLING PROCESS DESIGN 

10.1 Project Summary 
The RWB prepared an MRP (Order No. R1-2010-0066; Appendix E) to guide surface water quality monitoring for 
the bypass project. (California Regional Water Quality Control Board – North Coast Region 2010).   The MRP 
requirements include monitoring and assessment of waters of the State and the submission of technical reports 
(California Regional Water Quality Control Board – North Coast Region 2010).  The water quality sampling process 
design for the bypass project is based on the MRP and has been developed by Caltrans in coordination with the 
RWB.  Should changes occur in the MRP for sampling site locations, constituents, or frequency, the sampling 
process design will be updated to reflect these changes.  Exact locations of sampling sites will be determined during 
field review to ensure that the sampling site will produce representative data. 

The water quality sampling process design covers baseline monitoring activities within the bypass footprint, onsite 
mitigation, and on the offsite mitigation lands (Figure 3).    

A summary of the water quality sampling design is provided below.  More information can be found in the MRP 
(Appendix E). 

Project Area  
The bypass project is located along a proposed new section of US 101 that will bypass the City of Willits in Little 
Lake Valley, Mendocino County (Figure 3). This area is referred to as the bypass footprint.  Mitigation for project 
effects on sensitive resources is located within the bypass footprint (onsite mitigation area) and adjacent to and north 
of the bypass footprint (offsite mitigation lands).  The goal of onsite mitigation is to repair riparian and wetland 
habitat temporarily affected by the bypass project. The goal of offsite mitigation is to mitigate for permanent 
impacts on habitat in the bypass footprint by establishing, enhancing, and preserving riparian, oak, and wetland 
habitat t plus other sensitive resources (e.g., special-status plants) on the offsite mitigation lands.  

Baseline water quality sampling sites are located on Haehl, Baechtel, Broaddus, Mill, Upp, Outlet, Old Outlet, 
Davis, and Berry Creeks. Haehl, Baechtel, Broaddus, Mill, Upp, Old Outlet, Davis, and Berry Creeks are tributaries 
of Outlet Creek, which is a tributary to the upper main Eel River. Baseline water quality monitoring will occur along 
the bypass footprint and in the offsite mitigation lands within the project area. There are currently a total of 20 
baseline sampling sites: 10 sites along the bypass footprint (including onsite mitigation), and 10 sites in the offsite 
mitigation lands (Figure 1 in Appendix E).    

If sampling sites should become inaccessible due to weather, easements, or other issues, a similar site that is 
accessible and in close proximity will be chosen that adequately represents the site conditions of the inaccessible 
site. Proposed changes to site locations will be coordinated with the RWB in advance of making any changes to 
sampling sites. 

Monitoring Methods and Frequency  
As part of the surface water sampling process, both field data and field samples for laboratory analysis will be 
collected. Monitoring frequency will consist of continuous data collection as well as non-continuous and storm-
event based data collection. Continuous monitoring will occur at all baseline sampling sites at 15 minute intervals 
using a YSI 6920 V2-2 Sonde. Non-continuous monitoring will occur at all baseline sampling sites on a monthly 
basis to collect water samples for laboratory analysis; a YSI 6600 V2-4 Sonde will be used to verify measurements 
collected by the continuous monitoring equipment. Storm-event based monitoring will occur at all  baseline 
sampling sites and will be conducted in conjunction with the first flush1 event and three subsequent storm events2. 

                                                           
 
1 As defined in the MRP (Appendix E), the first flush is the initial surface runoff from a rainstorm after the dry season that causes 
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Non-continuous and storm-event based monitoring will require the collection of  grab samples approximately mid-
depth in the water column.  In addition, non-continuous and storm-event based monitoring will include qualitative 
visual observations of the appearance of the stream, including color; presence of floating or suspended matter or 
debris; appearance of the receiving water at the monitoring location (e.g., occurrence of erosion and scouring, solids 
deposition, unusual aquatic growth, and algae); and observations about the receiving water (e.g., presence of aquatic 
life).  

Monitoring Constituents 
The matrix of the monitoring will be stream water. Constituents to be monitored for water quality analysis are listed 
with associated sampling sites and monitoring frequency in Table B-1. Monthly field data collection of water quality 
constituents will be performed with a YSI 6600 V2-4 Sonde and stream flow measurements will be made with a 
Marsh-McBirney Flow Meter. Continuous monitoring will be performed with a YSI 6920 V2-2 Sonde with Optical 
Dissolved Oxygen Sensor, Conductivity 6560 Sensor, Temperature 6560 Sensor, pH 6561 Sensor, Turbidity 6136 
Sensor, and a HOBO water level data logger U20-001-01. Continuous monitoring of air temperature will be 
performed with a HOBO Temperature Pendant Data Logger UA-001-64. In addition, air temperature and 
precipitation data will be collected from a nearby monitoring station owned and operated by DWR’s California Data 
Exchange Center (CDEC; station identification WIL) located approximately 2.5 miles south of the City of Willits 
near the Willits Howard Reservoir (Section 18).    

Table B-1. (Element 10) Water Quality Constituents to be Monitored and Associated Sampling Site 
Location and Monitoring Frequency 

Constituent 

Sampling Site Location Monitoring Frequency 

Bypass 
Footprint 

Mitigation  
Lands Continuous 

Non-
Continuous 

Storm- 
Event 

Stream Flow x x x 

pH x x x 

Water Temperature x x x 

Air Temperature x x x 

Total Dissolved Solids (TDS) x x x 

Turbidity x x x 

Specific Conductance (SC) x x x 

Dissolved Oxygen (DO) x x x 

Total Settleable Solids x x x x 

Hardness (as CaCO3) x x x x 

Total and Dissolved Metals 
(CAM17)1 

x x x x 

Oil and Grease  x x x 

Methylene Blue Activated 
Substances (MBAS) 

x 
 

x 

Total Nitrogen x x x 

 

                                                                                                                                                                                           
 
a measureable increase of flow in surface waters. 
2 As defined in the MRP (Appendix E), storm events are those of more than 0.25-inch of precipitation within 24 hours and which 
generate visible runoff. Storm events are separated by 48 hours of dry weather. 
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Table B-1. Continued 

Constituent 

Sampling Site Location Monitoring Frequency 

Bypass 
Footprint 

Mitigation  
Lands Continuous 

Non-
Continuous 

Storm- 
Event 

Ammonia x x x 

Nitrate and Nitrite (as N) x x x 

Total Kjedahl Nitrogen (TKN) x x x 

Biochemical Oxygen Demand 
(BOD) 

x x x 

Total and Dissolved Phosphorus 
(as P) 

x x x 

Fecal Coliform x x x 

Enterococcus x x x 

Total Organic Carbon (TOC) x x x 

Note: 

1  Total and dissolved metals includes 17 different metals (i.e., Antimony, Arsenic, Barium, Beryllium, Cadmium, Chromium, 

Cobalt, Copper, Lead, Mercury, Molybdenum, Nickel, Selenium, Silver, Thallium, Vanadium, and Zinc).  

Project Activity Schedules 
The baseline surface water quality monitoring schedule timeline is presented in Table A-2. Baseline monitoring is 
scheduled to begin in August 2010 and, as directed by the MRP, will continue up to commencement of any ground-
disturbing activities or vegetation removal associated with bypass construction (bypass construction is expected to 
occur in June 2011). Continuous monitoring data will collected throughout the baseline monitoring period at all 
sampling sites. Non-continuous monitoring data will be collected throughout the baseline monitoring period at all 
sampling sites on a monthly basis, as well as following four storm events during the baseline monitoring period. 
Storm event-based monitoring will be targeted during the first-flush and three additional storms.  

Samples will be provided to Alpha Analytical Laboratories for analysis within 48 hours of collection, with the 
exception of the bacteria samples (i.e., Fecal Coliform and Enterococus), which will be provided to Alpha 
Analytical Laboratories for analysis within 6 hours of collection.  
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11. SAMPLING METHODS 

11.1 Field Methods 
Table B-2 shows the monitoring methods for each constituent and includes the SWAMP requirements and 
recommendations concerning sampling methods (e.g., container type, volume, preservation techniques, and 
maximum holding times).  Alpha Analytical Laboratories’ SOPs listed in Table B-2 meet or exceed the SWAMP 
requirements and recommendations concerning sampling methods; any differences between the SOPs and the 
SWAMP requirements and recommendations are noted in the table.  

Generally, sampling will occur as follows.  Bottles will be obtained from Alpha Analytical Laboratories prior to 
conducting the monitoring event.  All samples will be preserved on ice after collection. Holding times will be 
adhered to and special attention will be given to samples that have short holding times (such as bacteria samples that 
have holding times of 6 hours).  

Field staff will not be generating hazardous by-products as a result of monitoring activities.  The incidental 
generation of weak acid or strong ionic-concentration solutions used in equipment calibration will be neutralized and 
disposed of in accordance with local and state regulations.  If a preservative is required for a constituent (e.g., H2S04 
for Total and Dissolved Metals), field staff will ensure that the preservative is not discarded on the ground or in the 
creek.   

If problems occur during a monitoring event, field staff will notify the Field Activities Leader or the Contractor Task 
Order Manager. The Field Activities Leader or Contractor Task Order Manager will be responsible for deciding 
which corrective action to implement to address the problem. Any problem and corrective action implemented will 
be documented on data collection forms and in the quarterly QA reports.  

The SWAMP SOPs for field measurements are included in Appendix A and field equipment user manuals are 
included in Appendix B. Specific methodology for continuous monitoring is also included in Appendix B.5. 

11.2 Laboratory Methods 
Laboratory methods for each constituent are summarized in Table B-2 and discussed in detail in Appendix  D 
(Alpha Analytical Laboratories’ SOPs).  Alpha Analytical Laboratories SOPs follow local, state and federal 
regulations, including disposal of analytical by-products.   

 

 
 
 
 
 
 
 



 

Project:  Willits Bypass Project – Water Quality Monitoring 
Revision No. 

July 26, 2010 
Page 26 of 63 

 

Table B-2.  (Element 11) Constituent Monitoring Methods 

 

Sampling 
Location 

 

Site ID Number1 

 

Matrix 
Depth 
(units) 

Analytical 
Parameter 

Number of 
Samples (including 
field duplicates) 

 

Sampling SOP 
No. 

Sample 
Volume 

Containers 
(number, size, 
type)2 

Preservation 
(chemical, 
temperature, 
light 
protected) 

Maximum 
Holding Time 
(preparation/ 
analysis) 

Bypass 
Footprint, 
Mitigation 
Lands 

WQ-3, WQ-5-7, 
WQ-9-12,  
WQ-14, and  
WQ-17;  
WQ-18-27 

Water Channel 
bottom 

Stream Flow 
(depth) 

Continuous–15 
minute monitoring. 
Monthly + 4 storm 
events–3 
measurements per 
site per monitoring 
event 

HOBO Water 
Level Data 
Logger U20-
001-01 User 
Manual3 

NA NA NA NA 

Bypass 
Footprint, 
Mitigation 
Lands 

WQ-3, WQ-5-7, 
WQ-9-12,  
WQ-14, and  
WQ-17;  
WQ-18-27 

Water Variable Stream Flow 
(velocity) 

Monthly + 4 storm 
events–1 measure-
ment per site per 
monitoring event4 

Marsh 
McBirney Flow 
Mate Model 
2000 Portable 
Flowmeter 
User Manual3 

NA NA NA NA 

Bypass 
Footprint, 
Mitigation 
Lands 

WQ-3, WQ-5-7, 
WQ-9-12,  
WQ-14, and  
WQ-17;  
WQ-18-27 

Water Mid-depth5 pH Continuous–15 
minute monitoring. 
Monthly + 4 storm 
events–3 
measurements per 
site per monitoring 
event 

YSI 6920 V2-2 
Sonde (pH 
6561 Sensor) 

and YSI 6600 
V2-4 Sonde 
(pH 6561 
Sensor) User 
Manuals3 

NA NA NA NA 

Bypass 
Footprint, 
Mitigation 
Lands 

WQ-3, WQ-5-7, 
WQ-9-12,  
WQ-14, and  
WQ-17;  
WQ-18-27 

Water Mid-depth5 Water 
Temperature 

Continuous–15 
minute monitoring. 
Monthly + 4 storm 
events–3 
measurements per 
site per monitoring 
event 

YSI 6920 V2-2 
Sonde 
(Temperature 
6560 Sensor) 3 
and YSI 6600 
V2-4 Sonde 
(Temperature 
6560 
Sensor)User 
Manuals3 

NA NA NA NA 
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Sampling 
Location 

 

Site ID Number1 

 

Matrix 
Depth 
(units) 

Analytical 
Parameter 

Number of 
Samples (including 
field duplicates) 

 

Sampling SOP 
No. 

Sample 
Volume 

Containers 
(number, size, 
type)2 

Preservation 
(chemical, 
temperature, 
light 
protected) 

Maximum 
Holding Time 
(preparation/ 
analysis) 

Bypass 
Footprint, 
Mitigation 
Lands 

WQ-3, WQ-5-7, 
WQ-9-12,  
WQ-14, and  
WQ-17;  
WQ-18-27 

Air NA Air 
Temperature 

Continuous–15 
minute monitoring. 
Monthly + 4 storm 
events –3 
measurements per 
site per monitoring 
event 

HOBO 
Temperature 
Pendant Data 
Logger UA-
001-64 User 
Manual3 

NA NA NA NA 

Bypass 
Footprint, 
Mitigation 
Lands 

WQ-3, WQ-5-7, 
WQ-9-12,  
WQ-14, and  
WQ-17;  
WQ-18-27 

Water Mid-depth5 TDS Continuous–15 
minute monitoring. 
Monthly + 4 storm 
events –3 
measurements per 
site per monitoring 
event 

Calculation6 NA NA NA NA 

Bypass 
Footprint, 
Mitigation 
Lands 

WQ-3, WQ-5-7, 
WQ-9-12,  
WQ-14, and  
WQ-17;  
WQ-18-27 

Water Mid-depth5 Turbidity Continuous–15 
minute monitoring. 
Monthly + 4 storm 
events –3 
measurements per 
site per monitoring 
event 

YSI 6920 V2-2 
Sonde 
(Turbidity 6136 
Sensor) and 
YSI 6600 V2-4 
Sonde 
(Turbidity 6136 
Sensor) User 
Manuals3 

NA NA NA NA 

Bypass 
Footprint, 
Mitigation 
Lands 

WQ-3, WQ-5-7, 
WQ-9-12,  
WQ-14, and  
WQ-17;  
WQ-18-27 

Water Mid-depth5 SC Continuous–15 
minute monitoring. 
Monthly + 4 storm 
events –3 
measurements per 
site per monitoring 
event 

YSI 6920 V2-2 
Sonde 
(Conductivity 
6560 Sensor) 
and YSI 6600 
V2-4 Sonde 
(Conductivity 
6560 Sensor) 
User Manuals3 

NA NA NA NA 
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Sampling 
Location 

 

Site ID Number1 

 

Matrix 
Depth 
(units) 

Analytical 
Parameter 

Number of 
Samples (including 
field duplicates) 

 

Sampling SOP 
No. 

Sample 
Volume 

Containers 
(number, size, 
type)2 

Preservation 
(chemical, 
temperature, 
light 
protected) 

Maximum 
Holding Time 
(preparation/ 
analysis) 

Bypass 
Footprint, 
Mitigation 
Lands 

WQ-3, WQ-5-7, 
WQ-9-12, 
WQ-14, and  
WQ-17;  
WQ-18-27 

Water Mid-depth5 DO Continuous–15 
minute monitoring. 
Monthly + 4 storm 
events –3 
measurements per 
site per monitoring 
event 

YSI 6920 V2-2 
Sonde (Optical 
Dissolved 
Oxygen 
Sensor) and 
YSI 6600 V2-4 
Sonde (Optical 
Dissolved 
Oxygen 
Sensor)User 
Manuals3 

NA NA NA NA 

Bypass 
Footprint, 
Mitigation 
Lands 

WQ-3, WQ-5-7, 
WQ-9-12,  
WQ-14, and  
WQ-17;  
WQ-18-27 

Water Mid-depth7 Total Settleable 
Solids8 

 

Monthly + 4 storm 
events– 1 sample 
per site per 
monitoring event + 
1 random sample 
per monitoring 
event (field 
duplicate) 

WCSOP2.249 1000 mL Polyethylene 
or glass bottle 

Cool to 4oC 48 hours 

Bypass 
Footprint, 
Mitigation 
Lands 

WQ-3, WQ-5-7, 
WQ-9-12,  
WQ-14, and  
WQ-17;  
WQ-18-27 

Water Mid-depth7 Hardness (as 
CaCO3)10 

Monthly + 4 storm 
events– 1 sample 
per site per 
monitoring event + 
1 random sample 
per monitoring 
event (field 
duplicate) 

ISOP1.159 300 mL  Polyethylene 
bottle 

Cool to 6oC, 
store in the 
dark. Acidify 
with HNO3 to 
pH<2 

6 months 

Bypass 
Footprint, 
Mitigation 
Lands 

WQ-3, WQ-5-7, 
WQ-9-12,  
WQ-14, and  
WQ-17;  
WQ-18-27 

Water Mid-depth7 Total Metals11 
(except Total 
Mercury) 

 

Monthly + 4 storm 
events– 1 sample 
per site per 
monitoring event + 
1 random sample 
per monitoring 
event (field 
duplicate) 

ISOP1.219 60 mL 60-mL acid-
cleaned 
polyethylene 
bottle 

Cool to 6 oC, 
store in the 
dark. Acidify 
with pretested 
HNO3 within 
48 hours 

6 months at 
room 
temperature 
following 
acidification 
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Sampling 
Location 

 

Site ID Number1 

 

Matrix 
Depth 
(units) 

Analytical 
Parameter 

Number of 
Samples (including 
field duplicates) 

 

Sampling SOP 
No. 

Sample 
Volume 

Containers 
(number, size, 
type)2 

Preservation 
(chemical, 
temperature, 
light 
protected) 

Maximum 
Holding Time 
(preparation/ 
analysis) 

Bypass 
Footprint, 
Mitigation 
Lands 

WQ-3, WQ-5-7, 
WQ-9-12,  
WQ-14, and  
WQ-17;  
WQ-18-27 

Water Mid-depth7 Dissolved 
Metals11  

 

Monthly + 4 storm 
events– 1 sample 
per site per 
monitoring event + 
1 random sample 
per monitoring 
event (field 
duplicate) 

ISOP1.219 60 mL  60-mL acid-
cleaned 
polyethylene 
bottle 

Field Filter 
within 15 
minutes of 
collection.  
Cool to 6 oC, 
store in the 
dark.  Acidify 
to pH < 2 with 
pretested HNO3 
within 48 hours 

6 months at 
room 
temperature 
following 
acidification 

Bypass 
Footprint, 
Mitigation 
Lands 

WQ-3, WQ-5-7, 
WQ-9-12,  
WQ-14, and  
WQ-17;  
WQ-18-27 

Water Mid-depth7 Total Mercury Monthly + 4 storm 
events– 1 sample 
per site per 
monitoring event + 
1 random sample 
per monitoring 
event (field 
duplicate) 

MET34R019 250 mL Glass or acid-
cleaned Teflon 
bottle 

Cool to 6 oC, 
store in the 
dark. Acidify to 
0.5% with 
pretested HCl 
within 48 hours 

6 months at 
room 
temperature 
following 
acidification 

Bypass 
Footprint 

WQ-3, WQ-5-7, 
WQ-9-12,  
WQ-14, and  
WQ-17 

Water Mid-depth7 Oil and Grease Monthly + 4 storm 
events– 1 sample 
per site per 
monitoring event 
event + 1 random 
sample per 
monitoring event 
(field duplicate) 

WCSOP2.089 1000 mL 1-L glass jar 
with Teflon 
lid-liner, 
rinsed with 
hexane or 
methylene 
chloride 

Cool to 6 oC, 
store in the 
dark. Preserve 
to pH < 2 with 
~2 mL of conc. 
H2S04 

28 days 

Bypass 
Footprint 

WQ-3, WQ-5-7, 
WQ-9-12,  
WQ-14, and  
WQ-17 

Water Mid-depth7 MBAS8 Four storm events– 
1 sample per site 
per monitoring 
event + 1 random 
sample per 
monitoring event 
(field duplicate) 

WCSOP2.169 1000 mL 1-L glass or 
polyethylene 
bottle 

Cool to 4°C 48 hours 
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Sampling 
Location 

 

Site ID Number1 

 

Matrix 
Depth 
(units) 

Analytical 
Parameter 

Number of 
Samples (including 
field duplicates) 

 

Sampling SOP 
No. 

Sample 
Volume 

Containers 
(number, size, 
type)2 

Preservation 
(chemical, 
temperature, 
light 
protected) 

Maximum 
Holding Time 
(preparation/ 
analysis) 

Mitigation 
Lands 

WQ-18-27 Water NA Total Nitrogen 

 

NA12 WCSOP2.499 NA12 NA12 NA12 NA12 

Mitigation 
Lands 

WQ-18-27 Water Mid-depth7 Ammonia Monthly + 4 storm 
events– 1 sample 
per site per 
monitoring event + 
1 random sample 
per monitoring 
event (field 
duplicate) 

WCSOP2.029 500 mL  Polyethylene 
bottle 

Cool to 6°C, 
store in the 
dark. Samples 
may be 
preserved with 
2 mL of H2SO4 
per L 

48 hours; 28 
days if acidified 

Mitigation 
Lands 

WQ-18-27 Water Mid-depth7 Nitrate and 
Nitrite (as N) 

 

Monthly + 4 storm 
events– 1 sample 
per site per 
monitoring event + 
1 random sample 
per monitoring 
event (field 
duplicate) 

WCSOP2.419 150 mL  Polyethylene 
bottle 

Cool to 6°C, 
store in the 
dark. Acidify 
with H2SO4 to 
pH < 2 

48 hours; 28 
days if acidified 

Mitigation 
Lands 

WQ-18-27 Water Mid-depth7 Total Kjeldahl 
Nitrogen (TKN) 

Monthly + 4 storm 
events– 1 sample 
per site per 
monitoring event + 
1 random sample 
per monitoring 
event (field 
duplicate) 

ISOP1.079 600 mL  Polyethylene 
bottle 

Cool to 6°C, 
store in the 
dark.  Acidify 
with H2SO4 to 
pH < 2 

7 days; 

28 days if 
acidified 

Mitigation 
Lands 

WQ-18-27 Water Mid-depth7 Biochemical 
Oxygen 
Demand (BOD) 

Monthly + 4 storm 
events– 1 sample 
per site per 
monitoring event + 
1 random sample 
per monitoring 
event (field 
duplicate) 

WCSOP2.409 4000 mL13  4-L 
cubitainer14 

Cool to 6°C, 
dark. Add 1g 
FAS crystals 
per liter, if 
residual Cl 
present15 

48 hours  
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Sampling 
Location 

 

Site ID Number1 

 

Matrix 
Depth 
(units) 

Analytical 
Parameter 

Number of 
Samples (including 
field duplicates) 

 

Sampling SOP 
No. 

Sample 
Volume 

Containers 
(number, size, 
type)2 

Preservation 
(chemical, 
temperature, 
light 
protected) 

Maximum 
Holding Time 
(preparation/ 
analysis) 

Mitigation 
Lands 

WQ-18-27 Water Mid-depth7 Total 
Phosphorus  
(as P) 

 

Monthly + 4 storm 
events– 1 sample 
per site per 
monitoring event + 
1 random sample 
per monitoring 
event (field 
duplicate) 

ISOP1.89 150 mL  Polyethylene 
bottle 

 

Cool to 6°C, 
store in the dark 

48 hours16 

Mitigation 
Lands 

WQ-18-27 Water Mid-depth7 Dissolved 
Phosphorus  
(as P) 

 

Monthly + 4 storm 
events– 1 sample 
per site per 
monitoring event + 
1 random sample 
per monitoring 
event (field 
duplicate) 

ISOP1.89 150 mL  Polyethylene 
bottle 

 

Field Filter 
within 15 
minutes of 
collection.  
Cool to 6°C, 
store in the dark 

48 hours 

Mitigation 
Lands 

WQ-18-27 Water Mid-depth7 Fecal Coliform 

 

Monthly + 4 storm 
events– 1 sample 
per site per 
monitoring event + 
1 random sample 
per monitoring 
event (field 
duplicate) 

MSOP2.019 125 mL  Factory-
sealed, pre-
sterilized, 
disposable 
Whirlpak bags 
or 125 mL 
sterile plastic 
(high density 
polyethylene 
or 
polypropylene) 
container 

Sodium 
thiosulfate is 
pre-added to the 
containers in 
the laboratory 
(chlorine 
elimination). 
Cool to 6°C, 
store in the dark 

24 hours (6 
hours for 
regulatory 
data)17 
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Sampling 
Location 

 

Site ID Number1 

 

Matrix 
Depth 
(units) 

Analytical 
Parameter 

Number of 
Samples (including 
field duplicates) 

 

Sampling SOP 
No. 

Sample 
Volume 

Containers 
(number, size, 
type)2 

Preservation 
(chemical, 
temperature, 
light 
protected) 

Maximum 
Holding Time 
(preparation/ 
analysis) 

Mitigation 
Lands 

WQ-18-27 Water Mid-depth7 Enterococcus 

 

Monthly + 4 storm 
events– 1 sample 
per site per 
monitoring event + 
1 random sample 
per monitoring 
event (field 
duplicate) 

MSOP2.79 100 mL  Factory-
sealed, pre-
sterilized, 
disposable 
Whirlpak bags 
or 125 mL 
sterile plastic 
(high density 
polyethylene 
or 
polypropylene) 

Sodium 
thiosulfate is 
pre-added to the 
containers in 
the laboratory 
(chlorine 
elimination). 
Cool to 6oC, 
dark 

24 hours (6 
hours for 
regulatory 
data)17 

Mitigation 
Lands 

WQ-18-27 Water Mid-depth7 Total Organic 
Carbon (TOC) 

Monthly + 4 storm 
events– 1 sample 
per site per 
monitoring event 

ISOP1.049 40 mL 40-mL glass 
vial 

Cool to 6oC, 
store in the 
dark. If analysis 
is to occur more 
than 2 hours 
after sampling, 
acidify (pH < 2) 
with HCl or 
H2SO4 

28 days  
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Key:  

NA = Not applicable. 

 

Notes: 

1 Figure 1 in MRP (Appendix E). 

2 Alpha Analytical Laboratories, Inc. purchases pre-cleaned environmental containers. 

3 Appendix B (Field Equipment User Manuals). 

4 Only one stream flow measurement will be conducted per site per monitoring event. 

5 If water depth <5 ft., multi-probe measurements are taken at approximately 8 in. 

6 TDS=SC*(0.65). 

7 If water depth <5 ft., grab samples are taken at approximately 4 in. 

8 No SWAMP recommendations/requirements for this constituent; Alpha Analytical Laboratories, Inc. Standard Operating Procedures are cited. 

9 Appendix D (Alpha Analytical Laboratories, Inc. Standard Operating Procedures). Sample Containers, Preservation, and Holding Times are also summarized in a table in Attachment A of Alpha 

Analytical Laboratories, Inc. QAP (Appendix C).  

10 Total hardness is defined as the sum of the calcium and magnesium concentrations, both expressed as calcium carbonate, in milligrams per liter. The hardness concentration will be analyzed using 

the sample taken for Total Metals, and therefore has the same constituent monitoring methods.   

11 Total and Dissolved Metals includes 17 different metals (i.e., Antimony, Arsenic, Barium, Beryllium, Cadmium, Chromium, Cobalt, Copper, Lead, Mercury, Molybdenum, Nickel, Selenium, 

Silver, Thallium, Vanadium, and Zinc). 

12 Total nitrogen is calculated as: Kjeldahl nitrogen + nitrite nitrogen + nitrate nitrogen. 

13 Alpha Analytical Laboratories, Inc. only requires 1000 mL for BOD sampling analysis in water, which is typical for BOD laboratory analysis. 

14 Cubitainers are commonly used for fish bioassays rather than water quality sampling. In this case, Alpha Analytical Laboratories, Inc. uses a polyethylene or glass bottle.  

15 Stream samples are assumed to have no residual chlorine.  

16 Alpha Analytical Laboratories, Inc. requires that Total Phosphorus samples be acidified, and thus the holding time is stated as 28 days in the SOP.  

17 This project will adhere to the 6-hour holding time for Fecal Coliform and Enterococcus samples.  

.
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12. SAMPLE HANDLING AND CUSTODY 

Sample handling and custody is described in detail in Appendix A, which includes the SOPs for Conducting Field 
Measurements and Field Collections of Water and Bed Sediment Samples in SWAMP (SWAMP SOPs for Field 
Sample Collection).  A brief summary is provided below. 

Field staff will be responsible for filling out the SWAMP Field Data Sheet (Appendix F) for each sampling site. The 
SWAMP Field Data Sheet includes entries for sample collection time, site ID, field measurements, qualitative 
description of the surrounding ambient conditions (e.g., weather and visual water quality inspection), and a 
description of any unusual occurrences associated with the monitoring event, particularly those that may affect 
sample or data quality.   

12.1 Field Collection for Laboratory Analysis 
Samples will be preserved with the correct acid or no acid, collected in sampling bottles (to be provided by Alpha 
Analytical Laboratories), and follow the holding times specified in Tables B-2 and B-3.  All samples will be packed 
in wet ice or frozen ice packs during transfer to Alpha Analytical Laboratories so that the samples will be 
maintained at approximately 4°C.  All samples will be handled, prepared, transported, and stored in a manner so as 
to minimize bulk loss, constituent loss, contamination, or biological degradation. 

Field staff will have custody of samples during field monitoring. Chain-of-custody forms (Appendix F) will 
accompany all samples during transfer to Alpha Analytical Laboratories. Alpha Analytical Laboratories will follow 
sample custody procedures outlined in their Quality Assurance Plan (Appendix C).  Alpha Analytical Laboratories 
will maintain custody logs sufficient to track each sample submitted and whether samples were analyzed and/or 
preserved within specified holding times. 

All samples remaining after successful completion of laboratory analyses will be disposed of properly.  

Table B-3.  (Element 12)  Sample Handling and Custody 

Parameter Container Volume Initial Preservation Holding Time 

Stream Flow 
(depth) 

NA1 NA1 NA1 NA1 

Stream Flow 
(velocity) 

NA1 NA1 NA1 NA1 

pH NA1 NA1 NA1 NA1 

Water 
Temperature 

NA1 NA1 NA1 NA1 

Air Temperature NA1 NA1 NA1 NA1 

Total Dissolved 
Solids (TDS) 

NA1 NA1 NA1 NA1 

Turbidity NA1 NA1 NA1 NA1 
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Parameter Container Volume Initial Preservation Holding Time 

Specific 
Conductance 
(SC) 

NA1 NA1 NA1 NA1 

Dissolved 
Oxygen (DO) 

NA1 NA1 NA1 NA1 

Total Settleable 
Solids  

Polyethylene or glass 
bottle 

1000 mL Cool to 4oC 48 hours 

Hardness (as 
CaCO3) 

Polyethylene bottle 300 mL  Cool to 6oC, store in the 
dark. Acidify with HNO3 
to pH<2 

6 months 

Total Metals2 
(except Total 
Mercury) 
 

60-mL acid-cleaned 
polyethylene bottle 

60 mL Cool to 6 oC, store in the 
dark. Acidify with 
pretested HNO3 within 48 
hours 

6 months at room 
temperature 
following 
acidification 

Dissolved 
Metals2  

 

60-mL acid-cleaned 
polyethylene bottle 

60 mL  Filter within 15 minutes 
of collection.  Cool to 6 

oC, store in the dark.  
Acidify to pH < 2 with 
pretested HNO3 within 48 
hours 

6 months at room 
temperature 
following 
acidification 

Total Mercury Glass or acid-cleaned 
Teflon bottle 

250 mL Cool to 6 oC, store in the 
dark. Acidify to 0.5% 
with pretested HCl within 
48 hours 

6 months at room 
temperature 
following 
acidification 

Oil and Grease 1-L glass jar with Teflon 
lid-liner, rinsed with 
hexane or methylene 
chloride 

1000 mL Cool to 6 oC, store in the 
dark. Preserve to pH < 2 
with ~2 mL of conc. 
H2S04 

28 days 

Methylene Blue 
Activated 
Substances 

(MBAS) 

1-L glass or 
polyethylene bottle 

1000 mL Cool to 4°C 48 hours 

Total Nitrogen3 NA4 NA4 NA4 NA4 

Ammonia Polyethylene bottle 500 mL  Cool to 6°C, store in the 
dark. Samples may be 
preserved with 2 mL of 
H2SO4 per L 

48 hours; 28 days if 
acidified 

Nitrate and 
Nitrite (as N) 

Polyethylene bottle 150 mL  Cool to 6°C, store in the 
dark. Acidify with H2SO4 
to pH < 2 

48 hours; 28 days if 
acidified 

Total Kjeldahl 
Nitrogen (TKN)  

Polyethylene bottle 600 mL  Cool to 6°C, store in the 
dark.  Acidify with H2SO4 
to pH < 2 

7 days; 

28 days if acidified 
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Parameter Container Volume Initial Preservation Holding Time 

Biochemical 
Oxygen Demand 
(BOD) 

4-L cubitainer 4000 mL  Cool to 6°C, dark. Add 1g 
FAS crystals per liter, if 
residual Cl present 

48 hours  

Total Phosphorus  
(as P) 

Polyethylene bottle 

 

150 mL  Cool to 6°C, store in the 
dark 

48 hours 

Dissolved 
Phosphorus (as 
P) 

Polyethylene bottle 

 

150 mL  Filter within 15 minutes 
of collection.  Cool to 
6°C, store in the dark 

48 hours 

Fecal Coliform Factory-sealed, pre-
sterilized, disposable 
Whirlpak bags or 125 
mL sterile plastic (high 
density polyethylene or 
polypropylene) container 

125 mL  Sodium thiosulfate is pre-
added to the containers in 
the laboratory (chlorine 
elimination). Cool to 6°C, 
store in the dark 

24 hours (6 hours 
for regulatory data) 

Enterococcus Factory-sealed, pre-
sterilized, disposable 
Whirlpak bags or 125 
mL sterile plastic (high 
density polyethylene or 
polypropylene) 

100 mL  Sodium thiosulfate is pre-
added to the containers in 
the laboratory (chlorine 
elimination). Cool to 6oC, 
dark 

24 hours (6 hours 
for regulatory data) 

Total Organic 
Carbon (TOC)  

40-mL glass vial 40 mL Cool to 6oC, store in the 
dark. If analysis is to 
occur more than 2 hours 
after sampling, acidify 
(pH < 2) with HCl or 
H2SO4 

28 days  

Notes:  

1  These constituents are  

2  Total and Dissolved Metals includes 17 different metals (i.e., Antimony, Arsenic, Barium, Beryllium, Cadmium, Chromium, 

Cobalt, Copper, Lead, Mercury, Molybdenum, Nickel, Selenium, Silver, Thallium, Vanadium, and Zinc).  

3  Total nitrogen calculated as: Kjeldahl nitrogen + nitrite nitrogen + nitrate nitrogen. 

4  Measurement obtained from calculation; no sampling conducted. 
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13. ANALYTICAL METHODS 

The following section describes analytical methods for both field measurements and measurements for laboratory 
analysis.  The methods are listed by constituent and their associated target reporting limits and achievable laboratory 
limits.  

13.1 Field Measurements 
Table B-4 describes analytical methods and field measurements to be used. Field measurements will be conducted 
by field staff with oversight by the Field Activities Leader. SWAMP SOPs for Field Sample Collection (Appendix 
A) will be implemented for all constituents in Table B-4. 

13.2 Laboratory Analysis Measurements 
Table B-5 describes laboratory analytical methods for the analysis of sample collections. Specific SOPs for 
laboratory analysis are included in Appendix D.
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Table B-4.  (Element 13) Field Analytical Methods 

 

Analyte 
Laboratory / 
Organization 

Project Action  
Limit (units, 
wet or dry 
weight)1 

Project 
Reporting Limit 
(units, wet or 
dry weight)2 

Analytical Method 
Achievable Field Equipment 

Limits 

 

Analytical Method/ SOP 

 

Modified 
for Method 
(yes/no) 

 

 

MDLs 

 

 

Method 

Stream Flow (depth) Field Monitoring by ICF 
Field Staff 

NA 0.02 m MPSL-DFG 
FieldSOP_v.1.0 /SOP Procedure 
Number 1.0 

No 0.01 m NA 

Stream Flow 
(velocity) 

Field Monitoring by ICF 
Field Staff 

NA NA MPSL-DFG 
FieldSOP_v.1.0 /SOP Procedure 
Number 1.0 

No -0.5 ft/sec +19.99 ft/sec 

pH Field Monitoring by ICF 
Field Staff 

NA NA MPSL-DFG FieldSOP_v.1.0/SOP 
Procedure Number 1.0 

No 0 pH units 14 pH units 

Water Temperature Field Monitoring by ICF 
Field Staff 

NA NA MPSL-DFG FieldSOP_v.1.0/SOP 
Procedure Number 1.0 

No -5°C +50°C 

Air Temperature Field Monitoring by ICF 
Field Staff 

NA NA MPSL-DFG FieldSOP_v.1.0/SOP 
Procedure Number 1.0,  

No -20°C +70°C 

Total Dissolved 
Solids (TDS)3 

Field Monitoring by ICF 
Field Staff 

NA 10 mg/L MPSL-DFG FieldSOP_v.1.0/SOP 
Procedure Number 1.0 

No Calculated 
from SC 

Calculated 
from SC 
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Analyte 
Laboratory / 
Organization 

Project Action  
Limit (units, 
wet or dry 
weight)1 

Project 
Reporting Limit 
(units, wet or 
dry weight)2 

Analytical Method 
Achievable Field Equipment 

Limits 

 

Analytical Method/ SOP 

 

Modified 
for Method 
(yes/no) 

 

 

MDLs 

 

 

Method 

Turbidity4 Field Monitoring by ICF 
Field Staff 

NA 5 NTU MPSL-DFG FieldSOP_v.1.0/SOP 
Procedure Number 1.0 

No 0 NTU 1,000 NTU 

Specific Conductance 
(SC)5 

Field Monitoring by ICF 
Field Staff 

NA 2 µS/cm MPSL-DFG FieldSOP_v.1.0/SOP 
Procedure Number 1.0 

No 0 µS/cm  100 µS/cm  

Dissolved Oxygen 
(DO) 

Field Monitoring by ICF 
Field Staff 

NA 0.2 mg/L MPSL-DFG FieldSOP_v.1.0/SOP 
Procedure Number 1.0 

No 0 mg/L 50 mg/L 

Key: 

NA = Not applicable. 

CDEC = California Data Exchange Center. 

Notes: 

1  Project Action Limit is not applicable to baseline data collection. 

2  SWAMP Reporting Limits (SWRCB 2008). 

3  Total Dissolved Solids = Specific conductance*1.6 . 

4  Measured in Nephelometric Turbidity Units (NTU). 

5  Measured in micro ohms (µm) at 77 degrees F. 
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Table B-5.  (Element 13) Laboratory Analytical Methods 

Analyte 
Laboratory / 
Organization 

Project Action  
Limit (units, 
wet or dry 
weight)1 

Project 
Quantitation 
Limit (units, 
wet or dry 
weight) 2 

Analytical Method Achievable Laboratory Limits 

Analytical Method/ SOP 

Modified 
for Method 
(yes/no) MDLs Method 

Total Settleable 
Solids  

Alpha Analytical  
Laboratories 

NA 0.10 ml/L per 
hour 

Standard Method 
2540F/WCSOP2.24 

No 0.10 ml/L per hour   
1,000 ml/L per 
hour

Hardness (as 
CaCO3) 

Alpha Analytical  
Laboratories 

NA 1 mg/L Standard Method 2340B 
EPA Method 
200.7/ISOP1.15

No 5 mg/L  
NA 

Total Metals 
(except Total 
Mercury) 
 

Alpha Analytical  
Laboratories 

NA Varies based on 
metal analyte 

EPA Method 200 
Series/ISOP1.21 

No Varies based on metal 
analyte 

Varies based on 
metal analyte 

Dissolved Metals  Alpha Analytical  
Laboratories 

NA Varies based on 
metal analyte 

EPA Method 200 
Series/ISOP1.21 

No Varies based on metal 
analyte 

Varies based on 
metal analyte 

Total Mercury Alpha Analytical  
Laboratories 

NA 0.0002 mg/L EPA Method 1631 (ultra 
low level)/MET034R1 

No 0.0002 mg/L 0.005 mg/L 

Oil and Grease Alpha Analytical  
Laboratories 

NA 1.4 mg/L EPA Method 
1664A/WCSOP2.08 

No 1.3 mg/L   
NA 

Methylene Blue 
Activated 
Substances 
(MBAS) 

Alpha Analytical  
Laboratories 

NA 0.05 mg/L Method 
5540C/WCSOP2.16 

No 0.03 mg/L 0.05 mg/L 

Total Nitrogen3 Alpha Analytical  
Laboratories 

NA 0.2 mg/L Calculated4/WCSOP2.49 No 1.0 mg/L NA 

Ammonia Alpha Analytical  
Laboratories 

NA 0.1 mg/L Method 4500-NH3 B and 
C/WCSOP2.02 

No 0.063 mg/L 0.5 mg/L 
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Analyte 
Laboratory / 
Organization 

Project Action  
Limit (units, 
wet or dry 
weight)1 

Project 
Quantitation 
Limit (units, 
wet or dry 
weight) 2 

Analytical Method Achievable Laboratory Limits 

Analytical Method/ SOP 

Modified 
for Method 
(yes/no) MDLs Method 

Nitrate and Nitrite 
(as N) 

Alpha Analytical  
Laboratories 

NA 0.1 mg/L Standard Method 4500-
NO3 E/WCSOP2.41 

No Nitrate (as N): 0.1 mg/L 
1400 ng/L (0.1uM) 
Nitrite (as N): 0.05 
mg/L 1400 ng/L 
(0.1uM)

10 mg/L 

Total Kjeldahl 
Nitrogen (TKN) 

Alpha Analytical  
Laboratories 

NA 0.5 mg/L Standard Method 4500-
NHorg B/ISOP1.07 

No 0.10 mg/L NA 

Biochemical 
Oxygen Demand 
(BOD) (5-day) 

Alpha Analytical  
Laboratories 

NA 2.0 mg/L Standard Method 
5210B/WCSOP2.40 

No 2.0 mg/L 5.0 mg/L 

Total Phosphorus  
(as P) 

Alpha Analytical  
Laboratories 

NA 0.04 mg/L Standard Method 4500-P E 
/ISOP1.8 

No 0.02 mg/L NA 

Dissolved 
Phosphorus  
(as P) 

Alpha Analytical  
Laboratories 

NA 0.04 mg/L Standard Method 4500-P E 
(plus filtering of 
sample)/ISOP1.8 

No 0.02 mg/L NA 

Fecal Coliform Alpha Analytical  
Laboratories 

NA 2 MPN/100 mL Standard Method 
9221/MSOP2.01 

No 2 MPN/100 mL NA 

Enterococcus Alpha Analytical  
Laboratories 

NA 1 colony/100 mL Standard Method 
9230B/MSOP2.7 

No 2 MPN/100 mL NA 

Total Organic 
Carbon (TOC) 

Alpha Analytical  
Laboratories 

NA 0.6 mg/L EPA Method 415.1 
Standard Method 
5310C/ISOP1.04 

No 0.04 mg/L 1.0 mg/L 

Notes:  

1  Project Action Limit is not applicable to baseline data collection. 

2  SWAMP Reporting Limits (SWRCB 2008). 

3  Total nitrogen = Kjeldahl nitrogen+nitrite nitrogen+nitrate nitrogen. 
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Field equipment needed for field and laboratory analysis are discussed below in Section 15. If failure of equipment 
occurs during the monitoring event, the Field Activities Leader will be contacted and will decide on the appropriate 
corrective action. The failure and corrective action taken will be documented on the SWAMP Field Data Sheets. In 
the laboratory, the procedures for taking corrective action are listed in the individual laboratory SOPs (Appendix D).  

For those samples collected in the field where chemicals are not required as part of the collection process, after field 
measurements have been completed these samples will be discarded into the creeks where they originated. Alpha 
Analytical Laboratories will use procedures in their QAP (Appendix C) to dispose of leftover samples in the 
laboratory.  
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14. QUALITY CONTROL 

Quality control (QC) ensures that data produced are satisfactory, consistent, and dependable.  QC is achieved by 
analyzing a series of duplicate, blank, spike, and spike duplicate samples to ensure that analytical results meet the 
specified QC objectives. The QC sample results are used to quantify precision and accuracy and identify any 
problem or limitation in the associated sample results.  

14.1 Field Measurements 
Field Sampling QC procedures are shown in Table B-6. Additional QC specifications for field equipment can be 
found in more detail in the YSI 6-Series Multi-Parameter Water Quality Sondes user manual and Marsh-McBirney 
Flo-Mate Model 2000 Portable Flowmeter instruction manual (Appendix B). 

For those constituents that will be continuously monitored, field measurements will be made during the monthly 
monitoring for non-continuous constituents.  The field measurements will be made in triplicate to verify the 
accuracy of the measurements recorded by the continuous monitoring equipment.    

Table B-6.  (Element 14) Sampling (Field) Quality Control 

Matrix: Water       

Sampling SOP: Appendix B  
(Field Equipment User Manuals) 

  

Analytical Parameter(s):  See Table B-1   

Analytical Method/SOP Reference:  See Table B-2   

Number Sampling Sites: 20   

 

Field QC Frequency/Number per Monitoring  Event Acceptance Limits 

Equipment Blanks Once per equipment batch before sampling <MDL 

Field Blanks 5% of all samples <MDL 

Trip Blanks NA since VOCs will not be sampled NA 

Cooler Temperature Measured at Laboratory <4 degrees C 

Field Duplicate Pairs 5% of all samples RPD < 25% if difference > RL 

Collocated Samples NA NA 

Field Splits NA NA 

Field Matrix Spikes NA NA 

Others NA NA 

Note: 

NA = Not applicable. 
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Precision 
All field measurements will be made in triplicate with the exception of stream flow measurements. Each result will 
be recorded along with the average of the three results, the difference between the largest and smallest result, and the 
percent difference between the largest and smallest result. The percent difference will be calculated as follows:  

Percent difference = 100*(largest-smallest)/average 

The difference or percent difference, as appropriate, will be compared against the precision criteria established for 
field measurements in Section 7. 

Accuracy 
All field equipment will be calibrated, used, and maintained so as to ensure maximum accuracy of data 
measurements. The YSI 6600 V2-4 and 6920 V2-2 Sondes will be kept dry when not in use to reduce carry-over 
contamination of calibration solutions and to increase the accuracy of the calibration.  Triplicate measurements, the 
average of the results, the difference, and percent difference will be recorded. The difference will be calculated as 
follows:  

Difference = Average-True Value 

Percent difference = 100*(Average-True Value) 

The difference or percent difference, as appropriate, will be compared against the Measurement Quality Objectives 
for Field Data in Table A-4.  

If the field measurements do not meet the precision and accuracy criteria this will be noted on the SWAMP Field 
Data Sheet (Appendix F).  

Bias 
Staff field techniques and use of monitoring equipment represent two of the primary sources of bias in water quality 
monitoring.  Many water quality constituents are subjected to seasonal and diurnal variability.  For example, water 
temperature in the early morning hours is typically cooler compared to water temperature in late afternoon.  
Similarly, water temperature along the margins of streams is typically warmer than that within the main flow.  
Variability of sampling times and locations along the stream can introduce bias into monitoring results.  To prevent 
bias that can occur from field techniques and to ensure that comparable data from monitoring event to monitoring 
event are collected, field techniques will be applied consistently across sites and monitoring events.  For example, to 
minimize bias in the data that can occur from temporally varying sample collections, sampling sites will generally 
be visited at approximately the same time of day to limit the potential for diurnal variability to be reflected in the 
collected data.  This will be especially important where trends within sites and across monitoring events at each site 
are being evaluated.  Staff substitutions represent another area where bias can be introduced into the data.  To 
minimize the potential for bias to result from changing staff, consistency in staff will be maintained to the extent 
possible.  Equipment substitutions can also introduce bias into the data.  For example, alternating different 
equipment across sampling sites can skew results from measurement differences.  Potential bias resulting from 
equipment will be minimized by using the same monitoring equipment across sampling sites and monitoring events 
where possible. 
 
14.2 Measurements for Laboratory Analysis 
QC procedures for Laboratory Analysis are shown in Table B-7. Under performance-based chemistry, laboratories 
are not required to use a single, standard analytical method for each type of analysis, but rather are free to choose the 
best or most feasible method within the constraints of cost and equipment that is suitable for meeting the 
Measurement Quality Objectives (MQOs) for Laboratory Data, as outlined in Table A-5. Table A-5 provides 
specific guidelines for measurement precision, accuracy, and levels of detection that are reflected in monitoring, 
handling, and analysis requirements to satisfy a large spectrum of potential management questions.  Alpha 
Analytical Laboratories will continuously demonstrate proficiency and data comparability through routine analysis 
of accuracy-based performance evaluation samples, split samples, and reference materials representing actual 
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sample matrices.  No single analytical method has been officially approved for low-level analysis of organic and 
inorganic contaminants in water or sediments.   

Field QC results will meet SWAMP MQOs and frequency requirements on a sample batch level where a batch is 20 
or fewer field samples prepared and analyzed with a common set of QC samples. MQOs are the individual 
performance criteria or acceptance goals that correspond to each of the DQIs: precision, accuracy, 
representativeness, comparability, completeness, bias, and sensitivity, as described in Section 7. If SWAMP MQOs 
conflict with those prescribed in the method or SOP used, the more rigorous of the objectives will be met.  

Table B-7.  (Element 14) Analytical (Laboratory) Quality Control 

Matrix: Water     

Sampling SOP: Appendix D (Alpha Analytical, 
Laboratories, Inc. SOPs)      

  

Analytical Parameter(s):  See Table B-1       

Analytical Method/SOP Reference:  See Table B-2       

Number Sampling Sites: 20         

Laboratory  QC Frequency/Number Acceptance Limits 

Method Blank 1 per analytical batch <MDL 

Reagent Blank NA NA 

Storage Blank NA NA 

Instrument Blank Analysis dependent NA 

Lab Duplicate 1 per analytical batch RPD < 25% if difference > RL 

Lab Matrix Spike 1 per analytical batch 80 – 120% Recovery 

Matrix Spike Duplicate 1 per analytical batch RPD < 25% if difference > RL 

Lab Control Sample 1 per analytical batch 80 – 120% Recovery 

Surrogates Per method if required Per method if required 

Internal Standards Accompanying every analytical run as 
method appropriate 

Per method 

Others NA NA 

Note: 

NA = Not applicable. 

 

This section describes QC procedures outlined in Alpha Analytical Laboratories Quality Assurance Plan (QAP) 
(Appendix C). Background, accuracy, and precision limits are established by applying EPA method acceptance 
criteria and laboratory generated standards of acceptability. In addition, Alpha Analytical Laboratories’ QAP 
includes a program for corrective action when control limits are exceeded to ensure QC. 

Trip Blanks  
Trip blanks (also known as "travel blanks") are volatile organic analysis (VOA) sample vials filled in the laboratory 
with reagent water that are used to determine if there is any cross-contamination of volatile constituents between 
sample containers during transfer from the field to the laboratory. Trip blanks will be provided by Alpha Analytical 
Laboratories per the test method. A trip blank known to be free of volatile contaminants will accompany sample 
vials to the sampling site and will be subjected to the same ambient conditions as the samples. This vial will be 
handled like a sample (but never opened) and returned to Alpha Analytical Laboratories with the other samples. Trip 
blanks will be prepared only for volatiles analysis and used to check for possible contamination during monitoring, 
transport, and storage.  
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Field Blanks  
Field blanks will be taken to the field, transferred to the appropriate container, preserved (if required by the method), 
and treated the same as the corresponding sample during the course of a monitoring event. Field blanks provide an 
indication of possible interferences introduced in the field. If field blank performance is acceptable, further 
collection and analysis of field blanks will be performed on an as-needed basis. The water used for field blanks will 
be free of target analyte(s) and appropriate for the analysis being conducted. Field blanks will be generated per 
method and analyzed by Alpha Analytical laboratories.  

Equipment Blanks   
Equipment blanks will be generated per method by field staff responsible for cleaning monitoring equipment. 
Equipment blanks will be analyzed before the equipment is shipped to the sampling site. In order to accommodate 
any necessary corrective action, equipment blank results will be available well in advance of the monitoring event. 
To ensure that monitoring equipment is contaminant-free, water known to be low in a target analyte(s) will be 
processed through the equipment as during sample collection. The specific type of water used for blanks will be 
selected based on the information contained in the relevant monitoring or analysis methods. The water will be 
collected in an appropriate sample container, preserved, and analyzed for the target analytes. Equipment blanks will 
be prepared for metals in water samples whenever a new box of filters is opened.  

Field Duplicates   
Duplicate samples will be collected for 5% of the total project sample count in the same manner and as close in time 
as possible to the original sample in order to examine field homogeneity as well as sample handling, within the 
limits and constraints of the situation.   

Field Corrective Action  
Field staff will be responsible for responding to failures in their monitoring and field measurement systems. If 
monitoring equipment fails, field staff will record the problem on the SWAMP Field Data Sheet according to 
documentation protocols. Failing equipment will be replaced or repaired prior to subsequent monitoring events. It 
will be the combined responsibility of the Field Activities Leaders and Contractor Task Order Manager to determine 
whether the performance requirements of the specific monitoring method have been met, and to collect additional 
samples if necessary.  

Method Blanks 
A method blank (also called extraction blanks, procedural blanks, or laboratory blanks) will be used to assess the 
background level of a target analyte resulting from sample preparation and analysis. A method blank is processed 
through an analytical procedure exactly as a field sample. Method blanks are matrix specific: separate reagent blanks 
must be prepared for soil and water samples. Before processing any sample, the laboratory staff will demonstrate 
through the analysis of a method blank that interferences from the system, glassware and reagents are under control. 
A method blank will be run for each twenty samples, or as required by the analytical method. Blanks that are too 
high will require corrective action to bring the concentrations down to acceptable levels. 

Laboratory Control Samples 
A laboratory control sample (LCS) is a representative, clean matrix spiked with the analytes of interest for the 
analysis. LCSs provide an alternate method of assessing accuracy of an analytical method. A LCS will be analyzed 
using the same preparation, reagents, and analytical methods employed for regular samples. The LCS is spiked at a 
concentration within the system’s calibration range. An LCS is prepared with each analytical batch of 20 samples, or 
as required by the method. If the LCS results for any analyte are not in control, the system performance is 
unacceptable for that analyte. Samples may not be analyzed and the source of the problem must be determined and 
corrected before analysis can proceed. If an LCS needs to be substituted for a reference material, the acceptance 
criteria will be the same as those for the analysis of reference materials. LCSs will satisfy SWAMP MQOs. 

Matrix Spikes  
Matrix spikes will be analyzed in order to assess the magnitude of matrix interference and bias present. Because 
matrix spikes are analyzed in pairs, the second spike is called the matrix spike duplicate (MSD). A matrix spike and 
matrix spike duplicate (MS/MSD) will be prepared by adding a known concentration of the target analyte to a field 
sample, which is then subjected to the entire analytical procedure. The MS/MSD are prepared from field samples 
representative of the sample batch under analysis. The MS/MSD are spiked at a concentration within the system’s 
calibration range. If adequate client sample is unavailable, a duplicate LCS is prepared.  
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An MS/MSD is analyzed for each of the 20 samples, or as required by the method. If the MS/MSD results are not in 
control, the LCS results assure that the system is in control, and the former results are generally considered to be a 
result of matrix effects. The MS/MSD will be split from the same original field sample. In order to properly assess 
the degree of matrix interference and potential bias, the spiking level will be approximately 2-5 times the ambient 
concentration of the spiked sample. In addition to the recoveries, the relative percent difference (RPD) between the 
MS and MSD will be calculated to evaluate how the matrix affects precision. If the percent recovery for any analyte 
in the MS or MSD is outside of the limits specified then the chromatograms (in the case of trace organic analyses) 
and raw data quantitation reports will be reviewed. Data will be scrutinized for evidence of sensitivity shifts 
(indicated by the results of the CCVs) or other potential problems with the analytical process. If associated QC 
samples (reference materials or LCSs) are in control, matrix effects may be the source of the problem. If the 
standard used to spike the samples is different from the standard used to calibrate the instrument, it will be checked 
for accuracy prior to attributing poor recoveries to matrix effects.  

Laboratory Duplicates  
In order to evaluate the precision of an analytical process, a field sample will be selected and prepared in duplicate 
or replicate (i.e., three or more samples). Specific requirements pertaining to the analysis of laboratory duplicates 
vary depending on the type of analysis. Laboratory duplicate analyses are performed when a method is not amenable 
to spiking, or when a method specifically requires the analysis of unspiked duplicates. The former includes 
dissolved oxygen, alkalinity, pH, and turbidity analyses. 

Surrogates  
Surrogates are compounds similar to the compounds of interest in a particular analysis, but not usually found in 
samples. Surrogate compounds will be added to all blanks, calibration standards, samples, and spikes, as required for 
certain methods, to field and QC samples prior to extraction, or according to the method or SOP used. Surrogate 
recovery data will be carefully monitored. If possible, isotopically labeled analogs of the analytes will be used as 
surrogates. If method blank or LCS surrogate recovery is not in control, samples generally may not be analyzed until 
the source of the problem is determined and corrected. If sample surrogate recovery is not in control, the sample is 
re-extracted if more is available. If the second analysis is also not in control, or if no more sample is available, the 
appropriate out-of-control surrogate recovery flag is added to the data. 

Control Limits 
Accuracy is defined as the degree to which the analytical measurement reflects the true value of the analyte present 
in the sample. Unless accuracy requirements are provided by the method, control limits are established using the 
results from at least 20 spike recoveries. The mean and standard deviation(s) of the recoveries are calculated and 
control limits are given by the mean ± 3s. The same procedure is used to set control limits for surrogates. 

Precision is defined as the agreement among separate measurements of the same analyte in different aliquots of the 
same sample. Precision control limits are established using the results from at least 15 pairs of MS/MSD or duplicate 
LCSs. The average relative percent difference RPD and standard deviation(s) of the duplicates are calculated and a 
control limit given by the RPD ± 3s. 

Until laboratory staff has run enough analyses to generate control limits based on spike recoveries and RPD, the 
limits used to determine whether or not an analytical system is in control are those given by the method. If no such 
limits are recommended, spike recovery of 70-130% and RPD between duplicate samples or spikes of 20% or less is 
generally expected. When a control limit is exceeded, the LIMS red-flags the failed analyte. The problem must be 
addressed before data can be reviewed. See Corrective Action Procedures below. 

Control Charts 
Control charts are created by the LIMS and used to monitor the variations in accuracy or precision of routine 
analyses and can detect trends in these variations. Accuracy control charts are constructed from spike recovery 
concentrations expressed as a percent of the spiked values. Precision control charts are constructed from the RPD 
between recovery values for duplicate samples or duplicate spiked samples. 

Corrective Action Procedures 
Whenever a system is determined to not be in control, corrective steps will be taken to bring the system back under 
control. Corrective actions may involve preparation of fresh standards or reagents, instrument repair, re-analysis, re-
extraction, matrix modifications, and dilutions. These actions are taken after assessment by the laboratory director 
and QA officer and are recorded with the analytical results. Analyses will not continue until the system is 
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determined to be under control, that is, until the out-of-control parameter has been demonstrated to have been 
brought within control limits. Corrective actions can be initiated at several operational levels. First the situation is 
assessed and appropriate action is taken to correct the situation. The seriousness of the problem will dictate whether 
corrective actions will be taken at the laboratory staff level, the department level, or involve the entire laboratory. 

Laboratory Notebooks 
When an instrument generated record is not created, data will be entered directly, in ink, into a permanently bound 
notebook. The date, method, QC, and sample results will be noted with each analysis, along with any calculations. 
Errors will be crossed out with a single line, initialed and dated. 

Validation and Reporting of Data 
Laboratory staff will enter results into the laboratory information management system (LIMS) in the appropriate 
units, either manually or directly from the analytical instrument, along with preparation and analysis date. 
Preparation data and, in some cases, analytical data are entered into the appropriate laboratory notebook. The 
laboratory QA Officer will review all QC results and corrective action procedures prior to reporting the data. Such 
approval will be indicated by setting analytical results to "Reviewed" in the LIMS. Laboratory staff will generate 
final written reports. The Laboratory Director will approve and sign the final analytical results. 

Backing Up and Archiving LIMS Data 
The file server containing all LIMS data is backed up at the end of every business day on a tape cartridge. An 
archive of the preceding year’s LIMS data is made annually and stored for at least five years. All written reports, lab 
sheets and other related paper are stored as a back up to the data archived on tape and are stored for five years. 

Quality Control Reports 
Quality control reports will be issued upon Caltrans’ request and will consist of a separate batch specific report with 
method blank, duplicate, laboratory control samples (blank spikes), and/or matrix spike results. The method blank is 
reported in the same units of concentration of the matrix or non-detect. Spike results are reported in the same units 
of concentration of the matrix and as percent recoveries of the analytes. The RPD is reported to indicate precision in 
terms of the difference between percent recoveries of duplicates and duplicate spikes. 

Calibration and Working Standards  
All calibration standards will be traceable to a certified standard obtained from a recognized organization. If 
traceable standards are not available, procedures will be implemented to standardize the utilized calibration 
solutions. Standardization of calibration solutions will be thoroughly documented, and is only acceptable when pre-
certified standard solutions are not available. Preparation of the working standard will be thoroughly documented 
such that each working standard is traceable back to its original stock standard. Finally, the concentration of all 
working standards will be verified by analysis prior to use in the laboratory.  

Instrument Calibration  
Prior to sample analysis, instruments will be calibrated following the procedures outlined in the relevant analytical 
method or SOP. Each method or SOP will specify acceptance criteria that demonstrate instrument stability and an 
acceptable calibration. If instrument calibration does not meet the specified acceptance criteria, the analytical 
process is not in control and will be halted. The instrument will be successfully recalibrated before samples may be 
analyzed.  

Calibration curves will be established for each analyte covering the range of expected sample concentrations. Only 
data that result from quantification within the demonstrated working calibration range will be reported unflagged by 
Alpha Analytical Laboratories. Quantification based on extrapolation is not acceptable. Data reported outside of the 
calibration range will be flagged as "Detected, not Quantified". Alternatively, if the instrumentation is linear over 
the concentration ranges to be measured in the samples, the use of a calibration blank and one single standard that is 
higher in concentration than the samples may be appropriate. Samples outside the calibration range will be diluted or 
concentrated, as appropriate, and reanalyzed.  

Initial Calibration Verification  
If an initial calibration verification (ICV) is required then the source of the standards used to calibrate the instrument 
and the source of the standard used to perform the ICV will be independent of one another. This usually will be 
achieved by the purchase of standards from separate vendors. This mid-level standard will be analyzed immediately 
following the calibration curve.  



 

Project:  Willits Bypass Project – Water Quality Monitoring 
Revision No. 

July 26, 2010 
Page 49 of 63

 

Continuing Calibration Verification  
CCVs will be used to monitor sensitivity changes in lab instruments during analysis. These mid-level standards will 
be analyzed at intervals specified by a method or Alpha Analytical Laboratories’ SOP during the course of the 
analytical run. In order to properly assess these sensitivity changes, the standards used to perform CCVs will be 
from the same set of working standards used to calibrate an instrument. If a CCV falls outside the acceptance limits, 
the analytical system is not in control, and immediate corrective action will be taken. Data obtained while the 
instrument is out of control is not reportable, and all samples analyzed during this period will be reanalyzed. If 
reanalysis is not an option, the original data will be flagged with the appropriate qualifier and reported. A narrative 
will be submitted listing the results that were generated while the instrument was not in control, in addition to 
corrective actions that were applied.  

Internal Standards  
To optimize gas chromatography mass spectrometry (GC-MS) and Inductively Coupled Plasma Mass Spectrometry 
(ICP-MS) analyses, internal standards (also referred to as "injection internal standards") may be added to field and 
QC sample extracts prior to injection. Laboratory staff will monitor internal standard retention times and recoveries 
to determine whether instrument maintenance or repair or changes in analytical procedures are indicated. Instrument 
problems that affect the data or result in reanalysis will be documented properly in logbooks and internal data 
reports, and used by Alpha Analytical Laboratories to take appropriate corrective action as specified in a method or 
their SOPs.  

Dual-Column Confirmation  
Due to the high probability of false positives from single-column analyses, dual column confirmation will be applied 
to all gas chromatography and liquid chromatography methods that do not provide definitive identifications.  

Dilution of Samples  
Final reported results will be corrected for dilution carried out during the process of analysis. In order to evaluate the 
QC analyses associated with an analytical batch, corresponding batch QC samples will be analyzed at the same 
dilution factor.  
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15. INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE 

15.1 Field Measurements 
To minimize or avoid downtime of measurement instruments, all field monitoring and laboratory equipment will be 
maintained in good working order.  Also, spare equipment or common spare parts (e.g., batteries and pH electrodes) 
will be available so that repairs or replacement can be made as quickly as possible and measurements will not be 
lost. Field equipment with manufacturer-recommended schedules of maintenance will receive preventive 
maintenance according to Table B-8.  Other equipment used occasionally will be inspected monthly.  After use in 
the field, all equipment will be re-checked for needed maintenance. 

Problems that occur with field equipment will be addressed by the Field Activities Leader and if needed, with 
assistance from the manufacturer.  This may include cleaning, re-calibration, and or sending equipment to the 
manufacturer for repairs.  If equipment is being repaired and a different instrument is used in the interim, this will be 
documented in the SWAMP field data sheets for each monitoring event. 

For complete information on equipment preparation and maintenance procedures, including cleaning, calibration 
and post-field calibration checks, see Appendix B. 

Table B-8.  (Element 15) Testing, Inspection, and Maintenance of Monitoring Equipment  

Equipment / Instrument 

Maintenance Activity, 
Testing Activity or 
Inspection Activity 

Responsible 
Person Frequency 

SOP 
Reference 

Handheld Meter/YSI 
Sonde 6600 V2-4 

Maintenance, Testing, 
and Inspection 

Field Activities 
Leader 

Prior to Each 
Monitoring Event 

Appendix B.1 

Continuous 
Monitoring/YSI Sonde 
6920-V2-2 

Testing Field Activities 
Leader 

Prior to 
Deployment 

Appendix B.1 

Continuous 
Monitoring/YSI Sonde 
6920-V2-2 

Maintenance, 
Inspection 

Field Activities 
Leader 

Monthly Appendix B.1 

Handheld Meter/ Marsh 
McBirney Flow Mate 
Model 2000 Portable 
Flowmeter  

Maintenance, Testing, 
and Inspection 

Field Activities 
Leader 

Prior to Each 
Monitoring Event 

Appendix B.2 

Continuous 
Monitoring/HOBO Water 
Level Data Logger U20-
001-01 

Testing Field Activities 
Leader 

Prior to 
Deployment 

 

Appendix B.3 

Continuous 
Monitoring/HOBO Water 
Level Data Logger U20-
001-01 

Inspection Field Activities 
Leader 

Monthly Appendix B.3 

Continuous 
Monitoring/HOBO 
Temperature Pendant Data 
Logger UA- 

Testing Field Activities 
Leader 

Prior to 
Deployment 

Appendix B.4 

Continuous 
Monitoring/HOBO 
Temperature Pendant Data 
Logger UA-001-64 

Inspection Field Activities 
Leader 

 

Monthly 

Appendix B.4 
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Measurements for Laboratory Analysis 
Electronic laboratory equipment usually has recommended maintenance prescribed by the manufacturer. Laboratory 
equipment having manufacturer-recommended schedules of maintenance will receive preventive maintenance 
according to Table B-9. These manufacturer-recommended maintenance schedules will be followed as a minimum 
requirement.  Due to the cost of some laboratory equipment, back-up capability may not be possible; however, all 
commonly replaced parts will have spares available for rapid maintenance of failed equipment.  Such parts include, 
but are not limited to: batteries; tubes; light bulbs; tubing of all kinds; replacement specific ion electrodes; electrical 
conduits; glassware; and pumps. 

A separate log book will be maintained for each type of equipment whether field or laboratory.  All preventive or 
corrective maintenance will be recorded. This includes laboratory equipment cleaning, which will follow 
manufacturer recommendations, or laboratory protocols, whichever is more conservative.  Alpha Analytical 
Laboratories will maintain this documentation with the total history of maintenance performed; this documentation 
will be available for inspection upon request. 

Table B-9.  (Element 15) Testing, Inspection, Maintenance of Analytical Instruments 

Equipment/ 
Instrument 

Maintenance Activity, 
Testing Activity, or 
Inspection Activity Responsible Person 

 

Frequency 

 

SOP Reference 

Varian 3400 GC TPH GRO Nathan Hollow Daily OSOP 3.02 

Hewlett Packard 5890 
GC 

Volatiles screening Nathan Hollow Daily  OSOP 6.05 

Hewlett Packard 6890 
GCMS 

Volatiles analysis Nathan Hollow Daily  OSOP 9.02 

Agilent 6890N GCMS Volatiles analysis Nathan Hollow Daily  OSOP 9.02 

Agilent 7890 A GCMS Volatiles analysis Laura William Daily  OSOP 9.05 

Agilent 7890A GC TPH DRO Laura William Daily  OSOP 3.01 

Agilent 7890A GC 
(ECD) 

Pesticides analysis Laura William Daily  OSOP 4.02 

Agilent 6890N GC 
(ECD) 

Pesticides analysis Laura William Daily  OSOP 4.03 

Agilent 1100 HPLC Pesticides analysis Laura William Daily  OSOP 11.01 

Agilent 6890N GC 
(NPD) 

Nitrogen-phosphorus 
pesticides analysis 

Laura William Daily  OSOP 4.06 

Agilent 6890N GCMS Semivolatiles analysis Laura William Daily  OSOP 10.01 

Agilent 7890A GCMS Semivolatiles analysis Laura William Daily  OSOP 10.02 

Thermo Jarrell Ash ICP Metals analysis Jim Shoberg Daily  ISOP 1.03 
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Equipment/ 
Instrument 

Maintenance Activity, 
Testing Activity, or 
Inspection Activity Responsible Person 

 

Frequency 

 

SOP Reference 

PE 5100Z GFAA Metals analysis Jim Shoberg Daily  ISOP 1.01 

PE Analyst 800 GFAA Metals analysis Jim Shoberg Daily  ISOP 1.01 

PE Sciex ELAN6100 
ICPMS 

Metals analysis Jim Shoberg Daily  ISOP 1.21 

Cetac M 7500 Hg 
Analyzer 

Mercury analysis Jim Shoberg Daily  ISOP 1.02 

Teledyne Tekmar 
Phoenix 80 

TOC analysis Jim Shoberg Daily  ISOP 1.04 

Genesys Spectronic 20 Spectrophotometric 
analyses 

Jim Shoberg Daily  WCSOP 2.03 

HF Scientific Micro 100 
Turbidimeter 

Turbidity analysis Jim Shoberg Daily  WCSOP 2.39 

YSI 701A Conductance 
Meter 

Conductivity Jim Shoberg Daily  WCSOP 2.05 

Therm Electron Orion 
350 pH Meter 

pH Jim Shoberg Daily  WCSOP 2.20 

YSI Model 57 Oxygen 
Meter 

Dissolved Oxygen and 
BOD 

Jim Shoberg Daily  WCSOP 2.48 

Metrohm 761 IC Anions analysis Jim Shoberg Daily  WCSOP 2.41 

Metrohm 821 IC Perchlorate analysis Jim Shoberg Daily  WCSOP 2.54 
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16. INSTRUMENT/EQUIPMENT CALIBRATION AND FREQUENCY 

An instrument or device used in obtaining an environmental measurement must be calibrated through the 
measurement of a standard.  Instrument calibration and frequency are described in Table B-10. Every instrument or 
device has a specialized procedure for calibration and a special type of standard used to verify calibration.  A log 
book will be kept to record dates of calibration and any equipment errors or failures, battery changes, changes of 
calibration solutions, and repair notes. The log book will also contain calibration methods, schedule of inspections 
and calibrations, and a list of needed supplies and equipment.  When a change in equipment occurs, overlapping 
measurements will be made using both the old and new equipment in order to document precision in reproducibility.   
Detailed information about calibration procedures for field equipment is included in Appendix B.   

Instruments used for laboratory analysis of samples are maintained by Alpha Analytical Laboratories.  State and 
national certification programs for analytical laboratories evaluate the adequacy of equipment maintenance and 
calibration.  Alpha Analytical Laboratories either meets state and national certification standards or has in place 
adequate procedures and QA measures to ensure data quality. 

SOPs for laboratory equipment and devices needing calibration are referenced in Alpha Analytical Laboratories’ 
QAP (Appendix C). Electronic meters, analytical balances, thermometers, or temperature gauges require verifiable 
calibration records. Laboratory reagents are standardized to verify that the percentage or normality is that which is 
prescribed for the analytical method. Laboratory instrument deficiencies will be resolved and documented according 
to the procedures outlined in the Alpha Analytical Laboratories QAP (Appendix C). 

Table B-10.  (Element 16) Instrument/Equipment Calibration and Frequency 

Equipment/ Instrument SOP Reference 

Calibration 
Description and 
Criteria 

Frequency of 
Calibration 

Responsible 
Person 

YSI Sonde 6600-V2-4 Appendix B.1 Varies depending 
on sonde type 

Prior to each monitoring 
event 

Field Activities 
Leader 

YSI Sonde 6920-V2-2 Appendix B.1 Varies depending 
on sonde type 

Prior to each monitoring 
event, or on periodic 
data downloads during 
continuous monitoring 

Field Activities 
Leader 

Marsh McBirney Flow 
Mate Model 2000 
Portable Flowmeter 

Appendix B.2 Manufacturer 
calibration 

Once per year, prior to 
initiating field 
measurements 

Field Activities 
Leader 

HOBO Water Level Data 
Logger U20-001-01 

Appendix B.3 Manufacturer 
calibration 

Once per year, prior to 
initiating field 
measurements 

Field Activities 
Leader 

HOBO Temperature 
Pendant Data Logger  
UA-001-64 

Appendix B.4 Manufacturer 
calibration 

Once per year, prior to 
initiating field 
measurements 

Field Activities 
Leader 
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17. INSPECTION/ACCEPTANCE OF SUPPLIES AND CONSUMABLES   

Equipment and consumable field supplies will be ordered as necessary to maintain an in-house supply to allow for 
quick access to common spare parts and consumable items.  Inspection and acceptance testing requirements for 
consumables and supplies are described in Table B-11. Consumable supplies such as field equipment calibration 
solutions (e.g., pH and specific conductance standards) that have expiration dates will be discarded upon expiration.  
New solutions will be ordered prior to expiration of current solutions.  Ordering information and packing lists of 
equipment and consumable field supplies will be kept on file at ICF’s Sacramento Office.  Items will be inspected 
upon receipt for damage and verified that the correct item has been received.  Supplies will be stored at ICF’s 
Sacramento office.  The Field Activities Leader is responsible for ordering, inspecting, and maintaining all 
equipment and consumable field supplies.  

Alpha Analytical Laboratories maintains supply inspection SOPs.  Information from Alpha Analytical Laboratories 
SOPs are incorporated into this QAPP and are included in Appendix D. Laboratory-related field supplies needed for 
each monitoring event will be provided by Alpha Analytical Laboratories; these supplies include monitoring bottles 
and composite bottles that are cleaned and sealed prior to each monitoring event.  

Table B-11.  (Element 17) Inspection/Acceptance Testing Requirements for Consumables and 
Supplies 

Project-Related 
Supplies / 
Consumables 

Inspection / Testing 
Specifications 

Acceptance 
Criteria Frequency 

Responsible 
Individual 

Calibration (Buffer 
Standard) Solution, pH 

 

Use pH Buffer 7 in 
calibration cup and allow at 
least 1 minute for 
temperature equilibration2 
before proceeding. Follow 
up pH 7 calibration with a 
pH 10 calibration. 

 

±0.2 unit Once per 
sampling event 

Field Activities 
Leader 

Calibration Solution, 
Specific Conductance 
and Total Dissolved 
Solids (TDS) 

 

Use 10 mS/cm conductivity 
standard in the clean 
calibration cup. Place sonde 
in cup and gently rotate 
solution around sonde and 
wait approximately 1 
minute for temperature to 
equilibrate.3 

±0.5% of reading + 
0.001 mS/cm 

Once per 
sampling event 

Field Activities 
Leader 

YSI AMCO-AEPA 
Polymer Calibration 
Solution, Turbidity 

 

Use a 0 NTU standard1 first, 
followed by a 100 NTU 
solution after the probe has 
been wiped multiple times 

±2% of reading or 
0.3 NTU,  
whichever is greater 

Once per 
sampling event 

Field Activities 
Leader 
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Project-Related 
Supplies / 
Consumables 

Inspection / Testing 
Specifications 

Acceptance 
Criteria Frequency 

Responsible 
Individual 

Water, Optical DO 
 

Place sensor in calibration 
cub containing about 1/8 
inch of water and leave 
calibration cup vented by 
loosening threads to allow 
for oxygen to enter the cup; 
wait approximately 10 
minutes to allow 
temperature and oxygen 
pressure to equilibrate 

0 to 20 mg/L: ± 0.1 
mg/L or 1% of 
reading, whichever 
is greater;  
20 to 50 mg/L: 
±15% of reading 

One	per	
sampling	
event 

Field	Activities
Leader 
 

Notes: 

1  In YSI AMCO-AEPA Polymer Standards. 

2  The actual pH value of all buffers is somewhat variable with temperature; the correct value from the bottle should be entered 

for maximum accuracy. For example, the pH of YSI “pH 7 Buffer” is 7.00 at 25 degrees C, but 7.02 at 20 degrees C. 

3  The YSI conductivity system is very linear over its entire range and therefore it is usually not necessary to use calibration 

solutions other than the 10 mS/cm. 
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18. NON-DIRECT MEASUREMENTS (EXISTING DATA)   

Air temperature and precipitation data are available from a nearby monitoring station owned and operated by 
DWR’s CDEC; station identification WIL), located approximately 2.5 miles south of the City of Willits near the 
Willits Howard Reservoir (Table B-12).  

Table B-12.  (Element 18) California Data Exchange Center (CDEC) Monitoring Station (ID WIL) 

Sensor Description Time Interval Plot Data Collection Data Available 

Precipitation, Tipping 
Bucket (inches) 

Hourly RAINTIP Satellite 11/23/1985 to present 

Temperature, Air 
(degrees F) 

Hourly TEMP Satellite 10/28/2009 to present 

 
The City of Willits Wastewater Treatment Plant (WWTP) is located within the project area adjacent to the 
confluence of Baechtel and Broaddus Creeks.  The WWTP discharges into Broaddus Creek during the period of 
October 1 through May 14 when diluting streamflows are available. The WWTP is governed by an Individual 
NPDES Permit with the RWB (Order No. R1-2010-0017), effective August 1, 2010. During the period of May 15 
through September 30, treated and disinfected effluent is used for pasture irrigation on 45 acres of pasture owned by 
the City of Willits and 200 acres of pasture owned by private landowners (Discharge Point 004). Receiving water 
limitations are specified in the NPDES permit and require monthly monitoring and reporting.  Data from this 
monthly monitoring are germane to the bypass project’s baseline surface water quality monitoring program. The 
City of Willits WWTP is required to submit monthly monitoring reports as well as annual reports, containing 
summaries of monitoring data obtained during the previous year, to the RWB. These data are available for public 
review in hard copy at the RWB and can be obtained upon a public records act request.  

The City of Willits is currently beginning construction of a new wastewater treatment plant that will come online 
within the effective period of the NPDES permit. The existing discharge point (Discharge Point 001) is below the 
confluence of Baechtel and Broaddus Creeks, tributaries of Outlet Creek and eventually the upper main Eel River, 
and waters of the State. The discharge point is located within the NE ¼, Section 18, T18N, R13W, MDB&M. The 
new WWTP system will provide enhanced secondary level treatment of wastewater. As a result, the NPDES permit 
establishes effluent and receiving water limitations for the existing discharge point (Discharge Point 001), as well as 
the two new discharge points (Discharge Points 002 and 003).  

The following is a list of  the receiving water monitoring location points: 

 RSW-001: Outlet Creek surface water at the confluence of Baechtel and Broaddus Creeks upstream of and 
beyond influence of the discharge. 

 RSW-002: Outlet Creek surface water at the point of discharge of Discharge Point 001. 

 RSW-003: Outlet Creek surface water at the point of discharge of Discharge Point 003. 

 RSW-004: Outlet Creek surface water approximately 500 feet downstream of Discharge Point 003. 

Table B-13 describes the data that are germane to the baseline surface water monitoring program. RSW-001 data are 
currently available under the former permit. RSW-001 to RSW-004 will be available upon completion of the new 
WWTP.  
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Table B-13. (Element 18). City of Willits WWTP Monitoring Data 

Parameter Units Sample Type 
Minimum 
Sampling 
Frequency 

Outlet Creek Monitoring 
Location 

RSW-
001 

RSW-
002 

RSW-
003 

RSW-
004 

Flow (Mean 
Daily) 

mgd Gauge or Meter Daily x    

Visual 
Observations1 

-- Visual Weekly x x x x 

pH Std units Grab Monthly x x x x 

Dissolved Oxygen mg/L Grab Monthly x x x x 

Electrical 
Conductivity @ 
25°C 

μmhos/cm Grab Monthly x x x x 

Hardness, Total 
(as CaCO3) 

mg/L Grab Monthly x    

Temperature °C Grab Monthly x x x x 

Turbidity NTU Grab Monthly x x x x 

Phosphorus, Total 
(as P) 

mg/L Grab Monthly x    

Ammonia 
Nitrogen (as N) 

mg/L Grab Monthly x    

Nitrate Nitrogen mg/L Grab Monthly x    

Nitrite Nitrogen mg/L Grab Monthly x    

Organic Nitrogen mg/L Grab Monthly x    

Nitrogen, Total (as 
N) 

mg/L Calculation Monthly x    

CTR Pollutants2 μg/L Grab Annually x    

Notes: 

1  Visual observations shall be made for evidence of floatables (i.e., solids, liquids, foam, and scum), visible films (i.e., oils, 

greases, and waxes), aquatic growths, and discoloration. Observations shall be recorded and included in the monthly self-

monitoring reports. 

2  Those pollutants identified by the CTR at 40 CFR 131.38. Several of these pollutants are metals. 

 

19. DATA MANAGEMENT  

All records generated during baseline surface water quality monitoring (e.g., field data forms, Chain-of-custody 
forms, laboratory reports, and monitoring reports) will be stored at the Sacramento office of Caltrans’ contractor, 
ICF.  Once baseline monitoring is complete, electronic and/or hard copy records will be transferred to Caltrans’ 
Task Order Manager.  Copies of the records will be maintained at Caltrans’ Eureka office for five years. Laboratory 
records pertinent to the bypass project baseline monitoring will be maintained at Alpha Analytical Laboratories’ 
Ukiah office for easy retrieval in electronic and/or hard copy unless transferred to off-site storage area with an 
inventory sheet and labels. The responsible parties for maintaining records for the bypass project baseline 
monitoring are described in Table B-14. 
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Table B-14.  (Element 19) Responsible Parties for Data Management Tasks  

Data Management Task Responsible Party 

Sample collection, field data sheets, electronic data 
compilation, sample transport, and chain-of-custody 
documentation 

Field Activities Leader and/or Field Staff (all items) 
and Laboratory Director (sample transport and chain of 
custody documentation) 

Maintenance of laboratory records and other records Laboratory Director (laboratory records) and 
Contractor Task Order Manager (other records) 

Data entry including metadata and field and laboratory 
data 

Field Staff (metadata and field data) and Laboratory 
Director (metadata and laboratory data) 

Verification of data Contractor Task Order Manager  

Data analysis  Contractor Task Order Manager and Contractor QA 
Officer 

Report preparation and data dissemination  Contractor Task Order Manager and Contractor QA 
Officer (report preparation) and Caltrans Task Order 
Manager (report preparation and data dissemination) 
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GROUP C:  ASSESSMENT AND OVERSIGHT 

20. ASSESSMENT AND RESPONSE ACTIONS  

There will be a minimum of two field staff collecting data in the field, including the Field Activities Leader.  This 
staffing level serves as a safety precaution for work in waterways and also serves as a quality control measure.   
Additional field staff may be added based on activities planned during the monitoring event (e.g., transferring 
equipment to difficult to access sampling sites).   

If problems arise during field sampling, the Field Activities Leader will determine whether sampling should be re-
scheduled or sampling equipment/methods modified.  The Field Activities Leader will keep records of all quality 
control issues and corrective actions.  The records will be summarized in the quarterly QA reports (see Section 21).  
Field audits will be conducted by the Caltrans QA Officer for this project at least twice a year or more frequently 
depending on staff turnover, but no less frequently than every 6 months following initiation of monitoring. The 
Caltrans QA Officer will have the authority to stop sampling activities if field SOPs are not being properly 
implemented and allow resumption of sampling activities only after observed deficiencies have been rectified.  A 
summary of the field audits will be maintained by the Caltrans QA Officer at Caltrans’ Eureka office. 

When laboratory data is reported to the Laboratory Director, outliers or other questions that arise from the data will 
be investigated. The staff person who reported the data will be contacted directly to resolve any discrepancies. The 
Laboratory Director may also request that the Field Activities Leader review applicable SWAMP field data sheets to 
see if there are notes that may explain any possible discrepancies. Once the Laboratory Director is satisfied with the 
accuracy of the laboratory data in question, the data will be placed back in the data pool.  If the Laboratory Director 
is not satisfied with the accuracy of the laboratory data in question, suspect data will be “flagged” and associated 
with an explanatory code for the relevant QA/QC issue.  Such “flagged” data will not be used for reporting purposes 
unless accompanied by the associated explanatory code.  When laboratory forms are accurate and complete, the 
Laboratory Director will follow standard steps of data processing.  

If site conditions or method improvements/modifications require protocol revision, the Contractor Task Order 
Manager will discuss these changes with the Field Activities Leader and /or Laboratory Director and document 
protocol revision.  If major changes are recommended, the QA Officers from RWB, Caltrans, and ICF will discuss 
the recommended changes.  Revisions to the QAPP will be approved by the RWB.   

21. REPORTS TO MANAGEMENT 

A QA report will be prepared on a quarterly basis (i.e., first quarter QA report for January through March will be 
due in late April [Table A-2]) and will include a brief description of the work performed during the quarter, a 
summary of the monitoring data for the quarter, any limitations of the data (including verification issues), and any 
problems encountered in the performance of work for the monitoring project during the quarter.  The QA reports 
will be included as an appendix to any reports prepared using the baseline surface water quality monitoring data.  
The QA reports will be prepared by the Contractor Task Order Manager and submitted in draft form for review by 
Caltrans Task Order Manager.  Caltrans Task Order Manager will provide the final QA report to the RWB Project 
Manager.  

Two reports, one documenting the results of the baseline water quality sampling for the bypass footprint and the 
other documenting the results of the baseline water quality sampling for the offsite mitigation lands will be prepared 
after the collection and analysis of all baseline water quality data (Table A-2).  The reports will evaluate the data 
collected and revise the preliminary performance standards and success criteria for the onsite mitigation repair 
actions in the bypass footprint and the enhancement of the offsite mitigation lands.  At a minimum, the reports will 
include a description of the data collection procedures and protocols; a description of quality assurance and control 
for field measurements and sample collection, sample handling, and laboratory analyses; data summaries in 
narrative, graphical, and tabular forms; and conclusions regarding baseline conditions.  The reports will make use of 
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maps and digital images as appropriate.  The reports will be prepared by the Contractor Task Order Manager and 
Caltrans Task Order Manager and provided by Caltrans Task Order Manager to the RWB Project Manager for 
review and comment. 
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GROUP D: DATA VALIDATION AND USABILITY 

22. DATA REVIEW, VERIFICATION, AND VALIDATION REQUIREMENTS 

Defining data review, verification, and validation procedures ensures that project data will be reviewed in an 
objective and consistent manner. Data review is the in-house examination of data to determine if the data have been 
recorded, transmitted, and processed correctly. This includes checking that all technical criteria have been met, 
documenting any problems that are observed and, if possible, ensuring that deficiencies noted in the data are 
corrected.  The Contractor Task Order Manager will be responsible for data review.   

In-house examination of the monitoring data will be conducted to check for typical types of errors. This includes 
checking to make sure that the data have been recorded, transmitted, and processed correctly. The kinds of checks 
that will be made will include checking for data entry errors, transcription errors, transformation errors, calculation 
errors, and errors of data omission.  

Data generated by monitoring activities will be reviewed against MQOs that were developed and documented in 
Section 7. This will ensure that the data will be of acceptable quality and that it will be SWAMP-comparable with 
respect to minimum expected MQOs.  

The data will also be checked against QA/QC requirements in Sections 14, 15, 16, and 17. Checks will include 
evaluation of field and laboratory duplicate results, field and laboratory blank data, matrix spike recovery data, and 
laboratory control sample data pertinent to each method and analytical data set. This will ensure that the data will be 
SWAMP-comparable with respect to QA/QC procedures.  

Field data consists of all information obtained during sample collection and field measurements, including that 
documented in equipment maintenance log books, ground-level digital images, and chain-of-custody forms. Checks 
of field data will be made to ensure that it is complete, consistent, and meets the data management requirements 
documented in Section 19.  

Laboratory data consists of all information obtained during sample analysis. Initial review of laboratory data will be 
performed by the Laboratory QC Officer in accordance with the laboratory’s internal data review procedures.    

Data verification is the process of evaluating the completeness, correctness, and conformance/compliance of a 
specific data set against the method, procedural, or contractual specifications. Data verification, as described in 
Section 14, will be conducted in order to ensure that it is SWAMP-comparable with respect to completeness, 
correctness, and conformance with minimum requirements. The Contractor Task Order Manager will be responsible 
for data verification. 

Data validation is an analyte- and sample-specific process that evaluates the information after the verification 
process (i.e., determination of method, procedural, or contractual compliance) to determine analytical quality and 
any limitations. The Laboratory Director will be responsible for data validation. 

Data will be separated into three categories for decision-making. These categories are: (1) data that meets all DQOs, 
(2) data failing to meet precision or recovery criteria, and (3) data failing to meet accuracy criteria.  Data falling in 
the first category will be considered usable for the bypass project surface water quality monitoring program.  Data 
falling in the second category will be set aside until the effects of the failure on data quality is determined and 
resolved. If sufficient evidence is found supporting the quality of the data, the data will be moved into the first 
category, but will be flagged with a “J” as per USEPA specifications. If insufficient evidence is found supporting the 
quality of the data, the data will be moved into the third category.  Data falling in the third category will be 
considered non-usable.  In addition, SWAMP criteria for accepting, rejecting, and qualifying data will be used 
(Section 7).  
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23. VERIFICATION, AND VALIDATION METHODS  

Defining the methods for data verification and validation helps to ensure that project data are evaluated objectively 
and consistently. For the bypass project surface water monitoring program, many of these methods have been 
described in Section 22. Additional information is provided below.  

All data records for the bypass project surface water quality monitoring program (e.g., equipment logs and chain-of-
custody forms) will be checked visually and will be recorded as checked. The Contractor Task Order Manager will 
conduct all of these reviews. The Caltrans Task Order Manager will perform an independent re-check of at least 
10% of these records as the validation methodology.  

All of the laboratory's data will be checked as part of the verification methodology process. The Laboratory Director 
will conduct reviews of all laboratory data for verification of their accuracy. The Contractor Task Order Manager 
will perform independent re-checks of at least 10% of the data as the validation methodology.    

If a field data measurement appears to be an outlier compared to other measurements, or the same data but from a 
different monitoring event, other conditions will be reviewed that may have caused the outlier to determine the data 
point’s significance. Laboratory data verification will be conducted through laboratory quality control procedures. In 
addition, some field samples may be collected and sent to the laboratory as field blanks to ensure samples come 
back as a non-detect (Section 7). The Contractor Task Order Manager, in coordination with the Laboratory Director, 
will be responsible for correcting any errors that are found in the data during the verification and validation process.  
The Contractor Task Order Manager will report on any errors and correction efforts undertaken to address the errors 
in the quarterly QA report.  The QA report will be submitted in draft form for review by the Caltrans Task Order 
Manager.  The Caltrans Task Order Manager will provide the final QA report to the RWB Project Manager.  
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24. RECONCILIATION WITH USER REQUIREMENTS 

The RWB prepared an MRP (Appendix E) to guide surface water quality monitoring of waters of the State for the 
bypass project.  The RWB is the lead agency for the bypass project’s surface water quality monitoring program, 
including the baseline surface water quality monitoring program that is the focus of this QAPP.  The RWB will use 
the results of the baseline surface water quality monitoring program to establish baseline conditions and also use the 
associated data in conjunction with construction and post-construction surface water quality monitoring data to 
verify expected enhancement of waters of the State, CWA Section 404 jurisdictional waters of the U.S. (including 
wetlands), and riparian areas within and adjacent to the mitigation lands.  In addition, these baseline data will be 
used to demonstrate the enhancement and protection of beneficial uses and long-term sediment and water 
temperature TMDL implementation for the receiving waters within the Outlet Creek Basin.  A flowchart in the MRP 
(Appendix E) demonstrates the need and use of the baseline data. 

The bypass project’s baseline surface water quality monitoring program needs to generate sufficient numbers of data 
points, as represented by the completeness DQI (Section 7), in order to define source area monitoring results.  A 
failure to achieve the expected numbers of samples could mean a loss in the statistical power of inferences made 
from the monitoring program data.  Every effort will be made to adhere to the program’s monitoring schedule, 
frequency, and location requirements.  

A QA report will be prepared by the Contractor’s Task Order Manager on a quarterly basis (i.e., first quarter QA 
report for January through March will be due in late April) and will include a brief description of the work 
performed during the quarter, a summary of the monitoring data for the quarter, any limitations of the data 
(including verification issues), and any problems encountered in the performance of work for the monitoring project 
during the quarter.  The QA reports will be included as an appendix to any reports prepared using the baseline 
surface water quality monitoring data.  The QA report will be submitted in draft form for review by the Caltrans 
Task Order Manager. The Caltrans Task Order Manager will provide the final QA report to the RWB Project 
Manager. 

A report documenting the results of the baseline water quality sampling for the bypass footprint and offsite 
mitigation lands will be prepared after the collection and analysis of all baseline water quality data.  The report will 
evaluate the data collected and revise the preliminary performance standards and success criteria for the onsite 
mitigation repair actions in the bypass footprint and the enhancement of the offsite mitigation lands.  At a minimum, 
the report will include a description of the data collection procedures and protocols; a description of quality 
assurance and control for field measurements and sample collection, sample handling, and laboratory analyses; data 
summaries  in narrative, graphical, and tabular forms; and conclusions regarding baseline conditions.   
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Marine Pollution Studies Laboratory – Department of Fish and 
Game (MPSL-DFG) Standard Operating Procedures (SOPs) for 
Conducting Field Measurements and Field Collections of Water and 
Bed Sediment Samples in the Surface Water Ambient Monitoring 
Program (SWAMP) 
 
 
 
 
 
 
 
 
 
 
 
The SOPs below are for reference and information purposes only, the documents are not required 
by the Surface Water Ambient Monitoring Program (SWAMP). Please see the SWAMP Quality 
Assurance Management Plan ( http://www.swrcb.ca.gov/swamp/qamp.html ) for more 
information regarding SWAMP QA/QC requirements. 
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Field Measurements 
 
Field Data Sheets 
Field data sheets are used to record field observations, probe measurements, and water and 
sediment chemistry sampling. Field data sheets are provided through the Marine Pollution 
Studies Laboratory website at: 
http://mpsl.mlml.calstate.edu/swdwnlds.htm  
Click on the Field Data Sheets for the most recent versions. There are guidelines provided below 
to standardize what is recorded on all data sheets and that should be helpful in completing each 
form. The Beaufort Scale (see at the end of this document) is also used for specifications and 
equivalent wind speeds for water conditions. The entries discussed below and on the field data 
sheets are recorded at each sampling site. 
 

 
Notes to Standardize SWAMP Field Data Sheets  

(For in the field use) 
 
Upon arrival at a sampling site, record visual observations on the appearance of the water and 
other information related to water quality and water use.  
 
Key Reminders to identify samples: 

1. Sample Time is the SAME for all samples (Water, Sediment, & Probe) taken at the 
sampling event. Use time of FIRST sample as it is important for the chain of custody 
(COC).  

2. Left Bank/Right Bank 
Left bank is defined as the bank to the left of the observer when facing downstream, and 
the right bank is to the right of the observer when facing downstream 

 
FIELD OBSERVATIONS: (each one of these observations has a Comment field in the 
database so use comment space on data sheet to add information about an observation if 
necessary) 
 
 

1. DOMINANT SUBSTRATE: if possible; describe DOMINANT substrate type; use 
UNK if you cannot see the dominant substrate type 

2. WADEABILITY: in general, is the water body being sampled wadeable to the average 
person AT the POINT of SAMPLE 

3. BEAUFORT SCALE: use scale 0-12; refer to scales listed at the end of this document.  
4. WIND DIRECTION: records the direction from which the wind is blowing 
5. PICTURES: Digital photos are taken to help document the actual sampling site. The 

convention is to take photos facing DOWNSTREAM, overlooking the site. Right bank 
and left bank are thus defined in this downstream-facing direction. Document any 
discrepancies from this convention. Only one photo is necessary, if both, left and right 

http://mpsl.mlml.calstate.edu/swdwnlds.htm
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bank, fit into one frame. Record all photos in the field data sheet space to record picture 
numbers given by camera; be sure to rename accordingly back in the office. All photos 
should be renamed and saved with the StationCode_yyyy_mm_dd_uniquecode (e.g. 
123ABC123_2007_07_01_BBDS). 

6. SITE ODOR: Note if hydrogen sulfide odor, musty odor, sewage odor, etc. is in the 
sampling reach  

7. SKY CODE: Note recent meteorological events that may have impacted water quality 
8. OTHER PRESENCE: VASCULAR refers to terrestrial plants or submerged aquatic 

vegetation (SAV) and NONVASCULAR refers to plankton, periphyton etc. 
9. PRECIPITATION: Note if any precipitation is occurring during sampling 
10. PRECIPITATION LAST 24 HOURS: Note how much precipitation has occurred 

within the last 24-h of sampling 
11. WATER ODOR: Note if the sample water being collected has odor 
12. WATER CLARITY: this describes the clarity of the water while standing creek side; 

clear represents water that is clear to the bottom, cloudy may not be clear to bottom but 
greater than 4” can be seen through the water column.  

13. WATER COLOR: This is the color of the water from standing creek side 
14. OBSERVED FLOW: Visual estimates in cubic ft/s. 
  

SAMPLE DETAILS: 
1. EVENT TYPE: Note the event type based which type of media is being collected 
2. SAMPLE TYPE: GRAB samples are when bottles are filled from a single depth; 

INTEGRATED sample are taken from MULTIPLE depths and combined.   
a. GRAB: use 0.1 for subsurface samples; if too shallow to submerge bottle; depth =0 
b. INTEGRATED: -88 in depth sampled, record depths combined in sample comments 

3. SAMPLING CREW: J. Smith, S. Ride (first person listed is crew leader) 
4. STARTING BANK: Which side of the stream was accessed first. Bearings are always 

recorded looking downstream  
5. OCCUPATION METHOD: What media was used to access the site 
6. TARGET LAT/LONG: Refers to the existing station location that the sampling crew is 

trying to achieve; can be filled out prior to sampling 
7. ACTUAL LAT/ LONG: is the location of the current sample event.  
8. SAMPLE LOCATION: describes from where IN water body sample was taken: Can be 

combined; ex: bank/thalweg or midchannel /thalweg 
9. HYDROMODIFICATION: Describe existing hydromodifications such as a grade 

control, drainage pipes, bridge, culvert 
10. HYDROMOD LOC: if there was an IMMEDIATE (with in range potentially effecting 

sample) hydromodification; was sample taken upstream or downstream of modification; 
if there is no hydromodification, NA is appropriate 

11. STREAM DEPTH, WIDTH & DISTANCE FROM BANK: describe in meters at 
point of sample. Distance from bank should be recorded from the starting bank 
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Field Data Logbook 
A Field Data Logbook or a Field Folder is taken into the field on each sampling trip. The use of 
bound or loose-leaf notebooks is left up to the entity conducting the monitoring.  A good safety 
precaution against the loss of a bound field data logbook is to photocopy the current pages upon 
returning from the field. These pages are kept on file at the specific sample collection entity’s 
office. If a loose-leaf notebook is used, take care to remove original field data log sheets from the 
notebook and file in the office. Copies of the field data log sheets may be left in the notebook for 
future reference.   
 
Field Data Logbooks (bound or loose leaf sheets) are maintained on file indefinitely in each 
regional office or contract laboratory office. They are never discarded, since the logbook may 
be the only written record of field measurements. Field Data Logbooks are reviewed periodically 
during SWAMP QA site visits. At this point, these field notes are not inclusive of the information 
that would be collected for biological assessment work, and several other data measurement 
types. 
 
Flow  
Sampling crews should be notified on reconnaissance forms if it is known that there is an 
operational United States Geological Survey (USGS) gage is located at or nearby a sampling 
site.  If there is a USGS gage nearby, a gage height in feet is recorded and later converted to an 
instantaneous flow value and recorded in the logbook. The gage height is always to be reported 
to the USGS for conversion to flow. If a USGS gage is not available, a flow measurement should 
be taken, if requested. See Instantaneous Flow Measurement information starting on page 13 in 
this document.  In addition, it is recommended that a flow severity value is recorded at each 
stream or river station that is not tidally influenced. See the Flow Severity section starting on 
page 13 of this document. Centroid velocity measurements may also be taken as a minimum 
acceptable rough characterization of the stream flow as requested, although this measurement is 
not to be recorded as a flow, since it is only a velocity measurement. 
 
Record of Samples Collected for Purposes of Chemical Analysis 
The general types of chemical samples to be collected are listed for each site, since this may vary 
from site-to-site (e.g., metals-in-water, pesticides-in-sediments, routine water quality). Analyses 
authorization forms are recommended since different authorized laboratories perform different 
chemical analyses.  The method of preservation for each chemical sample is recorded, as 
appropriate. 
 
Record of Data Submission 
The Logbook field must indicate in some manner whether data recorded in the logbook has been 
transcribed onto data forms and submitted to the SWAMP data management staff. 
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Other Observations  
Water Appearance 
 
Sediment Appearance  

 
Note general appearance (e.g., color, unusual amount of suspended matter, 
debris or foam) 

 

Color, Odor and sediment composition should be noted.  
 
Weather   

 
Note recent meteorological events that may have impacted water quality; 
(e.g., heavy rains, cold front, very dry, very wet) 

 
Biological Activity   

 
Note excessive macrophyte, phytoplankton or periphyton growth. The 
observation of water color and excessive algal growth is very important in 
explaining high chlorophyll a values. Other observations such as presence 
of fish, birds and spawning fish are noted. 

 
Watershed or 
Instream Activities 

 
Note instream or drainage basin activities or events that are impacting 
water quality (e.g., bridge construction, shoreline mowing, livestock 
watering upstream). 

 
Record of Pertinent 
Observations Related 
to Water Quality  
and Stream Uses  

  

 
If the water quality conditions are exceptionally poor, note that 
standards are not met in the observations, (e.g., dissolved oxygen is 
below minimum criteria). Note uses (e.g., swimming, wading, boating, 
fishing, irrigation pumps, navigation). Eventually, for setting water 
quality standards, the level of use will be based on comments related to 
the level of fishing and swimming activities observed at a station. 

Specific Sample 
Information  

 
Note specific comments about the sample itself that may be useful in 
interpreting the results of the analysis (e.g., number of sediment grabs, 
or type and number of fish in a tissue sample). If the sample was 
collected for a complaint or fish kill, make a note of this in the 
observation section. 

 
Missing Parameters 
 

 
If a scheduled parameter or group of parameters is not collected, make 
some note of this in the comments. 

 
Field Data Measurements 
While collecting water samples (see Field Collection Procedures for Water Samples section), 
record appropriate field measurements. When field measurements are made with a 
multiparameter instrument, it is preferable to place the sonde in the body of water to be sampled 
and allow it to equilibrate in the dissolved oxygen (D.O.) mode while water samples are 
collected. Field measurements are made at the centroid of flow, if the stream visually appears to 
be completely mixed from shore to shore. Centroid is defined as the midpoint of that portion of 
the stream width which contains 50% of the total flow. For routine field measurements, the date, 
time and depth are reported as a grab. Measure Quality Objectives (MQO’s) for field 
measurements are listed in appendix C of the SWAMP QAMP. 
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Recommended Depths for Conducting Field Data Measurements 
  
Water Depth Less than 5 ft 
 (<1.5 m) 

 
If the water depth is less than 5 ft (1.5 m), grab samples for water 
are taken at approximately 0.1 m (4 in.), and multi-probe 
measurements are taken at approximately 0.2 m (8 in.).  This is 
because all sensors have to be submerged, so 0.1 m would not be 
deep enough.  But taking a grab sample at 0.2 m is not always 
feasible, as it is difficult to submerge bottles to that depth, and in 
many cases the bottle will hit the stream bottom. 

 
Water Depth Greater than 
5 ft  (>1.5 m) 
 
 

 
If the water depth at the sampling point exceeds 5 ft (1.5 m) in 
depth, a vertical profile of dissolved oxygen, temperature, pH and 
specific conductance are made using the multiparameter probe 
equipment. The depth of the sonde at the time of measurement is 
most accurately determined from the depth sensor on the 
multiparameter sonde rather than depth labels on the cable. 

Vertical Depth Profiles 
and Depth-Integrated 
Sample Collection 

If depth integration sampling is being conducted, or if vertical 
profile measurements are requested, multi-probe measurements are 
made starting at a depth of 0.2 m, and are then conducted at 1.0, 
2.0, 3.0, 4.0, and 5.0 m depths after that until 5.0 m depth is 
reached. Beginning at 5.0 m, measurements are made every 5.0 m 
through depth profile. 

 
Field data for multiparameter vertical depth profiles are recorded in final form on the SWAMP 
Field Data Sheets and submitted to the SWAMP data management staff.  
Go to http://mpsl.mlml.calstate.edu/swdwnlds.htm for detailed information on data reporting.  
 
Water Temperature (OC) 
Water temperature data are recorded for each SWAMP visit in final form in a Field Data 
Logbook and submitted to the SWAMP data management staff.  
See http://mpsl.mlml.calstate.edu/swdwnlds.htm for detailed information on data reporting.   

 
 
Temperature Sampling Procedures  
Temperature is measured in-stream at the depth(s) specified above. Measuring temperature 
directly from the stream by immersing a multiprobe instrument or thermometer is preferred.  

 
Hand Held Centigrade Thermometer  
If an electronic meter is not available, the temperature is measured with a hand-held, centigrade 
thermometer (Rawson, 1982). 

< In wadeable streams, stand so that a shadow is cast upon the site for temperature 
measurement. 

http://mpsl.mlml.calstate.edu/swdwnlds.htm
http://mpsl.mlml.calstate.edu/swdwnlds.htm
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< Hold the thermometer by its top and immerse it in the water. Position the 
thermometer so that the scale can be read. 

< Allow the thermometer to stabilize for at least one minute, then without removing the 
thermometer from the water, read the temperature to the nearest 0.1o C and record. 

< Do not read temperature with the thermometer out of the water. Temperature readings 
made with modern digital instruments are accurate to within +_ 0.1o C. 

 
Temperature Measurement from a Bucket 
When temperature cannot be measured in-stream, it can be measured in a bucket-Nalgene or 
plastic. Care must be taken to insure a measurement representative of in-stream conditions.  
 
The following conditions must be met when measuring temperature from a bucket:  

< The bucket must be large enough to allow full immersion of the probe or 
thermometer.  

< The bucket must be brought to the same temperature as the water before it is filled.  
< The probe must be placed in the bucket immediately, before the temperature changes.  
< The bucket must be shaded from direct sunlight and strong breezes prior to and 

during temperature measurement.  
< The probe is allowed to equilibrate for at least one minute before temperature is 

recorded. 
< After these measurements are made, this water is discarded and another sample is 

drawn for water samples which are sent to the laboratory. 
 
pH (standard units) 
pH data is recorded for each SWAMP visit in final form on the Field Data Sheets and submitted 
to the SWAMP data management staff. See http://mpsl.mlml.calstate.edu/swdwnlds.htm for 
detailed information on data reporting.  
 
pH Sampling Equipment  
The pH meter should be calibrated according to the recommended procedures for calibration and 
maintenance of SWAMP field equipment. Calibration directions are listed in the manufactures 
field equipment operations manual. The pH function is pre and post calibrated every 24 h of use 
for multiparameter instruments. 
 
pH Sampling Procedures 
In-stream Method 
Preferably, pH is measured directly in-stream at the depth(s) specified earlier in this document. 
Allow the pH probe to equilibrate for at least one minute before pH is recorded to the nearest 0.1 
pH unit. 
 
pH Measurement from a Bucket  
When pH cannot be measured in-stream, it can be measured in a bucket-Nalgene or plastic. The 
following precautions are outlined above; “Temperature Measurement from a Bucket”. 
 

http://mpsl.mlml.calstate.edu/swdwnlds.htm
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Potential Problems 
 < If the pH meter value does not stabilize in several minutes, out gassing of   
  carbon dioxide or hydrogen sulfide, or the settling of charged clay particles   
  may be occurring (Rawson, 1982). 

< If out gassing is suspected as the cause of meter drift, collect a fresh sample, immerse 
the pH probe and read pH at one minute. 

< If suspended clay particles are the suspected cause of meter drift, allow the sample to 
settle for 10 min, then read the pH in the upper layer of sample without agitating the 
sample. 

< With care, pH measurements can be accurately measured to the nearest 0.1 pH unit. 
 
Dissolved Oxygen (mg/L) 
Dissolved oxygen (D.O.) data is recorded for each SWAMP visit in final form on a Field Data 
Sheet and submitted to the SWAMP data management staff.  
See http://mpsl.mlml.calstate.edu/swdwnlds.htm for detailed information on data reporting.   
 
Dissolved Oxygen Sampling Equipment  
The dissolved oxygen meter should be calibrated according to the recommended procedures for 
calibration and maintenance of SWAMP field equipment. Calibration directions are listed in the 
manufactures field equipment operations manual.  

  
Multiprobe Instrument 
Pre and post calibrate the D.O. sensor every 24 h and for elevations greater than 500 ft on the 
multiprobe instrument. Preferably, D.O. is measured directly in-stream at the depth(s) specified 
in the Field Measurements section above. The D.O. probe must equilibrate for at least 90 s 
before D.O. is recorded to the nearest 0.1 % saturation or mg/L. Care must be taken at profile 
stations to insure that the reading is stable for each depth. Since dissolved oxygen takes the 
longest to stabilize, record this parameter after temperature, conductivity and pH. If the D.O. 
probe has an operable, automatic stirrer attached, the D.O. probe does not have to be manually 
stirred. However, if the probe is not equipped with an automatic stirrer, manual stirring must be 
provided by raising and lowering the probe at a rate of 1 ft/s (0.3m/s) without agitating the water 
surface. If the stream velocity at the sampling point exceeds 1 ft/s, the probe membrane can be 
pointed upstream into the flow and manual stirring can be avoided (Rawson, 1982). 
 
D.O. Measurement from a Bucket  
When D.O. cannot be measured in-stream, it can be measured in a bucket-Nalgene or plastic, 
following precautions outlined in the Temperature Measurement from a Bucket listed above. 
During equilibration and reading, water should be moved past the membrane surface at a 
velocity of 1 ft/s (0.3 m/sec), either by automatic stirrer or manual stirring. If stirred manually in 
a bucket, the water surface is not agitated (Rawson, 1982).  
 
 
 

http://mpsl.mlml.calstate.edu/swdwnlds.htm
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24-Hour Average D.O. (if requested in special study) 
 
Unattended 24-Hour D.O. Data Collection 
Why Collect 24-Hour Data 
Dissolved oxygen sampling for standards compliance is targeted to water bodies where low 
instantaneous D.O. levels indicate partial or nonsupport of designated aquatic life uses. Intensive 
monitoring is conducted with automated equipment that is preset to record and store field 
measurements hourly over one 24-h period. Four or more dissolved oxygen measurements may 
also be made manually at 4-6-h intervals over one 24-h period, as long as one is made near 
sunrise (0500-0900 h) to approximate the daily minimum. However, data collected with 
automated equipment is preferred.  
 
When to Take Measurements 
All 24-h D.O. monitoring events must be spaced over an index period representing warm-
weather seasons of the year (approx March 15-October 15), with between one-half to two-thirds 
of the measurements occurring during the critical period (July 1-September 30). The critical 
period of the year is when minimum stream flows, maximum temperatures, and minimum 
dissolved oxygen concentrations typically occur in area streams. A flow measurement must be 
taken at the time of deployment. In a perennial stream, a 24-h data for standards compliance 
can not be used if the flow is less than the 7Q2. In perennial streams, the D.O. criterion to do not 
apply for flows under the 7Q2. A period of about one month must separate each 24-h sampling 
event. Additional samples may be collected outside the index period to further characterize a 
water body, but that information is generally not used for assessing standards compliance. 
 
Frequency of Measurements 
The measurement interval should be no more than once per 15 min and no less than once per 
hour. 
 
Where to Take Measurements 
For purposes of determining standards compliance with the 24-h average criteria, samples 
collected near the surface will be considered representative of the mixed surface layer. In deep 
streams, reservoirs, and tidally influenced water bodies, automated equipment is positioned 
between 1 foot (from the surface) to one-half the depth of the mixed surface layer. At least 10 24-
h monitoring events (using the 24-h criteria and/or absolute minimum criteria) at each site within 
a 5-year period are recommended to provide adequate data for assessment. 
 
When to Collect Other Routine Samples, if doing 24-hour D.O. measurements 
Other routine field measurements and water samples should be collect at either the time of 
deployment, at the reference check, or when the multiprobe recording 24-h data is retrieved.  
When ever possible, flow must be measured at the 24-h site.  
 
Priority for Scheduling 24-Hour Sampling Events 

< 303d listed waterbodies 
< Waterbodies with Concerns for DO problems (too few samples available for full use   

assessment). 
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< Occurrence of low D.O. concentrations observed during the day 
< Waterbodies with trends indicating declining D.O. concentrations 
< Waterbodies which would contribute to an Ecoregion data set 

 
Data Reporting for 24-hour D.O. measurements 
Dissolved oxygen values recorded over the 24-h period are summed and divided by the number 
of measurements to determine the average concentration, which is compared to the 24-h 
criterion. The lowest D.O. value from each 24-h set is compared to the minimum criterion. There 
will be occasions when a complete 24-h data set won’t be possible. For example, if there are 18 
measurements instead of 24, a time weighted diurnal average needs to be calculated. This can be 
easily done using GW Basic. 
 
Support of assigned aquatic life use is based on 24-h D.O. average and minimum criteria for 
each monitoring event. Report the 24-h average D.O. value, number of measurements over a 24-
h period, and the minimum, and maximum values. Report data as a time composite sample with 
a beginning and ending date and time, covering the 24-h period measured. 
 
 

Specific Conductance (µS/cm) 
 

Specific conductance should be recorded for each SWAMP visit in final form on a Field Data 
Sheet and submitted to the SWAMP data management staff.  
See http://mpsl.mlml.calstate.edu/swdwnlds.htm for detailed information on data reporting. 
 
Specific Conductance Sampling Equipment 
The conductivity meter should be calibrated according to the recommended procedures for 
calibration and maintenance of SWAMP field equipment. Calibration directions are listed in the 
manufactures field equipment operations manual.  
 
Specific Conductance Sampling Procedure  
Preferably, conductivity is measured directly in-stream at the depth(s) specified earlier in this 
document. Allow the conductivity probe to equilibrate for at least one minute before specific 
conductance is recorded to three significant figures (if the value exceeds 100). The primary 
physical problem in using a specific conductance meter is entrapment of air in the conductivity 
probe chambers. The presence of air in the probe is indicated by unstable specific conductance 
values fluctuating up to _+100 µS/cm. The entrainment of air can be minimized by slowly, 
carefully placing the probe into the water; and when the probe is completely submerged, quickly 
move it through the water to release any air bubbles. 
 
If specific conductance cannot be measured in-stream, it should be measured in the container it 
can be measured in a bucket-Nalgene or plastic. The following precautions are outlined above; 
“Temperature Measurement from a Bucket”. 
 
Salinity (parts per thousand--ppt, or ‰) 
The value for salinity is computed from chloride concentration or specific conductance. The 
calculation assumes a nearly constant ratio for major ions in an estuary when seawater is diluted 

http://mpsl.mlml.calstate.edu/swdwnlds.htm
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by river water. This assumption does not hold for cases where salinity is less than about three 
parts per thousand. Salinity determinations at such low values are only approximate. In estuarine 
waters, salinity is a relevant and meaningful parameter. Often the salinity may be low, 
approaching that of freshwater. Nevertheless, this is useful information.  Determine if a station is 
estuarine from historical records (i.e., experiences cases where salinity is >2.0 ppt) and always 
report salinity at this station, regardless of the salinity during periods of high flow.  
 
Salinity is measured directly in-stream at the depth(s) specified earlier in this document. Salinity 
data should be recorded for each SWAMP visit in final form on a Field Data Sheet and submitted 
to the SWAMP data management staff. See http://mpsl.mlml.calstate.edu/swdwnlds.htm for 
detailed information on data reporting. 
 
Values between 2.0 ppt and 1.0 ppt should be reported as <2.0 ppt rather than the actual value 
and values <1.0 ppt should be reported as <1.0 ppt. The field instruments compute salinity from 
specific conductance and temperature, and display the value in parts per thousand. Report 
salinity values above 2.0 ppt to the nearest 0.1 ppt. 
 
Secchi Disc Transparency (meters)--if requested in special study 
 
Secchi disk transparency should be recorded for each SWAMP visit in final form on a Field Data 
Sheet and submitted to the SWAMP data management staff. See 
http://mpsl.mlml.calstate.edu/swdwnlds.htm for detailed information on data reporting. 
 
Secchi Disk Sampling Equipment  

< Secchi disk, 20 cm in diameter 
< Measuring tape 

 
Secchi Disk Transparency Sampling Procedures 
Preferably, Secchi disk transparency is measured directly in-stream wherever conditions allow. 
The Secchi disk should be clean, weighted and suspended with chain, wire, or Dacron line (the 
line used to suspend the Secchi disk should not be nylon or cotton; stretching may cause 
erroneous readings). Another option is to attach the Secchi disk to a metal rod calibrated in 
metric units.  
 
  
Average Turbidity 

 
The Secchi disk should be lowered vertically in a location shielded 
from direct sunlight. Glare from the water's surface will affect the 
accuracy of the measurement. Don't wear sunglasses. 
 
Slowly lower the disk until it disappears from view. The person 
viewing the disk should maintain an eye level of less than two meters 
above the water's surface. Note the depth at which the disk disappears 
from view. 
 

http://mpsl.mlml.calstate.edu/swdwnlds.htm
http://mpsl.mlml.calstate.edu/swdwnlds.htm
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Slowly raise the disk until it becomes visible. Note the depth at which 
the disk reappears. 
 
Compute the mathematical average of the two depths noted and record 
the average value to two significant figures in the field logbook. The 
recorded average value is the Secchi disk transparency. 

 
 
High Turbidity 
(Muddy Water) 

 
In streams with very high turbidity, high velocity, and/or poor access, it 
may be necessary to measure Secchi disk transparency in a bucket. Fill 
the bucket from the centroid of flow being careful not to disturb the 
substrate. 
 
 
 
Follow steps above for measuring the Secchi disk depth within 30 s 
after raising the filled bucket from the water's surface. Or, re-suspend 
the solids by stirring, then quickly make the measurement. 
 
Record Secchi disk transparency to two significant figures. 

 
Low Turbidity 
(Clear Water) 

 
Some bodies of water will be so clear and shallow that it will not be 
possible to lower the Secchi disk until it disappears from view. 
 
Measure and record the depth at the deepest point accessible. Report 
Secchi disk transparency as greater than the deepest depth measured. 

 
 
Example (Low Turbidity): South Fork Rocky Creek is a small (<1 ft3/s) clear stream. The stream 
in the vicinity of the sampling site was less than 1 m deep and the bottom was clearly visible 
everywhere. However, a pool was located in the stream next to a bridge. The maximum depth of 
the pool was 2.6 m at which depth the Secchi disk was still visible. Therefore, Secchi disk 
transparency for South Fork Rocky Creek was recorded as > 2.6 m. 
 
Importance of Secchi Disk Data 
Eutrophication, the natural aging process in reservoirs and lakes is accelerated by human 
activities which add nutrients to lakes, reservoirs, and the surrounding watersheds. Section 314 
of the Clean Water Act (CWA) of 1987 requires all states to classify lakes and reservoirs 
according to trophic state. Although chlorophyll a is the most direct measure of algal biomass, 
other indices and programs utilize Secchi disk depth as the primary factor. 
 
Turbidity Measurement with Turbidity Meter 
Nephelometric Turbidity can be determined by measuring the amount of scatter when light is 
passed through a sample using a turbidity meter. The LaMotte 2020 Turbidity meter is a suitable 
instrument for example. 
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Meters should be calibrated using a standard close to the expected sample value. 
 
For instructions on how to operate the instruments refer to the manufacturer’s manual. Turbidity 
measurements can be executed together with water sampling. The turbidity sample has to be 
representative for the sampled water mass. Make sure that no gas bubbles are trapped in the vial 
for the reading and that the outside of the vial is wiped completely clean (i.e., meaning free of 
moisture, lint and fingerprints). Take several measurements to assure an accurate reading. Do not 
record values that vary greatly. If variations are small, record an average. If settling particles are 
present, record a reading before and one after settling. The meter might have to be recalibrated 
with a different standard, if the sample water readings are outside of the calibration standard 
limits. 
 
Days Since Last Significant Precipitation  
 
Significant precipitation is defined as any amount that visibly influences water quality. Water 
quality in small to medium streams and in the headwaters of many reservoirs is influenced by 
runoff during and immediately after rainfall events. This influence is site specific and poorly 
studied. As part of a new initiative to understand and regulate the adverse effects of runoff, 
SWAMP would like to associate recent rains or melted snow with ambient water quality, using a 
parameter defined as "days since last significant precipitation". Record the number of days, 
rounded to the nearest whole number, since a rain has occurred that, in the best professional 
judgment of monitoring personnel, may have influenced water quality. If it is raining when the 
sample is collected, or has rained within the last 24-h, report a value of <1. If it has been a long 
time since a significant rain, record this as greater than that particular value, for example >7 
days. If confidence about the recent history of precipitation is low, draw a line through the space 
on the data form. 
 
Flow Severity -- recommended new parameter 
 
Flow severity should be noted for each SWAMP visit to non-tidally influenced flowing streams 
and submitted in the comments on the SWAMP Field Data Sheet. It should be recorded even if 
flow is visible but not measurable on that sampling visit. There are no numerical flow guidelines 
associated with flow severity. This is an observational measurement that is highly dependent on 
the knowledge of monitoring personnel. It is a simple but useful piece of information when 
assessing water quality data. For example, a bacteria value of 10,000 with a flow severity of 1 
would represent something entirely different than the same value with a flow severity of 5. The 
six flow severity values are; 1=No Flow, 2= Low Flow, 3 = Normal Flow, 4 = Flood, 5 = High 
Flow, and 6 = Dry. The following are detailed descriptions of severity values:  
  
1 

 
No Flow  When a flow severity of one (1 = no flow) is recorded for a sampling 
visit, then a flow value of zero ft3/s  should also be recorded for that sampling visit. 
A flow severity of one (1) (no flow) describes situations where the stream has 
water visible in isolated pools. There should be no obvious shallow subsurface 
flow in sand or gravel beds between isolated pools. Low flow does not only apply 
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to streams with pools. It also applies to long reaches of bayous and streams that 
have no detectable flow but may have water from bank to bank. 

 
2  

 
Low Flow When stream flow is considered low a flow severity value of two (2) is 
recorded for the visit and the corresponding flow measurement is also recorded for 
that visit. In streams too shallow for a flow measurement but with detected water 
movement, record a value of < 0.10 cfs. Note: Use a stick or other light object to 
verified the direction of water movement (i.e., movement is downstream and not 
the affect of wind.) What is low for one stream could be high for another. 

 
3 

 
Normal Flow When stream flow is considered normal, a flow severity value of 
three (3) is recorded for the visit and the corresponding flow measurement is also 
be recorded for that visit. Normal is highly dependent on the stream. Like low flow, 
what is normal for one could be high or low for another stream.  

 
4 and 5 
 

 
Flood and High Flow  Flow severity values for high and flood flows have long 
been established by EPA and are not sequential. Flood flow is reported as a flow 
severity of four (4) and high flows are reported as a flow severity of five (5). High 
flows would be characterized by flows that leave the normal stream channel but 
stay within the stream banks. Flood flows are those which leave the confines of the 
normal stream channel and move out on to the flood plain. 

 
6  

 
Dry  When the stream is dry a flow severity value of six (6 = dry) is recorded for 
the sampling visit. In this case the flow is not reported. This will indicate that the 
stream is completely dry with no visible pools. 

 
Flow information for over 200 USGS sites is available on the Internet. The address is 
http://water.usgs.gov/index.html. This is useful information in determining flow conditions 
prior to sampling. This information may be included in general observations. 
 
Flow Measurement Method (Reporting) 
The method (or instrument) used to measure flow is noted by reporting a method number. The 
method numbers are: 
 
 

  
 
1- Flow Gage 
Station 
(USGS/IBWC) 

 
3- Electric 
(ex. Marsh-
McBirney) 

 
2- Mechanical  
(ex. Pigmy meter) 

 
4- Weir/Flume 

5- Other (orange 
peel, etc.) 
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Flow (ft3/s) 
If requested, flow data should be recorded for each monitoring visit to non-tidal, flowing 
streams. Flow data should be recorded in final form on a Field Data Sheet and submitted to the 
SWAMP data management staff. See http://mpsl.mlml.calstate.edu/swdwnlds.htm for detailed 
information on data reporting. The following are two exceptions to the flow reporting 
requirement: 
  
No Flow/ Pools  

 
If there is no flow at a stream site and accessible, isolated pools remain in 
the stream bed, collect and report the required field data and laboratory 
samples from the pools and report instantaneous flow. Under these 
conditions, flow (ft3/s) should be reported as zero. The reported flow 
severity value should be one. Pools may represent natural low-flow 
conditions in some streams and the chemistry of these pools will reveal 
natural background conditions.  

 
Dry  

 
If the stream bed holds no water, the sampling visit is finished. Report that 
the stream was "dry" in the observations and record a value of six 
(meaning "dry") for flow severity. No value is reported for flow since there 
is no water. 

 
Flow Measurement  
If a flow measurement is required at a site, measure and record flow after recording visual 
observations. The intent of measuring flow first is to delay collection of chemical and biological 
water samples with limited holding times. Care must be taken not to collect water samples in the 
area disturbed during flow measurement.  There are several acceptable flow measurement 
methods that can be used. 
 
U.S. Geological Survey (USGS) Gaging Station 
Some SWAMP Stations are sampled at sites where the USGS maintains flow gaging equipment. 
On any type of sampling visit to a site that has a USGS flow gage, observe and record the gage 
height to the nearest hundredth of a foot in the field logbook. Upon return to the office, contact 
the USGS office responsible for maintaining the gage. USGS personnel can provide the flow 
value in cubic feet per second (ft3/s) that corresponds to the gage height. Although SWAMP 
personnel may have a rating curve available to them, shifts associated with changes in the stream 
bed may occur over time. Always call the USGS to determine the shift. At some sites the shift 
changes frequently. At others, the relation between stream flow and gage height is almost 
unchanging. If a gage is no longer maintained by USGS, cross out the recorded gage height and 
be prepared to measure flow by another method on the return visit to that site.  
 
Several factors may influence the accuracy of the USGS rating curves that are used to convert 
gage height to flow. If there is any doubt about the accuracy of a USGS gage height reading or 
flow rating curve, sampling personnel should measure the flow if possible. 
 
 
Gage height may be indicated at a USGS gage by one of three methods: 

http://mpsl.mlml.calstate.edu/swdwnlds.htm
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Staff Gage  

 
Staff gages are enameled steel plates (with the appearance of large measuring 
tapes) bolted to some stable structure. For example, staff gages may be bolted 
to concrete bridge abutments, pillars, or docks. The staff gage face is white with 
black lettering and gradations. The gradations shown are feet, tenths of a foot, 
and 0.02 of a foot. The point at which the water level crosses the staff gage 
should be recorded to the nearest hundredth of a foot. 

 
Wire Weight 
Gage  

 
Wire weight gages are locked, metal boxes with approximate dimensions of 15 
in. long x 12 in. tall x 12 in. deep. Wire weight gages are usually affixed to 
bridge rails near mid-stream. They must be unlocked with a USGS key. The 
wire weight gages house a weight attached by wire cable to a graduated reel 
(gradations are tenths and hundredths of feet) with a counter at one end. 

 
 
 

 
When the reel is released the weight can be gradually lowered until the bottom 
of the weight contacts the water surface. At the point of contact, the weight 
causes the water surface to ripple slightly. Maintaining the weight in that 
position, record the counter value to the nearest whole number and the point 
indicated by the stylus on the graduated reel to the nearest hundredth of a foot. 
Determine if the gage is the movable type that can be moved to multiple 
locations on the bridge. This type is common on braided streams. A correction 
value is stamped on the bridge near each point that the gage can be attached. 
Record the corrected value as the gage height in feet. 

 
Bubble Gage 

 
Bubble gages are locked in metal sheds that are approximately 4 ft wide x 4 ft 
deep x 6.5 ft tall. The gage houses are most frequently located on the shore near 
a bridge but sometimes are attached to bridge pillars near mid-stream or 
established on the stream bank far from any bridge. The gage house must be 
unlocked with a USGS key. Bubble gages in gage houses usually indicate the 
gage height in two or three locations. A counter attached to the manometer 
system indicates gage height in feet. Some gage houses have stilling wells that 
can be entered. Often there is a staff gage on the inside wall. 

 
 

 
Most bubble gages are also equipped with digital recorders. Digital recorders 
consist of two white, coded discs, approximately 4 in. in diameter with a punch 
tape overlapping a portion of each disc. The discs are marked with 100 
gradations. As the front of the digital recorder is viewed, the stylus at the disc 
on the left indicates height in feet. The stylus at the disc on the right indicates 
gage height in hundredths of feet. The gage height from both discs should be 
added and the number recorded in the field logbook as gage height to the 
nearest hundredth of a foot. 

 
 

 
Many USGS metal sheds also contain a surface level recorder. This devise can 
be opened to determine how stable stream flow has been prior to the sampling 
event. Record observations concerning the flow hydrograph. 
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Instantaneous Flow Measurement 
Water quality monitoring visits to sites where there are no nearby USGS flow gauges will require 
water quality monitoring personnel to measure flow, when requested by Regional Water Quality 
Control Boards (Regional Boards). 
 
Flow Measurement Equipment 
Flow meter  
One of the following or an equivalent: 

< Marsh-McBirney Electronic meter 
< Montedoro-Whitney Electronic meter 
< Price Pigmy meter (with timer and beeper) 
< Price meter, Type AA (with Columbus weight) 

Additional Equipment 
< Top-setting wading rod (preferably measured in tenths of feet)(see Figure 1). 
< Tape measure (with gradations every tenth of a foot). 

 
Flow Measurement Procedure (USGS, 1969) 
Select a stream reach with the following characteristics: 

< Straight reach with laminar flow (threads of velocity parallel to each other) and bank 
to bank. These conditions are typically found immediately upstream of riffle areas or 
places where the stream channel is constricted. 

< The site should have an even streambed free of large rocks, weeds, and protruding 
obstructions that create turbulence. The site should not have dead water areas near the 
banks, and a minimum amount of turbulence or back eddies.  

Flat Streambed Profile (cross section) 
Stretch the measuring tape across the stream at right angles to the direction of flow. When using 
an electronic flow meter, the tape does not have to be exactly perpendicular to the bank 
(direction of flow). When using a propeller or pigmy type meter, however, corrections for 
deviation from perpendicular must be made.  
If necessary and possible, modify the measuring cross section to provide acceptable conditions 
by building dikes to cut off dead water and shallow flows, remove rocks, weeds, and debris in 
the reach of stream one or two meters upstream from the measurement cross section. After 
modifying a streambed, allow the flow to stabilize before starting the flow measurement. 
 
Record the following information on the flow measurement form (see example Flow 
Measurement Forms at end of this document): 

< Station Location and Station ID 
< Date 
< Time measurement is initiated and ended  
< Name of person(s) measuring flow 
< Note if measurements are in feet or meters 
< Total stream width and width of each measurement section 
< For each cross section, record the mid-point, section depth and flow velocity  
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Measuring the Stream Width   
Measure and record the stream width between the points where the tape is stretched (waters edge 
to waters edge).  
 
Determining the Number of Flow Cross Sections  
Determine the spacing and location of flow measurement sections. Some judgment is required 
depending on the shape of the stream bed. Measurements must be representative of the velocity 
within the cross-section. If the stream banks are straight and the depth is nearly constant and the 
bottom is free of large obstructions, fewer measurements are needed, because the flow is 
homogeneous over a large section. Flow measurement sections do not have to be equal width. 
However, they should be unless an obstacle or other obstruction prevents an accurate velocity 
measurement at that point.  No flow measurement section should have greater than 10% of the 
total flow. 
 
If the stream width is less than 5 ft, use flow sections with a width of 0.5 ft (See example 1 on 
page 23 of this document). If the stream width is greater than 5 ft, the minimum number of flow 
measurements is 10. The preferred number of flow measurement cross sections is 20-30 (See 
Example 2 on page 24 on this document). The total stream width is 26 ft with 20 measurements, 
section widths will be 1.3 ft (26/20 = 1.3). 
 
Determining the Mid-Point of the Cross Section 
To find the mid-point of a cross section, divide the cross section width in half. Using Example 2 
(see forms at end of document); 
 
< The total stream width is 26 ft with 20 cross sections and each cross section width is equal 

to 1.3 ft. 
< Divide 1.3 ft in half and the mid-point of the first section is 0.65 ft. In this example the tape 

at waters edge is set at zero (0) ft. 
< By adding 0.65 to zero the mid-point of the first section is 0.65 ft. 
< Each subsequent mid-point is found by adding the section width (1.3 ft) to the previous 

mid-point. For example; MIDPOINT #1 is 0.65 + 0.0 = 0.65; MIDPOINT #2 is 0.65 + 1.3= 
1.95 ft; MIDPOINT #3 is 1.95 + 1.3 = 3.25 ft and ....MIDPOINT # 20 is 24.05 +1.3. 

< Place the top setting wading rod at 0.65 ft for the first measurement. 
< Using a top setting wading rod, measure the depth at the mid-point of the first flow 

measurement section and record to the nearest 0.01 ft.  
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Figure 1. Top-Setting Wading Rod 
(Marsh-McBirney)
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Adjusting the Sensor Depth at a Cross Section 

Adjust the position of the sensor to the correct depth at each mid-point. The purpose of the top 
setting wading rod is to allow the user to easily set the sensor at 20%, 60%, and 80% of the total 
depth. The total depth can be measured with the depth gage rod. Each single mark represents 0.10 
foot, each double mark represents 0.50 foot, and each triple mark represents 1.00 foot (see Figure 
2). 
 

  
For Depths  
< 2.5 Ft  
 

 
If the depth is less than 2.5 ft, only one measurement is required at each 
measurement section. To set the sensor at 60% of the depth, line up the foot 
scale on the sliding rod with the tenth scale, located on top of the depth 
gage rod. If, for example, the total depth is 2.7 ft (as shown on Figure 2), 
then line up the 2 on the foot scale with the 7 on the tenth scale (Marsh-
McBirney 1990). 

 
For Depths > 2.5 
Ft  

 
If the depth is greater than 2.5 ft, two measurements should be taken at 
20% and 80% of the total depth. To set the sensor at 20% of the depth, 
multiply the total depth by two. For example, if the total depth is 2.7 ft, the 
rod would be set at 5.4 ft (2.7 x 2). Line up the 5 on the sliding rod with the 
4 on the tenth scale.  

 
For Depths > 2.5 
Ft (cont) 

 
To set the sensor at 80% of the depth, divide the total depth by two.  For 
example, the total depth is 2.7 ft the rod would be set at 1.35 ft (2.7/2). 
Line up the 1 on the sliding rod with the 0.35 on the tenth scale. The 
average of the two velocity measurements is used in the flow calculation. 
See page 2-36 for an example of a flow form recording measurements for 
depths greater than 2.5 ft. 

 
 

 
NOTE: The point where the rod is set for 20 and 80% of the depth will not 
equal values derived by calculating 20 and 80% of the total depth.   

 
Measuring Velocity (this has typically been measured at 6/10 of the total depth, for velocity-only 
measurements) 

< Position the meter at the correct depth and place at the mid-point of the flow 
measurement section. Measure and record the velocity and depth. The wading rod is 
kept vertical and the flow sensor kept perpendicular to the tape rather than perpendicular 
to the flow while measuring velocity with an electronic flow meter. When using a 
propeller or pigmy-type meter, however, the instrument should be perpendicular to the 
flow. 

< Permit the meter to adjust to the current for a few seconds. Measure the velocity for a 
minimum of 20 s with the Marsh-McBirney and Montedoro-Whitney meters. Measure 
velocity for a minimum of 40 s (preferably 2 min with the Price and pigmy meters). 

 
< When measuring the flow by wading, stand in the position that least affects the velocity 

of the water passing the current meter. The person wading stands a minimum of 1.5 ft 
downstream and off to the side of the flow sensor. 
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< A flow sensor, equipped with cable and weight may be used to measure flows where the 
water is too deep to wade. Follow the procedure involving meters attached to wading 
rods. 

< Report flow values less than 10 ft2 /s to two significant figures. Report flow values 
greater than 10 ft3/s to the nearest whole number, but no more than three significant 
figures. 

< In cases where the flow is low and falling over an obstruction, it may be possible to 
measure the flow by timing how long it takes to fill a bucket of known volume. 

 
Avoid measuring flow in areas with back eddies. The first choice would be to select a site with no 
back eddy development. However, this can not be avoided in certain situations. Measure the 
negative flows in the areas with back eddies. These negative values will be included in the final 
flow calculation. 
 
Calculating Flow 
To calculate flow, multiply the width x depth (ft2) to derive the area of the flow measurement 
section. The area of the section is then multiplied by the velocity (ft/s) to calculate the flow in 
cubic feet per second (cfs or ft3/sec) for that flow measurement section. When flow is calculated 
for all of the measurement sections, they are added together for the total stream flow (see Figure 
2).  
 
 Q=Total Flow (or discharge), W=Width, D=Depth, V=Velocity.  
 
Q = (W1 * D1 * V1) + (W2 *D2* V2) + ...... (Wn*Dn*Vn) 
 
What to Do with Negative Values 
Do not treat cross sections with negative flow values as zero. Negative values obtained from areas 
with back eddies should be subtracted during the summation of the flow for a site. 
 
Flow Estimate (ft3/s)  
 
Flow estimate data may be recorded for a non-tidally influenced stream when it is not possible to 
measure flows by one of the methods described above. Flow estimates are subjective measures 
based on field personnel's experience and ability to estimate distances, depths, and velocities. If 
flow can not be measured at a routine non-tidal station, a new site should be selected where flow 
can be measured. 
 
Flow Estimate Procedure 

< Observe the stream and choose a reach of the stream where it is possible to estimate the 
stream cross section and velocity. 

< Estimate stream width (ft) at that reach and record. 
< Estimate average stream depth (ft) at that reach and record.  Estimate stream velocity 

(ft/s) at that reach and record. A good way to do this is to time the travel of a piece of 
floating debris. If doing this method from a bridge, measure the width of the bridge. 
Have one person drop a floating object (something that can be distinguished from other 
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floating material) at the upstream side of the bridge and say start. The person on the 
downstream side of the bridge will stop the clock when the floating object reaches the 
downstream side of the bridge. Divide the bridge width by the number of seconds to 
calculate the velocity. The velocity can be measured at multiple locations along the 
bridge. These velocities are averaged. If this is done alone, watch for road traffic. 

< Multiply stream width (ft) times average stream depth (ft) to determine the cross 
sectional area (in ft2) which when multiplied by the stream velocity (in ft/s) and a 
correction constant, gives an estimated flow (ft3/s). 

 
Example: A stream sampler conducted a sampling visit to a stream while the flow meter was 
being repaired. The sampler looked at the creek downstream from the bridge and saw a good 
place to estimate flow. The stream width was around 15 ft. It appeared the average depth on this 
reach was about 0.75 ft. The sampler timed a piece of floating debris as it moved a distance of 10 
ft in 25 s downstream over the reach. An estimated flow with a smooth bottom was calculated 
using the following formula. 
 

Width x Depth x Velocity x A (correction factor)= estimated flow 
15 ft (width) x 0.75 ft (depth) x 2.5 ft/s (velocity) x A =25 ft3/s (cfs) 

 
A is a correction constant: 0.8 for rough bottom and 0.9 for smooth bottom 

 
Estimated flow should be reported to one or two significant figures. 
 

Experienced field personnel are able to estimate flow to within 20% of actual flow for total flows 
less than 50 ft3/s. The best way to develop this skill is to practice estimating flow before making 
measurements at all monitoring visits to non-tidally influenced flowing streams and then 
compare estimated flows with those obtained from USGS gages or from instantaneous flow 
measurements 
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Figure 2. Stream Flow (Discharge) Measurement 
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Example 1. 
Stream Flow (Discharge) Measurement 

Small Stream < 5 Ft Wide and #2.5 Ft Deep 
Stream:____OAK CREEK_____________________________________Date:__5/29/91_________ 
Station Description:_____at US Hwy 90A____________________________________   
Time Begin:__1545______Time End:__1630_______Meter Type:__Marsh-McBirney_____________ 
Observers:_____BK/MK_______Stream Width*:____5 ft_____ Section Width:____0.5 ft__________ 
Observations:__________________________________________________________________________________
____________________________________________________________________________ 

 
Velocity   

 
Section 

Midpoint 
(ft) 

 
Section 
Depth 

(ft) 

 
Observational 

Depth** 
Ft 

 
At Point  

(ft/s) 

 
Average 

(ft/s) 

 
Area W x D 

(ft2) 

 
Discharge (Q) 

V x A 
(ft3/s) 

   
0.25 

 
0.55   

 
0.05 

  
0.01375 

   
0.75 

 
0.80   

 
0.11 

  
0.044 

   
1.25 

 
0.85   

 
0.27 

  
0.42635 

   
1.75 

 
0.90   

 
0.49 

  
0.2205 

   
2.25 

 
1.10   

 
0.58 

  
0.275 

   
2.75 

  
1.50   

 
0.72 

  
0.540 

   
3.25 

 
1.20   

 
0.76 

  
0.456 

   
3.75 

 
0.90   

 
0.76 

  
0.342 

   
4.25 

 
0.75   

 
0.44 

  
0.165 

   
4.75 

 
0.30   

 
0.00 

  
0.00  

    
  

   

  
  

  

  

   

    
  

   

    
  

   

    
  

   

 
2.4826  

 
m3/s x 35.3 =ft3/s 

 
Total Discharge (3Q) (ft3/s) 
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Example 2. 
Stream Discharge Measurement Example (Larger Stream > 5 Ft and #2.5 Ft Deep) 

Stream:____RED RIVER_______________________________________Date:__5/28/91____________ 
Station Description:_____Post Oak Creek 40 m Below Sherman WWTP Outfall__________________  
Time Begin:__1542_____________Time End:__1601_____Meter Type:_Marsh-McBirney_________ 
Observers:_____CM, EW, DO_______Stream Width*:____26 ft___ Section Width:___1.3 ft_______ 
Observations:_________________________________________________________________________ 

 
Veloci y   t

 
Section 

Midpoint 
(ft) 

 
Section Depth 

(ft) 

 
Observational 

Depth** 
ft 

 
At Point  

(ft/s) 

 
Average 

(ft/s) 

 
Area W x D 

(ft2) 

 
Discharge (Q)  

V x A 
(ft3/s) 

   
0.65 

 
0.55   

 
2.03 

 
0.715 

 
1.451 

   
1.95 

 
0.40   

 
2.04 

 
0.520 

 
1.061 

   
3.25 

 
0.42   

 
2.02 

 
0.546 

 
1.103 

   
4.55 

 
0.38   

 
1.77 

 
0.494 

 
0.874 

   
5.25 

 
0.40   

 
1.75 

 
0.520 

 
0.910 

   
7.15 

 
0.42   

 
1.93 

 
0.546 

 
1.054 

   
8.45 

 
0.40   

 
1.99 

 
0.52 

 
1.035 

   
9.75 

 
0.37   

 
1.92 

 
0.481 

 
0.924 

   
11.05 

 
0.37   

 
1.56 

 
0.481 

 
0.750 

   
12.35 

 
0.43   

 
1.32 

 
0.559 

  
0.738 

   
13.65 

 
0.40   

 
1.36 

 
0.520 

 
0.707 

   
14.95 

 
0.42   

 
1.33 

 
0.546 

 
0.726 

   
16.25 

 
0.40   

 
1.35 

 
0.520 

 
0.702 

   
17.55 

 
0.45   

 
1.64 

 
0.585 

 
0.959 

   
18.85 

 
0.48   

 
1.70 

 
0.624 

 
1.061 

   
20.15 

 
0.48   

 
2.00 

 
0.624 

 
1.248 

   
21.45 

 
0.50   

 
1.95 

 
0.650 

 
1.268 

   
22.75 

 
0.40   

 
2.18 

 
0.520 

 
1.134 

   
24.05 

 
0.48   

 
1.71 

 
0.624 

 
1.067 

   
25.35 

 
0.50   

 
0.60 

 
0.650 

 
0.390 

 
m3/s x 35.3 =ft3/s 

 
Total Discharge (3Q) (ft3/s) 

 
19.162 
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Example 3. 
Stream Flow (Discharge) Measurement (Larger Stream > 5 Ft and >2.5 Ft Deep) 

Stream:____ARROYO COLORADO______________________________Date:__6/16/98___________ 
Station Description:_____Downstream of Harlingen WWTP__________________________________ 
Time Begin:__1400______Time End:__1445_____Meter Type:___Marsh-McBirney______________ 
Observers:_____JD, CK________Stream Width*:___47.5 ft___ Section Width:___2.375 ft________ 
Observations: *Note that the starting point is at 4.7 ft on the measuring tape and not zero. 

 
Velocity   

 
Section 

Midpoint 
(ft) 

 
Section Depth 

(ft) 

 
Observational 

Depth** 
ft 

 
At Point  
(ft/sec) 

 
Average 
(ft/sec) 

 
Area W x D 

(ft2) 

 
Discharge (Q) 

V x A 
(ft3/s) 

   
4.70 

 
0.73   

 
0.65 

 
1.73 

 
1.127 

   
7.08 

 
1.10   

 
1.08 

 
2.61 

 
2.822 

   
9.45 

 
1.85   

 
0.90 

 
4.39 

 
3.954 

   
11.83 

 
2.20   

 
1.05 

 
5.23 

 
5.486 

   
14.20 

 
2.20   

 
1.44 

 
5.23 

 
7.531 

   
16.58 

 
2.45   

 
1.09 

 
5.82 

 
6.342 

0.20 1.75  
18.95 

 
2.55 0.80 1.76  

 
1.76 

 
6.06 

 
10.659 

0.20 1.79  
21.33 

 
2.60 0.80 1.32 

 
1.56 

 
6.18 

 
9.633 

0.20 1.63  
23.70 

 
2.70 0.80 1.26 

 
1.45 

 
6.41 

 
9.298 

0.20 1.68  
26.10 

 
3.05 0.80 1.15 

 
1.42 

 
7.24 

 
10.286 

0.20 1.23  
28.48 

 
3.10 0.80 0.69 

 
0.96 

 
7.36 

 
7.068 

0.20 1.22  
30.85 

 
2.90 0.80 0.89 

 
1.06 

 
6.89 

 
7.301 

0.20 0.60  
33.23 

 
2.84 0.80 0.37 

 
0.49 

 
6.75 

 
3.305 

0.20 0.80  
35.60 

 
2.65 0.80 0.21 

 
0.51 

 
6.29 

 
3.210 

0.20 0.85  
37.98 

 
2.65 0.80 0.96 

 
0.91 

 
6.29 

 
5.727 

   
40.35 

 
2.20   

 
0.28 

 
5.23 

 
1.464 

   
42.73 

 
2.30   

 
0.16 

 
5.46 

 
0.874 

   
45.10 

 
2.05   

 
0.51 

 
4.87 

 
2.483 

   
47.48 

 
1.10   

 
0.49 

 
2.61 

 
1.280 

   
49.86 

 
0.65    

  
0.62 

 
1.54 

 
0.957 

 
m3/s x 35.3 =ft3/s Total Discharge (3Q) (ft3/s) 
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Stream Flow (Discharge) Measurement Form 
Stream:___________________________________________________________Date:_______________ 
Station Description:____________________________________________________________________ 
Time Begin:___________ Time End:_____________ Meter Type:__________________________ 
Observers:____________________ Stream Width*:______________ Section Width:___________ 
Observations:_________________________________________________________________________ 

 
Velocity   

 
Section 

Midpoint 
(ft) (m) 

 
Section 
Depth 

(ft) (m) (cm) 

 
Observational 

Depth** 
ft-m-cm 

 
At Point  

(ft/s) (m/s) 

 
Average 

(ft/s)(m/s) 

 
Area W x D 

(ft2) (m2) 

 
Flow (Q)  

V x A 
(m3/s) (ft3/s) 

    
  

   

    
  

   

    
  

   

    
  

   

    
  

   

    
  

   

    
  

   

    
  

   

    
  

   

    
  

   

    
  

   

    
  

   

    
  

   

    
  

   

    
  

   

    
  

   

    
  

   

 
 

 
m3/s x 35.3 =ft3/s 

 
Total Flow (Discharge) (3Q) (ft3/s) 

 
 
*  Make a minimum of 10 measurements when the total width is > 5.0 ft, 20 measurements preferred. 
** When water is < 2.5 ft deep take one measurement at each cross section. When water is > 2.5 ft deep, take two 

measurements at each cross section; one at 2  the total depth and the other at 2 x the total depth. Average the two velocity 
measurements. See SWAMP Procedures Manual for a detailed flow measurement method. 
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Summary of Significant Figures for Reporting Field Parameters 
  

Parameter 
 
Field Data Reporting Requirements 

 
Water Temperature 
(oC) 

 
Report temperature to the nearest tenth of a degree. Round 
insignificant figures 0 through 4 down and 5 thru 9 up. 
 

 
pH (s.u.)  

 
Report pH to the nearest tenth of a pH standard unit. 

 
D.O. mg/L 
 
D.O. (% saturation) 

 
Report dissolved oxygen to the nearest tenth of a mg/L. 
 
Report % saturation to the nearest tenth of a percent 

 
Specific Conductance 
(micro siemens/cm) 

 
Report specific conductance to only three significant figures if the 
value exceeds 100. Do not report ORP which is displayed by some 
multiprobes. 

 
Salinity (ppt) 

 
Report salinity values above 2.0 ppt to the nearest tenth of a part per 
thousand. In estuarine waters report the actual values displayed by 
the multiprobe above 2.0 ppt and values less than 2.0 as <2.0 or 
<1.0 only. Determine if a station is estuarine (i.e., experiences cases 
where salinity is >2.0 ppt) and always report salinity at this station, 
regardless of the salinity during periods of high flow. 

 
Secchi Disk (meters) 

 
Report Secchi depth transparency in meters to two significant 
figures.  

 
Days Since Last 
Significant 
Precipitation(days) 

 
Report whole numbers. If it is raining when the sample is collected 
or has rained within the last 24 h, report a value of <1. If it has been 
over a week since a rainfall event, report a value of > 7. 

 
Flow (ft3/s) 

 
Report instantaneous flow values less than 10 ft3/s to two significant 
figures. Report flow values greater than 10 ft3/s to the nearest whole 
number, but no more than three significant figures. When there is no 
flow (pools), report as 0.0. When there is no water, don't report a 
value, but report as "dry" in the observations. 

 
Flow Severity    (1-no 
flow, 2-low,  3-normal, 
4-flood,  5-high, 6-dry) 

 
When there is no flow (pools), report the severity as 1, and the 
instantaneous flow as 0.0 ft3/s. If the stream is dry, record only flow 
severity, as a value of 6. 
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BEAUFORT SCALE: Specifications and equivalent speeds for 
use at sea 
FORCE   EQUIVALEN SPEED           DESCRIPTION       SPECIFICATIONS FOR USE AT SEA 
      10 m above ground 
     Miles/hour knots 
0       0-1       0-1        Calm              Sea like a mirror 
 
1       1-3       1-3        Light air         Ripples with the appearance of 
      scales are formed, but without foam crests. 
 
2       4-7       4-6        Light Breeze      Small wavelets, still short, but more pronounced.  
      Crests have a glassy appearance and do not break. 
 
3       8-12      7-10       Gentle Breeze     Large wavelets. Crests begin to break. Foam of  
      glassy appearance. Perhaps scattered white horses. 
 
4      13-18     11-16       Moderate Breeze   Small waves, becoming larger; fairly frequent white  
      horses. 
 
5      19-24     17-21      Fresh Breeze      Moderate waves, taking a more pronounced long  
      form; many white horses are formed. Chance of  
      some spray. 
 
6      25-31     22-27       Strong Breeze     Large waves begin to form; the white foam crestsare  
      more extensive everywhere. Probably some spray. 
 
7      32-38     28-33       Near Gale         Sea heaps up and white foam from breaking waves  
      begins to be blown in streaks along the direction of  
      the wind. 
 
8      39-46    34-40       Gale              Moderately high waves of greater length; edges of  
      crests begin to break into spindrift. The foam is 
      blown in well-marked streaks along the direction of  
      the wind. 
 
9      47-54     41-47       Severe Gale       High waves. Dense streaks of foam along the  
      direction of the wind. Crests of waves begin to 
      topple, tumble, and roll over. Spray may affect  
      visibility. 
 
10     55-63     48-55       Storm             Very high waves with long over- hanging crests. he  
      resulting foam, in great patches, is blown in dense  
      white streaks along the direction of the wind.  On he 
      whole the surface of the sea takes on a white  
      appearance. The 'tumbling' of the sea becomes 
      heavy and shock-like. Visibility affected. 
Last edited on 09 January, 1999   Dave Wheeler weatherman@zetnet.co.uk 
Web Space kindly provided by Zetnet Services Ltd, Lerwick, Shetland. 
http://www.zetnet.co.uk/sigs/weather/Met_Codes/beaufort.htm 

mailto:weatherman@zetnet.co.uk
http://www.zetnet.co.uk/
http://www.zetnet.co.uk/sigs/weather/Met_Codes/beaufort.htm
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Field Collection Procedures for Water Samples 
 
Scope and Application 
 
This protocol describes the techniques used to collect water samples in the field in a way that 
neither contaminates, loses, or changes the chemical form of the analytes of interest.  The 
samples are collected in the field into previously cleaned and tested (if necessary) sample bottles 
of a material appropriate to the analysis to be conducted. Pre-cleaned sampling equipment is 
used for each site, whenever possible and/or when necessary.  Appropriate sampling technique 
and measuring equipment may vary depending on the location, sample type, sampling objective, 
and weather.  Trade names used in connection with equipment or supplies do not constitute an 
endorsement of the product. 

 
Summary of Method 
 
Appropriate sample containers and field measurement gear as well as sampling gear are 
transported to the site where samples are collected according to each sample’s protocol. Water 
velocity, turbidity, temperature, pH, conductivity, dissolved oxygen as well as other field data 
are measured and recorded using the appropriate equipment. These field data measurement 
protocols are provided in the SWAMP Field Measurement SOP. Samples are put on ice and 
appropriately shipped to the processing laboratories.  This procedure has been modified from the 
Texas Natural Resources Conservation Commission’s  Procedure Manual for Surface Water 
Quality Monitoring, with major input from the United State’s Geological Survey’s (USGS’s) 
National Water Quality Assessment (NAWQA) Protocol for Collection of Stream Water 
Samples, for which due credit is herewith given. 

 
WATER SAMPLE COLLECTION 
 
Water chemistry and bacteriological samples, as requested, are collected at the same location. Water 
samples are best collected before any other work is done at the site. If other work (e.g., sediment 
sample collection, flow measurement or biological/habitat sample collection or assessment) is done 
after or downstream of the collection of water samples, it might be difficult to collect representative 
samples for water chemistry and bacteriology from the disturbed stream. Care must be taken, 
though, to not disturb sediment collection sites when taking water samples. 
 
The following general information applies to all types of water samples, unless noted otherwise: 
 

Sample Collection 
Depth 

Sub-Surface Grab Sample   Samples are collected at 0.1 m 
below the water surface. Containers should be opened and re-
capped under water in most cases.  
 
Depth-integrated Sample   If a depth-integrated sample is 
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taken, the sample is pumped from discrete intervals within the 
entire water column. 
 
Surface Grab Sample Samples are collected at the surface 
when water depth is <0.1 m. Since there is a difference in 
water chemistry on the surface, compared to subsurface, 
surface water should be noted on the field data sheet as 0 m.  
 

Where to Collect 
Samples 
 
 
 
 
 
 
 
 
 
 

Water samples are collected from a location in the stream 
where the stream visually appears to be completely mixed. 
Ideally this would be at the centroid of the flow (Centroid is 
defined as the midpoint of that portion of the stream width, 
which contains 50% of the total flow), but depth and flow do 
not always allow centroid collection. For stream samples, the 
sampling spot must be accessible for sampling 
physicochemical parameters, either by bridge, boat or wading. 
Sampling from the shoreline of any water body (meaning 
standing on shore and sampling from there) is the least 
acceptable method, but in some cases is necessary. 
  
In reservoirs, lakes, rivers, and coastal bays, samples are 
collected from boats at designated locations provided by 
Regional Water Quality Control Boards (Regional Boards). 
 

Sampling Order if 
Multiple Media are 
Requested to be 
Collected 

The order of events at every site has to be carefully planned. 
For example, if sediment is to be collected, the substrate can 
not be disturbed by stepping over or on it; water samples can 
not be taken where disturbed sediment would lead to a higher 
content of suspended matter in the sample. For the most part, 
water samples are best collected before any other work is done 
at the site. This information pertains to walk-in sampling.  
 

Sample Container 
Labels 

Label each container with the station ID, sample code, matrix 
type, analysis type, project ID, and date and time of collection 
(in most cases, containers will be pre-labeled).  After 
sampling, secure the label by taping around the bottle with 
clear packaging tape. 
 

Procedural Notes For inorganic and organic water samples, bottles do not have 
to be rinsed if they are I-Chem 200 series or higher or ESS PC 
grade or higher. This means that the sample bottles are 
analyzed for contamination, and a certification of analysis is 
included with the bottles. Other sample containers are usually 
rinsed at least three times if the bottles do not meet these 
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requirements. See filling instruction for each type of analyses 
if there is uncertainty. If applicable to the sample and analysis 
type, the sample container should be opened and re-capped 
under water. 
 

Sample Short-term 
Storage and 
Preservation 

Properly store and preserve samples as soon as possible. 
Usually this is done immediately after returning from the 
collection by placing the containers on bagged, crushed or 
cube ice in an ice chest. Sufficient ice will be needed to lower 
the sample temperature to at least 4 °C within 45 min after 
time of collection. Sample temperature will be maintained at 4 
°C until delivered to the laboratory. Care is taken at all times 
during sample collection, handling and transport to prevent 
exposure of the sample to direct sunlight. Samples are 
preserved in the laboratory, if necessary, according to protocol 
for specific analysis (acidification in most cases). 
 

Field Safety Issues Proper gloves must be worn to prevent contamination of the 
sample and to protect the sampler from environmental hazards 
(disposable polyethylene, nitrile, or non-talc latex gloves are 
recommended, however, metals and mercury sample 
containers can only be sampled and handled using 
polyethylene gloves as the outer layer). Wear at least one 
layer of gloves, but two layers help protect against leaks. One 
layer of shoulder high gloves worn as a first (inside) layer is 
recommended to have the best protection for the sampler. 
Safety precautions are needed when collecting samples, 
especially samples that are suspected to contain hazardous 
substances, bacteria, or viruses.  
 

Sample Handling and 
Shipping 

Due to increased shipping restrictions, samples being sent via 
a freight carrier require additional packing. Although care is 
taken in sealing the ice chest, leaks can and do occur. Samples 
and ice should be bagged placed inside a large trash bag inside 
the ice chest for shipping. Ice should be double bagged to 
prevent melted ice water from leaking into the sample. The 
large trash bag can be sealed by simply twisting the bag closed 
(while removing excess air) and taping the tail down. Prior to 
shipping the drain plug of the ice chests have to be taped shut. 
Leaking ice chests can cause samples to be returned or arrive 
at the lab beyond the holding time.  
 
Although glass containers are acceptable for sample 
collection, bubble wrap must be used when shipping glass. 
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Chain of Custody 
(COC) Forms 

Every shipment must contain a complete Chain of Custody 
(COC) Form that lists all samples collected and the analyses to 
be performed on these samples. 
 
Make sure a COC is included for every laboratory, every time 
you send a shipment of samples. Electronic COCs can also be 
emailed to the various laboratories but must be sent before the 
samples arrive at their destinations. 
Include region and trip information as well as any special 
instructions to the laboratory on the COC. 
 
The original COC sheet (not the copies) is included with the 
shipment (insert into ziplock bag) One copy goes to the 
sampling coordinator, and the sampling crew keeps one copy. 
 
Samples collected should have the salinity (in ppt), depth of 
collection, and date/time collected for each station on every 
COC. 
 
Write a comment on this form, if you want to warn the 
laboratory personnel about possibly hazardous samples that 
contain high bacteria, chlorine or organic levels. 
 

Field QC Samples 
for Water Analyses 

Field duplicates are currently submitted at an annual rate of 
5%. Field travel blanks are required for volatile organic 
compounds at a rate of one per cooler shipped.  Field blanks 
are required for trace metals (including mercury and methyl 
mercury), DOC, and volatile organic compounds in water at a 
rate of 5%.  See Appendix C of the SWAMP QAMP for 
detailed Field QC requirements. 
 

Field Site Data Sheets Each visited field site requires a field observation completed 
SWAMP Field Data Sheet, even if no samples are collected 
(i.e. at a site which is found to be dry). If water and/or 
sediment samples are collected, all elements of the SWAMP 
Field Data Sheet must be completely filled out.  
 

General Pre-
Sampling 
Procedures 

Instruments. All instruments must be in proper working 
condition.  Make sure all calibrations are current. Multi-probe 
sondes should be pre-calibrated every morning prior to 
sampling and post-calibrated within 24 h of the original 
calibration. Conductivity should also be calibrated between 
stations if there is a significant change in salinity. Dissolved 
oxygen sensors should be re-calibrated if there is a 500 ft 
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change in elevation. 
 
Calibration Standards.  Pack all needed calibration 
standards. 
 
Sample Storage Preparations.  A sufficient amount of cube 
ice, blue ice and dry ice as well as enough coolers of the 
appropriate type/size must be brought into the field, or sources 
for purchasing these supplies identified in advance. 
 
Sample Container Preparation. After arriving at the sample 
station, pack all needed sample containers for carriage to the 
actual collection site, and label them with a pre-printed label 
containing Station ID, Sample Code, Matrix info, Analysis 
Type info, Project ID and blank fields for date and time (if not 
already pre-labeled). 
Safety Gear. Pack all necessary safety gear like waders, 
protective gloves and safety vests.   
 
Walk to the site. For longer hikes to reach a sample collection 
site, large hiking backpacks are recommended for transport of 
gear, instruments and containers. Tote bins can be used, if the 
sampling site can be accessed reasonably close to the vehicle. 
 
GPS.  At the sampling site, compare/record reconnaissance 
GPS reading with current site reading and note differences. 
GPS coordinates should be in Decimal Degrees (e.g. 38.12345 
 -117.12345). 

 
 
 
 
 
COLLECTION OF WATER SAMPLES FOR ANALYSIS OF CONVENTIONAL 
CONSTITUENTS 
 
In most streams, sub-surface (0.1 m below surface) water is representative of the water mass. A 
water sample for analysis of conventional constituents is collected by the grab method in most 
cases, immersing the container beneath the water surface to a depth of 0.1 m.  Sites accessed by 
bridge can be sampled with a sample container-suspending device. Extreme care must be taken 
to avoid contaminating the sample with debris from the rope and bridge. Care must also be taken 
to rinse the device between stations. If the centroid of the stream cannot be sampled by wading, 
sampling devices can be attached to an extendable sampling pole. 
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In some cases, depth-integrated sampling is required, as requested by Regional Boards.  This is 
useful when lakes or rivers are stratified and a sample is wanted that represents the entire water 
column.  Depth-integrated sample collection is explained later in this document. 
 

Conventional Water 
Constituents, 
Routinely Requested 
in SWAMP 
 

Chloride, sulfate, nitrite, nitrate (or nitrate+nitrate), ortho-
phosphate, fluoride, total phosphorus, ammonia, TKN, 
alkalinity, chlorophyll a. 
 

Conventional Water 
Constituents, 
Occasionally 
Requested in 
SWAMP 
 

Total Suspended Solids (TSS) or Suspended Sediment 
Concentration (SSC), Total Dissolved Solids (TDS--especially 
if total metals requested), Total Organic Carbon (TOC), 
Dissolved Organic Carbon (DOC), hardness (if trace metals 
analysis is requested). 
 

Conventional Water 
Constituents Sample 
Volume 

Due to the potential for vastly different arrays of requested 
analyses for conventional constituents, please refer to table at 
the end of this document, as well as the Sample Handling 
Requirements Tables in Appendix C of the QAMP, for 
information on the proper volume to collect for the various 
types of analyses. 
 

Conventional Water 
Constituents Sample 
Container Type 
 
  

Due to the potential for vastly different arrays of requested 
analyses for conventional constituents, please refer to table at 
the end of this document, as well as the Sample Handling 
Requirements Tables in Appendix C of the QAMP, for 
information on the proper type of sample containers. 
 

Chlorophyll a Syringe 
Sample Method 

Chlorophyll a syringe method: Chlorophyll a is sampled by 
forcing water with a 60-mL syringe through a filter holder 
containing a 25-mm glass microfiber filter. The 60-mL syringe 
and an in-line filter holder are rinsed three times with the 
ambient water before filtration. The syringe is then filled with 
60 mL of ambient water. The filter holder is then removed and 
a 25-mm glass microfiber filter is placed inside. The filter 
holder is then screwed onto the syringe and the ambient water 
is then flushed through the filter. The filter holder is removed 
every time more water needs to be drawn into the syringe. The 
process is then repeated until the desired amount of 
Chlorophyll a is present (usually 60 to 360 mL depending on 
the water clarity). When filtering is complete the filter holder 
is opened and the filter is removed with tweezers without 
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touching the Chlorophyll a.  The filter is then folded in half, 
then again, in half with the Chlorophyll a inside the folds. The 
folded filter is then wrapped in aluminum foil and placed in an 
envelope labeled with the site information and the volume 
filtered. The envelope is then immediately placed on dry ice 
until transferred to the lab. 
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Collection of Water Samples for Analysis of Trace Metals (Including Mercury)  
 
When deciding to measure total and dissolved metals in water the purpose of the sampling must 
be considered. Water quality standards for the protection of aquatic life are determined for the 
dissolved form of heavy metals in most cases, although this, too, can vary within different Basin 
Plans for different regions. The exception to routinely conducting dissolved metals analyses is 
usually mercury (and often selenium). Water quality standards usually apply to the total form of 
mercury (and often selenium), and not the dissolved form of these elements. Several regions are 
interested in conducting total metals analyses, in order to address specific issues.  In order to 
budget inputs, transport, and accumulation of metals, it is necessary to know the concentration of 
total metals in the water column, sediments, effluent, etc. Sample collection for trace metals and 
mercury in water requires “Clean Hands/Dirty Hands” methodology. 
 

Metals-in-water: 
 
General Information 

Unless otherwise requested to collect for total metals analysis, 
dissolved metals are collected for all elements with the exception 
of mercury.  Metals-in-water samples should not be collected 
during periods of abnormally high turbidity if at all possible. 
Samples with high turbidity are unstable in terms of soluble 
metals, and it is difficult to collect a representative grab sample. 
Special study sampling, however, may be an exception. For 
example, wet weather sampling is likely to include some samples 
with high turbidity. 

Metals-in-water: 
 
Sample Collection 
Depth  

Collect a metals sample from a depth of 0.1 m using a sub -
surface grab method, or at discrete depths using a depth-
integrated sampling method with a peristaltic pump (described 
further down). In most streams, sub-surface water is 
representative of the water mass. For the purpose of 
determining compliance with numerical toxic substance 
standards, a sample taken at the surface is adequate. 
 

Metals-in-water: 
 
Sample Volume 

Refer to table at end of this document, as well as Sample 
Handling Requirements Tables in Appendix C of the QAMP, 
for specific information on the proper volume to collect for 
trace metals analyses.  Generally, for procedures most 
commonly used for analysis of metals in water (total or 
dissolved metals); one 60-mL polyethylene container is filled 
with the salinity recorded on the field data sheet and COC.  
Generally, for the procedures most commonly used for 
analysis of mercury in water (whether total or dissolved), one 
250-mL glass or teflon container is filled, regardless of the 
salinity.  All containers are pre-cleaned in the lab using HNO3. 
 



MPSL-DFG Field Sampling Team SOP Procedure Number: 1.0 
Standard Operating Procedures (SOPs) for Conducting 
Field Measurements and Field Collections of Water and 
Bed Sediment Samples in SWAMP 

Date: 15 October 2007  

MPSL-DFG_FieldSOP_v1.0 Page: 38 of 64 
 

  

Metals-in-water: 
 
Sampling Equipment  

The method of choice for the collection of water samples for 
trace metals analysis in small, wadeable streams is the grab 
method, where the sampler submerges the sample bottle or 
syringe beneath the surface of the water until filled. The 
procedure for filtration of water samples for trace metals 
(including mercury) analysis must be performed within the 48-
h maximum holding time (as well as acid preservation), and 
with extreme care to avoid contamination of the water sample. 
Considering these factors, it is best to use a field filtration 
system, such as a set-up with peristaltic pump with in-line 
filter, or a set-up with a syringe filter, if filtered water is 
required.  Samples are pumped and/or filtered directly into the 
sample container. This minimizes contamination by using no 
intermediate sampling device. Samples can also be filtered in 
lab if need be Un-powdered (no-talc) polyethylene gloves are 
always worn during sampling for metals-in-water. 
 
Depth-integrated sampling is useful when lakes or rivers are 
stratified and a representative sample is wanted which 
represents the entire water column.  The method involves a 
peristaltic pump system with enough Teflon tubing to pump at 
the desired depth with an inline filter.  Alternatively, mercury 
and metal samples can be filtered in the laboratory as long as 
they are filtered within the 48-hr maximum holding time and 
filter equipment blanks are analyzed for five percent of all 
cleaned equipment. 
 

Equipment 
Preparation 

It is best if the metals-in-water sampling materials are prepared 
by a laboratory that can guarantee contamination-free 
sampling supplies.  If a laboratory assembles a Metals-in-
Water Sample Collection Kit, it should contain the following 
items packaged together for each sample:  
 

• Tubing with an in-line filter (disposable, 0.45 µm) 
attached for dissolved metals-in-water sampling. This 
same tubing is used for total metals-in-water samples 
without filter.  If an in-line pumping system is not used, 
an acid cleaned syringe and filter are packed. 

• Sample containers- polyethylene for total and dissolved 
samples and blanks; Glass or Teflon for total and 
dissolved mercury. 

• Acid preservation is performed in the laboratory. 
• Metals-free DI water (for blanks). 
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• Powder-free polyethylene gloves 
 

 
If a laboratory is not assembling collection kits, individuals 
should take care to keep containers in the original packaging.  
When removed from the box, sample containers are placed in 
plastic bags (ziplock bags).  Although filters come individually 
wrapped, they should also be stored in new ziplock bags to 
avoid possible contamination. 
 
The filtering equipment is pre-cleaned according to laboratory 
protocol. Clean tubing is put into clean containers, such as 
large ziplock bags. Metals-free filter cartridges with the 
capacity to filter several liters are commercially available. 
Equipment blanks are run at the laboratory on batches of 
metals-in-water sampling equipment prior to their distribution 
to field staff. One to two liter containers with metals-free 
deionized water are taken into the field for travel blanks. 
Metals-free deionized water is supplied by the laboratory 
performing metals analysis. The deionized water containers are 
kept clean and dust-free on the outside by wrapping in two 
plastic bags. 

 
 
Dissolved and Total Metals-in-Water: Detailed Collection Techniques 
 

 Sub-Surface Grab Method 
 Syringe Filtration Method (for sub- surface collection) 
 Peristaltic Pumping Method (Using Tubing/In-line Cartridge Filters)for sub- surface 

collection or for depth-integrated collection 
 

Metals-in-water 
Sample Collection: 
 
Sub-Surface Grab 
Method 
 
 
 
 
 
 
 

Unfiltered Samples (for total metals analysis, if requested, 
and for mercury almost always, unless otherwise 
requested):  Some samples can be sampled directly from the 
ambient water either by wading into the stream and dipping 
bottles under the surface of the water until filled, or by 
sampling from a boat and dipping the bottle under the surface 
of the water until it is filled. The bottles are cleaned according 
to laboratory protocol.  It is very critical that all the acid is 
rinsed out of the bottles before the samples are taken.  
Personnel involved in field sample collection/processing wear 
polyethylene gloves.  The laboratory pre-cleaned glass or 
Teflon™ 250 mL (for mercury) or polyethylene 60 mL (for 
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metals) sample bottles are taken from the double-wrapped 
plastic bags using “Clean Hands/Dirty Hands” techniques.  
The dirty hands person opens the first bag, and the clean hands 
person opens the inner bag around the bottle. The clean hands 
person then removes the bottle from the inner bag. The clean 
hands person dips the bottle into the ambient water, with the 
cap on, to approximately 0.1 m (avoiding disturbing surface 
scums), placing the cap back on the bottle before being 
removed from the water, rinses the bottle five times with 
ambient water, making sure the threads of the bottle get rinsed 
as well, and fills the bottle to the top.  The lid is secured and 
the bottle is put back into the inner clean bag and sealed by the 
clean collector.  The dirty hands collector then seals the outer 
bag. 

Metals-in-water 
Sample Collection: 
 
Syringe Filtration 
Method (for sub-
surface collection) 

Filtered Samples (for dissolved metals analyses): Sub- 
surface water samples are filtered for dissolved trace metals 
analysis (not for mercury, however, in almost all cases) using 
the following syringe filtration method. 
 
The syringe (60 cc size, pre-cleaned in the laboratory) and in-
line filter are pre-packed in two ziplock bags.  The syringe and 
filter are taken out of the bags using “Clean Hands/Dirty 
Hands” technique, as previously described. The sub-surface 
water sample is collected by 1) wading out into the centroid 
portion of the stream, or by leaning over the edge of the boat, 
and aspirating water into the syringe, filling and rinsing the 
syringe five times with ambient water; 2) attaching the filter 
onto the syringe and filling the syringe body; 3) rinsing the 
filter with a few milliliters of the sample; 4) rinsing the sample 
bottle five times with the filtered ambient water; and 5) 
extruding the sample through the syringe filter and completely 
filling each bottle. The bottles are taken out of and put back 
into their bags using “Clean Hands/Dirty Hands”. 

 Metals-in-water 
Sample Collection-- 
 
Peristaltic Pump 

The basic “Clean Hands/Dirty Hands” technique is also 
applied in the use of a peristaltic pump with an in-line filter 
cartridge for metals-in-water sample collection. Dirty Hands 
removes the plastic cover from the end of the pump tubing and 
inserts the tubing into the sampling container. Dirty Hands 
holds the tubing in place.  The in-line cartridge filter is 
attached to the outlet end of the tubing. 
 
Clean Hands takes the plastic cover off the other end of the 
tubing. Dirty Hands turns on the pump and flushes l L of 
ambient water through the tubing to purge it for dissolved 
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metals.  
 
Clean Hands removes the cap from the sample bottle and uses 
the pump to fill it with ambient water. Clean Hands puts the 
cap back on the bottle and places it in the plastic bag. 

 
Metals-in-water 
Sample Collection: 
 
Depth-Integrated 
Sampling, using In-
line Cartridge Filter 
and Peristaltic Pump 

 
Preparation for Depth-integrated sample collection:  
Depth-integrated sampling is useful when lakes or rivers are 
stratified, and a representative sample is wanted that 
represents the entire water column to the extent possible.  The 
method utilized to date for SWAMP involves a peristaltic 
pump system with enough Teflon tubing to pump from the 
desired depth.  Regional Boards must request depth-integrated 
sampling. 
 
The tubing set consists of a small length of CFLEX tubing that 
fits in the peristaltic pump, with an appropriate length of 
Teflon tubing on the suction side of the pump and a 3-ft 
section of Teflon tubing on the discharge side of the pump. 
 
The tubing set is pre-cleaned in 10% reagent grade HCL at the 
laboratory, and to date in SWAMP, a new pre-cleaned tubing 
set is used for each site.  However, the same peristaltic tubing 
set can be used at multiple sites, as long as it has been cleaned 
in the field between stations, according to protocol as outlined 
below.  If this is to be done, however, and Dissolved or Total 
Organic Carbon samples are collected, equipment blanks 
should be collected at each site until it is determined that the 
blanks are acceptably low. 
 
The field cleaning procedure for tubing that is to be re-used is: 

• Pump phosphate free detergent through tubing. 
• Pump 10% HCL through tubing. 
• Pump methanol through tubing. 
• Pump 1 l of blank water (Milli-Q) through.  

 
All reagents must be collected in appropriate hazardous waste 
containers (separated by chemical), and transport, as well as 
disposal, must follow appropriate local, state, and federal 
regulations. 
 
If a field blank is needed, collect it after the 1 L of blank water 
is pumped through.  Pump the amount of ambient water 
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equivalent to 3 times the volume of the tubing before sampling 
the next site. 
 
Filtered and Unfiltered Samples, Depth-integrated: 
It is recommended to attach the tubing to a line with depth 
measurement markers (preferably in meters). At the end of this 
line should be a trace metal-safe weight, which hangs about 
one meter below the tubing end, avoiding any sediment intake 
from the bottom of the water column with the pump tubing. 
 
At the site, Dirty Hands sets up the pump, while Clean Hands 
takes a bottle from the plastic bag and places it in a container 
holder or on a clean surface. A container holder can be 
anything trace metal clean that supports the bottle, freeing up 
the collector’s hands. Clean Hands takes the outlet-end of the 
tubing (with the in-line filter cartridge attached) out of the bag, 
and places it in the peristaltic pump head. The outlet end is 
long enough to allow easy bottle filling; the other end is long 
enough to easily reach beneath the water surface and to the 
desired depth. Dirty Hands closes the pump head, locking the 
tubing in place.  
 
Make sure that all bottles are filled with a depth-integrated 
water sample.  This can be accomplished by dividing the total 
vertical length of the water column into 2 to 10 equal 
intervals, and sampling each interval equally, filling the 
bottles at each depth proportional to the number of intervals 
sampled.  For example, if 10 intervals are sampled, every 
bottle is filled 1/10th full at each depth sampled. A very 
common method of dividing the water column is by first 
determining the depth of the thermocline. Samples are taken at 
the midpoint between the surface and the thermocline, at the 
midpoint between the top of the thermocline and the bottom of 
thermocline, and at the midpoint between the bottom of the 
thermocline and just above the bottom of the water column. 
For these methods, all containers have to be filled at the same 
time. Note the number of intervals sampled on the data sheet. 
  
When filling bottles, Clean Hands immerses the intake tube 
directly into the water at the appropriate depth, and Dirty 
Hands operates the pump to flush the tubing with a minimum 
of 1L of ambient water through the tubing and filter. 
 
Clean Hands removes the cap from the sample bottle, holds 
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the tubing outlet with the in-line filter cartridge over the 
container opening (without touching the container), and allows 
the container to fill.  The container is filled and rinsed five 
times with ambient water, and is then filled to the top for the 
actual sample. Clean Hands puts the cap back on the bottle, 
and places the bottle back it in the plastic bag. Whenever 
Clean Hands touches the boat or equipment, which may be 
contaminated, gloves should be changed immediately. 
 
(Note for Unfiltered samples:  If an unfiltered sample is 
required for total metals, total mercury, conventional 
constituents, toxicity, or synthetic organics, the same 
procedure is used as described above, except the filter is 
detached from the end of the tubing before filling the bottles.)  
 
When sampling is finished, the tubing is brought to the 
surface, clean water (Milli-Q or deionized) is pumped through 
system, and the tubing is stored in a polyethylene bag. 
 
The tubing set can be used at multiple sites, as long as it has 
been cleaned in the field between stations (see field cleaning 
procedure above).  However, if Dissolved or Total Organic 
Carbon samples (in water) are collected, equipment blanks 
should be collected at enough sites until it is determined the 
blanks are appropriate. 

Metals-in-water 
Sample Collection:  
 
Composite Bottle 

Collecting the Sample: 
 
The sample collection methodologies are identical to those 
described above except the sample is collected first into a 
composite bottle(s).   The sample is collected in an amber 
glass 4-L bottle for mercury and methyl mercury, and a 4-L 
polyethylene bottle for other trace metals. The compositing 
bottle is cleaned according to SWAMP SOP.SC.G.1.  It is very 
critical that all the acid is rinsed out of the bottle and that the 
bottle is rinsed with sample water (five times) before the 
sample is taken.  The sample is collected by the grab or 
pumping method after being rinsed five times with ambient 
water and is brought inside the water quality vehicle or 
sampling box for processing. Personnel involved in sample 
processing don polyethylene gloves.  During sampling the 
dirty hands person opens the bag holding the composite bottle 
and opens the outer plastic bag.  The clean hands person opens 
the inner plastic bag, removes the bottle and holds the bottle 
while the Dirty Hands sampler controls the flow of water 
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through the pump into the bottle.   
 
Preparing sample aliquots from a composite bottle into 
smaller sample bottles using an inline pump and filter:  
 
The dirty hands person opens the first bag, and the clean hands 
person opens the inner bag around the composite bottle. The 
clean hands person then removes the bottle from the inner bag 
and places the bags and the bottle in a designated clean place. 
 
This process is repeated until all sample bottles are lined up on 
the clean bench with their tops still on. 
   
The top of the bottles are loosened so that they fit very loosely 
on top of the bottles so the clean hands person can remove the 
caps and pour or pump water into the bottles easier.   
 
The clean hands person shakes the 4-L sample in a steady and 
slow up and down motion for two full minutes.  
 
Samples that are not to be filtered (including TSS/SSC) are 
subsampled out of the bottle by pouring out of the large 
compositing bottle into the sample bottles.  The compositing 
bottle is shaken for 15 s between these subsamples.   
 
Each sample bottle is rinsed five times with ambient water 
before filling. 
 
For the clean pumping system setup procedure, see above. 
 
(The equipment or field blank is processed exactly like a 
sample following the same steps.)  
 
The clean end of the tubing used for suction is placed into 1 L 
bottle.  Approximately 750 mL of Milli-Q are then pumped 
through the system to purge any residual contamination.   
 
The 250-mL sample bottles are then filled to the neck and 
capped as soon as possible.  
 
Note:  if volatile organics are to be collected they should be 
pumped directly into the sample containers before the 
compositing procedure. 
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Metals-in-water: 
 
Short-term Sample 
Preservation  

After collecting the sample, the double-bagged container is 
placed in another plastic bag for shipping, and placed on ice in 
the ice chest, cooled to 4 °C. This is to prevent possible 
contamination from other samples in the ice chest. Metals-in-
water samples are acid-preserved in the lab. 

Metals-in-water: 
 
Sample Container 
Label  

Label each outer sample-bag with the station ID, sample code, 
matrix type, analysis type, project ID, and date and time of 
collection. 
 

Metals-in-water: 
 
Field Equipment 
Blank 
 
 

Pumping Method.  If required, field blanks are collected at 
the last site of a sampling trip, with the same tube and filter 
used to collect the last dissolved metals-in-water sample of the 
day (before the ambient sample is collected); and with the tube 
used for the last total metals-in-water sample of the day. If 
each sample is taken using a new set of tubing, a separate 
tubing-set should be used for the blank. 
 
The same Clean Hands/Dirty Hands collection techniques are 
followed for the field blank as the samples, pumping trace 
metal-free water from a clean container supplied by the 
laboratory. 
 
Syringe Method.  If required, field blanks are collected in 
much the same way as in the pumping method.  “Clean Hands/ 
Dirty Hands” techniques are used.  The syringe is taken out of 
the double bags, deionized water is aspirated into the syringe, 
syringe is rinsed five times with ambient water, the filter is 
attached, and the blank water is extruded into a sample bottle.  
A minimum of one blank per trip is taken, if required. 
 
Grab Method. Bottles full of deionized water or Milli-Q are 
opened at the site for the same length of time the sample 
bottles are open.  

 
COMPANION SAMPLES FOR METALS-IN-WATER 
 
A hardness analysis should be requested by the Regional Water Control Board whenever metals-
in-water are to be analyzed from an inland (freshwater) site.  Estuarine/marine sites do not 
require hardness analysis. 
If a total metals sample is collected, it is recommended to submit a sample for total suspended 
solids/suspended sediment concentration (TSS/SSC) in a companion sample for "conventionals 
in water".  
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Hexavalent Chromium 
 
Very rarely, a request may be made for conducting hexavalent chromium analysis in water 
samples.  Acidification alters the hexavalent form of chromium. A separate (un-acidified) sample 
must be submitted if hexavalent chromium is to be analyzed. Filter and submit a minimum of 
500 mL water. The sample is collected in a DI-water-rinsed plastic or glass container, placed on 
ice, and shipped to the lab in time for analysis to begin within 24 h of collection. The lab must be 
notified when a hexavalent chromium sample will arrive. Hexavalent chromium is not usually 
analyzed on unfiltered samples. 
 
 
FIELD QC SAMPLE COLLECTION REQUIREMENTS FOR METALS-IN-WATER 
 
In order to assess contamination, "blanks" are submitted for analysis. Special projects may have 
other requirements for blanks. The same group of metals requested for the ambient samples are 
requested for the blank(s). Run a blank for each type of metal sample collected. Blanks results 
are evaluated (as soon as available) along with the ambient sample results to determine if there 
was contamination or not. See Appendix C of the QAMP for MQO’s regarding frequency and 
types of field QC samples. 
 

Field Equipment 
Blank (Ambient 
Blank) 

Submit an equal volume (equal to the ambient sample) of 
metals-free deionized water that has been treated exactly as 
the sample at the same location and during the same time 
period. Use the same methods as described above (Grab 
sample, pumping method, syringe method).  At least one 
ambient blank per field trip is required each for trace metal 
and Mercury samples in water. If contamination is detected in 
field equipment blanks, blanks are required for every metals-
in-water sample until the problem is resolved. 
 

Laboratory 
Equipment 
Blank 
 
 
  

Laboratory Equipment Blanks for pumping and sampling 
equipment (Metals-in-Water Sample Collection Kits and 
Syringe Filtration Kits) are run by the laboratory that cleans 
and distributes the collection materials. It documents that the 
materials provided by the laboratory are free of contamination. 
When each batch of tubes, filters, bottles, acid and deionized 
water are prepared for a sampling trip, about five percent of 
the Mercury sampling materials are chosen for QC checks. 
Trace metal equipment needs to be subjected to an initial 
blank testing series. If these blanks are acceptable only 
occasional re-testing is required for TM equipment. The QC 
checks are accomplished by analyzing metals-free water 
which has been pumped through the filter and tube; collected 
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in a sample container; and preserved. 
 

Field Duplicates  Five percent Field Duplicates are submitted every year.  (If 
less than 20 samples are collected during an event, submit one 
set of duplicates per event.) 
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Collection of Water Samples for Analysis of Synthetic Organic 
Compounds 
 
Collect organic samples at a depth of 0.1 m by submerging the sample container by hand. If 
depth-integrated sampling is required, use the in-line peristaltic pump methodology described 
previously. Since organic compounds tend to concentrate on the surface of the sampling device 
or container, the sampling device and sample container are not to be rinsed with ambient water 
before being filled. 
 
Sample Containers and Collection 
Also refer to Appendix C of the SWAMP QAMP for a list of sample volumes and containers. 
 
 

Pesticides/  
Herbicides 

The sample container for pesticides and herbicides is a new, 
clean, unused amber glass jar with a Teflon-liner inside the 
cap. Collect one liter of water for each of the three sample 
types (Organophosphorus Pesticides, Organochlorine 
Pesticides and Chlorinated Herbicides). EACH ANALYSIS 
TYPE REQUIRES A SEPARATE JAR. Minimize the air 
space in the top of the jar. Preserve immediately after 
collection by placing on ice out of the sunlight. 

Semi-volatile 
Organics  

The sample container for semi-volatile organics must also be 
new, clean, unused amber glass bottles with a Teflon-liner 
inside the cap, and pre-rinsed with pesticide-grade hexane, 
acetone, or methylene chloride. Fill jars to the top and place 
on ice in the dark. In addition to other sample information, 
label the jar Semi-volatiles. 

Volatile Organics:  
 
Volatile Organic 
Carbon (VOC), 
Methyl-Tert Butyl 
Ether (MTBE) and 
(BTEX) 

The sample containers for volatiles are VOA vials. Fill the 40-
mL VOA vials to the top and cap without trapping any air 
bubbles. If possible, collect directly from the water, keeping 
the vial under water during the entire collection process. To 
keep the vial full while reducing the chance for air bubbles, 
cap the vials under the water surface. Fill one vial at a time 
and preserve on ice. The vials are submitted as a set.  
 
If the vial has been pre-acidified for preservation, fill the vial 
quickly, without shaking using a separate clean glass jar. Fill 
the vial till the surface tension builds a meniscus, which 
extends over the top end of the vial, then cap tightly and check 
for bubbles by turning the vial on its head. 
 
Ensure that the pH is less than 2.  If the water may be alkaline 
or have a significant buffering capacity, or if there is concern 
that pre-acidified samples may have the acid wash out, take a 
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few practice vials to test with pH paper.  It may take more than 
two drops, and it will then be known how to preserve the other 
samples that are being submitted to the lab.  If an alternative 
method has proven successful, continue with that method.   
 
Note: If vigorous foaming is observed following acidification, 
discard that sample and collect another set. Do not acidify the 
second set.  Mark the sample clearly “not acidified” and the 
lab will run them immediately.  Holding time is 14 days with 
acid, 24 h without acid. 
 
Collect three VOA vials, if VOC, MTBE and BTEX are 
required, two vials, if only VOC is required and two vials, if 
only MTBE and BTEX are require. The vials may be taped 
together to keep them together. 
 

Perchlorate Surface water samples for perchlorate should be collected in a 
new unused polyethylene or glass container.  Perchlorate 
samples should be placed immediately on ice to maintain 
temperature at 4 oC.  The sample holding time is 28 days, 
under refrigeration. 

Sample Treatment 
in Presence of 
Chlorine 

(NOTE:  This treatment has not been performed in SWAMP, 
but may be in the future, or if a known or suspected chlorine 
residual is suspected and this information is made known by a 
Regional Board SWAMP contact beforehand.) 
 
If in stream chlorine residual is suspected, measure the 
chlorine residual using a separate water subsample. Free 
chlorine will oxidize organic compounds in the water sample 
even after it is collected. If chlorine residual is above a 
detectable level, (i.e., the pink color is observed upon adding 
the reagents) immediately add 100 mg of sodium thiosulfate to 
the pesticides, herbicides, semivolatiles and VOA samples; 
invert until sodium thiosulfate is dissolved. Record the 
chlorine residual concentration in field logbook. If chlorine 
residual is below detectable levels, no further sample 
treatment necessary.  

VOA Trip Blank Submit one Trip Blank for VOA samples (2- 40 mL VOA 
vials) for each sampling event. Trip Blanks are prepared in 
advance just before the sampling trip and transported to the 
field. Ask the laboratory for DI water and specify that it is for 
a VOA trip blank. VOA blanks require special purged water. 
Trip blanks demonstrate that the containers and sample 
handling did not introduce contamination. The trip blank vials 
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are never opened during the trip. 
Field QC Samples If required, field Duplicates and field blanks are submitted at a 

rate subject to the discretion of the project manager. Refer to 
Appendix C of the SWAMP QAMP for details on required 
blanks and duplicates. 
 

 
 
BACTERIA AND PATHOGENS IN WATER SAMPLES 
 
Summary of Collection Procedure (Based on EPA water quality monitoring procedures) 
 
Make sure the containers are sterilized; either factory-sealed or labeled. 
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Whirl-pak® bags • Label the bottle as previously described for SWAMP.  
• Tear off the top of the bag along the perforation above 

the wire tab just prior to sampling. Avoid touching the 
inside of the bag. If you accidentally touch the inside of 
the bag, use another one. 

• If wading into the stream, try to disturb as little bottom 
sediment as possible. Be careful not to collect water 
that has sediment from bottom disturbance. Stand 
facing upstream. Collect the water sample on your 
upstream side, in front of you. You may also attach 
your bottle to an extension pole to sample from deeper 
water. 

• If taking sample from a boat, carefully reach over the 
side and collect the water sample on the upstream side 
of the boat. 

• Hold the two white pull-tabs in each hand and lower 
the bag into the water on your upstream side with the 
opening facing upstream. Open the bag midway 
between the surface and the bottom by pulling the 
white pull-tabs. The bag should begin to fill with water. 
You may need to "scoop" water into the bag by 
drawing it through the water upstream and away from 
you. Fill the bag no more than 3/4 full. 

• Lift the bag out of the water. Pour out excess water. 
Pull on the wire tabs to close the bag. Continue holding 
the wire tabs and flip the bag over at least 4-5 times 
quickly to seal the bag. Don't try to squeeze the air out 
of the top of the bag. Fold the ends of the wire tabs 
together at the top of the bag, being careful not to 
puncture the bag. Twist them together, forming a loop. 

• If the samples are to be analyzed in the lab, place them 
in a cooler with ice or cold packs for transport to the 
lab. 

Screw cap containers • Label the bottle as previously described for SWAMP. 
• Remove the cap from the bottle just before sampling. 

Avoid touching the inside of the bottle or cap. If you 
accidentally touch the inside, use another bottle. 

• If wading into the stream, try to disturb as little bottom 
sediment as possible. Be careful not to collect water 
that has sediment from bottom disturbance. Stand 
facing upstream. Collect the water sample on your 
upstream side, in front of you. You may also attach 
your bottle to an extension pole to sample from deeper 
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water. 
• If taking sample from a boat, carefully reach over the 

side and collect the water sample on the upstream side 
of the boat. 

• Hold the bottle near its base and plunge it (opening 
downward) below the water surface. If you are using an 
extension pole, remove the cap, turn the bottle upside 
down, and plunge it into the water, facing upstream. 
Collect a water sample 2” beneath the surface. You can 
only use this method if the sample bottles do not 
contain sodium thiosulfate. 

• Turn the bottle underwater into the current and away 
from you. In slow moving stream reaches, push the 
bottle underneath the surface and away from you in an 
upstream direction. 

• Alternative sampling method: In case the sample bottle 
contains preservatives/chlorine removers (i.e. Sodium-
Thiosulfate), it cannot be plunged opening down. In 
this case hold the bottle upright under the surface while 
it is still capped. Open the lid carefully just a little to 
let water run in. Fill the bottle to the fill mark and 
screw the lid tight while the bottle is still underneath 
the surface. 

• Leave a 1-in. air space so that the sample can be 
shaken just before analysis. Recap the bottle carefully, 
remembering not to touch the inside. 

• If the samples are to be analyzed in the lab, place them 
in a cooler with ice or cold packs for transport to the 
lab. 

 
 
 

Pouring from 
another clean bottle 

• Due to different sampling conditions (high turbidity, 
rough water etc.) it is sometimes easy to pour water from 
another clean bottle into the bacteria bottle. This helps to 
make sure that the sample water is only being filled to the 
desired line and no overfilling occurs. 
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TOXICITY IN WATER  
  

Sample Collection Using the standard grab sample collection method described 
previously for water samples, fill (for typical suite of water 
toxicity tests conducted) the required amount of 2.25-L amber 
glass bottles with water, put on ice, and cool to 4 °C. Label the 
containers as described above and notify the laboratory of the 
impending sample delivery, since there is a 48-hr maximum 
sample hold time. Sample collection must be coordinated with 
the laboratory to guarantee appropriate scheduling. 
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Summary of Sample Container, Volume, Initial Preservation, and Holding Time Recommendations for Water 

Samples 
 

 
 
 
Parameters for Analysis in 
WATER Samples 

 
Recommended  
Containers (all 
containers pre-
cleaned) 

 
 
Typical 
Sample 
Volume (mL)

 
 
 
Initial Field 
Preservation 

 
 
Maximum Holding 
Time (analysis must 
start by end of max) 
 

 
Conventional Constituents in Water 

 
 
Alkalinity 

 
Polyethylene bottles (see 
NOTE(1) below) 

 
100 mL 

 
Cool to 4°C, dark 

 
14 days at 4°C, dark 

 
Chloride (Cl), Sulfate (SO4) and 
Fluoride (F) 
 

 
Polyethylene bottles (see 
NOTE(1) below) 

 
300 mL 

 
Cool to 4°C, dark  

 
28 days at 4°C, dark 

 
Ortho-phosphate (OPO4) 
 

 
Polyethylene bottles (see 
NOTE(1) below) 

 
150 mL 

 
Cool to 4°C, dark 

 
48 h at 4°C, dark  

 
Nitrate + Nitrite (00630)  
(NO3 + NO2) 
 

 
Polyethylene bottles (see 
NOTE(1) below) 

 
150 mL 

 
Cool to 4°C, dark 

 
48 h at 4°C, dark 

 
Total Keldjahl Nitrogen (TKN) 

 
Polyethylene bottles (see 
NOTE(1) below) 

 
600 mL 

 
Cool to 4°C, dark 

Recommend: 7 days 
Maximum: 28 days 
Either one at 4°C, dark 

 
Total Dissolved Solids (TDS) 
 

 
Polyethylene bottles (see 
NOTE(1) below) 

 
1000 mL 

 
Cool to 4°C, dark 

 
7 days at 4°C, dark 

 
Ammonia (NH3) 
 

 
Polyethylene bottles (see 
NOTE(1) below) 

 
500 mL 

 
Cool to 4°C, dark 

 
48 h at 4C dark; if acidify, 28 
days at 4°C, dark 

 
Total Phosphorus (TPO4) 
 

 
Polyethylene bottles (see 
NOTE(1) below) 

 
300 mL 

 
Cool to 4°C, dark 

 
28 days at 4°C, dark 

(1)NOTE: 
The volume of water necessary to collect in order to analyze for the above constituents is typically combined in four 1-L polyethylene bottles, 
which also allows enough volume for possible re-analysis and for conducting lab spike duplicates.  This is  
possible since the same laboratory is conducting all of the above analyses; otherwise, individual volumes apply. 
 
Total Organic Carbon (TOC), 
Dissolved Organic Carbon (DOC) 
 

 
125 mL amber glass vial 
 
250 ml amber for TOC/DOC 

 
125 mL for TOC 
only 
250  mL for 
TOC/DOC 

 
Cool to 4°C, dark 
 
Cool to 4°C, dark 

 
28 days at 4°C, dark 
 
28 days at 4°C, dark 

 
Total Suspended Solids (TSS) 

 
250 mL plastic bottle 

 
250 mL  
 

 
Cool to 4°C, dark 

 
7 days at 4°C, dark 

 
Suspended Sediment 
Concentration (SSC) 
 

 
125 mL polyethylene bottle 

 
Up to 125ml 
depending on 
turbidity of water

 
Cool to 4°C, dark 

 
7 days at 4°C, dark 

Chlorophyll a 
Pheophytin a 
 

1-L amber polyethylene bottle 
 
Aluminum Foil, GFC Filters 

1000 mL 
(one bottle) 
 

Cool to 4°C, dark 
 
 

Keep at 4°C, dark, but must 
filter within 48 h. 
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Parameters for Analysis in 
WATER Samples 

 
Recommended  
Containers (all 
containers pre-
cleaned) 

 
 
Typical 
Sample 
Volume (mL)

 
 
 
Initial Field 
Preservation 

 
 
Maximum Holding 
Time (analysis must 
start by end of max) 
 

Chlorophyll a 
Pheophytin a 
 

20-420 mL Freeze, Dry ice Filters may be stored frozen up 
to 30 days. 
 
 
 
 

 

Non-Routine Compounds in Water Samples 
 

 
OIL AND GREASE 

 
1-L glass jar with Teflon lid-
liner, rinsed with hexane or 
methylene chloride 
 

 
1000 mL (one 
jar) 

 
Add 2 mL conc. H2SO4 to 
pH <2; cool to 4°C, dark. 

 
28 days at 4°C, dark 

 
PHENOLS 
 
 

 
1-L glass jar with Teflon lid-
liner 

 
1000 mL (one 
jar) 

 
Add 2 mL conc. H2SO4 to 
pH <2; cool to 4°C, dark. 

 
28 days at 4°C, dark 

 
CYANIDE 

 
1-L cubitainer 

 
1000 mL (one 
cubitainer) 

 
Add 2 mL 1:1 NaOH to 
make pH > 12; Add 0.6 g 
ascorbic acid if residual Cl 
present. Cool to 4°C, dark. 
 

 
14 days at 4°C, dark 

 
BIOCHEMICAL OXYGEN 
DEMAND (BOD) 
 
 

 
4-L cubitainer 

 
4000 mL (one 
cubitainer) 

 
Cool to 4°C, dark.  Add 1g 
FAS crystals per liter, if 
residual Cl present. 

 
48 h at 4°C, dark 

 
CHEMICAL OXYGEN DEMAND 
(COD) 

 
1-L cubitainer 

 
110 mL (one 
cubitainer) 

 
Add 2 mL conc. H2SO4 to 
make pH <2.  Cool to 4°C, 
dark. 
 

 
28 days at 4°C, dark 

 

Trace Metals in Water Samples 
 

 
DISSOLVED METALS  
(except Dissolved Mercury) 

 
60 mL polyethylene bottle, 
pre-cleaned in lab using HNO3 

 

 
60 mL (one 
bottle) 
 

 
Filter at sample site using 
0.45 micron in-line filter, or 
syringe filter.  Cool to 4°C, 
dark.  Acidify in lab, within 
48 hrs, using pre-acidified 
container (ultra-pure HNO3) 
for pH<2. 
 

 
Once sample is filtered and 
acidified, can store up to 6 
months at room temperature 

 
DISSOLVED MERCURY  

 
250 mL glass or Teflon bottle, 
pre-cleaned in lab using HNO3 

 
250 mL (one 
bottle) 

 
Cool to 4°C, dark. Filter in 
lab within 48 h, using bench 
top Hg filtration apparatus.  
Acidify in lab within 48 hrs, 
with pre-tested HCL to 

 
Once sample is filtered and 
acidified, can store up to 6 
months at room temperature 
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Parameters for Analysis in 
WATER Samples 

 
Recommended  
Containers (all 
containers pre-
cleaned) 

 
 
Typical 
Sample 
Volume (mL)

 
 
 
Initial Field 
Preservation 

 
 
Maximum Holding 
Time (analysis must 
start by end of max) 
 

0.5%. 

TOTAL METALS 
(except Total Mercury) 

60 mL polyethylene bottle, 
pre-cleaned in lab using HNO3 

 

60 mL (one 
bottle)  
 
 

Cool to 4°C, dark.  Acidify 
in lab within 48 hrs, with 
pre-acidified container 
(ultra-pure HNO3), for 
pH<2. 

Once sample is acidified, can 
store up to 6 months at room 
temperature 

 
TOTAL MERCURY 
 

 
250 mL glass or Teflon bottle, 
pre-cleaned in lab using HNO3 

 
250 mL (one 
bottle) 

 
Cool to 4°C, dark. Acidify 
in lab within 48 hrs, with 
pre-tested HCL to 0.5%. 

 
Once sample is acidified, can 
store up to 6 months at room 
temperature. 
 

 
HEXAVALENT CHROMIUM 
(filtered) 

 
600 mL plastic or glass bottle 
 

 
600 mL (one 
bottle) 

 
Cool to 4°C, dark 
No acid 

 
Keep at 4°C, dark for up to 24 
h; must notify lab in advance. 

 
HARDNESS  

 
200 mL polyethylene or glass 
bottle 

 
200 mL (one 
bottle) 

 
Cool to 4°C, dark 
 
OR 
 
Filter and add 2 mL conc. 
H2SO4 or HNO3  to pH < 2; 
Cool to 4°C, dark. 

 
48 h at 4°C, dark 
 
 
 
6 months at 4°C, dark 
 

 

Synthetic Organic Compounds in Water Samples 
 

 
VOLATILE ORGANIC 
ANALYTES (VOA's) including 
VOC, MTBE and BTEX 

 
40 mL VOA vials 

 
120 mL (three 
VOA vials) 

 
All vials are pre-acidified 
(50% HCl or H2SO4) at lab 
before sampling.  Cool to 
4°C, dark 

 
14 days at 4°C, dark 

 
PESTICIDES & HERBICIDES* 
�Organophosphate Pesticides 
�Organochlorine Pesticides 
�Chlorinated Herbicides 
 
SEMI-VOLATILE ORGANICS* 
 
POLYCHLORINATED* 
BIPHEYNYL AND AROCHLOR 
COMPOUNDS 
 
TPH, PAH, PCP/TCP* 

 
1-L  I-Chem 200-series amber 
glass bottle, with Teflon lid-
liner (per each sample type) 
 
 
 
 

 
1000 mL (one 
container) 
 
*Each sample 
type requires 
1000 mL in a 
separate 
container 
 

 
Cool to 4°C, dark 
 
If chlorine is present, add 
0.1g sodium thiosulfate  
 
 
 

 
Keep at 4°C, dark, up to 7 
days.  Extraction must be 
performed within the 7 days; 
analysis must be conducted 
within 40 days. 
 
 
 
 
 
 

 

Toxicity Testing Water Samples 
 

 
TOXICITY IN WATER 

 
Four 2.25 L amber glass 
bottles  

 
9000 mL 

 
Cool to 4°C, dark 

 
48 hrs at 4°C, dark 
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Parameters for Analysis in 
WATER Samples 

 
Recommended  
Containers (all 
containers pre-
cleaned) 

 
 
Typical 
Sample 
Volume (mL)

 
 
 
Initial Field 
Preservation 

 
 
Maximum Holding 
Time (analysis must 
start by end of max) 
 

 
Bacteria and Pathogens in Water Samples 

 

E. Coli 
 

Factory-sealed, pre-sterilized, 
disposable Whirl-pak® bags 
or 125 mL sterile plastic (high 
density polyethylene or 
polypropylene) container 
 

100 mL volume 
sufficient for 
both E. coli and 
Enterococcus 
analyses 

Sodium thiosulfate is pre-
added to the containers in 
the laboratory (chlorine 
elimination).  Cool to 4°C; 
dark. 

STAT: 6 h at 4°C, dark if data 
for regulatory purposes; 
otherwise, 24 hrs at 4C, dark if 
non-regulatory purpose. 

 
Enterococcus 
 

 
Factory-sealed, pre-sterilized, 
disposable Whirl-pak® bags 
or 125 mL sterile plastic (high 
density polyethylene or 
polypropylene) container 
 

 
100 mL volume 
sufficient for 
both E. coli and 
Enterococcus 
analyses 

 
Sodium thiosulfate is pre-
added to the containers in 
the laboratory (chlorine 
elimination).  Cool to 4°C; 
dark. 

 
STAT: 6 h at 4°C, dark if data 
for regulatory purposes; 
otherwise, 24 hrs at 4C, dark if 
non-regulatory purpose. 

 
FECAL COLIFORM 
 

 
Factory-sealed, pre-sterilized, 
disposable Whirl-pak® bags 
or 125 mL sterile plastic (high 
density polyethylene or 
polypropylene) container 
 

 
100 mL volume 
sufficient for 
both fecal and 
total coliform 
analyses 

 
Sodium thiosulfate is pre-
added to the containers in 
the laboratory (chlorine 
elimination).  Cool to 4°C; 
dark. 

 
STAT: 6 h at 4°C, dark if data 
for regulatory purposes; 
otherwise, 24 hrs at 4C, dark if 
non-regulatory purpose. 

 
TOTAL COLIFORM 
 

 
Factory-sealed, pre-sterilized, 
disposable Whirl-pak® bags 
or 125 mL sterile plastic (high 
density polyethylene or 
polypropylene) container 
 

 
100 mL volume 
sufficient for 
both fecal and 
total coliform 
analyses 

 
Sodium thiosulfate is pre-
added to the containers in 
the laboratory (chlorine 
elimination).  Cool to 4°C; 
dark. 

 
STAT: 6 h at 4°C, dark if data 
for regulatory purposes; 
otherwise, 24 hrs at 4C, dark if 
non-regulatory purpose. 
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Field Collection Procedures for Bed Sediment Samples 
 
Bed sediment (hereafter termed "sediment") samples are collected after any water samples are 
collected where water and sediment are taken in the same reach. Care must be taken not to 
sample sediments that have been walked on or disturbed in any manner by field personnel 
collecting water samples.  Sediment samples are collected into a composite jar, where they are 
thoroughly homogenized in the field, and then aliquoted into separate jars for chemical or 
toxicological analysis. Sediment samples for metals and organics are submitted to the respective 
analytical laboratories in separate glass jars, which have been pre-cleaned according to 
laboratory protocol. 
 
Sediment chemistry samples give information regarding both trends in contaminant loading and 
the potential for adverse effects on sediment and aquatic biota.  In order to compare samples over 
time and from site to site, they must be collected in a consistent manner.  If a suitable site for 
collecting sediments cannot be found at a station, sampling personnel should not collect the 
sediment sample, and should instead attempt to reschedule the sample collection.  If this is not 
possible, make a note so that the missing sample is accounted for in the reconciliation of 
monitoring events during preparation of sample collection "cruise reports". Sites that are 
routinely difficult to collect should be considered for elimination or relocation from the sample 
schedule, if appropriate. 
 

Characteristics 
of Ideal Sediment 
Material to 
be Collected 

Many of the chemical constituents of concern are adsorbed onto 
fine particles.  One of the major objectives in selecting a sample 
site, and in actually collecting the sample while on site, is to 
obtain recently deposited fine sediment, to the extent possible.  
Avoid hard clay, bank deposits, gravel, disturbed and/or filled 
areas.  Any sediment that resists being scooped by a dredge is 
probably not recently deposited fine sediment material.  In 
following this guidance, the collection of sediment is 
purposefully being biased for fine materials, which must be 
discussed thoroughly in any subsequent interpretive reporting of 
the data, in regards to representation of the collected sample to 
the environment from which it was collected. 
 

Characteristics 
of an Ideal Site 

Quiescent areas are conducive to the settling of finer materials 
(EPA/USACOE, 1981). 
 
Choose a sampling site with lower hydrologic energy, such as the 
inner (depositional) side of bends or eddies where the water 
movement may be slower. Reservoirs and estuaries are generally 
depositional environments, also. 
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Selecting the 
Appropriate 
Sediment Type  
for Analysis  

Sediment will vary from site to site and can vary between sample 
events at a particular site.  
 
Streams and Rivers: Sediment collection in flowing streams is 
often a challenge. In areas of frequent scouring there may not be 
sufficient sediment for collection during or following periods of 
high flow. Sediment collection during these times may prove 
unsuccessful and may have to be rescheduled or cancelled.  
 
When the suspended load in rivers and streams precipitates due to 
reduction of velocity, most of the resulting sediment will be fine- 
grained.   More often than not, a dredge or mechanical grab 
device does not function well for collection of sediment in 
smaller streams. In many cases, sediment will have to be 
collected using a pre-cleaned polyethylene scoop.  Collect the top 
2 cm for analysis. Five or more (depending on the volume of 
sediment needed for conducting analyses) fine-sediment sub-sites 
within a 100-m reach are sampled into the composite jar. 
 
Reservoirs and Estuaries: Collect the top 2 cm for analysis. 
Five or more grabs are composited for the sediment sample, 
depending on the volume of sediment needed for conducting 
analyses. 
 

 
GENERAL PROCEDURE FOR COLLECTION OF BED SEDIMENT 

 
After choosing an appropriate site, and identifying appropriate fine-grained sediment areas 
within the general reach, collect the sample using one or more of the following procedures, 
depending on the setting: 

A.  Sediment Scoop Method—Primary Method for Wadeable, Shallow Streams 
 

• The goal is to collect the top 2 cm of recently-deposited fine sediment only. 
• Wear gloves and protective gear, in areas of potential exposure hazards, per appropriate 

protocol (make sure gloves are long enough to prevent water from overflowing gloves 
while submerging scoop). 

• Survey the sampling area for appropriate fine-sediment depositional areas before 
stepping into the stream, to avoid disturbing possible sediment collection sub-sites. 

• Carefully enter the stream and start sampling at the closest appropriate reach, then 
continue sampling UPSTREAM. Never advance downstream, as this could lead to 
sampling disturbed sediment. 

• Stir, do not shake, collected sediment with a polyethylene scoop for at least 5 min making 
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sure all sediment is completely homogenized.  
• Quickly scoop sediment out of the homogenizing jar into desired sampling jars making 

sure to stir the sediment in the homogenizing jar in between each aliquot. 
• Inspect each individual sediment jar making sure of consistent grain size throughout the 

entire sample collection. 
• Single bag all sediment containers to prevent cross contamination. 
• Make sure all containers are capped tightly and stored in a cooler on cube ice at 4 °C. 
• Check cooler temperature and record in log book every 8-12 h or whenever sampler 

suspects that the temperature has not been maintained at 4 °C. 
 

B.  Hand Core Method-Alternate method for wadeable shallow streams with 
fine sediment 

 
• A hand core is used in wadeable streams where there is very fine sediment. 
• The hand core sampler consists of a 3-in. diameter polycarbonate core that is 8 inches 

long. Samplers push the core into the sediment to the desired depth, pull the core out of 
the sediment, and cap the bottom with a polyethylene core cap or by placing their hand 
underneath the cap to hold the sediment in place. 

• Hand cores are usually measured and marked at 2 cm length so the sampler knows how 
far to deploy the core into the sediment.  

• Sediment is then emptied into a homogenizing jug and aliquoted accordingly.  
 
C.  Sediment Grab Method—Primarily for Lake, River, Bridge, and Estuarine 

Settings (or deeper streams) 
      
Description of sediment grab equipment: 

• A mechanical sediment grab is used for the SWAMP bed sediment collection field effort 
for lake, river, bridge, and estuarine/coastal settings (or deeper, non-wadeable streams). 

• The mechanical grab is a stainless steel “Young-modified Van Veen Grab", and is 0.5 m2 
in size. 

• The mechanical grab is deployed primarily from a boat, and is used in deeper, non-
wadeable waters, such as lakes, rivers, estuaries, and coastal areas. 

• It is also deployed by field personnel from land in settings which allow its use:  primarily 
from bridges; from smaller vessels in streams or drainage channels too deep or steep to 
wade into, but too shallow for a larger boat.   

 
Deploying and retrieving the grab: 

• Slowly lower the grab to the bottom with a minimum of substrate disturbance. 
• Retrieve the closed dredge at a moderate speed (e.g., less than two feet per second). 
• Upon retrieval, open the lids of the sediment grab, examine the sample to ensure that the 

sediment surface is undisturbed and that the grab sample should not be rejected. 
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Rejection Criteria—reject the sample if the following are not met: 
• Mud surface must not be pressing out of the top of the sampler.  If it is, lower the grab more 

slowly. 
• Overlying water must not be leaking out along the sides of the sediment in the grab. This 

ensures the surficial sediment is not washed out. 
• Sediment surface is flat and level in the sampler. If it is not level, the grab has tilted over 

before closing. 
  

Processing the sediment sample from the grab equipment: 
• The water overlying the sediment in the grab is very gently decanted by slightly tipping 

the grab with the lid closed until the water runs out the top. 
• The decanting process should remove all of the overlying water but not remove the 

surficial sediments. The laboratory reports percent water for the sample, so overlying 
water is not included in the sample container. 

• The sediment is examined for depth of penetration, color and thickness of top aerobic 
zone, and texture. These observations are recorded in the logbook. 

• Collect the top 2 cm from at least five sub samples, and otherwise, exclude the bottom-
most layer and composite. 

• In streams or other settings with excessive bottom debris (e.g., rocks, sticks, leaves) 
where the use of a grab is determined to be ineffective (e.g., dredge does not close, 
causing loss of sediment), samples may be collected by hand using a clean plastic scoop, 
or by a variety of coring methods, if appropriate for the situation. 

• Sediment is handled as described below in the metals and organic sections. 
 
Cleaning the Grab Equipment and Protection from Potential Contaminating Sources: 

• The sediment sampler will be cleaned prior to sampling EACH site by: rinsing all 
surfaces with ambient water, scrubbing all sediment sample contact surfaces with 
Micro™ or equivalent detergent, rinsing all surfaces with ambient water, rinsing 
sediment sample contact surfaces with 5% HCl,  and rinsing all sediment sample contact 
surfaces with methanol. 

• The sediment grab will be scrubbed with ambient water between successive deployments 
at ONE site, in order to remove adhering sediments from contact surfaces possibly 
originating below the sampled layer, thus preventing contamination from areas beyond 
target sampling area. 

• Sampling procedures will attempt to avoid exhaust from any engine aboard any vessel 
involved in sample collection.  An engine will be turned off when possible during 
portions of the sampling process where contamination from engine exhaust may occur.  It 
is critical that sample contamination be avoided during sample collection.  All sampling 
equipment (e.g., siphon hoses, scoops, containers) will be made of non-contaminating 
material and will be appropriately cleaned before use.  Samples will not be touched with 
un-gloved fingers.  In addition, potential airborne contamination (e.g., from engine 
exhaust, cigarette smoke) will be avoided.   
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D.  Core Method--alternative for fast-moving, wadeable streams 
 
The core method is used in soft sediments when it is difficult to use the other methodologies.  
The cores can be used in depths of water from 0 to 10 ft by using a pole deployment device or in 
deeper water using SCUBA divers.  The pole deployment device consists of a pole that attaches 
to the top of the core.  The top of the core is fitted with a one-way valve, which allows the core 
to be filled with sediment, but when pulled from the sediment catches the sediment within the 
core.  The core is then brought to the surface and the sediments within the core are extruded out 
the top of the core so that 2 cm of sediment is above the top of the plastic core.  The 2 cm of 
sediment is then sliced off and placed in the homogenizing jar. A new core, homogenizing jar, 
and device used to slice off the top two cm. are used at each station unless the equipment is 
cleaned using laboratory protocols. 
 
E. Sediment Grab Method – Primarily used from bridges or for streams with 
restricted bank access. 
 
Description and sampling procedure for the Eckman sediment grab  

• The Eckman grab is 0.2 m2 in size with a lead “messenger” that triggers the spring loaded 
doors. 

• The primary use is for sampling from bridges or from small vessels in streams or 
drainage channels too deep or steep to wade into, but too shallow for a larger boat.  

• The grab must be cleaned with a Micro™ and tap water rinse before sampling and in-
between sample stations.  

• To deploy the grab, pull the spring loaded doors open and hook the cables on the actuator 
plate.  

• With a rope, lower the grab to the desired sample reach making sure that the grab has 
penetrated the sediment. Clip the “messenger” on the rope and release it while 
maintaining tension on the rope. Pull up the grab once the “messenger” has activated the 
doors.  

• While wearing clean poly gloves, open the top hatch and remove the top 2 cm of 
sediment with a clean polyethylene scoop. Place the sediment into the homogenizing jug 
and repeat the sampling process until there is enough desired sediment.  See general 
procedures for processing of bed sediment samples, once they are collected for sediment 
homogenization and aliquoting into sample jars.     

 
GENERAL PROCEDURE FOR PROCESSING OF BED SEDIMENT 

SAMPLES, ONCE THEY ARE COLLECTED 
 
Sediment Homogenization, Aliquoting and Transport 
For the collection of bed sediment samples, the top 2 cm is removed from the scoop, or the grab, 
or the core, and placed in the 4-L glass compositing/homogenizing container. The composited 
sediment in the container is homogenized and aliquoted on-site in the field. The sample is stirred 
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with a polyethylene scoop for at least 5 min, but longer if necessary, until sediment/mud appears 
homogeneous.  All sample identification information (station numbers, etc.) will be recorded 
prior to homogenizing and aliquoting.  
  
The sediment sample is then aliquoted, using a clean plastic scoop, into appropriate containers 
for trace metal chemistry, organic chemistry, and toxicity testing.  All sample containers will be 
packed surrounded by enough ice to keep them cool for 48 h.  Each container will be sealed in 
one large plastic bag to prevent contact with other samples or ice or water. 
 

Metals and Semi-
volatile Organics in 
Sediment  

For trace metals and semi-volatile organics, a minimum of three 
grabs is distributed to the composite bottle and/or sample 
containers. Mixing is generally done with a polyethylene scoop.  
Make sure the sample volume is adequate, but the containers do 
not need to be filled to the top.  Seal the jars with the Teflon liner 
in the lids. 
  

Sediment 
Conventionals 

Sediment conventionals are sometimes requested when sediment 
organics, sediment metals, and/or sediment toxicity tests are 
requested for analysis of samples.  The collection method is the 
same as that for metals, semi-volatile organics, and pesticides.  
Sediment conventionals include: grain size analysis and total 
organic carbon. These are used in the interpretation of metals and 
organics in sediment data. 
 

Sample Containers  See “Sediment Sample Handling Requirements” table at end of 
this document.   

Sediment Sample 
Size 
 

Must collect sufficient volume of sediment to allow for proper 
analysis, including possible repeats, as well as any requested 
archiving of samples for possible later analysis.  See “Sediment 
Sample Handling Requirements” Table at end of this document. 
 

Labeling Label the jars with the station ID, sample code, matrix type, 
project ID, time, and date of collection, as well as the type of 
analysis requested (e.g., metals, conventionals, organics, or 
archives). 
 

Short-term Field 
Preservation 

Immediately place the labeled jar on ice, cool to 4 °C, and keep in 
the dark at 4 °C until delivery to the laboratory. 

Field Notes Fill out the SWAMP Station Occupation Data Sheet and the 
Sediment Data Sheet. Make sure to record any field notes that are 
not listed on the provided data sheets. This information can be 
reported as comments with the sediment analytical results.   
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Summary of Sample Container, Volume, Preservation, and 
Storage Requirements for SWAMP Bed Sediment, Biota, and 
Tissue Samples (for contaminant analysis) 

 
 
Parameters for 
Analysis 

 
Recommended 
Containers 

 
Typical 
Sample 
Volume (mL) 

 
Initial Field 
Preservation 

 
Maximum 
Holding 
Time 

 
Bed Sediment Samples 

 
Trace Metals, 
including Hg and As 
(except for Se--see 
below) 

 
60-mL I-Chem 300- 
series clear glass jar 
with Teflon lid-liner; Pre-
cleaned 

 
60 mL 
(one jar) 

 
Cool to 4 °C, dark, 
up to 14 days 

 
12  months(1) 

(-20 °C) 

 
Selenium (separate 
container required) 
 

 
60-mL I-Chem 300- 
series clear glass jar 
with Teflon lid-liner; Pre-
cleaned 

 
60 mL 
(one jar) 

 
Cool to 4 °C, dark, 
up to 14 days 

 
12  months(1) 

(-20 °C) 
 
 

 
Synthetic Organic 
Compounds 
 

 
250-mL I-Chem 300- 
series amber glass jar 
with Teflon lid-liner; Pre-
cleaned 

 
500 mL 
(two jars) 

 
Cool to 4 °C, dark, 
up to 14 days 

 
12 months(1) 

(-20 °C) 
 
 

 
Sediment TOC 
 

 
250-mL(3) clear glass jar; 
Pre-cleaned 

 
125 mL 
(one jar) 

 
Cool to 4 °C, dark, 
up to 28 days 

 
12 months(2) 

(-20 °C) 
 
Sediment Grain Size 

 
250-mL(3) clear glass jar; 
Pre-cleaned 

 
125 mL 
(one jar) 

 
Cool to 4 °C, dark, 
up to 28 days 

 
28 days 
(4 °C) 
Do not freeze 

 
Sediment Toxicity 
Testing 
 

 
1-L I-Chem wide-mouth 
polyethylene jar with 
Teflon lid-liner; Pre-
cleaned 

 
2 
(two jars filled 
completely) 

 
Cool to 4 °C, dark, 
up to 14 days 

 
14 days 
(4 °C) 
Do not freeze 

(1) Sediment samples for parameters noted with one asterisk (*) may be refrigerated at 4 °C for up to 14 days 
maximum, but analysis must start within the 14-day period, or the sediment sample must be stored frozen at 
minus (-) 20 °C for up to 12 months. 
 
(2) Sediment samples for sediment TOC analysis can be held at 4°C for up to 28 days, and should be analyzed 
within this 28-day period, but can be frozen at any time during the initial 28 days, for up to 12 months at minus (-
) 20 °C. 
 
(3) Sediment samples for TOC AND grain size analysis can be combined in one 250 mL clear glass jar, and sub-
sampled at the laboratory in order to utilize holding time differences for the two analyses.  If this is done, the 250 
mL combined sediment sample must be refrigerated only (not frozen) at 4 °C for up to 28 days, during which 
time the sub-samples must be aliquoted in order to comply with separate storage requirements (as shown 
above). 
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SAFETY NOTES 
 
TECHNICAL SUPPORT AND WARRANTY INFORMATION 
 
Contact information for technical support and warranty information on YSI’s Environmental 
Monitoring Systems products can be found in Section 9, Warranty and Service Information.  
 
COMPLIANCE 
 
When using the YSI 6-Series sondes in a European Community (CE) country, please be aware 
that electromagnetic compatibility (EMC) performance issues may occur under certain 
conditions, such as when the sonde is exposed to certain radio frequency fields.  
 
If you are concerned with these issues, consult the Declaration of Conformity that was enclosed 
with your instrument. Specific conditions where temporary sensor problems may occur are listed 
in this document. 
 
The Declaration of Conformity for your instrument can be found in Appendix H, EMC 
Performance. A similar document for YSI Model 650  is located at the end of Section 3, 650 
MDS. 
 
SPECIFICATIONS 
 
For general specifications for all YSI Environmental Monitoring Systems products included in 
this manual, please see Appendix O, Specifications. 
 
GENERAL SAFETY CONSIDERATIONS 
 
For Health and Safety issues concerning the use of the calibration solutions with the sondes, 
please see Appendix A, Health and Safety. 
 
NOTICE 
 
Information contained in this manual is subject to change without notice. Effort has been made to 
make the information contained in this manual complete, accurate, and current. YSI shall not be 
held responsible for errors or omissions in this operations manual.  
 
WARNING: 
When caring for your sonde, remember that the sonde is sealed at the factory, and there is never a 
need to gain access to the interior circuitry of the sonde. In fact, if you attempt to disassemble the 
sonde, you would void the manufacturer's warranty. 
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SECTION 1 INTRODUCTION 
 

1.1 ABOUT YSI INCORPORATED 
 
From a three-man partnership in the basement of the Antioch College science building in 1948, YSI has 
grown into a commercial enterprise designing and manufacturing precision measurement sensors and 
control instruments for users around the world.  Although our range of products is broad, we focus on three 
major markets: water testing and monitoring, health care, and bioprocessing. 
 
In the 1950s, Hardy Trolander and David Case made the first practical electronic thermometer using a 
thermistor.  This equipment was developed to supply Dr. Leland Clark with a highly sensitive and precise 
temperature sensor for the original heart-lung machine.  The collaboration with Dr. Clark has been critical 
to the success of the company.  In the 1960s, YSI refined a Clark invention, the membrane covered 
polarographic electrode, and commercialized oxygen sensors and meters which revolutionized the way 
dissolved oxygen was measured in wastewater treatment plants and environmental water.  Today, 
geologists, biologists, environmental enforcement personnel, officials of water utilities and fish farmers 
recognize us as the leader in dissolved oxygen measurement.   
 
In the 1970s, YSI again worked with Clark to commercialize one of his many inventions, the enzyme 
membrane. This development resulted in the first practical use of a biosensor, in the form of a membrane 
based on immobilized glucose oxidase, to measure blood sugar accurately and rapidly.  In the next few 
years, this technology was extended to other enzymes, including lactate oxidase, for applications in 
biotechnology, health care, and sports medicine. 
 
In the early 1990s, YSI launched a line of multi-parameter water monitoring systems to address the 
emerging need to measure non-point source pollution. Today we have thousands of instruments in the field 
that operate with the push of a button, store data in memory, and communicate with computers. These 
instruments (described in this manual) are ideal for profiling and monitoring water conditions in industrial 
and wastewater effluents, lakes, rivers, wetlands, estuaries, coastal waters, and monitoring wells. If the 
instrument has ‘on board’ battery power, it can be left unattended for weeks at a time with measurement 
parameters sampled at the user’s setup interval and data securely saved in the unit's internal memory. The 
fast responses of YSI’s sensors make the systems ideal for vertical profiling, and the small size of some our 
sondes allows them to fit down 2-inch diameter monitoring wells. All of YSI’s multi-parameter systems 
feature either the YSI-patented Rapid Pulse Dissolved Oxygen Sensor, which exhibits low-stirring 
dependence and provides accurate results without an expensive, bulky, and power-intensive stirrer or an ROX 
optical dissolved oxygen sensor which exhibits no flow dependence and is extremely stable in long-term 
deployments. 
 
YSI has established a worldwide network of selling partners in over 50 countries that includes laboratory 
supply dealers, manufacturers' representatives, and YSI’s sales force. A subsidiary, YSI UK, distributes 
products in the United Kingdom, a sales office in Hong Kong supports YSI’s distribution partners in Asia 
Pacific, and YSI Japan supports distribution partners in Japan.  
 
Through an employee stock ownership plan (ESOP), every employee is one of the owners. In 1994, the 
ESOP Association named YSI the ESOP Company of the Year. YSI is proud of its products and are 
committed to meeting or exceeding customers' expectations. 

 
1.2 HOW TO USE THIS MANUAL 
 
The manual is organized to let you quickly understand and operate the YSI 6-Series environmental 
monitoring systems.  However, it cannot be stressed too strongly that informed and safe operation is more 
than just knowing which buttons to push.  An understanding of the principles of operation, calibration 
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techniques, and system setup is necessary to obtain accurate and meaningful results.  Thorough reading and 
understanding of this manual is essential to proper operation.    
 
Because of the many features, configurations and applications of these versatile products, some sections of 
this manual may not apply to the specific system you have purchased.   
 
If you have any questions about this product or its application, please contact YSI’s Technical Support 
Group or authorized dealer for assistance. See Section 9, Warranty and Service Information for contact 
information. 

 
1.3 UNPACKING AND INSPECTION 
 
Inspect the outside of the shipping box for damage. If any damage is detected, contact your shipping carrier 
immediately. Remove the equipment from the shipping box. Some parts or supplies are loose in the 
shipping box so check the packing material carefully. Check off all of the items on the packing list and 
inspect all of the assemblies and components for damage.  
 
If any parts are damaged or missing, contact your YSI representative immediately. If you purchased the 
equipment directly from YSI, or if you do not know from which YSI representative your equipment was 
purchased, refer to Section 8, Warranty and Service Information for contact information. 
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SECTION 2 SONDES 
 

2.1 GETTING STARTED 
 
The 6-Series Environmental Monitoring Systems from YSI are multi-parameter, water quality 
measurement, and data collection systems.  They are intended for use in research, assessment, and 
regulatory compliance applications.  Section 2 concentrates on sondes and how to operate them during 
different applications. A sonde is a torpedo-shaped water quality monitoring device that is placed in the 
water to gather water quality data. Sondes may have multiple probes. Each probe may have one or more 
sensors that read water quality data.  
 
The following list contains parameters that your sonde may measure. See Appendix O, Specifications for 
the specific parameters of each sonde. 
 
• Rapid Pulse Polarographic Dissolved Oxygen 
• ROX Optical Dissolved Oxygen 
• Conductivity 
• Specific Conductance  
• Salinity 
• Total Dissolved Solids 
• Resistivity 
• Temperature  
• pH 
• ORP 
• Depth 
• Level 
• Flow 
• Turbidity 
• Chlorophyll 
• Rhodamine WT 
• Phycocyanin-Containing Blue-green Algae 
• Phycoerythrin-Containing Blue-green Algae 
• Nitrate-N 
• Ammonia-N 
• Ammonium-N 
• Chloride 
 
 
This section is designed to quickly familiarize you with the hardware and software components of the 
sondes and their accessories. You will then proceed to probe installations, cable connections, software 
installation and finally basic communication with your Sonde.  Diagrams, menu flow charts and basic 
written instructions will guide you through basic hardware and software setup. 
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2.2 CONNECTING YOUR SONDE 
 
There are a number of ways in which you may connect the sondes to various computers, data collection 
devices and VT-100 terminal emulators. To utilize the configuration that will work best for your 
application, make sure that you have all of the components that are necessary.  The following list and 
diagrams (Figures 1-4) are a few possible configurations.   
 
 Sonde to Lab Computer (recommended for initial setup) 
 Sonde to Data Collection Platform 
 Sonde to Portable Computer 
 Sonde to YSI 650 MDS Display/Logger 
 
 

Figure 1 
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Figure 2 
 

 
 
Figure 3 
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Figure 4 
 
 

 
 
 
 

Sonde to 650 Display/Logger 

You will need... 
θ Sonde 
θ Field Cable 
θ 650 MDS Display/Logger 

         YSI 650 operates on C-cells or rechargeable batteries. 

650 MDS 610-DM Envir onmental 
Monitoring 
Syst ems YS

Field Cable 

Sonde YS 
I 
69 
20 YS 
I 
69 
20 

+ + 
- - 

MS-8  
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2.3 PREPARING THE SONDE FOR USE  
 
To prepare the sonde for calibration and operation, you need to install probes (sensors) into the connectors 
on the sonde bulkhead. In addition to probe installation, you need to install a new membrane on the YSI 
6562 DO Probe if you are using this item.   It is recommended that you install the DO membrane before 
installing the probe onto the bulkhead.  For membrane changes in the future, you may be able to perform 
this operation without removing the DO probe. This will largely depend on whether the other installed 
probes interfere with your ability to install a membrane. The next step is providing power for the sondes, 
through batteries or line power, and then connecting a field cable. The four steps necessary for getting your 
sonde ready for use are listed below. 
 
Step 1 Installing the Dissolved Oxygen Membrane – Section 2.3.1 
Step 2 Installing the Probes – Section 2.3.2 
Step 3 Supplying Power – Section 2.3.3 
Step 4 Connecting a Field Cable – Section 2.3.4 
 

2.3.1  STEP 1 - INSTALLING THE DISSOLVED OXYGEN MEMBRANE 
 
Note: If you are using a ROX Optical DO sensor for your applications, please skip to Section 2.3.2 at 
this time. 
 
The 6562 Rapid Pulse Polarographic DO probe is shipped with a protective dry membrane on the sensor tip 
held in place by an O-ring.  Remove the O-ring and membrane. Handle the probe with care.  It is very 
important not to scratch or contaminate the sensor tip. See Section 2.10.2, Probe Care and Maintenance, 
for information on how often the membrane should be replaced. 
 
Unpack the YSI 6562 DO Probe Kit and follow the instructions below. 
            
Open the membrane kit and prepare the electrolyte solution.  Dissolve the KCl in the dropper bottle by 
filling it to the neck with deionized or distilled water and shaking until the solids are fully dissolved.  After 
the KCl is dissolved, wait a few minutes until the solution is free of bubbles.  
 
          Figure 5                                                                         Figure 6 

 
 
 
 
 
 
 
 
 

 
 
 
 

 
The DO membrane can be installed with the DO probe either free or installed in the sonde.  Both methods 
are described in detail below.  CAUTION: If you install the membrane with the probe not installed in 
the sonde, be sure that the protective cap is installed on the probe end away from the sensor face to 
ensure that the connector is not contaminated with electrolyte. 
 
 

1. ADD DI OR DISTILLED
WATER

 

2.

PROTECTIVE CAP

DRY MEMBRANE
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DO MEMBRANE INSTALLATION WITH THE PROBE NOT INSTALLED IN THE 
SONDE 
 
Remove the protective cap and the dry membrane from the YSI 6562 Dissolved Oxygen probe.  
 
Make sure that the protective cap is installed on the connector end of the probe.  Do not allow the 
electrolyte solution to wet the probe’s connector and O-ring seal areas. This solution is extremely corrosive 
to the connector and is difficult to remove.  
 
Before using any electrolyte, wrap a clean, dry paper towel around the capped probe to catch any spilled 
electrolyte. Hold the probe in a vertical position and apply a few drops of KCl solution to the tip.  The fluid 
should completely fill the small moat around the electrodes and form a meniscus on the tip of the sensor.  
Be sure no air bubbles are stuck to the face of the sensor.  If necessary, shake off the electrolyte and start 
over.               
  Figure 7 
Secure a membrane between your left thumb and the probe body.  
Always handle the membrane with care, touching it only at the 
ends. 
 
With the thumb and forefinger of your right hand, grasp the free 
end of the membrane.  With one continuous motion, gently stretch 
it up, over, and down the other side of the sensor.  The membrane 
should conform to the face of the sensor. 
 
Secure the end of the membrane under the forefinger of your left 
hand. 
 
Roll the O-ring over the end of the probe, being careful not to 
touch the membrane surface with your fingers.  There should be no 
wrinkles or trapped air bubbles.  Small wrinkles may be removed 
by lightly tugging on the edges of the membrane.  If bubbles are 
present, remove the membrane and repeat steps 3-8. 
 
Trim off any excess membrane with a sharp knife or scissors. 
Rinse off any excess KCl solution, but be careful not to get any 
water in the connector. 
 
If you are concerned that electrolyte may have dripped onto the O-
ring seal area, probe connector, or bulkhead connectors, rub the 
area clean with paper towels wetted with Deionized water and then 
dry the affected area with a final dry towel, compressed air blasts, 
or rinse with fresh alcohol.  
 
 
 
NOTE: You may find it more convenient to mount the probe vertically in a vise with rubber jaws while 
applying the electrolyte and membrane to the sensor tip.  
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DO MEMBRANE INSTALLATION WITH THE PROBE INSTALLED IN THE SONDE 
 
Secure the sonde in a vertical position using a vise or a clamp and ring stand such that the sensors are 
upright.  Remove the probe guard from the sonde. 
 
Remove the old DO membrane and clean the probe tip with water and lens cleaning tissue.  Make sure to 
remove any debris or deposits from the O-ring groove. 
 
Using the dropper bottle of electrolyte supplied, place electrolyte on the DO probe tip until a high meniscus 
is formed as shown in Figure 8 below. 
 
Figure 8       Figure 9 
  
 
 
 
 
 
 
 
 
 
      
 
 
 
 
 
Hold the membrane so that all four corners are supported, but do not stretch the membrane laterally. 
 
Position the membrane over the probe, keeping it parallel to the probe face as shown in Figure 9 above. 
 
Using one continuous downward motion, stretch the membrane over the probe face as shown.  See Figure 
10 below.   
 

Do not hesitate to stretch the membrane. 

 
Figure 10      Figure 11 
 
 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
Install a new O-ring by placing one side of the O-ring in the groove and rolling into place across the 
membrane and into the groove on the opposite side of the probe face.   Avoid touching the probe face with 
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your fingers.  Once the O-ring is in position, squeeze it every 90 degrees to equalize the tension.  See 
Figure 11 above.  DO NOT USE GREASE OR LUBICANT OF ANY KIND ON THE O-RING. 
 
 
Using a hobby knife or a scalpel, trim the excess Teflon from the membrane, making your cut about 1/8 
inch below the O-ring as shown in Figure 12 below.   A razor blade can be used for the cut if no knife or 
scalpel is available. 
 
Figure 12      Figure 13   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
If the installation has been done properly, the finished product should have no bubbles, wrinkles, or tears as 
shown in Figure 13 above. 
 
NOTE: Observe the following cautions to assure that your membrane installation is proper: 
 
• Secure the sonde tightly so that it will not move during membrane installation. 
 
• Wash hands before installation and do not allow finger oils or O-ring lubricant to touch the probe face 

or the membrane. 
 
• Use caution when replacing the probe guard that you do not touch the membrane.  If you suspect that 

the membrane has been damaged, replace it immediately. 
 
  
 

2.3.2  STEP 2 - INSTALLING THE PROBES 
 
Remove the calibration cup from your sonde by hand as shown in Figure 14, to expose the bulkhead. 
 
Figure 14             

TRANSPORT CUP

BULKHEAD WITH
PROBE PORT PLUGS  
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REMOVING THE PORT PLUGS 
 
Using the long extended end of the probe installation tool supplied in the YSI 6570  
Maintenance Kit, remove the port plugs. Save all the port plugs   Figure 15 
for possible future use. 
 
There are a variety of probe options for the sondes.  Figures 15, 16 and 17 
illustrate the uses of the common tool for port plug removal.   
Note that this tool will also be used to install the various probes. 
 
If the tool is misplaced or lost, you may use 7/64” and 9/64” hex keys as 
substitutes. 
 
 

 
 Figure 16                             Figure 17 
        
       
 
 
 

Figure 18 
NOTE:  You may need pliers to remove the ISE port 
plugs, but do not use pliers to tighten the ISE probes.  
Hand-tighten only.    
   
  
Now refer to Figures 19-24 to find the probe locations in 
your sonde.    
 
 

 

OPTIC
PORT PLUG

INSTALLATION
TOOL

 

DO, COND., &
pH/ORP PORT
PLUGS

INSTALLATION
TOOL

 

ISE PORT PLUG

PLIERS
(SLIP JAWS)  
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600XL & 600XLM SONDE BULKHEAD 
 
3 Port Sonde: 1 Rapid Pulse DO, 1 Conductivity/Temperature, and 1 pH/ORP         

   
 Figure 19 

 6562 Dissolved oxygen probe = 3-pin connector 
 6560 Conductivity/Temperature = 6-pin connector 
 6561 pH probe = 4 pin connector 
 6565 Combo pH/ORP probe = 4 pin connector   
       
  

  
 

 
 

 
 
 
 
6600V2-2 SONDE BULKHEAD 

8 Port Sonde: 1 Rapid Pulse DO, 1 Conductivity/Temperature, 2 Optical, 3 ISE, 1 pH/ORP    

                                                                                                           Figure 20A 
 6562 Dissolved oxygen probe = 3-pin connector 
 6560 Conductivity/Temperature = 6-pin connector 
 6561 or 6561FG pH probe = 4 pin connector 
 6565 or 6565FG pH/ORP probe = 4 pin connector 
 6566 Fouling Resistant pH/ORP probe = 4 pin connector 
 6882 Chloride Probe = leaf spring connector 
 6883 Ammonium Probe = leaf spring connector 
 6884 Nitrate Probe = leaf spring connector 
 6026 Turbidity Probe, Wiping = 8 pin connector 
 6136 Turbidity Probe, Wiping = 8 pin connector 
 6025 Chlorophyll Probe, Wiping = 8 pin connector 
 6130 Rhodamine WT Probe, Wiping = 8 pin connector 
 6150 Optical Dissolved oxygen probe = 8 pin connector 
 6131 PC-Blue-green Algae probe = 8 pin connector 
 6132 PE-Blue-green Algae probe = 8 pin connector 
 

 

DISSOLVED
OXYGEN
6562

CONDUCTIVITY/
TEMPERATURE
           6560

 ALL ISE
PROBES  

Cond./Temp.

Optic T

pH/ORP
ISE’s

ISE’s
ISE’s

Dissolved Oxygen

Optic C
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6600EDS V2-2 SONDE BULKHEAD 

5 Port Sonde: 1 Rapid Pulse DO, 1 Conductivity/Temperature, 2 Optical, 1 pH/ORP 

   Figure 20B 
 6562 Dissolved oxygen probe = 3-pin connector 
 6560 Conductivity/Temperature = 6-pin connector 
 6561 or 6561FG pH probe = 4 pin connector 
 6565 or 6565FG pH/ORP probe = 4 pin connector 
 6566 Fouling Resistant pH/ORP probe = 4 pin connector 
 6026 Turbidity Probe, Wiping = 8 pin connector 
 6136 Turbidity Probe, Wiping = 8 pin connector 
 6025 Chlorophyll Probe, Wiping = 8 pin connector 
 6130 Rhodamine WT Probe, Wiping = 8 pin connector 
 6150 Optical Dissolved oxygen probe = 8 pin connector 
 6131 PC-Blue-green Algae probe = 8 pin connector 
 6132 PE-Blue-green Algae probe = 8 pin connector 
 
 

 
 
 
 
 
 
6600V2-4 SONDE BULKHEAD 

6 Port Sonde: 1 Conductivity/Temperature, 4 Optical, 1 pH/ORP 

    Figure 20C 
  
 6560 Conductivity/Temperature = 6-pin connector 
 6561 or 6561FG pH probe = 4 pin connector 
 6565 or 6565FG pH/ORP probe = 4 pin connector 
 6566 Fouling Resistant pH/ORP probe = 4 pin connector 
 6026 Turbidity Probe, Wiping = 8 pin connector 
 6136 Turbidity Probe, Wiping = 8 pin connector 
 6025 Chlorophyll Probe, Wiping = 8 pin connector 
 6130 Rhodamine WT Probe, Wiping = 8 pin connector 
 6150 Optical Dissolved oxygen probe = 8 pin connector 
 6131 PC-Blue-green Algae probe = 8 pin connector 
 6132 PE-Blue-green Algae probe = 8 pin connector 
 

 

 

Cond/Temp – 6 pin 

pH/ORP – 4 pin 

 Cond//Temp – 6 pin 

pH/ORP – 4 pin 

 Rapid Pulse DO – 3 pin 
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6820V2-1 & 6920V2-1 SONDE BULKHEADS        
 
7 Port Sonde: 1 Rapid Pulse DO, 1 Conductivity/Temperature, 1 Optical, 1 pH/ORP, 3 ISE 
             

      Figure 21A 
 6562 Dissolved oxygen probe = 3-pin connector 
 6560 Conductivity/Temperature = 6-pin connector 
 6561 or 6561FG pH probe = 4 pin connector 
 6565 or 6565FG pH/ORP probe = 4 pin connector 
 6566 Fouling Resistant pH/ORP probe = 4 pin connector 
 6882 Chloride Probe = leaf spring connector 
 6883 Ammonium Probe = leaf spring connector 
 6884 Nitrate Probe = leaf spring connector 
 6026 Turbidity Probe, Wiping = 8 pin connector 
 6136 Turbidity Probe, Wiping = 8 pin connector 
 6025 Chlorophyll Probe, Wiping = 8 pin connector 
 6130 Rhodamine WT Probe, Wiping = 8 pin connector 
 6150 Optical Dissolved oxygen probe = 8 pin connector 
 6131 PC-Blue-green Algae probe = 8 pin connector 
 6132 PE-Blue-green Algae probe = 8 pin connector 
 
 
6820V2-2 & 6920V2-2 SONDE BULKHEADS        
 
5 Port Sonde: 1 Conductivity/Temperature, 2 Optical, 1 pH/ORP, 1 ISE 
             

      Figure 21B 
   
 6560 Conductivity/Temperature = 6-pin connector 
 6561 or 6561FG pH probe = 4 pin connector 
 6565 or 6565FG pH/ORP probe = 4 pin connector 
 6566 Fouling Resistant pH/ORP probe = 4 pin connector 
 6882 Chloride Probe = leaf spring connector 
 6883 Ammonium Probe = leaf spring connector 
 6884 Nitrate Probe = leaf spring connector 
 6026 Turbidity Probe, Wiping = 8 pin connector 
 6136 Turbidity Probe, Wiping = 8 pin connector 
 6025 Chlorophyll Probe, Wiping = 8 pin connector 
 6130 Rhodamine WT Probe, Wiping = 8 pin connector 
 6150 Optical Dissolved oxygen probe = 8 pin connector 
 6131 PC-Blue-green Algae probe = 8 pin connector 
 6132 PE-Blue-green Algae probe = 8 pin connector 
 
 
 
 
 
 
 
 
 

 

MOUNTING  
SCREW 

3 
5 

4 

DISSOLVED 
OXYGEN 

COND/TEMP 
ISE1/ISE2 
pH/ORP 

ISE3 

ISE4 

ISE5 

OPTICAL 

 

 



Sondes  Section 2 

YSI Incorporated Environmental Monitoring Systems Operations Manual 2-13 

600LS  BULKHEAD 
 

                                    Figure 21C 
If are working with a 600LS, all sensors will have been installed 
at the factory. 
         
 
   
 
 
 
 
 
 
 
600R  BULKHEAD 
 

             Figure 22 
If are working with a 600R sonde, your instrument 
will arrive with the probes installed. 
         
 
   
 
 
 
 
 
 
 
600QS  BULKHEAD 
 

             Figure 23 
If are working with a 600QS sonde, your 
instrument will arrive with the probes installed. 
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600 OMS V2-1 BULKHEAD 
 
                                                                      Figure 24 
The conductivity sensor (module/port) for the 
600 OMS V2-1 is factory installed.  Optical probes 
(turbidity, chlorophyll, rhodamine WT, ROX 
optical DO, BGA-PC, and BGA-PE) are 
threaded into the optical port on the bottom  
of the sonde by the user. 
 
 
 
 
 
 
 
 
 
 
 
 
LUBRICATE O-RINGS 
 
Apply a thin coat of O-ring lubricant, supplied in the YSI 6570 Maintenance Kit, to the O-rings on the 
connector side of each probe that is to be installed.  
 

     
 

Figure 25 
CAUTION: Make sure that there are NO contaminants  
between the O-ring and the probe. Contaminants that are present 
under the O-ring may cause the O-ring to leak  
when the sonde is deployed. 
 
 
 
 
 
 
 
 
 
NOTE: Before installing any probe into the sonde bulkhead, be sure that the probe port is free of 
moisture. If there is moisture present, you may use a can of compressed air to blow out the remaining 
moisture. 
 

LUBRICATE O-RINGS

 

 

Conductivity Port 

Optical Port Temperature Sensor 
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INSTALLING THE TURBIDITY, CHLOROPHYLL, RHODAMINE WT , BGA-PHYCOCYANIN, BGA-
PHYCOERYTHRIN, AND ROX OPTICAL DISSOLVED OXYGEN PROBES 
 
If you are using any of optical probes listed, it is recommended that the optical sensors be installed first.  If 
you are not installing one of these probes, do not remove the port plug, and go on to the next probe 
installation. 
       Figure 26 
All optical probes, 6136 turbidity, 6025 chlorophyll, 6130 
Rhodamine WT, 6131 Phycocyanin Blue-green algae, 6132 
Phycoerythrin-Blue-green algae, and 6150 ROX Optical 
DO are installed in the same way.  Install the probe into the 
center port, seating the pins of the two connectors before 
you begin to tighten. Tighten the probe nut to the bulkhead 
using the short extended end of the tool supplied with the 
probe. Do not over-tighten. 
 
CAUTION:  Be careful not to cross-thread the probe nut. 
 
The YSI 6820V2-1 and 6920V2-1 sondes can accept a single turbidity, chlorophyll, Rhodamine WT, BGA-
PC, BGA-PE, or ROX DO probe.  The 6600V2-2, 6600EDS V2-2, 6820V2-2, and 6920V2-2 sondes can 
accept and utilize two of the six optical sensors at the same time.  The two optical ports of these sondes are 
labeled “T” and “C” on the sonde bulkhead.  Each port can accept any of the six sensors so be sure to 
remember which sensor was installed in which port so that you will later be able to set up the sonde 
software correctly.   The 6600V2-4 sonde can accept and utilize four of the six optical sensors at the same 
time.  The four optical ports of this sonde are labeled “T” , “C”, “B”, and “O” on the sonde bulkhead.  Each 
port can accept any of the six sensors so be sure to remember which sensor was installed in which port so 
that you will later be able to set up the sonde software correctly.    
 
 
INSTALLING THE 6562 RAPID PULSE DISSOLVED OXYGEN PROBE, CONDUCTIVITY/TEMP 
AND pH/ORP PROBES 
        

Figure 27 
Insert the probe into the correct port and gently rotate the 
probe until the two connectors align. 
 
The probes have slip nuts that require a small probe 
installation tool to tighten the probe. With the connectors 
aligned, screw down the probe nut using the long extended 
end of the probe installation tool. Do not over-tighten. 
 
CAUTION:  Do not cross thread the probe nut. 
 
 
 

    OPTIC
PROBE

INSTALLATION
TOOL

 

PROBE INSTALLATION
TOOL

DO PROBE
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INSTALLING THE ISE PROBES 
         

          Figure 28 
The Ammonium, Nitrate and Chloride ISE probes do not
nuts and should be installed without tools.  Use only your fingers 

 have slip 

to tighten.   Any ISE probe can be installed in any of the three ports 
labeled “3”, “4”, and “5” on the sonde bulkhead of the 6820V2-1,  
6920V2-1, and 6600V2-2 sondes or the single ISE port on the  
6820V2-2 and 6920V2-2 bulkheads.  Be sure to remember 
which sensor was installed in which port so that you will later be 
able to set up the sonde software correctly. 
 
 
 
 

 Figure 29 
IMPORTANT: Make sure that the probe nut or probe body 
of the ISE probes are seated directly on the sonde bulkhead.  
This will ensure that connector seals will not allow leakage. 
 
 
 
 
 

 
INSTALLING THE PROBE GUARD 
       
Included with each sonde is a probe guard.  The probe guard protects the probes during calibration and 
measurement procedures.  Once the probes are installed, install this guard by aligning it with the threads on 
the bulkhead and turn the guard clockwise until secure.   
 
CAUTION: Be careful not to damage the Rapid Pulse DO membrane during installation of the probe 
guard.  
 
Figure 30 shows the YSI 6820V2-1/6820V2-2/6920V2-1/6920V2-2 probe guard; the guard for the 
6600V2-2/6600V2-4 is similar.  The YSI 600R, 600QS, 600XL and 600XLM probe guards resemble 
Figure 31. 
 
 Figure 30                Figure 31 
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2.3.3  STEP 3 - POWER 
 
Some type of external power supply is required to power the YSI 600R, 600QS, 600XL 6820V2-1, and the 
non-battery version of the 600 OMS V2-1sondes.  The YSI 6920V2-1, 6920V2-2, 6600V2-2,  
6600EDS V2-2, 6600V2-4, 600XLM, and battery version of the 600 OMS V2-1sondes have internal 
batteries or can run on external power.  
 
If you have purchased a YSI 650 MDS display/logger, attaching your sonde to the display/logger will allow 
your sonde to be powered from the batteries or the external power of the display/logger. See Section 3, 
Displays/Loggers, for power options. 
 

The battery-powered version of this instrument is powered by alkaline batteries, which the user must 
remove and dispose of when the batteries no longer power the instrument. Disposal requirements vary by 
country and region, and users are expected to understand and follow the battery disposal requirements for 
their specific locale.  

The circuit board in this instrument contains a manganese dioxide lithium "coin cell" battery that must be in 
place for continuity of power to memory devices on the board. This battery is not user serviceable or 
replaceable. When appropriate, an authorized YSI service center will remove this battery and properly 
dispose of it, per service and repair policies. 

 
POWER FOR LAB CALIBRATION 
 
A YSI 6038 (110 VAC) or 6651 (64-240 VAC) Power Supply is required for sondes without internal 
batteries when using them with a PC for calibration and setup.  Sondes with internal batteries do not require 
a power supply, but using the sonde with a power supply in the lab is often convenient and extends battery 
life.  Most adapters include a short pigtail for power that plugs into the power supply.  After attaching the 
four-pin connector from the power supply to the pigtail, simply plug the power supply into the appropriate 
AC outlet. 
 
See Section 2.2, Connecting Your Sonde, for specific information on cables, adapters and power supplies 
required for connecting your sonde to various devices. 
      

 Figure 32 
 
The system configuration best suited for 
initial setup is shown in Figure 32. 
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INSTALLING BATTERIES  

 
The 600XLM, 6600V2-2, 6600EDS V2-2, 6600V2-4, 6920V2-1, 6920V2-2 and battery version of the 600 
OMS V2-1are the sondes that use alkaline batteries for power. A set of batteries is supplied with each of 
these sondes.  If you do not have one of these sonde model types, you may skip this section. 
 
INSTALLING BATTERIES INTO THE YSI 600XLM OR 600 OMS V2-1 SONDES 
    

 Figure 33 
To install 4 AA-size alkaline batteries into the sonde, refer to 
the following directions and Figure 33. 
 
Grasp the cylindrical battery cover and unscrew by hand.  
Then slide the battery lid up and over the bulkhead 
connector. Insert batteries, paying special attention to 
polarity.  Labeling on the battery compartment posts 
describes the orientation.  It is usually easiest to insert the 
negative end of battery first and then “pop” the positive 
terminal into place. 
     

Figure 34 
Check the O-ring and sealing surfaces for any contaminants 
that could interfere with the O-ring  
seal of the battery chamber.  
 
CAUTION: Make sure that there are NO contaminants 
between the O-ring and the sonde. Contaminants that 
are present under the O-ring may cause the O-ring to 
leak when the sonde is deployed. 
 
Lightly lubricate the o-ring on the outside of the battery 
cover. DO NOT lubricate the internal o-ring.  
 
Return the battery lid and tighten by hand.  
DO NOT OVER-TIGHTEN. 
 

BAIL

BULKHEAD
CONNECTOR
WITH CAP

AA BATTERIES x 4
(NOTE POLARITY)

SONDE BODY
(NOT SHOWN)

SCREW ON
BATTERY CAP

 

BATTERY
CAP

BULKHEAD
CONNECTOR

SONDE
BODY

DO NOT USE BAIL FOR LEVERAGE
WHEN REMOVING BATTERY CAP!

BAIL
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INSTALLING BATTERIES INTO THE YSI 6600V2-2, 6600EDS V2-2, AND 6600V2-4 SONDES 
 Figure 35 

IMPORTANT SAFETY FEATURE: The 116003 battery lid for the 
6600V2-2, 6600EDS V2-2, and 6600V2-4 is equipped with a safety 
pressure-release valve.  The valve will vent off any pressure build up 
in the battery compartment from waste gas that could be created by 
battery failure, improperly marked or installed batteries, flooding, 
and dead or heavily discharged batteries. Pressure from the waste 
gas can deform the battery compartment and cause the sonde to 
shatter, projecting fragments from the sonde casing in all directions.  
People near a sonde that shatters could suffer serious puncture 
wounds and serious eye injuries.  DO NOT defeat this safety feature 
by blocking the valve or painting over or in close proximity to the 
valve.  DO NOT attempt to disassemble the safety valve.  
 
Install 8 C-size alkaline batteries according to the following directions and 
Figure 35. 
 
Using the 9/64” hex driver supplied with the 6600V2-2, 6600EDS V2-2 and 
6600V2-4 loosen the battery lid screws.   
 
NOTE: The battery lid screws are captive. It is not necessary to remove them 
from the lid completely. 
 
Remove the battery lid and install the batteries, as shown. If installing or replacing the batteries, test 
batteries for proper polarity and voltage and observe the correct polarity before installing the batteries into 
the battery chamber. 
 
CAUTION: Be sure the orange O-ring is installed in the groove of the lid.  The o-ring is 
designed with retention tabs to prevent it from falling out of the grove during installation.  
Check the O-ring and sealing surfaces for any contaminates which could interfere with the 
O-ring seal of the battery chamber. Remove any contaminates present.  Also clean the 
protective O-rings which are located the side of the battery lid.   Apply a small amount of 
grease to the threads of each screw to prevent binding.   See the next section and Figures 35A 
through 35L for details on proper installation of the battery lid o-ring. 
 
The updated face seal for the 6600 sonde battery lid incorporates six retaining tabs to hold the face seal in 
the seal groove during installation, allowing consistent and effective sealing after battery replacement.  In 
order for this feature to work properly, the retaining tabs must be correctly seated in the battery lid’s seal 
groove to prevent it from becoming dislodged during handling.  If the seal is not installed correctly it can 
fall out of its groove during battery lid installation and then can be crushed during assembly.  This may 
cause damage to the seal and cause battery compartment flooding when the sonde is deployed.  The 
following procedure is a recommended method to properly retain the seal in its groove: 
 
1. Place seal on the battery lid groove so that it 

follows the profile of the groove and is centered 
about the two middle retaining tabs. 

 
 
 
                                                     Figures 35A and 35B 
 
 

 

 

Align seal to groove 

 
 

Retaining Tabs 

Middle tabs 
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2. Press two of the outermost retaining tabs down 

into the groove.  It should be clear that the 
retaining tabs have recessed into the groove along 
with the seal so that the tabs outermost edges are 
at or below the battery lid’s mounting surface. 

 
                                                   Figures 35C and 35D 
 
 
 
3. Press the remaining two outermost retaining tabs 

into the groove and check to make sure the tabs 
have been recessed as before.  Verify that the 
other two previously seated retaining tabs have 
not been forced from their position in the groove. 

 
                                                     Figures 35E and 35F 
 
 
4. Place your thumbs on the seal about a ¼” or so 

from the sides of the center retaining tab and 
press the seal down into the groove while sliding 
your thumbs towards each other.  This stretches 
the seal to fit the profile of the groove allowing 
the center tab to be seated properly.  You may 
need to use the tip of one of your thumbs to finish 
pressing the tab into place. 

 
                                                     Figures 35G and 35H 
 
5. Press the remaining middle retaining tab into the 

groove as before and verify that none of the other 
retaining tabs have been forced from their 
positions in the groove during this part of the seal 
installation. 

 
                                                      Figures 35I and 35J 
 
 
 
 
 
6. To ensure that all the retaining tabs are properly 

seated in the seal groove you can apply pressure 
to the seal forcing it into the groove at the 
location of each tab.  This will further seat each 
tab into the groove allowing it to capture the seal. 

 
                                                     Figures 35K and 35L 
 
 
 
 
 

 

 

 

 

 

 

 

 

Press tabs into groove 

Press tabs into groove 

Stretch seal and press tab 
into groove 

Stretch seal and press tab 
into groove 

  

Press on tabs to verify they 
have been seated 
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CAUTION: Before installing the battery lid, ensure that the pressure release valve is closed.  
If the pressure release valve is open, DO NOT install (see Figures 35M and 35N).  The valve 
cannot be reset and the battery lid must be replaced before sonde deployment.  Contact YSI 
Technical Support for instructions.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Lightly lubricate the o-rings on the outside of the battery cover. DO NOT lubricate the orange internal o-
ring.   
 
Return the battery lid and HAND tighten the screws with the hex driver until snug. DO NOT OVER 
TIGHTEN. 
 
CAUTION: Over-tightening the screws may cause the battery compartment to flood.  Do 
NOT use power tools to tighten the battery lid screws. 
 
With the battery cover installed and secured, check the battery voltage in the sondes Status Menu.  The 
voltage must be 12.0 volts or higher with new cells.  A voltage less then 12.0 volts could indicate that a cell 
was installed upside down or that one of the cells is not at full strength. 
 
CAUTION: Remove Batteries When Not in Use.  As with any battery-powered 
instrumentation, batteries should be removed before short or long-term storage.  Even with 
the new battery lid, batteries can leak, releasing toxic and corrosive battery acid and 
damaging equipment. 
 
 
INSTALLING BATTERIES IN THE 6920V2-1 AND 6920V2-2 SONDES 
                       
To install the 8 AA-size alkaline batteries into the sonde, refer to the following directions and Figures 36 
and 37. 
                                                                                                                  Figure 36 
 
Position the bail so that it is perpendicular to the sonde and use it as 
a lever to unscrew the battery cap by hand. Then slide the battery lid 
up and over the bulkhead connector. 
 
Insert batteries, paying special attention to polarity.  Labeling on the 
top of the sonde body describes the orientation.  

          
 

BAIL

SONDE BODY

BATTERY CAP

GRASP BAIL WITH HAND.  
TURN COUNTERCLOCKWISE TO LOOSEN.

BULKHEAD CONNECTOR
WITH CAP

 
 
 
 
 
 
 
 
 
 
 
 

Figure 35M: Closed valve 
OK to Deploy 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 35N: Open valve  
DO NOT Deploy 
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Check the O-rings and sealing surfaces for any contaminants that 
could interfere with the seal of the battery chamber.   
 
CAUTION: Make sure that there are NO contaminants between 
the O-ring and the sonde. Contaminants that are present under 
the O-ring may cause the O-ring to leak when the sonde is 
deployed. 
 
Lightly lubricate the o-rings on the bottom of the threads and on the 
connector stem as shown in Figure 37. 
  
Return the battery lid and tighten by hand. DO NOT OVER-
TIGHTEN. 
 

Figure 37                                                                 

 
 
2.3.4 STEP 4 - CONNECTING A FIELD CABLE  
       
                    Figure 38 
All YSI 6600V2-2, 6600EDS V2-2, 6600V2-4, 
6920V2-1, 6920V2-2, 6820V2-2, 600XLM, 600QS, 
and 600 OMS V2-1sondes have a sonde-mounted 
cable connector for attachment of the field cable.  
Some versions of the 600R, 600XL, and 6820V2-1 
sondes also have this connector. 
 
However, some versions of the YSI 600R, 600XL, 
and 6820V2-1sondes have permanently attached 
“integral” cables. If your sonde has a cable that is 
non-detachable, the next section will not be 
relevant.  
 
To attach a field cable to the sonde connector, 
remove the waterproof cap from the sonde 
connector and set it aside for later reassembly 
during deployment or storage.  Then connect your 
field cable to the sonde connector.   
 
 
A built-in “key” will ensure proper pin alignment.  Rotate the cable gently until the “key” engages and then 
tighten the connectors together by rotating clockwise. Attach the strain relief connector to the sonde bail.  
Rotate the strain relief connector nut to close the connector's opening. 
 
 For all of the sondes, the other end of the cable is a military-style 8-pin connector (MS-8).  Through use of 
a YSI 6095B MS-8 to DB-9 adapter, the sonde may be connected to a computer for setup, calibration, real-
time measurement, and uploading files.  
 
This MS-8 connector also plugs directly into the 650 MDS display/logger.  This instrument contains a 
microcomputer that allows it to be used in a similar manner to that of a terminal interface to a PC.    
 
As an alternative to the field cable, you may use a YSI 6067B calibration cable for laboratory interaction 
with the sonde.   In this case, simply plug the proper end of the cable into the sonde connector and attach 
the DB-9 connector of the cable to the Com port of your computer.   

+

-
-
+

BATTERY CAP

BULKHEAD
CONNECTOR

BAIL

O-RINGS

 

REMOVE
WATERPROOF CAP

SONDE
CONNECTOR

FIELD CABLE
CONNECTOR

BAIL

STRAIN RELIEF
CONNECTOR
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CAUTION: The 6067B cable is for laboratory use only -- it is not waterproof and should not be 
submersed
 

!  

Sondes that are equipped with level sensors use vented cables. See Appendix G, Using Vented Level, for 
detailed information. 
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2.4  ECOWATCH FOR WINDOWS -GETTING 
STARTED 
 
This section will describe how to get started with EcoWatch for Windows, but detailed information is 
provided in Section 4, EcoWatch for Windows, or a convenient Windows Help section that is part of the 
software. It is recommended that you thoroughly read Section 4 or use the Help function for a 
comprehensive understanding of EcoWatch for Windows. 
 

2.4.1  INSTALLING ECOWATCH FOR WINDOWS 
 
EcoWatch for Windows software must be used with an IBM-compatible PC with a 386 (or better) 
processor.  The computer should also have at least 4MB of RAM and Windows Version 3.1 or later.  
 
Place the EcoWatch for Windows compact disk in your CD ROM drive.  Select Start, then Run and type 
d:\setup.exe at the prompt.  Press Enter or click on “OK” and the display will indicate that EcoWatch is 
proceeding with the setup routine. Simply follow the instructions on the screen as the installation proceeds. 
 
2.4.2  RUNNING ECOWATCH FOR WINDOWS 
 
To run EcoWatch for Windows, simply select the EcoWatch icon on your desktop or from the Windows 
Program Menu. For help with the EcoWatch program, see Section 4, EcoWatch or use the Help section of 
the software.  
 

2.4.3  ECOWATCH FOR WINDOWS SETUP 
 

To setup the EcoWatch software for use with a sonde, select the sonde icon  on the toolbar, and then 
the proper Com port to which your sonde is connected. If the default setting is correct, it does not need to 
be changed. Click “OK” to open a terminal window. 
 
From the Comm Menu, select the Settings option to check the baud rate.  The baud rate should be 9600. If 
it is not, select 9600 from the list and press Enter. 
 
From the Settings Menu, select the Font/Color and Background Color options to choose a color scheme 
for the EcoWatch for Windows menus. 
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2.5  SONDE SOFTWARE SETUP 
 
There are two sets of software at work in any YSI environmental monitoring system.  One is resident in 
your PC and is called EcoWatch for Windows.  The other software is resident in the sonde itself.   In this 
section, you will first make sure that the language associated with your sonde software is appropriate to 
your application and change it if necessary.   You will set up the sonde software using EcoWatch for 
Windows as the interface device between the sonde and your PC. 
 
SETTING UP THE SONDE SOFTWARE LANGUAGE 
 
The menus in the sonde software can be viewed in English, German, or French.   However, the choice of 
language CANNOT be made from the sonde software itself.   Rather the choice must be selected via a 
complete update of the software itself from the YSI Website as described below.   Note that the menus in 
your sonde will be shown in English when you receive the instrument and, if this is your language of 
choice, no further action is required and you should skip to the next section.   If you wish to change the 
language of your menus to German or French, use the following instructions. 
 
Follow the step-by-step instructions below to change the language for the menus in your 6-series sonde: 
 
• Connect your sonde to the serial port of a PC with access to the Internet using the proper cable as 

described in the previous section of this manual. 
 
• Make sure that the sonde is powered with either internal batteries or a suitable power supply. 
 
• Access the YSI Environmental Software Downloads page at www.ysi.com/edownloads or go to main 

page at www.ysi.com and click on Support button in green bar. 
 
• Log in, or if a first time user, fill out the registration form and wait for a login password via return E-mail. 
 
• Click on the Software folder under the Software Downloads section. 
 
• Inside the folder, click on the file 6-Series & 556MPS Code Updater, M-DD-YYYY and save the file to a 

temporary directory on your computer. 
 
• After the download is complete, run the file that you just downloaded and follow the on-screen 

instructions to install the YSI Code Updater on your computer.  If you encounter difficulties, contact 
YSI Technical Support for advice. 

 
• Run the YSI Code Updater software that you just installed on your computer. The following window 

will be displayed: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

http://www.ysi.com/�
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• Set the Comm port number to match the port to which you connected the sonde cable and make sure 

that the “This is an ADV6600” selection is NOT checked. 
   
• NEXT, SELECT THE LANGUAGE (ENGLISH, FRENCH, OR GERMAN) WHICH WILL BE 

USED IN YOUR SONDE MENUS. 
 
• Then click on the Start Code Update button.   An indicator bar will show the progress of the upgrade as 

shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• When the update is finished (indicated on the PC screen as shown below), close the YSI Code Updater 

window (on the PC) by clicking on the "X" in the upper right corner of the window. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Your sonde menus will now appear in the language which you selected prior to running the updater.   
If you want to change the language associated with your sonde menu, you MUST rerun the YSI Code 
Updater and select the new language via this mechanism.  
 
 
 
INTERFACING TO THE SONDE WITH ECOWATCH FOR WINDOWS 
 
When you select Sonde from the EcoWatch for Windows menus, the PC-based software begins direct 
communication with the sonde-based software via standard VT100 terminal emulation. 
 

In EcoWatch for Windows, select the sonde icon, .   Then select the proper Com port and confirm by 
clicking OK. A window similar to that shown below will appear indicating connection to the sonde as 
shown in Figure 39.  Type “Menu” after the # sign, press Enter, and the sonde Main menu will be 
displayed.  
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Figure 39 

 
If your sonde has previously been used, the Main menu (rather than the # sign) may appear when 
communication is established.  In this case simply proceed as described below.  You will not be required to 
type “Menu”. 
 
If you are unable to establish interaction with the sonde, make sure that the cable is properly connected.  If 
you are using external power, make certain that the YSI 6651 or 6038 power supply or other 12 vdc source 
is properly working.  Recheck the setup of the Com port and other software parameters.  Also refer to 
Section 6, Troubleshooting.  
 
The sonde software is menu-driven.  You select functions by typing their corresponding numbers.  You do 
not need to press Enter after choosing a selection.  Type the 0 or Esc key to return to the previous menu. 
 
Sonde Main Menu 

 
 
 
 
 
 
 
 

------------------Main----------------- 
1-Run               5-System 
2-Calibrate         6-Report 
3-File              7-Sensor 
4-Status            8-Advanced 
 
Select option (0 for previous menu): 
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Figure 40 -  Sonde Menu Flow Chart 

 

 
 
 
 
SYSTEM SETUP 
 
At the Main menu, select System.  The System Setup menu will be displayed. 
 
System Setup Menu 
 
 
1-Date & time                           
2-Comm setup                            
3-Page length=25                        
4-Instrument ID=YSI Sonde               
5-Circuit board SN:00003001             
6-GLP filename=00003001                 
7-SDI-12 address=0 
                      
Select option (0 for previous menu):  
 
 

2. Upload                                                     

Sonde

SONDE MENU FLOW CHART

2. Unattended sample   

1. Conductivity          

2. DO %                   
1. Run                

3. File                 

2. Calibrate               

6. Report             

7. Sensor            

8. Advanced          

1. Discrete sample           

3. DO mg/L             

2. () Time              

3. () Temp, C            
4. (   ) Temp, F       

1. () Date              

2. () Cond             

3. () DO            
4. (   ) ISE1 pH                

1. () Temp           

4. Others                 

2. Comm Setup                 

3. Page Length          
4. Instrument ID      5. System           

1. Date & Time        

5. SDI-12 Address  

3. Quick Upload             
4. View File                  

1. Directory                      

5. Quick View File   

6. Delete All Files     

7. Test Memory        

1. Cal Constants                   

2. Setup                          

3. Sensor                              

4. Data Filter                                  

4. Status                    Available Memory                   

Logging Status            

Battery Voltage                     

Date and Time                      

    MORE    

MORE

 



Sondes  Section 2 

YSI Incorporated Environmental Monitoring Systems Operations Manual 2-29 

 
 
Select 1-Date & time.  An asterisk will appear next to each selection to confirm the entry.  Press 4 and 5 to 
activate the date and time functions.  Pay particular attention to the date format that you have chosen when 
entering date.  You must use the 24-hour clock format for entering time. Option 4- ( ) 4 digit year may be 
used so that the date will appear with either a two or four digit year display. If you do not enter the correct 
year format (8/30/98 for 2-digit, 8/30/1998 for 4 digit) your entry will be rejected. 
 
 
-----------Date & time setup----------- 
1-(*)m/d/y          4-( )4 digit year   
2-( )d/m/y          5-Date=08/30/98     
3-( )y/m/d          6-Time=11:12:30     
 
Select option (0 for previous menu):  
 
 
 
 
Select 4-Instrument ID from the System setup menu to record the instrument ID number (usually the 
instrument serial number), and press Enter.  A prompt will appear which will allow you to type in the 
serial number of your sonde. This will make sure that any data that is collected is associated with a 
particular sonde.  Note that the selection 5-Circuit Board SN shows the serial number of the PCB that is 
resident in your sonde (not the entire system as for Instrument ID).  Unlike the Instrument ID, the user 
cannot change the Circuit Board SN.   The 6-GLP filename and 7-SDI-12 address selections will be 
explained in Section 2.9.5 
 
Press Esc or 0 to return to the System setup menu. 
 
Then press Esc or 0 again to return to the Main menu. 
 

 
 
 

------------------Main----------------- 
1-Run               5-System 
2-Calibrate         6-Report 
3-File              7-Sensor 
4-Status            8-Advanced 
 
Select option (0 for previous menu): 
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ENABLING SENSORS 
 
To activate the sensors that are in your sonde, select Sensor from the Sonde Main menu. 
 

 
Note that the exact appearance of this menu will vary depending upon the sensors that are available on your 
sonde.  Enter the corresponding number to enable the sensors that are installed on your sonde.  An asterisk 
indicates that the sensor is enabled.   
 
When selecting any of the ISE or Optical ports, a submenu will appear.  When this occurs, make a selection 
so that the sensor corresponds to the port in which the sensor is physically installed.  Only ORP can be 
enabled as ISE2.  Optic T, Optic C, Optic B, and Optic O generate a submenu on selection.   Each optical 
port can have one of six probes (6136 Turbidity, 6025 Chlorophyll, 6130 Rhodamine WT, 6131 BGA-PC, 
6132 BGA-PE, or 6150 ROX Optical DO) installed as indicated by the submenus. 
 
NOTE CAREFULLY: It is NOT possible to simultaneously activate BOTH the 6562 Rapid Pulse 
polarographic dissolved oxygen sensor and the 6150 ROX Optical dissolved oxygen sensor.   Activation of 
either sensor will automatically deactivate the other selection.   Thus, users of 6600V2-2, 6600EDS V2-2, 
6820V2-1, and 6920V2-1 sondes CANNOT measure oxygen with both types of sensors. 
 
After all installed sensors have been enabled, press Esc or 0 to return to the Main Menu.  
 
 
ENABLING PARAMETERS 
 
 
In order for a specific parameter to be displayed: 
 
1. The sensor must first be enabled as described above. 
2. That parameter must be activated in the Report Setup menu described below. 
 
Select Report from the Main menu. A Report Setup menu similar to the one shown below will be 
displayed.  
  
 

 
------------Sensors enabled------------ 
1-(*)Time  
2-(*)Temperature  
3-(*)Conductivity  
4-(*)Dissolved Oxy  
5-(*)ISE1 pH  
6-(*)ISE2 Orp                           
7-(*)ISE3 NH4+ 
8-(*)ISE4 NO3- 
9-( )ISE5 NONE 
A-(*)Optic T Turbidity - 6136 
B-(*)Optic C Chlorophyll 
 
Select option (0 for previous menu): 
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Note that the exact appearance of this menu will vary depending upon the sensors that are available and 
enabled on your sonde.  The asterisks (*) that follow the numbers or letters indicate that the parameter will 
appear on all outputs and reports.  To turn a parameter on or off, type the number or letter that corresponds 
to the parameter.  
 
Note also that since a 6136 turbidity probe was selected in the Sensor menu above, the units of turbidity are 
presented as “turbid+ NTU”.   If a 6026 turbidity probe (which was offered by YSI up until 2002)  had 
been selected, the units of turbidity would be presented as “turbid NTU”.  This designation is designed to 
differentiate the data from the two sensor types in later analysis.  
 
For parameters with multiple unit options such as temperature, conductivity, specific conductance, 
resistivity and TDS, a submenu will appear as shown below for temperature, allowing selection of desired 
units for this parameter.  
 
 
--------------Select units------------- 
1-(*)NONE                               
2-( )Temp C                             
3-( )Temp F                             
4-( )Temp K                             
 
Select option (0 for previous menu): 2 
 
 
 
After configuring your display with the desired parameters, press Esc or 0 to return to the Main menu. 
  

 
--------------Report setup------------- 
1-(*)Date m/d/y     E-(*)Orp mV 
2-(*)Time hh:mm:ss  F-(*)NH4+ N mg/L 
3-(*)Temp C         G-( )NH4+ N mV 
4-(*)SpCond mS/cm   H-( )NH3 N mg/L 
5-( )Cond           I-(*)NO3- N mg/L 
6-( )Resist         J-( )NO3- N mV      
7-( )TDS            K-(*)Cl- mg/L 
8-( )Sal ppt        L-( )Cl- mV  
9-(*)DOsat %        M-(*)Turbid+ NTU 
A-(*)DO mg/L        N-(*)Chl ug/L     
B-( )DOchrg         O-(*)Chl RFU 
C-(*)pH             P-(*)Battery volts  
D-( )pH mV 
 
Select option (0 for previous menu): 
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CHECKING ADVANCED SETTINGS 
 
Select Advanced from the Main menu.  The following menu will be displayed.   
 

 
  Select Setup from the Advanced menu. 
 

 
Make sure that, other than Auto sleep RS232, all entries are activated or deactivated as shown above. 
 
For sondes which will be used in sampling studies where the user is present and observes readings in real-
time, Auto sleep RS232 should usually be “off’. For sondes that will be used in unattended monitoring 
studies, Auto sleep RS232 should usually be “on”. This is described in detail in Section 2.9, Sonde Menu. 
When this setup is verified, press Esc or 0 to return to the Advanced menu. 
 
Select 3-Sensor from the Advanced menu and make certain that the entries are identical to those shown 
below. 
 

 
----------------Advanced-------------- 
1-Cal constants 
2-Setup 
3-Sensor 
4-Data filter 
 
Select option (0 for previous menu): 
 

 
-------------Advanced setup----------- 
1-(*)VT100 emulation                    
2-( )Power up to Menu                   
3-( )Power up to Run                    
4-( )Comma radix                        
5-(*)Auto sleep RS232                   
6-(*)Auto sleep SDI12                   
7-( )Multi SDI12                        
8-( )Full SDI12                         
 
Select option (0 for previous menu): 0 
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If you have a depth sensor installed, you can maintain the default settings of 40 and 0 for 2-Latitude and 
3-Altitude, respectively, without affecting your ability to learn the basic calibration and operation of the 
sonde.  However, if you know the appropriate values for your location, change them.  When this setup is 
verified, press Esc or 0 to return to the Advanced menu.  For more information, see Section 2.9.8, 
Advanced. 
 
The display under 3-Sensor may be different from the one shown in the example above, depending on the 
sensors that are installed in your unit.  For example, if you do not have a chlorophyll probe, the last two 
entries (which are relevant only to chlorophyll) will not appear. 
 
When this setup is verified, press Esc or 0 to return to the Advanced menu.  For a detailed explanation of 
the choices in the Advanced menu, see Section 2.9.8, Advanced.   Press Esc or 0 to back up to the Main 
menu.  

 
 
The sonde software is now set up and ready to calibrate and run.   

 
------------Advanced sensor----------- 
1-TDS constant=0.65 
2-Latitude=40 
3-Altitude Ft=0 
4-(*)Fixed probe 
5-( )Moving probe                     
6-DO temp co %/C=1.1                    
7-DO warm up sec=40                     
8-( )Wait for DO                        
9-Wipes=1                          
A-Wipe int=5                           
B-SDI12-M/wipe=1                       
C-Turb temp co %/C=0.3                  
D-(*)Turb spike filter                      
E-Chl temp co %/C=0                  
F-( )Chl spike filter  
 
Select option (0 for previous menu): 
 

------------------Main----------------- 
1-Run               5-System 
2-Calibrate         6-Report 
3-File              7-Sensor 
4-Status            8-Advanced 
 
Select option (0 for previous menu): 
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2.6 GETTING READY TO CALIBRATE 
 
 
2.6.1 INTRODUCTION 
 
HEALTH AND SAFETY 
 
Reagents that are used to calibrate and check this instrument may be hazardous to your health.  Take a 
moment to review health and safety information in Appendix A of this manual.  Some calibration standard 
solutions may require special handling. 
 
CONTAINERS NEEDED TO CALIBRATE A SONDE 
 
The calibration cup that comes with your sonde serves as a calibration chamber for all calibrations and 
minimizes the volume of calibration reagents required.  
 
Although not recommended except in unusual circumstances, instead of the calibration cup, you may use 
laboratory glassware to perform some of the calibrations. If you do not use a calibration cup that is 
designed for the sonde, you are cautioned to do the following: 
 
 Perform all calibrations with the Probe Guard installed. This protects the probes from possible physical 

damage. 
 
 Use a ring stand and clamp to secure the sonde body to prevent the sonde from falling over.  Much 

laboratory glassware has convex bottoms. 
 
 Insure that all sensors are immersed in calibration solutions.  Many of the calibrations factor in 

readings from other probes (e.g., temperature probe). The top vent hole of the conductivity sensor must 
also be immersed during calibrations. 

 
 
CALIBRATION TIPS 
 

1.   If you use the Calibration Cup for calibration of either the Rapid Pulse 
Polarographic or ROX Optical DO sensors in water-saturated air, make 
certain to loosen the seal to allow pressure equilibration before calibration.  

 
2.        If you choose to calibrate your Rapid Pulse Polarographic or ROX Optical 
           DO sensor in air-saturated water in a separate vessel, be sure to sparge the 
           water with an aquarium pump and air-stone for at least 1 hour to assure that  
           the water is truly saturated with air. 

 
3.   The key to successful calibration is to insure that the sensors are completely 

submersed when calibration values are entered.  Use recommended volumes 
when performing calibrations. 

 
4.   For maximum accuracy, use a small amount of previously used calibration 

solution to pre-rinse the sonde.  You may wish to save old calibration 
standards for this purpose. 

 
5.   Fill a bucket with ambient temperature water to rinse the sonde between 

calibration solutions or perform the calibration near a sink where the probes 
can be rinsed from the tap. 
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6.   Have several clean, absorbent paper towels or cotton cloths available to dry 

the sonde between rinses and calibration solutions. Shake the excess rinse 
water off of the sonde, especially when the probe guard is installed.  Dry off 
the outside of the sonde and probe guard.  Making sure that the sonde is dry 
reduces carry-over contamination of calibrator solutions and increases the 
accuracy of the calibration.  

 
7.   Make certain that port plugs are installed in all ports where probes are not 

installed.  It is extremely important to keep these electrical connectors dry. 
 
 
USING THE CALIBRATION CUP 
 
Follow these instructions to use the calibration cup for calibration procedures with all of the instruments 
except the 600R, 600QS, and 600 OMS V2-1. For these sondes, the over-the-guard bottle that comes with 
your sonde, must be used. 
 
 Ensure that a gasket is installed in the gasket groove of the calibration cup bottom cap, and that the 

bottom cap is securely tightened. Note: Do not over-tighten as this could cause damage to the threaded 
portions of the bottom cap and tube. 

 
 Remove the probe guard, if it is installed. 
 
 Inspect the installed gasket on the sonde for obvious defects and if necessary, replace it with the extra 

gasket supplied. 
 
 Screw the cup assembly into place on the threaded end of sonde and securely tighten. Note: Do not 

over tighten as this could cause damage to the threaded portions of the bottom cap and tube. 
 
 Sonde calibration can be accomplished with the sonde upright– i.e. the cable connector end of the 

sonde is oriented above the probe end, or inverted where the orientation is reversed.  A separate clamp 
and stand, such as a ring stand, is required to support the sonde in the inverted position. 

 
 When using the Calibration Cup for dissolved oxygen calibration in water-saturated air, make certain 

that the vessel is vented to the atmosphere by loosening the bottom cap or cup assembly, depending on 
orientation, and that approximately 1/8” of water is present in the cup. 

 
 
NOTE CAREFULLY: If you are calibrating a 6136 turbidity sensor for use with a 6820V2-1 or 6920V2-1, 
you can use either the calibration cup supplied with your sonde or an optional extended length cup for the 
calibration.  Please see the section below which describes the special calibration recommendations for this 
sensor.  
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RECOMMENDED VOLUMES OF CALIBRATION REAGENTS 
 
The approximate volumes of the reagents are specified below for both the upright and inverted orientations.   
Note that the volume values are only estimates.   The actual amount of calibrator solution required will 
depend on how many and what type of other probes are installed in you sonde bulkhead. 
 
 
Table 1A  6820V2-1 and 6920V2-1 Sondes with Standard Calibration Cup* 
Probe to Calibrate Upright Inverted 
Conductivity 200ml 150ml 
pH/ORP 125ml 175ml 
ISE 125ml 175ml 
All Optical Sensors 50ml DO NOT CALIBRATE*** 
 
Table 1B  6820V2-1 and 6920V2-1 Sondes with Optional Extended Calibration Cup* 
Probe to Calibrate Upright Inverted 
Conductivity 320ml 150ml 
pH/ORP 240ml 175ml 
ISE 240ml 175ml 
All Optical Sensors 225ml DO NOT CALIBRATE*** 
 
 
Table 2  6820V2-2 and 6920V2-2 Sondes with Extended Calibration Cup* 
Probe to Calibrate Upright Inverted 
Conductivity 310ml 150ml 
pH/ORP 200ml 150ml 
ISE 200ml 150ml 
All Optical Sensors 225 ml DO NOT CALIBRATE*** 
 
 
Table 3  600XL and 600XLM Sondes 
Probe to Calibrate Upright Inverted 
Conductivity 50ml 50ml 
pH/ORP 25ml 50ml 
 
 
Table 4  6600V2-2 Sonde with Short Calibration Cup and Long Cup in Parentheses* 
Probe to Calibrate Upright Inverted 
Conductivity 425ml (650ml) 250ml (250ml) 
pH/ORP 300ml (500ml) 250ml (250ml)) 
ISE 300ml (500ml) 250ml (250ml) 
All Optical Sensors 180ml (500ml) DO NOT CALIBRATE*** 

 
 
Table 5  6600EDSV2-2 Sonde with Short Calibration Cup and Long Cup in Parentheses* 
Probe to Calibrate Upright Inverted 
Conductivity 275ml (520ml) 350ml (350ml) 
pH/ORP 175ml (400ml) 350ml (350ml) 
All Optical Sensors 225ml (420ml) DO NOT CALIBRATE*** 
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Table 6  6600V2-4 Sonde with Standard Long Calibration Cup**** 
Probe to Calibrate Upright Inverted 
Conductivity 525ml 150ml 
pH/ORP 500ml 150ml 
All Optical Sensors 425ml DO NOT CALIBRATE*** 

 
 
Table 7  600 OMS V2-1 Sonde* * 
Probe to Calibrate Upright Inverted 
Conductivity 375ml N/A 
Turbidity, Chlorophyll, Rhodamine WT 350ml N/A 
 
 
Table 8  600R and 600QS Sondes 
Probe to Calibrate Upright Inverted 
Conductivity 350ml N/A 
pH/ORP 120ml N/A 
*    See section below for special instructions dealing with calibration of 6136 turbidity sensor. 
 
**  See section below for special instructions dealing with calibration of the conductivity sensor for the 600 
OMS V2-1. 
 
*** Optical Sensors CANNOT be calibrated with the sonde in the Upside-Down position because of 
interference from the meniscus of the calibration standard. 
 
**** An extended length calibration cup is supplied with the 6600V2-4, 6600V2-2, and 6600EDSV2-2 to 
facilitate calibration of the 6136 turbidity sensor.  This cup requires the use of larger volumes of other 
calibration solutions.  Users may choose to purchase the shorter calibration cup sleeve for calibration of 
sensors other than the 6136 to reduce the volumes of calibrant.  The shorter cal cup sleeve is YSI Item 
Number 066267 and can be obtained by contacting YSI Technical Support. 
 
 
CALIBRATION OF THE 6136 TURBIDITY SENSOR 
 
The 6136 can be calibrated using either the calibration cup supplied with the sonde or with an extended length 
calibration cup which can be purchased as an option for the 6820V2-1 and 6920V2-1.   An extended cup is 
supplied as a standard item with the 6820V2-2, 6920V2-2, 6600V2-4, 6600V2-2, and 6600EDSV2-2 sondes.   
If you choose to calibrate with the short calibration cup, you also MUST first make certain that the vessel is 
equipped with a BLACK bottom.  In addition, you should engage only ONE THREAD when screwing the 
calibration cup onto the sonde in order to keep the turbidity probe face as far as possible from the calibration 
cup bottom to avoid interference.  Even with these techniques, there will still be a small interference from the 
bottom of the calibration cup that will cause your field turbidity readings to be approximately 0.5 NTU lower 
than the actual reading.  This small error is usually only evident when the sonde is deployed in very clear water 
where the readings might appear as slightly negative values, e.g., a turbidity of 0.1 NTU would appear as –0.4 
NTU. 
 
Use of the extended length cup will require the use of significantly more standard solutions for 6820V2-1/ 
6920V2-1 sondes (additional 180 mL) if calibration is done in the upright position.  To minimize 
calibration solution volumes for sensors other than turbidity, users may wish to purchase the shorter 
calibration cup sleeve which is supplied as standard with the 6820V2-1 and 6920V2-1.  The shorter cal cup 
sleeve for any 6600 is Item Number 066267, and the shorter cal cup sleeve for any 6820/6920 is Item 
Number 069286. These can be ordered from YSI Technical Support. 
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NOTE CAREFULLY: All optical sensors MUST be calibrated in the upright position no matter which type 
of calibration cup is employed.   In the upside-down position, the meniscus of the standard causes a great 
deal of interference and this interference is likely to result in calibration errors and/or erroneous field 
readings. 
 
 
CALIBRATION OF 600 OMS V2-1 CONDUCTIVITY SENSOR 
 
In order to conserve calibration solution, the 600 OMS V2-1conductivity sensor should be calibrated with 
the optical probe removed and the optical port plug securely tightened.  The volume of conductivity 
solution provided in Table 7 above reflects this special condition.  In addition, it is recommended that the 
sonde be shaken vigorously after immersion in the conductivity reagent to assure that bubbles are expelled 
from the cell. 
 
An instruction sheet dealing in greater detail with the special requirements for calibration of 600 OMS V2-
1sensors is included with the sonde.  Be sure to read the instructions carefully before using the sonde.      
 
 
2.6.2 CALIBRATION PROCEDURES 
 
The following calibration procedures are the most commonly used methods for the 6-series sensors. For 
detailed information on all calibration procedures, refer to Section 2.9.2, Calibrate. 
 
To ensure more accurate results, you can rinse the calibration cup with water, and then rinse with a small 
amount of the calibration solution for the sensor that you are going to calibrate. Discard the rinse solution 
and add fresh calibrator solution. Use tables 1-8 to find the correct amount of calibrator solution.  
 
1. Carefully immerse the probes into the solution and rotate the calibration cup to engage several 

threads. YSI recommends supporting the sonde with a ring stand and clamp to prevent the sonde 
from falling over. 

 
2. With the proper cable, connect the sonde to a PC, access EcoWatch for Windows and proceed to 

the Main menu (for information on how to run EcoWatch for Windows software, see Section 
2.4.2, Running EcoWatch Software). From the sonde Main menu, select 2-Calibrate. 

 
 

 

 
---------------Calibrate-------------- 
1-Conductivity      6-ISE3 NH4+          
2-Dissolved Oxy     7-ISE4 NO3-         
3-Pressure-Abs      8-Optic T-Turbidity-6026        
4-ISE1 pH           9-Optic C-Chlorophyll 
5-ISE2 ORP 
 
Select option (0 for previous menu): 
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3. Note that the exact appearance of this menu will vary depending upon the sensors that are 
available and enabled on your sonde.  To select any of the parameters from the Calibrate menu, 
input the number that is next to the parameter. Once you have chosen a parameter, some of the 
parameters will have a number that appears in parentheses. These are the default values and will 
be used during calibration if you press Enter without inputting another value. Be sure not to 
accept default values unless you have assured that they are correct.  If no default value appears, 
you must type a numerical value and press Enter. 

 
4. After you input the calibration value, or accept the default, press Enter. A real-time display will 

appear on the screen. Carefully observe the stabilization of the readings of the parameter that is 
being calibrated. When the readings have been stable for approximately 30 seconds, press Enter 
to accept the calibration. The calibrated value is bolded on the example screen on the following 
page.  

 
5. Press Enter to return to the Calibrate menu, and proceed to the next calibration.  
 
 
 
CALIBRATION EXAMPLE 
 
The example below for calibration of specific conductance, is designed to demonstrate the general calibration 
protocol for all parameters.  From the Calibrate menu, press 1-Conductivity and the following display will be 
shown. 
 
 

 
   
 
 
 
 
 

 
Select 1-SpCond (the generally-recommended method for calibration of a conductivity sensor) and the 
following prompt will appear which calls for your numerical input of the specific conductance of your 
calibration solution. 
 

 
 

 
As noted above, the number in parentheses is the default value of this parameter and will be used in the 
calibration if only Enter is pressed without typing in another value.  Similar prompts will be displayed during 
the calibration of all parameters, but for some sensors, such as pH, no default values are provided.  In these 
cases, the user must input a numerical value and then press Enter. 
 
After the correct calibration value for your solution is input and Enter is pressed, a real-time display similar to 
the following will then appear on the screen.. 
 
 

------------Cond calibration----------- 
1-SpCond                                
2-Cond                                  
3-Salinity                              
 
Select option (0 for previous menu): 1 

Enter SpCond in mS/cm (10): 
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Note that all parameters that have been enabled will appear - not just the one being calibrated at the moment.  
The user should carefully observe the stabilization of the readings of the parameter that is being calibrated 
and, when the readings are stable for approximately 30 seconds, press Enter to implement the calibration and 
the following message will appear. 
 
 

 
 

 
NOTE: If an ERROR message appears, begin the calibration procedure again.  Be certain that the value you 
enter for the calibration standard is correct.  Also see Section 6, Troubleshooting for more information on 
error messages. 
 
CAUTION: Be certain to immerse the entire sonde in solution standards for calibration of all parameters.  
Most calibrations require readings not only from the sensor being calibrated but also from the temperature 
sensor.   
 
Specific start-up

 

 calibration procedures for all sensors that commonly require calibration are provided in the 
following paragraphs of this section.  Remember that these are basic protocols designed to get the user up and 
running with your 6-series sonde.  A more-detailed discussion of sensor calibration can be found in Section 
2.9.2.  

 
CONDUCTIVITY   
 
This procedure calibrates conductivity, specific conductance, salinity, and total dissolved solids. 
 
Place the correct amount (see Tables 1-8) of 10 mS/cm conductivity standard (YSI 3163 is recommended) 
into a clean, dry or pre-rinsed calibration cup. 
 
Before proceeding, ensure that the sensor is as dry as possible.  Ideally, rinse the conductivity sensor with a 
small amount of standard that can be discarded.  Be certain that you avoid cross-contamination of standard 
solutions with other solutions.  Make certain that there are no salt deposits around the oxygen and pH/ORP 
probes, particularly if you are employing standards of low conductivity.  
 
Carefully immerse the probe end of the sonde into the solution.  Gently rotate and/or move the sonde up 
and down to remove any bubbles from the conductivity cell.  The probe must be completely immersed past 
its vent hole.  Using the recommended volumes from the table in the previous subsection should insure that 
the vent hole is covered. 
 
Allow at least one minute for temperature equilibration before proceeding. 
 
From the Calibrate menu, select Conductivity to access the Conductivity calibration procedure and then 1-
SpCond to access the specific conductance calibration procedure.  Enter the calibration value of the 
standard you are using (mS/cm at 25°C) and press Enter.  The current values of all enabled sensors will 
appear on the screen and will change with time as they stabilize.  
 

Date     Time     Temp SpCond   Cond   Sal DOsat     DO    Depth   pH   Battery 
mm/dd/yy hh:mm:ss   C  mS/cm    mS/cm  ppt     %    mg/L    feet         volts 
------------------------------------------------------------------------------ 
To calibrate, press <Enter> when the readings are stable. 
 
05/05/97 08:39:51 20.83 9.602 8.837   5.41  37.9   3.28  -0.252  7.06    10.2 

Calibrated.  Press <Enter> to continue. 
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Observe the readings under Specific Conductance or Conductivity and when they show no significant 
change for approximately 30 seconds, press Enter.  The screen will indicate that the calibration has been 
accepted and prompt you to press Enter again to return to the Calibrate menu. 
 
Rinse the sonde in tap or purified water and dry the sonde. 
 
NOTE: The YSI conductivity system is very linear over its entire 0-100 mS/cm range.  Therefore, it is 
usually not necessary to use calibration solutions other than the 10 mS/cm reagent recommended above for 
all environmental applications from low conductivity freshwater to seawater.   YSI does offer the 3161  
(1 mS/cm) and 3165 (100 mS/cm) conductivity standards for users who want to assure maximum accuracy 
at the high and low ends of the sensor range.  Users of the 1 mS/cm standard should be particularly careful 
to avoid contamination of the reagent. In fact, because of contamination issues, YSI does not recommend 
using standards less than 1 mS/cm. 
 
NOTE: For calibration of the 600 OMS V2-1conductivity sensor, the optical probe must be removed and 
the port plugged.  See specific instructions in the application note supplied with the 600 OMS V2-1. 
 
 
RAPID PULSE POLAROGRAPHIC DISSOLVED OXYGEN 
 
Place approximately 3 mm (1/8 inch) of water in the bottom of the calibration cup.  Place the probe end of 
the sonde into the cup.  Make certain that the DO and temperature probes are not

 

 immersed in the water.  
Engage only 1 or 2 threads of the calibration cup to insure the DO probe is vented to the atmosphere.  Wait 
approximately 10 minutes for the air in the calibration cup to become water saturated and for the 
temperature to equilibrate. 

Two calibration protocols are provided below for Rapid Pulse dissolved oxygen, one for sampling 
applications and one for long-term monitoring applications. 
 
 
Sampling Applications 
 
If your instrument will be used in sampling applications where the dissolved oxygen is “on” continuously 
during the study, deactivate “Autosleep RS232” as described in Section 2.5, Sonde Software Setup. 
 
From the Calibrate menu, select Dissolved Oxy, then 1-DO % to access the DO percent calibration 
procedure. Calibration of dissolved oxygen in the DO % procedure also results in calibration of the DO 
mg/L mode and vice versa. 
 
Enter the current barometric pressure in mm of Hg.  (Inches of Hg x 25.4 = mm Hg).   
 
Note: Laboratory barometer readings are usually “true” (uncorrected) values of air pressure and can be used 
“as is” for oxygen calibration.  Weather service readings are usually not “true”, i.e., they are corrected to sea 
level, and therefore cannot be used until they are “uncorrected”.   An approximate formula for this 
“uncorrection”  (where the BP readings MUST be in mm Hg) is: 
 

True BP =  [Corrected BP] – [2.5 *  (Local Altitude in feet above sea level/100)] 
 
 
Press Enter and the current values of all enabled sensors will appear on the screen and change with time as 
they stabilize.  Observe the readings under DO%. When they show no significant change for approximately 
30 seconds, press Enter.  The screen will indicate that the calibration has been accepted and prompt you to 
press Enter again to return to the Calibrate menu. 
 
Rinse the sonde in water and dry the sonde. 
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Monitoring Applications 
 
If your instrument will be used in monitoring applications where data is being captured at a longer interval 
(e.g. 15 – 60 minutes) to internal sonde memory, a data collection platform or a computer, you need to 
activate “Autosleep RS232” as described in Section 2.5, Sonde Software Setup. Then follow the 
instructions detailed above for the Sampling Application calibration. With Autosleep active, the calibration 
will occur automatically with a display similar to that shown below. 

 
After the warm-up time is complete, the readings just before and just after calibration are displayed.  When 
you press Enter, the screen returns to the DO Calibration menu.   
 
 
ROX OPTICAL DISSOLVED OXYGEN 
 
Place the sensor either (a) into a calibration cup containing about 1/8 inch of water which is vented by 
loosening the threads or (b) into a container of water which is being continuously sparged with an aquarium 
pump and air stone.   Wait approximately 10 minutes before proceeding to allow the temperature and 
oxygen pressure to equilibrate. 
 
Select ODOsat % and then 1-Point to access the DO calibration procedure. Calibration of your Optical 
dissolved oxygen sensor in the DO % procedure also results in calibration of the DO mg/L mode and vice 
versa. 
 
Enter the current barometric pressure in mm of Hg.  (Inches of Hg x 25.4 = mm Hg).   
 
Note: Laboratory barometer readings are usually “true” (uncorrected) values of air pressure and can be used 
“as is” for oxygen calibration.  Weather service readings are usually not “true”, i.e., they are corrected to sea 
level, and therefore cannot be used until they are “uncorrected”.   An approximate formula for this 
“uncorrection” (where the BP readings MUST be in mm Hg) is: 
 

True BP = [Corrected BP] – [2.5 * (Local Altitude in ft above sea level/100)] 
 
Press Enter and the current values of all enabled sensors will appear on the screen and change with time as 
they stabilize.  Observe the readings under ODOsat %. When they show no significant change for 
approximately 30 seconds, press Enter.  The screen will indicate that the calibration has been accepted and 
prompt you to press Enter again to return to the Calibrate menu. 
 
The minor advantages and disadvantages of calibration in air-saturated water versus water-saturated air are 
outlined in Appendix M, ROX Optical DO Sensor 
 
NOTE CAREFULLY: As opposed to the 6562 Rapid Pulse Polarographic DO sensor described above, 
there is no difference between the calibration routine for sensors which will be used for sampling or 
monitoring applications.   Usually the Autosleep RS-232 feature in the Advanced|Setup menu will be 
activated for ROX calibrations, but there is no problem if it is not active.   
 
Rinse the sonde in water and dry the sonde. 

 
=================================================================== 
 Temp SpCond    Sal DOsat     DO   Depth    pH NH4+ N NO3- N Turbid 
    C  mS/cm    ppt     %   mg/L    feet         mg/L   mg/L    NTU 
------------------------------------------------------------------- 
Stabilizing: 38 
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DEPTH AND LEVEL 
 
For the depth and level calibration, make certain that the depth sensor module is in air and not immersed in 
any solution. 
 
From the Calibrate menu, select Pressure-Abs (or Pressure-Gage if you have a vented level sensor) to 
access the depth calibration procedure.  Input 0.00 or some known sensor offset in feet. Press Enter and 
monitor the stabilization of the depth readings with time.  When no significant change occurs for 
approximately 30 seconds, press Enter to confirm the calibration.  This zeros the sensor with regard to 
current barometric pressure.  Then press Enter again to return to the Calibrate menu. 
 
For best performance of depth measurements, users should ensure that the sonde’s orientation remains 
constant while taking readings. This is especially important for vented level measurements and for sondes 
with side mounted pressure sensors. 
 
 
pH 2-POINT 
 
Using the correct amount of pH 7 buffer standard (see Tables 1-8) in a clean, dry or pre-rinsed calibration 
cup, carefully immerse the probe end of the sonde into the solution.  Allow at least 1 minute for 
temperature equilibration before proceeding. 
 
From the Calibrate menu, select ISE1 pH to access the pH calibration choices and then press 2- 2-Point.  
Press Enter and input the value of the buffer at the prompt.    
 
NOTE: The actual pH value of all buffers is somewhat variable with temperature and that the correct value 
from the bottle label for your calibration temperature should be entered for maximum accuracy.   For 
example, the pH of YSI “pH 7 Buffer” is 7.00 at 25 C, but 7.02 at 20 C. 
 
After entering the correct pH value of the buffer, press Enter and the current values of all enabled sensors 
will appear on the screen and change with time as they stabilize in the solution.  Observe the readings under 
pH and when they show no significant change for approximately 30 seconds, press Enter.  The display will 
indicate that the calibration is accepted. 
 
After the pH 7 calibration is complete, press Enter again, as instructed on the screen, to continue.  Rinse 
the sonde in water and dry the sonde before proceeding to the next step. 
 
Using the correct amount (see Tables 1-8) of an additional pH buffer standard into a clean, dry or pre-
rinsed calibration cup, carefully immerse the probe end of the sonde into the solution.  Allow at least 1 
minute for temperature equilibration before proceeding. 
 
Press Enter and input the correct value of the second buffer for your calibration temperature at the prompt.  
Press Enter and the current values of all enabled sensors will appear on the screen and will change with 
time as they stabilize in the solution.  Observe the readings under pH and when they show no significant 
change for approximately 30 seconds, press Enter.  After the second calibration point is complete, press 
Enter again, as instructed on the screen, to return to the Calibrate menu.   
 
Rinse the sonde in water and dry.  Thoroughly rinse and dry the calibration containers for future use. 
 
NOTE: The majority of environmental water of all types has a pH between 7 and 10.  Therefore, unless 
you anticipate a pH of less than 7 for your application, YSI recommends a two point calibration using pH 7 
and pH 10 buffers. 
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The next calibration instructions are only for the ISE sensors which are options for the 6820V2-1, 
6800V2-2, 6600V2-2, 6920V2-1, and 6920V2-2 sondes. If you do not have one of these sondes, you 
may skip to the next section. 
 
AMMONIUM (NH4

+) , CHLORIDE CL- AND NITRATE (NO3
-)  3-POINT 

 

 
The calibration procedures for ammonium, nitrate or chloride are similar to pH except for the reagents in 
the calibration solutions.  Suggested values for calibrants are 1 and 100 mg/L of either ammonium-nitrogen 
(NH4-N) or nitrate-nitrogen (NO3-N). Suggested values for calibrants are 10 and 1000 mg/L of Chloride 
(Cl-). 
 
NOTE:  The following procedure requires one portion of the high concentration calibrant and two

 

  portions 
of the low concentration calibrant.  The high concentration solution and one of the low concentration 
solutions should be at ambient temperature.  The other low concentration solution should be chilled to less 
than 10°C prior to beginning the procedure. 

Place the proper amount of 100 mg/L standard (1000mg/l for chloride) into a clean, dry or pre-rinsed 
transport cup.  Carefully immerse the probe end of the sonde into the solution.  Allow at least 1 minute for 
temperature equilibration before proceeding.  
 
Select Ammonium, Nitrate, or

 

 Chloride to access the appropriate calibration choices.  Then select  3-3-
Point.  Press Enter and input the concentration value of the standard as requested.  Press Enter and the 
current values of all enabled sensors will appear on the screen and will change with time as they stabilize in 
the solution.  Observe the readings under NH4+, NO3-, or Cl- . When they show no significant change for 
approximately 30 seconds, press Enter. 

After the first calibration point is complete, proceed as instructed on the screen, to continue.  Rinse the 
sonde in water and dry the sonde prior to the next step. 
 
Place the proper amount of  1 mg/L standard for Ammonium or Nitrate (10 mg/l for Chloride) into a clean, 
dry or pre-rinsed transport cup.  Carefully immerse the probe end of the sonde into the solution.  Allow at 
least 1 minute for temperature equilibration before proceeding.   
 
Press Enter and input the concentration value of the standard as requested.   
 
Press Enter and the current values of all enabled sensors will appear on the screen and will change with 
time as they stabilize in the solution.  Observe the readings under NH4+, NO3-, or Cl-.and when they have 
show no significant change for approximately 30 seconds, press Enter. 
 
After the second value calibration is complete, press Enter to continue.  Place the proper amount of chilled 
1 mg/L standard  (10 mg/L for the chloride) into a clean, dry or pre-rinsed calibration cup.  Carefully 
immerse the probe end of the sonde into the solution.  Allow at least 5 minutes for temperature 
equilibration before proceeding.  
 
Press Enter and input the concentration value of the standard as requested.  Press Enter and the current 
values of all enabled sensors will appear on the screen and will change with time as they stabilize in the 
solution. Observe the readings under NH4+, NO3-. or Cl-. and when they show no significant change for 
approximately 30 seconds, press Enter.  After the third value calibration is complete, press Enter to return 
to the Calibrate menu.   
 
Thoroughly rinse and dry the calibration cups for future use. 

WARNING:  AMMONIUM AND NITRATE SENSORS CAN ONLY BE USED AT DEPTHS OF LESS 
THAN 50 FEET (15 METERS).  USE OF THE SENSORS AT GREATER DEPTHS IS LIKELY TO 
PERMANENTLY DAMAGE THE SENSOR MEMBRANE. 
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CALIBRATION TIP:  Exposure to the high ionic content of pH buffers can cause a significant, but 
temporary, drift in these ISE probes (ammonium, nitrate and chloride probes).  Therefore, when calibrating 
the pH probe, YSI recommends that you use one of the following methods to minimize errors in the 
subsequent readings:  
 
 Calibrate pH first, immersing all of the probes in the pH buffers.  After calibrating pH, place the 

probes in 100 mg/L nitrate or ammonium standard or 1000 mg/L chloride standard and monitor the 
reading.  Usually, the reading starts low and may take as long as 30 minutes to reach a stable value.  
When it does, proceed with the calibration.   

 
 When calibrating pH, remove ISE modules from the sonde bulkhead and plug the ports. After pH 

calibration is complete, replace the ISE sensors and proceed with their calibration with no stabilization 
delay.  

 
 
TURBIDITY 2-POINT 
 
Select Optic X –Turbidity-6136 or Optic X – Turbidity 6026 from the Calibrate Menu and then 2-2-
Point.    
 
NOTE: Before calibrating your 6136 turbidity sensor, pay particular attention to the following cautions: 
 
• To properly calibrate YSI turbidity sensors, you MUST use standards that have been prepared 

according to details in Standard Methods for the Treatment of Water and Wastewater (Section 2130 B).    
Acceptable standards include (a) formazin prepared according to Standard Methods; (b) dilutions of 
4000 NTU formazin concentrate purchased from Hach; (c) Hach StablCalTM standards in various NTU 
denominations; and (d) AMCO-AEPA standards prepared specifically for the 6026 and 6136 by either 
YSI or approved vendors who are listed on the YSI website (www.ysi.com).  STANDARDS FROM 
OTHER VENDORS ARE NOT

 

 APPROVED FOR THE YSI TURBIDITY SYSTEM AND THEIR 
USE WILL LIKELY RESULT IN BOTH CALIBRATION ERRORS AND INCORRECT FIELD 
READINGS. 

• For AMCO-AEPA standards, the value entered by the user during the calibration protocol is 
DIFFERENT depending on which YSI turbidity sensor (Legacy 6026 or Current 6136) is being 
calibrated.   This reflects the empirically determined fact that 6026 and 6136 sensors that have been 
calibrated to the same value in the primary standard formazin, will have different responses in 
suspensions of the AEPA-AMCO 

 

beads.  This effect is likely due to the larger optical cell volume of 
the 6136.  Thus, for example, the label of the YSI 6073 turbidity standard bottle indicates that the 
value of the standard is 100 NTU when used for calibration of the 6026 sensor, but 126 NTU when 
used to calibrate the 6136.   Note that the phenomenon of a sensor-specific formazin/AEPA-AMCO 
ratio is well known for sensors other than the 6026 and 6136. 

• When calibrating a 6136 turbidity sensor you MUST carefully follow the instructions found above in 
Section 2.6.1 to avoid interference from the bottom of the calibration cup.  Failure to carry out the 
calibration properly can result in inaccurate readings, particularly water of very low turbidity. 

 
• Before proceeding with the calibration, be certain that the probe compartment of the sonde has been 

cleaned and is free of debris.   Solid particles from this source, particularly those carried over from past 
deployments, will contaminate the standards during your calibration protocol and cause either 
calibration errors and/or inaccurate field data. 

 
• One standard must be 0 NTU, and this standard must be calibrated first. 
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To begin the calibration, place the correct amount (see Tables 1-8 above) of 0 NTU standard (clear 
deionized or distilled water) into the calibration cup provided with your sonde.  Immerse the sonde in the 
water.  Input the value 0 NTU at the prompt, and press Enter.  The screen will display real-time readings 
that will allow you to determine when the readings have stabilized.   Activate the wiper 1-2 times by 
pressing 3-Clean Optics as shown on the screen, to remove any bubbles.  After stabilization is complete, 
press Enter to “confirm” the first calibration and then, as instructed, press Enter to continue. 
 
Dry the sonde carefully and then place the sonde in the second turbidity standard (100 or 126 NTU is 
suggested) using the same container as for the 0 NTU standard.   Input the correct turbidity value in NTU, 
press Enter, and view the stabilization of the values on the screen in real-time.  As above, activate the 
wiper with the “3” key or manually rotate the sonde to remove bubbles.  After the readings have stabilized, 
press Enter to confirm the calibration and then press Enter to return to the Calibrate menu. 
 
Thoroughly rinse and dry the calibration cups for future use. For additional information related to 
calibrating the turbidity sensor, see Appendix E, Turbidity Measurements. 
 
 
CHLOROPHYLL 1-POINT 
 
Select Optic X -Chlorophyll from the Calibrate Menu, Chl µg/L and then 1-1 point. 
 
NOTE: This procedure will zero your fluorescence sensor and use the default sensitivity for calculation of 
chlorophyll concentration in µg/L, allowing quick and easy fluorescence measurements that are only semi-
quantitative with regard to chlorophyll.  However, the readings will reflect changes in chlorophyll from site 
to site, or over time at a single site.    
 
To increase the accuracy of your chlorophyll measurements, follow the 2-point or 3-point calibration 
protocols outlined in Section 2.9, Sonde Menu.    
 
Before making any field readings, carefully read Section 5.14, Chlorophyll and Appendix I, Chlorophyll 
Measurements that describe practical aspects of fluorescence measurements. 
 
To begin the calibration, place the correct amount (see Tables 1-8 above) of clear deionized or distilled 
water into the YSI clear calibration cup provided.  Immerse the sonde in the water.  Input the value 0 µg/L 
at the prompt, and press Enter.  The screen will display real-time readings that will allow you to determine 
when the readings have stabilized.  Activate the wiper 1-2 times by pressing 3-Clean Optics as shown on 
the screen to remove any bubbles from the sensor.  After stabilization is complete, press Enter to 
“confirm” the calibration and then, as instructed, press Enter to return to the Calibrate menu. 
 
Thoroughly rinse and dry the calibration cups for future use. For additional information related to 
calibrating the chlorophyll sensor, see Section 5.14, Chlorophyll and Appendix I, Chlorophyll 
Measurements. 
 
 
BGA-PC 1-POINT 
 
Select Optic X BGA-PC - from the Calibrate Menu, and then 1-1 point. 
 
NOTE: This procedure will zero your fluorescence sensor and use the default sensitivity for calculation of 
phycocyanin-containing BGA in cells/mL, allowing quick and easy fluorescence measurements that are 
only semi-quantitative with regard to BGA-PC.  However, the readings will reflect changes in BGA-PC 
from site to site, or over time at a single site.    
 
To increase the accuracy of your BGA-PC measurements, follow the 2-point calibration protocols outlined 
in Section 2.9, Sonde Menu.    



Sondes  Section 2 

YSI Incorporated Environmental Monitoring Systems Operations Manual 2-47 

 
Before making any field readings, carefully read Section 5.16, Principles of Operation to better 
understand the practical aspects of BGA-PC fluorescence measurements. 
 
To begin the calibration, place the correct amount (see Tables 1-8 above) of clear deionized or distilled 
water into the YSI clear calibration cup provided.  Immerse the sonde in the water.  Input the value 0 
cells/mL at the prompt, and press Enter.  The screen will display real-time readings that will allow you to 
determine when the readings have stabilized.  Activate the wiper 1-2 times by pressing 3-Clean Optics as 
shown on the screen to remove any bubbles from the sensor.  After stabilization is complete, press Enter to 
“confirm” the calibration and then, as instructed, press Enter to return to the Calibrate menu.   Note that 
because the range of the BGA sensors in cells/mL is large, the readings may appear to be somewhat noisier 
during the calibration procedure than for other 6-series sensors.   Variations of +/- 400 cells/mL for the zero 
point can be observed with a properly functioning sensor since this value is only 0.2% of the range. 
 
Thoroughly rinse and dry the calibration cups for future use. For additional information related to 
calibrating the BGA-PC sensor, see Section 5.16, Principles of Operation. 
 
Note that the 1-point calibration of the BGA-PC sensor in cells/mL will also zero the PC RFU (Relative 
Fluorescence Units) parameter which is in units of percent of the full scale of the sensor.   Users may wish 
to activate PC RFU in the Report menu and simply use this parameter to determine BGA-PC events until a 
good correlation between the observed cells/mL value and the value determined from laboratory analysis 
has been established. 
 
BGA-PE 1-POINT 
 
Select Optic X BGA-PE - from the Calibrate Menu, and then 1-1 point. 
 
NOTE: This procedure will zero your fluorescence sensor and use the default sensitivity for calculation of 
phycoerythrin-containing BGA in cells/mL, allowing quick and easy fluorescence measurements that are 
only semi-quantitative with regard to BGA-PE.  However, the readings will reflect changes in BGA-PE 
from site to site, or over time at a single site.    
 
To increase the accuracy of your BGA-PE measurements, follow the 2-point calibration protocols outlined 
in Section 2.9, Sonde Menu.    
 
Before making any field readings, carefully read Section 5.17, Principles of Operation to better 
understand the practical aspects of BGA-PE fluorescence measurements. 
 
To begin the calibration, place the correct amount (see Tables 1-8 above) of clear deionized or distilled 
water into the YSI clear calibration cup provided.  Immerse the sonde in the water.  Input the value 0 
cells/mL at the prompt, and press Enter.  The screen will display real-time readings that will allow you to 
determine when the readings have stabilized.  Activate the wiper 1-2 times by pressing 3-Clean Optics as 
shown on the screen to remove any bubbles from the sensor.  After stabilization is complete, press Enter to 
“confirm” the calibration and then, as instructed, press Enter to return to the Calibrate menu.  Note that 
because the range of the BGA sensors in cells/mL is large, the readings may appear to be somewhat noisier 
during the calibration procedure than for other 6-series sensors.   Variations of +/- 400 cells/mL for the zero 
point can be observed with a properly functioning sensor since this value is only 0.2% of the range. 
 
Thoroughly rinse and dry the calibration cups for future use. For additional information related to 
calibrating the BGA-PE sensor, see Section 5.17, Principles of Operation. 
 
Note that the 1-point calibration of the BGA-PE sensor in cells/mL will also zero the PE RFU (Relative 
Fluorescence Units) parameter which is in units of percent of the full scale of the sensor.   Users may wish 
to activate PC RFU in the Report menu and simply use this parameter to determine BGA-PE events until a 
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good correlation between the observed cells/mL value and the value determined from laboratory analysis 
has been established. 
 
 
RHODAMINE WT 2-POINT 
 
Select Rhodamine from the Calibrate Menu and then 2-2-Point.    
 
NOTE:  One standard must be 0 ug/L in rhodamine WT, and this standard must be calibrated first. 
 
To begin the calibration, place the correct amount (see Tables 1-8) of 0 standard (clear deionized or 
distilled water) into the calibration cup provided with your sonde and immerse the sonde in the water.  
Input the value 0 ug/L at the prompt, and press Enter.  The screen will display real-time readings that will 
allow you to determine when the readings have stabilized.  Activate the wiper 1-2 times by pressing 3-
Clean Optics as shown on the screen, to remove any bubbles.  After stabilization is complete, press Enter 
to “confirm” the first calibration and then, as instructed, press Enter to continue. 
 
Dry the sonde carefully and then place the sonde in the second rhodamine WT standard (100 ug/L is 
recommended) using the same container as for the 0 ug/L standard.   Input the correct rhodamine WT 
concentration in ug/L, press Enter,  and view the stabilization of the values on the screen in real-time.  As 
above, activate the wiper with the “3” key or manually rotate the sonde to remove bubbles.  After the 
readings have stabilized, press Enter to confirm the calibration and then press Enter to return to the 
Calibrate menu. 
 
Thoroughly rinse and dry the calibration cups for future use.  
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2.7 TAKING READINGS 
 
After you have (1) enabled the sensors, (2) set the report to show the parameters that you want to see, and 
(3) calibrated the sensors, you are now ready to take readings.  
 
There are two basic approaches to sampling, discrete and unattended.  Using discrete sampling, the sonde is 
connected via a communication cable to a PC or 650 MDS Display/Logger.  The sampling frequency is 
likely to be rapid (seconds) in order to obtain a representative sampling as you move from site to site. 
Readings will probably be logged to several different files.   
 
Unattended sampling is normally done with sondes that have internal batteries.  The sampling frequency is 
likely to be longer (minutes or hours). A sonde is typically deployed for days or weeks at a time, and 
readings will be logged to a single file. The communication cable may be disconnected and internal battery 
power used to operate the sonde.  Alternatively, the sonde may connect via SDI-12 communication to a 
data collection platform (DCP).  Sondes without batteries need to be connected to an external power source 
for unattended sampling. 
 
Select 1-Run from the Main menu to begin taking readings or to set/verify the parameters required for a 
study.  There are two options in the Run menu as shown below. 

 
 
DISCRETE SAMPLING 
 
Select 1-Discrete sample from the Run menu.  The Discrete sample menu will be displayed. 
 

 
Select 2-Sample Interval to type a number that represents the number of seconds

 

 between samples.  The 
maximum sample interval is 32767 seconds (9+ hours).  The factory default sample interval is 4 seconds 
and works best for most discrete sampling applications.  See Section 2.9.1 for more details. 

Select 3-File to enter a filename with a maximum of 8 characters. This is the file to which you will log 
readings. 
 

 
---------------Run setup--------------- 
1-Discrete sample   2-Unattended sample 
 
Select option (0 for previous menu): 1 
 

 
------------Discrete sample------------ 
1-Start sampling 
2-Sample interval=4 
3-File= 
4-Site= 
5-Open file 
 
Select option (0 for previous menu): 
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If you started sampling without entering a filename, the default name NONAME1 will be assigned to your 
file. Whenever you press 1-LOG last sample or  2-LOG ON/OFF from the menu, NONAME1 will be 
opened during sampling.  If this happens, and you want to restart the file with a different name, press  
5-Close file and rename the file. 
 
Select 4-Site to assign a site name with a maximum of 31 characters.  This allows you to enter the name of 
the site where you are sampling. 
 
When you select 5-Open File, a file is opened and the number 5 changes to Close File.  When you are 
finished logging data to the file, press 5-Close File and number 5 changes back to Open File. 
 
Now select 1-Start sampling to start discrete sampling. 
 
After the initial sampling time interval has passed, (e.g. 4 seconds in the example above), sequential lines 
of data will appear on the screen. 
 

 
The following prompt will appear just below the screen header:  
1-LOG last sample, 2-LOG ON/OFF, 3-Clean optics. 
  
By entering 1–LOG last sample, a single line of data can be logged to sonde memory and the following 
message will be displayed: Sample logged. 
 
By entering 2-LOG ON/OFF, a set of data can be logged to memory and the following message will be 
displayed: LOG is ON, hit 2 to turn it OFF, 3-Clean optics. Press 2 again to terminate logging. 
 
By entering 3-Clean optics, if your unit has an optical probe, the wiper will clean the optical surface.   The 
3-Clean optics portion of the prompt will only appear if an optical probe was installed and enabled. 
 
Select Esc or press 0 to exit discrete sampling. 
 
 
UNATTENDED SAMPLING 
 
Select 2-Unattended Sampling from the Run menu. The Unattended sample menu will be displayed.  Use 
the following example to understand the unattended sampling option. 
 

Example: You are going to deploy the sonde for 2 weeks, collecting a set of 
readings every 15 minutes.  You start at 6:00 PM on July 17, 1996 and end the 

 
============================================================ 
 Temp    Sal DOsat     DO   Depth    pH NH4+ N NO3- N Turbid 
    C    ppt     %   mg/L    feet         mg/L   mg/L    NTU 
------------------------------------------------------------ 
*** 1-LOG last sample   2-LOG ON/OFF, 3-Clean optics *** 
23.54   0.00  96.5   8.20   1.001  5.20  0.853  0.522    0.3 
*** LOG is ON,  hit 2 to turn it OFF, 3-Clean optics *** 
23.53   0.00  96.5   8.20   1.001  5.20  0.856  0.520    0.3 
23.53   0.00  96.5   8.20   1.000  5.20  0.854  0.521    0.3 
23.53   0.00  96.5   8.20   1.000  5.19  0.852  0.522    0.3 
*** 1-LOG last sample   2-LOG ON/OFF, 3-Clean optics *** 
23.53   0.00  96.5   8.20   1.000  5.19  0.852  0.522    0.3 
Sample logged. 
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sampling at 6:00 PM on July 31, 1996.  The site is Clear Lake, near the spillway, 
and you want to log all of the readings to a single file CLRLAKE3.  

 
 
Follow the prompts on this screen to prepare your sonde for unattended deployment as described below: 
  
To verify and/or correct the time and date enter 4-Status or 5-System menu from the Main menu.  
You may enter the correct date and time from either of these submenus.  
 
 Select 1-Interval and enter the desired time between samples (e.g. 15 minutes in the screen 

above).  Use the 24-hour clock format to enter interval. 
 
 Select 2-Start Date and 3-Start Time to set the time that data will begin to log to sonde 

memory. If you do not make any change to these entries, then the study will automatically 
begin at the next integral time interval, once you have pressed C-Start logging.   

 
Example: If the current time is 17:20:00 and your sample interval is 15 minutes, logging 
will automatically begin at 17:30:00.    

 
It is better to start the study prior to taking the unit to the field so that you can confirm that 
readings are being saved to memory. If you should desire to start the instrument at the site at 6:00 
PM as noted in the above example, change the Start Time to 18:00:00. 

 
 Select 4-Duration and set the length of the study in days. The default value is 365 days (which is 

longer than most deployments). In most cases, you will either want to stop the unattended study 
manually or allow the batteries to be expended. It is wise to set the duration to a value longer than the 
anticipated deployment. If you cannot retrieve the sonde at the expected time due to factors beyond 
your control such as weather or illness, data will continue to be acquired as long as battery power is 
present.   
 

 Select 5-File and enter a name of no more than 8 characters that will be used by your external 
computer to identify the study.  Be sure to use ONLY alpha/numeric characters. 
 

 Select 6-Site and enter a site name of no more than 31 characters. This filename will appear in your 
sonde file directory, but will not be used to identify the file after transfer to your computer. 

 
 Check 7-Battery to make certain that the voltage is suitable for the length of the study that you are 

about to begin.  No change can be made to this item via the software.  

 
------------Unattended setup----------- 
1-Interval=00:15:00                     
2-Start date=07/17/96                   
3-Start time=18:00:00                   
4-Duration days=365                       
5-File=                                 
6-Site=                                 
7-Bat volts: 11.6 
8-Bat life 25.1 days                    
9-Free mem 41.3 days                    
A-1st sample in 8.10 minutes            
B-View params to log                    
C-Start logging 
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 Skip B-View params to log in this initial test study.  This feature will be explained in detail in Section 

2.9, Sonde Menu. 
 
After making the above entries, the sonde software will automatically calculate the expected battery life, 
and the time it will take for the sonde memory to be filled.  This information is displayed on the screen for 
your consideration as items 8, 9, and A.  If the battery life or the free memory capacity will be exceeded 
sooner than the duration, you may want to make some changes to the entries.  For example, you can free up 
memory in the sonde by uploading all existing data from the sonde memory to your PC and then deleting 
them out of the sonde (see 3-File from Main Menu).  You may want to change the batteries for longer 
battery life.  You can lengthen the sampling interval to extend both battery life and memory capacity. 
  
Review the screen below, which now displays the entries made above and reflects your logging conditions. 
 

 
Once you press C-Start logging, a screen will appear to request confirmation. 
 

 
Select 1-Yes and the screen will change. 
 

 
------------Unattended setup----------- 
1-Interval=00:15:00                     
2-Start date=07/17/96                   
3-Start time=18:00:00                   
4-Duration days=365                       
5-File=clrlake3                                 
6-Site=Clear Lake at Spillway                                 
7-Bat volts: 11.6 
8-Bat life 25.1 days                    
9-Free mem 41.3 days                    
A-1st sample in 4.10 minutes            
B-View params to log                    
C-Start logging 
                         

 
-------------Start logging------------- 
Are you sure? 
1-Yes                                   
2-No                                    
 
Select option (0 for previous menu): 
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The display now shows the next date and time for logging, and the stop date and time for the logging study.   
Most importantly, note that the “B” command now shows B-Stop logging, a confirmation that the logging 
has indeed been initiated. 
 
The Unattended study will terminate when the duration you specified has expired or the batteries are 
expended.  If you want to terminate sooner, simply select 2-Unattended sample from the Run menu, then 
B-Stop logging. Select 1-yes and return to the Unattended setup menu. 
 

 
 
 

 

 
----------------Logging---------------- 
1-Interval=00:15:00                     
2-Next at 07/17/96                      
3-Next at 18:00:00                      
4-Stop at 07/31/96                      
5-Stop at 18:00:00                      
6-File=clrlake3                          
7-Site=Clear Lake at Spillway                                 
8-Bat volts: 11.7                        
9-Bat life 25.5 days                    
A-Free mem 41.3 days                    
B-Stop logging 
C-Show Live Data                          
 
Select option (0 for previous menu): 
 

 
Stop logging? 
1-Yes                                   
2-No                                    
 
Select option (0 for previous menu): 
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2.8 USING ECOWATCH TO CAPTURE, UPLOAD 
AND ANALYZE  DATA  
 
EcoWatch for Windows software is reporting and plotting software for use with the YSI 6-Series sondes.  
Instructions for installing this software were included in Section 2.1, Getting Started.  This program can 
also be used to upload and view data logged to sonde memory during either discrete or unattended 
sampling. 
 
CAPTURE  
 
EcoWatch for Windows can be used to capture data in real-time to your PC’s hard drive or to a floppy disk. 
To utilize this function, interface the sonde to your PC via a COM port, run EcoWatch for Windows, and 
follow the step by step instructions below.  
 

1. Click on the sonde icon , choose the proper Com port, and confirm.  
 
2. From the Main sonde menu press 1-Run and then 1-Discrete Sample. 
 
3. Make sure that the sample interval is set to the correct value. If it is not, change it to the correct 

value. 
 
4. Close the terminal window by clicking on the X in the upper right hand corner. Do not close 

EcoWatch for Windows.  
 
5. Open the Real-Time menu, click on New and select the location where you want to data 

transferred. Name the file, making sure that the name has extension .RT. The default location for 
the file is in the Data subdirectory of the ECOWWIN directory. 

 
6. Click OK. After EcoWatch sets up the sonde for the study, data transfer will begin at the sample 

rate you selected. The data will be automatically plotted with autoscaling and saved as a .DAT file 
at your chosen selection.  

 
7. To terminate the study, open the Real-Time menu, choose Close, and click OK. 
 
UPLOAD DATA  
 
If the sonde was deployed unattended (without a cable), clear debris and water from the bulkhead connector 
cap.  Then remove the cap and connect the calibration cable (or field cable and adapter) from the sonde to 
your computer. 
 
You may now retrieve data files using the following procedure.  Remember these are files in the sonde 
directory, not files in the EcoWatch directory.  

Run EcoWatch software on your PC and select the Sonde icon  from the menu bar.   A terminal 
interface window (like that shown below) will appear.  If a “#” prompt appears instead of the Main sonde 
menu, type “menu” at the prompt to generate the display as shown.   Then press 3-File to view data 
handling options. 
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Select 1-Directory to view all files currently stored in the sondes flash disk memory, the screen below 
shows 6 files.  All data files (.dat extension) could be uploaded to EcoWatch for viewing or plotting, but 
you do not need to upload all files in the directory.  The file with the .glp extension contains the calibration 
record of the sonde.  It is fully described in Sections 2.9.2 and 2.9.3 below.  Details of any of the studies 
can be obtained by pressing the number key associated with the file in the Directory. 
 

 
 
Select 2-Upload to view file lists in memory, and upload the data to PC-based software.  
 
Prior to upload, a “Time window” display appears that will allow you to select portions of the logged data 
to upload.  You may select 1-Proceed to upload all logged data from the dates and times displayed. 
 

 
 Filename    Samples                    
1-BRIDGE1.dat      19                   
2-BRIDGE2.dat      27                   
3-UPLAKE.dat       33                   
4-CLRLAKE2.dat    167                   
5-DWNLAKE2.dat     31 
6-00003001.glp      3                   
 
Select option (0 for previous menu): 4 
 
 

 

-----------------File-----------------
- 
1-Directory         4-View file         
2-Upload            5-Quick view file   
3-Quick Upload      6-Delete all files  
 
Select option (0 for previous menu): 1 
 

-------------File details--------
------ 
1-View file                             
2-File:CLRLAKE2.dat                     
3-Samples:    167                       
4-Bytes:   4421                         
5-First:08/23/2001                      
6-First:08:33:40                        
7-Last :08/23/2001                      
8-Last :09:04:20                        
9-Interval:00:00:10                     
A-Site:Clear Lake                       
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Select 1-Proceed.  Choose the appropriate file transfer protocol (in this example, PC6000) and a status box 
will show the progress of the upload.  Verification of a successful transfer is indicated when all of the 
requested data have been transferred to the C:\ECOWIN\DATA subdirectory of your PC and automatically 
assigned a “.DAT” extension. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Select 3-Quick Upload to transfer the last logged file in its entirety to your computer.  As noted above, the 
file will then be resident in the C:\ECOWIN\DATA subdirectory. 
 
Select 4-View File to examine the data in any file currently stored in the sondes flash disk memory.  You 
will first view the same screen as viewed in the Directory menu.  From this menu choose the file of interest, 
then, using the Time window menu, choose the dates and/or times of interest.  If you choose dates or times 
that are not within the designated start and stop times, no data will be displayed.   
 
You also may choose the entire file.  You can use the Space Bar to stop and restart the scrolling at any 
time. Use the Esc key to stop the view. 
 

 
--------------Time window-------------- 
1-Proceed                                    
2-Start date=08/14/96                   
3-Start time=18:00:00                   
4-Stop  date=08/28/96                   
5-Stop  time=11:00:00                   
 
Select option (0 for previous menu): 
 

 
---------------File type--------------- 
1-PC6000                                
2-Comma & ' ' Delimited                 
3-ASCII Text                            
 
Select option (0 for previous menu): 
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Select 5-Quick view file to view the last page of data from the last data file in flash disk memory.  This 
feature is particularly useful to quickly review any recently acquired data so that system performance can 
be assessed. 
 
Select 6-Delete all files to IRREVERSIBLY remove all files (INCLUDING the .glp file that contains 
calibration information) from the sonde flash disk memory.  It is critical not to use this option until all 
relevant data from sonde memory is transferred to your computer via one of the upload options.  There is a 
verification screen that appears, so that pressing the number 6-key does not immediately delete all files. 
 
NOTE: By choosing the Delete function only .dat and .glp files will be erased. Calibration data for all 
sensors installed and calibrated on the sonde will not be deleted. 
 
REPORTING AND PLOTTING DATA WITH ECOWATCH  
 
There are many features in EcoWatch related to viewing, plotting, manipulating and reporting data 
collected from a 6-Series sonde. EcoWatch includes a Windows Help section for convenient reference that 
describes all of the software’s features. This section of the manual describes the most commonly used 
functions of the program and Section 4, EcoWatch for Windows, is a detailed manual for EcoWatch 
software.  
 
For the purposes of describing and demonstrating EcoWatch plotting, reporting and data manipulation 
capabilities, we use the file SAMPLE.DAT available on the compact disk that was enclosed with your 6-
series sonde.  This file will be copied to your hard drive during EcoWatch installation and should be 
available to you for the instructions below.   
 
When you are ready to move beyond the example SAMPLE.DAT file and analyze data collected from the 
sonde, locate and open the appropriate .DAT file from your data upload exercise.  These data are normally 
found at C:\ECOWWIN\DATA\.  An example filename is 1097CM01.DAT.  
 
NOTE:  In the instructions below that refer to clicking the mouse button, we always refer to the left

 

 mouse 
button unless otherwise specified. 

OPENING A DATA FILE 
 
If EcoWatch is not running, open the program by double clicking on the EcoWatch icon.  Click on File to 
view a drop-down menu similar to the one shown in Figure 41.  From this menu click on Open, then locate 
the drive and directory where SAMPLE.DAT (or your file of interest) resides.  Alternatively, if you have 
been using EcoWatch during setup and checkout, you may be able to click on the file of your choice in the 
most recently opened files. 
 
Once the SAMPLE.DAT file is open you should see a plot, Figure 41, which graphically represents seven 
days of sonde data for six different water quality parameters plotted as a function of date and time.  Each 
set of data is autoscaled to allow you to see the minimum and maximum values for each parameter during 
the one-week study.   
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Figure 41  Opening a File 

 
 
Some daily variations may be noticed in parameters such as dissolved oxygen, pH and temperature in this 
particular study.  This is fairly typical in many natural bodies of water.  Note also that conductivity is low 
at both ends of the graph.  You may notice similar perturbations in some of the other readings as well. In 
this example, the sonde was not in the water for a short time at the beginning and end of the study.  Not 
only can you see exactly when the sonde went in and out of the water, but the bottom graph shows the 
depth at which the sonde was deployed. 
 
Notice also that you now see a new set of menu items in the top line.  Some of these functions are 
specifically related to viewing and manipulating data.  Next we will examine some of the viewing options. 
 
VIEWING DATA 
 
To look at some of the viewing options, click on View (Figure 42).  Note that the Toolbar and Status Bar 
are turned on (check mark).  In addition, the 4-Digit Year expression is checked.  Also note that a check 
mark is just left of the Graph choice.  When a check is next to Graph, all data are expressed graphically in 
the opening window.  
 
To show data in both graphical and data table format, highlight the Table menu item, then click or press 
Enter.  The graphical portion of the window becomes compressed, and the data table becomes visible. If 
you then click on View again, both the Graph and Table items have check marks to their left, indicating 
that both functions are turned on.  You may use your mouse to scroll up/down and left/right to view data. 
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Figure 42 Viewing Options 
 

 
 
It may be somewhat awkward to scan the data table in this manner; therefore you have the option to turn 
off the graphical representation and allow the table to fill the window.  See Figure 43.  Notice now that 
when you click on View, the Graph item is no longer checked. 
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Figure 43  Viewing the Data in Table Format 
 

  
 
Viewing features such as Grid, Marker, Zoom In, Zoom Out and Unzoom are all available when you 
activate the Graph function.  Give each a try as you practice and learn more about the many features of 
EcoWatch. 
 
The Statistics and Study functions of EcoWatch are shown in Figure 44.  Both provide overview 
information related to the study data.  The Statistics function lists minimum, maximum, mean and standard 
deviation information for each parameter activated.  The Study function provides useful information about 
the design of the study including sample interval, date/time, number of samples, sensor identification and 
parameters reported.  The Statistics and Study windows may be activated over either graph or table 
presentations. 
 
To view either of these windows, click on View, highlight the desired function and click again.  The 
window opens on top of the table or graph, similar to what is shown in Figure 43.  Only one of these 
windows may open at one time.  To continue, you must close the Statistics or Study window to return to the 
graph or table and activate the top line menu again. 
 
As before practice viewing the functions mentioned above to gain more familiarity with these features. 
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Figure 44  Statistics and Study Information 

 
 
 
 
Next, with the Statistics and Study windows closed, return to the View menu, close Table and activate 
Graph.   
 
Using the right mouse button, click at any point on the graph.  A dotted vertical line appears along with 
specific data values in boxes to the left of the displayed graphs, as shown in Figure 45.  You can hold down 
the right mouse button and move the mouse to scan the entire graph that is displayed in the window.  The 
values in the boxes change as you move the mouse.  This feature is very useful for quantifying specific data 
without the need to open the data table and scroll through what may be thousands of data points.  Note also 
that the exact time and date change to let you know specifically when an event of interest occurred. 
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Figure 45  Viewing the Data with Right-Button Mouse Function 

 
 
 
 
 
CHANGING DISPLAY FORMATS USING SETUP 
 
Beyond selecting data viewing options such as table format or graphical format, you may also customize 
your data displays.  For example, you may change the order in which parameters are viewed, you may add 
and delete parameters, you may change plot appearance using different interval times and different units, 
and you may change the x-axis if you prefer a parameter other than date or time. 
 
The Top Line menu selection that allows you to select some of these parameter changes is Setup.  Click on 
Setup, then Parameters.  From here there are four submenus that allow you to Add/Remove parameters, 
change Units, change sample interval and/or x-axis (Attributes) and change the Names of the parameters 
you have assigned, as shown in Figure 46. 
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Figure 46   Changing the Appearance of a Graph or Table 
 

 
 
 
 
 
If you are displaying the graph, you may change the appearance by changing font, font style, size and text 
color.  You may also change page color, trace color and graph background color.  You may assign a custom 
2-line title for the graph, and finally, you may display 1 trace or 2 per set of axes.  For display of table 
formatted results you may change font, font style, size and text color.  In addition, you may change table 
color and highlight color. 
 
The menu structure is easy to follow.  Try some changes to gain familiarity with these Setup display 
options. 
 
 
CHANGING DISPLAY FORMATS USING ‘GRAPH’ FUNCTION 
 
The top line menu labeled Graph, as the name suggests, can be used to examine critical events within the 
graphical format.  You may be able to more clearly understand an event by zooming in/out, centering an 
event of interest, and setting limits to focus in on a specific area of the graph. In addition to modifying 
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along the x-axis, you may also manually scale the y-axis.  This may allow you to discard a noise spike and 
obtain better resolution of events unrelated to the noise.  Functions like Autoscale, Redraw and Cancel 
Limits are all used to “undo” some of the customization functions.  Below in Figure 47 you see some of 
these functions.   
 
One very commonly used function is Limit Data Set.  If you choose this function by clicking on the 
highlighted item as shown below, you then use the mouse to move your cursor to the left limit of an area of 
interest, click once, then move the mouse to the right limit of interest and click again.  The result will be a 
close up look at the specific area of the graph you have defined.  Refer to Figure 47 and 48 below to see the 
results of this particular feature. 
 
Figure 47  Selecting a Subset of Data within a Graph 
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Figure 48  Using Limit Data Set to Display a Subset of Data 
 

 
 
 
 
To return to the full set of data again, click on Graph, then Cancel Limits.  If you desire a hard copy of 
any graph or table, or even a subset expression as shown above, you may use the Edit, Copy command to 
‘copy’ the graph in the active window to the “Clipboard”.  You can then ‘paste’ this graph to the Windows 
application program of your choice.  You may also be able to print graphs and tables as described in the 
next section. 
 
 
SAVE, IMPORT, EXPORT AND PRINT COMMANDS 
 
Under File function in the top line menu, you can save a particular presentation version of a data file and 
give the presentation a customized name.  For example, you might want to call the expanded plot in Figure 
48 “DIURNAL” using the File|Save Data Display command.  This presentation will be saved with your 
data file and can be recalled in further by using the File|Load Data Display command.  You can also  
export your custom data display as a spreadsheet compatible file (.CDF or .TXT)  or print it to a compatible 
printer.  You may also create a custom report format using the File|Report command.  See Figure 49 for 
the File menu, which shows these commands.  Use the Window’s Help function to learn more about these 
features. 
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Figure 49  Saving, Exporting, Printing and Related Functions 
 

 
 
 
 
 
EXAMPLE OF CUSTOMIZING A SUBSET OF SAMPLE.DAT 
 
To conclude this section we have used a few of the many tools available in EcoWatch to demonstrate how 
you might use this powerful plotting and reporting program to express study results.  We encourage you to 
try some of the tools and learn more about EcoWatch by using the Window’s Help function, which is 
available when the EcoWatch program is running. 
 
Using SAMPLE.DAT we decided that some of the data were not of particular interest, so using top line 
menu item Setup, then Parameters, then Add/Remove, we removed ORP and Depth results from the data 
set.  Note that we have not deleted this information from the file, but rather we are choosing not to display 
it.  You can always return to this function and add original data back. Under the same Parameters 
function, we have selected Attributes and changed the Average Interval from the default 0 to 60.  Since 
data was collected every 15 minutes, the change to a 60 minute interval helps to smooth out the graph and 
average out any short term “noise” events. 
 
Next, we again select Setup, then Graph.  From the functions available, we first selected Title Page… and 
typed in a name (Clear Lake Study #2) and below that we typed the parameters that are shown in the graph.  
Just below Title Page, we clicked on 2 Traces per Graph.  This combines adjacent parameters which is 
sometimes useful in parameter and event evaluation.  For example, in the second graph shown in Figure 50 
below, you see that DO concentration and pH seem to track rather closely and change in a diurnal rhythm.  
In actuality, when DO levels drop in a natural body of water, CO2 often builds up forming carbonic acid 
which leads to lower pH readings.  DO rises again during the day due to photosynthesis, CO2 then falls and 
pH increases again.  The final plot after making these changes in shown in Figure 50. 
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Figure 50  Customizing a Graph from SAMPLE.DAT 
 

 
 
Finally, we selected File|Save Data Display and gave the custom plot the name “4PARAM” to that the 
presentation can be immediately recalled in the future. 
 
As you become more familiar with EcoWatch for Windows, the plotting, analysis and reporting functions 
can be accomplished easily and quickly.  Practice with all of the functions and, again, do not forget to use 
Window’s Help for more detail, or see Section 4, EcoWatch for Windows. 
 
 

 
 



Sondes  Section 2 

YSI Incorporated Environmental Monitoring Systems Operations Manual 2-68 

2.9 SONDE MENU      
 
The functions of the sondes are accessible through the sonde menu.  The sonde menu structure makes it 
simple and convenient to select functions.  This section provides a description of the menus and their 
capabilities. 
 
When moving between menus within the sonde software structure, use the 0 or Esc to back up to the 
previous menu.  To exit menus and return to the sonde command line (the # sign), press 0 or Esc until the 
question “Exit menu (Y/N)?” appears.   Type Y and the command prompt (“#”) will be shown. To return 
to the Main sonde menu, type menu and press Enter.   
 

 
To gain experience with the sonde menus, select the sonde icon in EcoWatch for Windows and press 
Enter. See Figure 40 above for the Sonde Menu Flow Chart. 
 
In the following subsections you will learn about the functions of the various menu items and when to use 
them.  The discussion of the menu and submenu functions is organized in numerical order, beginning with 
Section 2.9.1 Run 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IMPORTANT MESSAGE! 
 WHAT IF THERE IS NO RESPONSE TO A KEYSTROKE? 

 
To save power, the sondes will power down automatically if no interaction from the keyboard occurs for 
approximately 60 seconds.   When the software is in this “sleep” mode, the first subsequent keystroke 
simply “wakes it up” and has no visible effect on the display.  The next keystroke after the unit is 
“awakened” will be input to the software in the intended manner.   Thus, if you press a key after the sonde 
has been inactive for some time and nothing seems to happen, press the key again.  
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2.9.1 RUN 
 
Select 1-Run from the Main menu to begin taking readings or to set/verify the parameters required for a 
study.  There are two options in the Run menu. 
 

 
 
DISCRETE SAMPLING 
 
Discrete sampling is usually used in short term, spot sampling applications when the user is present at the 
site and the unit is attached to a 650 MDS Display/Logger or laptop PC.   It could be used in the vertical 
profiling of a lake or river where the user lowers the sonde incrementally into the water, and data acquired 
for a few minutes at each depth.   In this section, you will learn how to use the sonde menu structure to 
open and close files, set the interval between samples, start the sampling operation, and log data to the 
internal memory of the sonde. 
  
Select 1-Discrete sample from the Run menu.  The Discrete sample menu will be displayed. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
---------------Run setup--------------- 
1-Discrete sample    
2-Unattended sample 
 
Select option (0 for previous menu): 1 
 

 
------------Discrete sample------------ 
1-Start sampling 
2-Sample interval=4 
3-File= 
4-Site= 
5-Open file 
 
Select option (0 for previous menu): 
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Select 1 – Start sampling option to start discrete sampling.  After the initial sampling time interval has 
passed (4 seconds in the screen above), sequential lines of data will appear on the screen. 

 
The following prompt will appear just below the screen header:  
1-LOG last sample, 2-LOG ON/OFF, 3-Clean optics  
  
• By entering 1–LOG last sample, A single line of data can be logged to sonde memory and the 

following message will be displayed: Sample logged. 
 
• By entering 2-LOG ON/OFF, a set of data can be logged to memory and the following message will 

be displayed: LOG is ON, hit 2 to turn it OFF, 3-Clean optics. Press 2 again to terminate logging. 
 
• By entering 3-Clean optics, if your unit has an optical probe, the wiper will clean the optical surface.   

The 3-Clean optics portion of the prompt will only appear if an optical probe was installed and 
enabled. 

 
Select Esc or press 0 and return to the Discrete Sampling menu. 
 
From the Discrete Sampling menu, select 2-Sample Interval to type a number that represents the number 
of seconds

 

 between samples.  The maximum sample interval is 32767 seconds (9+ hours).  The factory 
default sample interval is 4 seconds and works best for most discrete sampling applications.  The shortest 
possible sample interval for obtaining new DO readings is 4 seconds.   If a smaller interval is selected, then 
the DO readings remain constant for the number of samples necessary to fill 4 seconds.  

NOTE: If your have used your sonde with a 650 MDS data logger, the Sample Interval automatically be 
changed to 0.5 seconds. 
 
 
 
 
 
 
 
 
 
 
 

============================================================================= 
    Date     Time  Temp SpCond    Sal  DO     Depth    pH   Turbid  Battery 
mm/dd/yy hh:mm:ss     C  mS/cm    ppt  mg/L    feet           NTU   volts 
------------------------------------------------------------------------------ 
*** 1-LOG last sample   2-LOG ON/OFF,  3-Clean optics*** 
05/05/97 10:04:40 21.57  0.009   0.00  7.73  -0.293  7.55     0.3   10.2 
05/05/97 10:04:44 21.57  0.009   0.00  8.41  -0.300  7.55     0.3   10.3 
*** LOG is ON,  hit 2 to turn it OFF,  3-Clean optics*** 
05/05/97 10:04:48 21.58  0.009   0.00  8.41  -0.302  7.55     0.3   10.3 
05/05/97 10:04:52 21.58  0.009   0.00  8.40  -0.302  7.55     0.3   10.3 
05/05/97 10:04:56 21.58  0.009   0.00  8.41  -0.303  7.55     0.3   10.2 
05/05/97 10:05:00 21.58  0.009   0.00  8.42  -0.303  7.55     0.3   10.3 
*** 1-LOG last sample   2-LOG ON/OFF ,  3-Clean optics*** 
05/05/97 10:05:04 21.58  0.009   0.00  8.44  -0.304  7.55     0.3   10.3 
Sample logged. 
05/05/97 10:05:08 21.58  0.009   0.00  8.45  -0.305  7.55     0.3   10.3 
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Sampling Faster Than 0.5 Seconds 
 
For special applications, your sonde is capable of faster sampling.  The only limitation is a reduction of the 
number of sensors selected.  To determine the maximum sampling frequency for your sensor setup, divide 
36 by the number of enabled sensors in addition to the DO sensor. 
 
Example:  
If you enable any three sensors plus DO, divide 36 by 3 to obtain 12 samples/second (12 Hz) or 0.083 
seconds between samples as the maximum sampling frequency.  Remember that for sample intervals less 
than 4 seconds, DO readings are updated only every 4 seconds.  Thus, at 12 Hz, the display will show 48 
identical DO readings before a change occurs.  Note also that at a faster sampling rate, consecutive readings 
are closer together, the threshold for any one sensor is less likely to be exceeded, and the data filter is less 
likely to disengage.  For these applications you may want to adjust your threshold settings accordingly.  See 
Section 2.9.8 for more information on the data filter. 
 
Select 3-File to enter a filename with a maximum of 8 characters. You will log readings to the filename 
that you enter. 
 
If you started sampling without entering a filename, the default name NONAME1 will be assigned to your 
file. Whenever you press 1-LOG last sample or 2-LOG ON/OFF from the menu, NONAME1 will be 
opened during sampling.  If this happens, and you want to restart the file with a different name, press 5-
Close file and rename the file. 
 
Select 4-Site to assign a site name with a maximum of 31 characters This allows you to enter the name of 
the site where you are sampling. 
 
When you select 5-Open File, a file is opened and the number 5 changes to Close File.  When you are 
finished logging data to the file, press 5-Close File and designation changes back to Open File. When you 
start logging the Open File designation changes automatically to Close File. 
 
Now select 1-Start sampling to start discrete sampling. 
 
After the initial sampling time interval has passed, sequential lines of data will appear on the screen and 
you can log single or sequential data points and wipe the surface of your optical probe as described above. 
 
 
UNATTENDED SAMPLING 
 
This option is used for long-term deployment of the battery-powered sonde when the user is not present at 
the site. Prior to this selection, the sonde is usually attached to a computer in a laboratory and set up to 
automatically log data to sonde memory at a fairly long time interval (15-60 minutes). The unit is then 
taken to the field site and left for an extended time period (from 30 up to 150 days depending on the sensors 
used and the fouling conditions). When the study is complete, or the batteries are expended, the unit is 
brought back to the laboratory and the data file is uploaded to a computer. Quality assurance checks are 
performed prior to redeployment. 
 
Select  2-Unattended Sampling from the Run menu. The Unattended sample menu will be displayed.  Use 
the following example to understand the unattended sampling option. 
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Follow the prompts on this screen to prepare your sonde for unattended deployment as described below: 
  
• Verify that the current time and date are correct to ensure that your unattended sampling study begins 

and ends when you desire.  To verify correct the time and date, return to the Main menu and enter 4-
Status or 5-System.  You may enter the correct date and time from either of these submenus.  

 
• Select 1-Interval and enter the desired time between samples 
 
• Select 2-Start Date and 3-Start Time to set the time that data will begin to log to sonde memory.  .  

Use the 24-hour clock format to enter the time.  If you do not make any change to these entries, then 
the study will automatically begin at the next integral time interval once you have pressed C-Start 
logging.   

 
Example: If the current time is 17:20:00 and your sample interval is 15 minutes, logging will 
automatically begin at 17:30:00.    

 
It is better to start the study prior to taking the unit to the field so that you can confirm that readings are 
being saved to memory and carry out initial quality assurance.   However, if your study demands that you 
start the instrument at the site at 6:00 PM, change the Start Time to 18:00:00. 

 
• Select 4-Duration and set the length of the study in days. The default value is 365 days (which is 

longer than most deployments). In most cases, you will either want to stop the unattended study 
manually or allow the batteries to be expended. It is wise to set the duration to a value longer than the 
anticipated deployment. If you cannot retrieve the sonde at the expected time due to factors beyond 
your control such as weather or illness, data will continue to be acquired as long as battery power is 
present.   

 
• Select 5-File and enter a name of no more than 8 characters that will be used by your external 

computer to identify the study.  Be sure to use ONLY alpha/numeric characters. 
 
• Select 6-Site and enter a site name of no more than 31 characters. This filename will appear in your 

sonde file directory, but will not be used to identify the file after transfer to your computer. 
 
• Check 7-Battery to make certain that the voltage is suitable for the length of the study that you are 

about to begin.  No change can be made to this item via the software. Note that no battery entry will 
appear for the 600R, 600QS, 600XL, and 6820V2-1 sondes. 

 

 
------------Unattended setup----------- 
1-Interval=00:15:00                     
2-Start date=07/17/96                   
3-Start time=18:00:00                   
4-Duration days=14                       
5-File=clrlake3                                 
6-Site=Clear Lake at Spillway                                 
7-Bat volts: 9.1                        
8-Bat life 21.2 days                    
9-Free mem 18.9 days                    
A-1st sample in 8.10 minutes            
B-View params to log                    
C-Start logging 
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• Select B-View Parameters to log to confirm that your sensor and report setups are configured 
correctly as described in Sections 2.9.6 and 2.9.7.  An example screen is shown below. 

 

 
In some cases, the View params to log screen only identifies the raw parameters that are used in the 
calculation of the items that you have selected in the Report setup.  
 

Example:  You have selected DO mg/L in the Report setup, but it does not appear under View 
parameters to log because it is calculated from DO saturation %,Temperature, and Conductivity.  
Likewise, although specific conductance is selected in the Report setup, it does not appear under 
Parameters to log because it is calculated from Conductivity and Temperature.  In all but a few 
cases, the proper configuration of Parameters to log will be automatically set up as long as the 
sensor is enabled.  

 
There are several items that must be activated in the Report setup so they will be available from the file 
after upload.  These special parameters are: DO Chg, DOSat %Local, ODOsat %Local, pH mV, NH4+ mV, 
NO3- mV, Cl-mV, PAR1, PAR2, Chl RFU, BGA-PC RFU, and BGA-PE RFU.  If you want to log any of 
these parameters to your data file, be certain that they are active in the Report setup before you begin the 
unattended study.  
 
After making the above entries, the sonde software will automatically estimate the expected battery life, 
and the time it will take for the sonde memory to be filled.  This information is displayed on the screen for 
your consideration.  If the battery life or the free memory capacity will be exceeded sooner than the 
duration, you may want to make some changes to the sonde set-up or the batteries themselves.  For 
example, you can free up memory in the sonde by uploading all existing files from the sonde memory to 
your PC and then deleting them from the sonde (see 3-File from Main Menu).  You may want to change the 
batteries for longer battery life.  You can lengthen the sampling interval to extend both battery life and 
memory capacity.  
 
The predicted battery life is an estimate only. The temperature of the site and the brand of batteries used 
can affect battery life. It is recommended to recover the sonde earlier than the predicted battery life, and to 
use new batteries for each deployment.  
 
Once you press C-Start logging, the following screen will appear. 
 

 
-------------Params to log------------- 
1-Temp C            6-Orp mV            
2-Cond mS/cm        7-NH4+ N mg/L       
3-DOsat %           8-NO3- N mg/L       
4-DOchrg            9-Turbid NTU        
5-pH                A-Battery volts     
 
Select option (0 for previous menu): 
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Select 1-Yes and the screen will change. 
 

 
 
The display now shows the next date and time for logging and the stop date and time for the logging study.   
Most importantly, note that the bottom command now shows B-Stop logging, a confirmation that the 
logging has indeed been initiated. 
 
If you select C-Show Live Data and leave the sonde attached to your PC, the data points will be shown on 
the screen as they are stored to internal memory. 
 
The Unattended study will terminate when the duration you specified has expired or the batteries are 
expended.  If you want to terminate sooner, simply select 2-Unattended sample from the Run menu, then 
B-Stop logging. Select 1-Yes and return to the Unattended setup menu. 
 

 
 

 
-------------Start logging------------- 
Are you sure? 
1-Yes                                   
2-No                                    
 
Select option (0 for previous menu): 
 

 
----------------Logging---------------- 
1-Interval=00:15:00                     
2-Next at 07/17/96                      
3-Next at 18:00:00                      
4-Stop at 07/31/96                      
5-Stop at 18:00:00                      
6-File=clrlake3                          
7-Site=Clear Lake at Spillway                                 
8-Bat volts: 9.0                        
9-Bat life 21.2 days                    
A-Free mem 18.9 days                    
B-Stop logging 
C-Show Live Data                          
 
Select option (0 for previous menu): 
 

 
Stop logging? 
1-Yes                                   
2-No                                    
 
Select option (0 for previous menu): 
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2.9.2 CALIBRATE 
 
All of the sonde sensors (except temperature) require periodic calibration to assure high performance.  
However, the calibration protocols for Rapid Pulse Polarographic dissolved oxygen are significantly 
different depending on whether the sonde is being set up for spot sampling or longer term unattended 
monitoring studies.  This difference is user-selectable and is required primarily because the optimal 
performance of the Rapid Pulse dissolved oxygen sensor cannot be attained unless the control of this sensor 
varies from short term to long term applications.   
 
For spot sampling it is best to pulse the sensor continuously during the Run mode to attain the most 
accurate results and optimize the response time.  However, this continuous pulsing is not ideal for longer 
term logging studies in which the sonde data is captured to sonde memory or to a data collection platform 
at much less frequent intervals (e.g. 15 minutes). Continuous pulsing not only shortens the time between 
required probe maintenance, but consumes more power.  With proper selection of the “Auto sleep” option 
(discussed in detail in Section 2.9.8, Advanced Menu), the user can configure the sonde software to either 
run continuously or “go to sleep” between samples to minimize Rapid Pulse DO probe wear and conserve 
power.  The effect of this choice on the user interface relative to dissolved oxygen calibration is significant 
as described below: 
 
 If “Auto sleep” is deactivated, the sonde runs continuously no matter what sample interval has been 

selected.  Under these conditions, the user retains manual control of the dissolved oxygen calibration 
routine, viewing the stabilization of the readings in real time and confirming the calibration with 
keyboard entries. 

 
 If “Auto sleep” is activated, the sonde will ‘warm up’ the sensors for the period of time selected for 

the DO sensor. Under these conditions, the user loses manual control of the Rapid Pulse DO 
calibration routine.  Rapid Pulse DO will automatically

 

 calibrate after the selected time for warm up of 
the DO sensor has expired.  In this mode of calibration, you do not observe stabilization of the readings 
in real time, but instead will observe a countdown of the warm up period followed by a message 
indicating that the Rapid Pulse DO calibration is complete. 

Only the calibration of Rapid Pulse dissolved oxygen is affected by whether “Autosleep” is on or off; the 
user retains manual control of the calibration of all other parameters regardless of the “Auto sleep” setting. 
Once a particular warm up time (in seconds) has been utilized in Rapid Pulse DO calibration, the length of 
that time should not be changed during a study.  A new calibration should be performed whenever the value 
of the warm up time is altered. 
 
Note that the ROX Optical DO sensor is not subject to the above issues relative to the activation of 
“Autosleep RS232” for the Rapid Pulse DO sensor.   The ROX sensor calibrates in the same way as any 
other sensor such as conductivity, pH, or turbidity where the user manually confirms the calibration after 
the sensor readings have shown stability. 
 
From the Main sonde menu select 2-Calibrate.  The Calibrate menu will be displayed.  Only the enabled 
parameters will be available for calibration. 
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CONDUCTIVITY 
 
Select 1-Conductivity to calibrate the conductivity probe and a second menu will offer you the options of 
calibrating in specific conductance, conductivity, or salinity.   Calibrating any one option automatically 
calibrates the other two.  After selecting the option of choice (specific conductance is normally 
recommended), you will be asked to enter the value of the standard used during calibration.  Be certain that 
the units are correct.  After pressing Enter, you will be able to follow the stabilization of the readings and 
confirm the calibration when the readings are stable by pressing Enter as instructed on the screen.  Then, 
as instructed, press Enter again to return to the Calibrate menu. 
 
RAPID PULSE POLAROGRAPHIC DISSOLVED OXYGEN WITH AUTOSLEEP ON 
   
If you intend to do Unattended Sampling, it is recommended that you turn Autosleep RS232 “on” in the 
Advanced|Setup menu and follow these instructions for DO calibration. If you intend to do Discrete 
Sampling, it is  recommended that you turn Autosleep RS232  “off” and use the calibration instructions in 
the next section.    
 
Select 2-Dissolved oxygen to calibrate the oxygen probe.  The submenu will offer you the option of 
calibrating in percent saturation or mg/L.  After selecting the option of choice (percent saturation in water-
saturated air is normally recommended), you will be prompted for the next step.  Calibrating either of the 
choices will automatically calibrate the other. 
 
For the percent saturation mode, be certain that the sensor has been thermally equilibrated in water-
saturated air and that the sensor shows stable readings prior to beginning the calibration routine, 
particularly after a membrane change.  

 

Note, however, that the sensor should be “off” for at least 5 minutes 
before initiating a calibration procedure with “Autosleep” active.  If possible, it is ideal that the sensor be 
“off” for a time equal to the sample interval in the upcoming study. 

Remember, the Calibration Cup is designed to be air-tight and must be loosened if it is used as a 
calibration chamber.   See Section 2.6, Calibration for more details.  Follow the screen prompt and enter 
the local barometric pressure in mm Hg,  (inches Hg x 25.4), press Enter, and the calibration will 
automatically occur after the warm-up time which has been selected by the user (default is 40 seconds).  
Then, as instructed, press Enter again to return to the Calibrate menu.  Note that at calibration, the DOsat 
% (percent air saturation) value will reflect the barometer value that was entered.  For example, if a 
barometric pressure of 720 mm is entered, the DOsat % value will change to 94.7 % (720/760 x 100). 
 
Note that the parameter “DOsat %Local” is also available for users who prefer to set their percent air 
saturation value to 100%, no matter what barometer value is entered.  The method of activating this 
parameter, its use, and its limitations are described in Appendix J of this manual.   

 

The key factor to 
remember, however, is that no matter which convention (DOsat % or DOsat %Local) is selected, the mg/L 
value will not be affected. 

 
---------------Calibrate-------------- 
1-Conductivity      6-ISE3 NH4+ 
2-Dissolved Oxy     7-ISE4 NO3- 
3-Pressure-Abs      8-ISE5 Cl- 
4-ISE1 pH           9-Optic T-Turbidity 6136 
5-ISE2 ORP          A-Optic C - Chlorophyll 
 
Select option (0 for previous menu): 
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For the mg/L mode, calibration is carried out in a water sample which has a known concentration of 
dissolved oxygen, usually determined by Winkler titration.  For this calibration procedure, the sensor 
should be immersed in the water.  After thermal equilibration, enter the known mg/L value, press Enter, 
and the calibration procedure will be carried out automatically as for the percent saturation mode above. 
 
 
RAPID PULSE DISSOLVED OXYGEN WITH AUTOSLEEP OFF 
 
If you intend to do Discrete Sampling, it is recommended that you turn Autosleep “off” in the 
Advanced|Setup menu and follow these instructions for DO calibration. If you intend to do Unattended 
Sampling, it is recommended that you turn Autosleep “on” and using the calibration instructions in the 
preceding section. 
 
Select the Dissolved Oxygen option from the Calibrate menu to calibrate the oxygen probe.  The submenu 
will offer you the option of calibrating in percent saturation or mg/L.  After selecting the option of choice 
(percent saturation in water-saturated air is normally recommended), you will be prompted for the next 
step.  Calibrating either of the choices will automatically calibrate the other. 
 
For the percent saturation mode, be certain that the sensor has been thermally equilibrated in water-
saturated air and that the sensor has stabilized prior to beginning the calibration routine, particularly after a 
membrane change.  Relieve pressure in the cup if necessary.  Remember, the Calibration Cup is designed to 
be air-tight and must be loosened if used as a calibration chamber.  Then follow the screen prompt and 
enter the local barometric pressure in mm Hg,  (inches Hg x 25.4), press Enter, and monitor the 
stabilization of the DO readings.  After no changes occur for approximately 30 seconds, press Enter to 
confirm the calibration.  Then, as instructed, press Enter again to return to the Calibrate menu. Note that at 
calibration, the DOsat % (percent air saturation) value will reflect the barometer value that was entered.  
For example, if a barometric pressure of 720 mm is entered, the DOsat % value will change to 94.7 % 
(720/760 x 100). 
 
Note that the parameter “DOsat %Local” is also available for users who prefer to set their percent air 
saturation value to 100%, no matter what barometer value is entered.  The method of activating this 
parameter, its use, and its limitations are described in Appendix J of this manual.   

 

The key factor to 
remember, however, is that no matter which convention (DOsat % or DOsat %Local) is selected, the mg/L 
value will not be affected. 

For the mg/L mode, calibration is carried out in a water sample which has a known concentration of 
dissolved oxygen, usually determined by a Winkler titration.  For this calibration procedure, the sensor 
should be immersed in the water.  After thermal equilibration, enter the known mg/L value, press Enter, 
and the calibration procedure will begin with similar viewing of stabilization and confirmation of 
calibration as for the percent saturation mode above. 
 
NOTE: If you have resurfaced your DO sensor, we recommend running the probe continuously for 15-30 
minutes or until good stability is realized.  After only a membrane change (no resurfacing), run the probe 
continuously for 3-4 minutes or until good stability is realized. 
 
 
ROX OPTICAL DISSOLVED OXYGEN 
 
Understanding the Factory Calibration of the ROX Optical DO Sensor 
 
Unlike all other sensors for YSI 6-series sondes, the response of the ROX Optical DO sensor is not linear 
relative to the species being measured.   This non-linearity requires that the sensor be factory-calibrated at a 
number of oxygen values and the data fit to a third-order regression.   The three constants and the sensor 
value at zero dissolved oxygen which define this regression analysis are automatically stored in the sensor 
at the time of factory-calibration.   It is important to note that these constants are a function of the sensor 
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membrane installed on the 6150 probe and NOT a function of the probe, i.e., the constants reflect the 
characteristics of the sensor membrane and NOT the probe.   When a 6150 probe is purchased from YSI, it 
already has a sensor membrane installed and the constants of that membrane are transferred automatically 
to the sonde PCB when the sensor is run for the first time.   After transfer, the constants can be viewed by 
accessing the Advanced|Cal Constants menu as shown below – the regression constants are ODO K2-
ODO K4 and the value at zero oxygen is K1 as shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
It should also be noted that the ROX sensor is characterized by two additional parameters – ODO Gain and 
Tzero.   The ODO gain reflects the small change in the calibration which is carried out be the user in a 1-
point calibration as described below.   The Tzero value will always be the same as K1 until the user elects 
to perform a 2-point calibration as described below at which time it will change slightly to reflect the 
adjustment of the zero oxygen value. 
 
You will also note that a different set of constants for your specific sensor membrane are supplied on the 
instruction sheet which came with your 6150 probe.   These five constants (K1-K4 and C) have a different 
appearance than those shown in Advanced|Cal Constants because they are in coded form to allow error-
free reentry by the user in the unlikely event that the regression constants in the probe are lost.   The C 
constant is a check sum value associated with the values of K1-K4 and will prevent acceptance of the 
constants if typographical errors are made in their entry by the user.   The coded constants must be entered 
in the Calibrate|Optic X – Dissolved Oxy|Enter Cal Sheet as shown below.   The constants can also be 
viewed at any time by selecting Calibrate|Optic X – Dissolved Oxy|View Cal Sheet. 
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YSI recommends that your replace your sensor membrane after 1 year of use by purchasing the 6155 
Optical DO Membrane Replacement Kit.   This kit will be supplied with a new set of coded constants 
which characterize the new membrane and they MUST be entered via the Calibrate|Optic X – Dissolved 
Oxy|Enter Cal Sheet selection as show above.   Once the new constants have been entered in coded form 
they will be transferred to the probe and will be visible in uncoded form in Advanced|Cal Constants. 
 
See Section 5.9, Principles of Operation and Appendix M, ROX Optical DO Sensor for more 
information. 
  
 
User Calibration of the ROX Optical DO Sensor 
 
NOTE CAREFULLY: As opposed to the 6562 Rapid Pulse Polarographic DO sensor described above, 
there is no difference between the calibration routine for sensors which will be used for sampling or 
monitoring applications.   Usually the Autosleep RS-232 feature in the Advanced|Setup menu will be 
activated for ROX calibrations, but there is no problem if it is not active.   
 
Select the Optic X-Dissolved Oxy option from the Calibrate menu to calibrate the oxygen probe.  The 
submenu will offer you the option of calibrating in either percent air-saturation (ODOsat %) or oxygen 
concentration (ODO mg/L) units.  Calibrating either of the choices will automatically calibrate the other. 
After selecting the option of choice (ODOsat % in water-saturated air or air-saturated water is normally 
recommended), you will be prompted for the next step where you must elect to do either a 1-point or a 2-
point calibration.   

   

Except under unusual circumstances as described below, you should select the 1-point 
option for the ROX Optical DO calibration. 

 

 
Calibration Using Percent Air Saturation – 1-Point 

NOTE: YSI recommends that you use this method for calibration of your 6150 Dissolved Oxygen Sensor 
to obtain the maximum accuracy under normal operating conditions. 
 
Place the sensor either (a) into a calibration cup containing about 1/8 inch of water which is vented by 
loosening the threads or (b) into a container of water which is being continuously sparged with an aquarium 
pump and air stone.   Wait approximately 10 minutes before proceeding to allow the temperature and 
oxygen pressure to equilibrate. 
 
Select ODOsat % and then 1-Point to access the DO calibration procedure. Calibration of your Optical 
dissolved oxygen sensor in the DO % procedure also results in calibration of the DO mg/L mode and vice 
versa. 
 
Enter the current barometric pressure in mm of Hg.  (Inches of Hg x 25.4 = mm Hg).   
 
Note: Laboratory barometer readings are usually “true” (uncorrected) values of air pressure and can be used 
“as is” for oxygen calibration.  Weather service readings are usually not “true”, i.e., they are corrected to sea 
level, and therefore cannot be used until they are “uncorrected”.   An approximate formula for this 
“uncorrection” (where the BP readings MUST be in mm Hg) is: 
 

True BP = [Corrected BP] – [2.5 * (Local Altitude in feet above sea level/100)] 
 
 
Press Enter and the current values of all enabled sensors will appear on the screen and change with time as 
they stabilize.  Observe the readings under ODOsat %. When they show no significant change for 
approximately 30 seconds, press Enter.  The screen will indicate that the calibration has been accepted and 
prompt you to press Enter again to return to the Calibrate menu. 
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The minor advantages and disadvantages of calibration in air-saturated water versus water-saturated air are 
outlined in Appendix M, ROX Optical DO Sensor 
 
 

 
Calibration Using mg/L – 1-Point 

Place the sensor in a container which contains oxygen of a known concentration of dissolved oxygen in 
mg/L AND THAT IS WITHIN +/- 10% of AIR SATURATION as determined by one of the following 
methods: 
 
 Winkler titration  
 Aerating the solution and assuming that it is saturated, or 
 Measurement with another instrument.  
 
CAUTION: Carrying out DO mg/L calibrations at values outside the range of +/- 10 % of air 
saturation is likely to compromise the quoted accuracy specification of the 6150 Optical DO Sensor. 
 
Wait approximately 10 minutes before proceeding to allow the equilibration of the temperature and oxygen 
sensors. 
 
Select ODO mg/L and then 1-Point to access the mg/L calibration procedure. Calibration of your optical 
dissolved oxygen sensor using the DO mg/L procedure also results in calibration of the ODOsat % mode 
and vice versa. 
 
Enter the known mg/L concentration and press Enter.  The current values of all enabled sensors will 
appear on the screen and change with time as they stabilize.  Observe the readings under ODO mg/L and, 
when they show no significant change for approximately 30 seconds, press Enter.  The screen will indicate 
that the calibration has been accepted and prompt you to press Enter again to return to the Calibrate menu. 
 
 
 

 
2-Point Calibrations 

By selecting either ODOsat % and then 2-Point or ODO mg/L and then 2-Point from the appropriate 
menus, you will be able to calibrate your sonde at zero oxygen and in water-saturated air or air-saturated 
water (if you select ODO%) or at zero oxygen and a known concentration of oxygen within +/-10% of air-
saturation (if you select ODO mg/L).  These two-point calibrations should be done ONLY if you suspect 
that your 6150 Optical DO sensor is less accurate than you require at low oxygen

 

 values.   The key to 
performing a 2-point calibration is to make certain that your zero oxygen medium (probably either nitrogen 
gas or an aqueous solution of sodium sulfite at a concentration of approximately 2 g/L) is truly oxygen-free 
as described in the tips below: 

• If you use nitrogen gas for the zero point calibration, you should make certain that the vessel you 
use has a SMALL exit port to prevent back diffusion of air and that you have completely purged 
the vessel before confirming the calibration. 

 
• If you use sodium sulfite solution for the zero point calibration, you should make up the solution 

at least 2 hours prior to use and keep it sealed in a bottle which does not allow diffusion of oxygen 
through the sides of the container.   You should also transfer the sodium sulfite solution rapidly 
from its container to the sonde calibration cup, fill the cup as full as possible with solution to 
minimize head space, and seal the calibration cup to the sonde to prevent diffusion of air into the 
vessel. 

 
To implement the 2-point calibrations, place the 6150 and the temperature sensor in a zero oxygen medium.   
Then select either ODO% and then 2-Point or ODO mg/L and then 2-Point from the Calibrate|Optic T 
Dissolved Oxy menu.   For either calibration routine, you MUST ENTER ZERO at the first prompt asking 
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for ODO in mg/L.   Then view the readings in real time and when they are stable, press Enter to confirm 
the zero point calibration.    
 
CAUTION: Be certain that you wait at least 10-12 minutes and until the readings are stable for at 
least 2 minutes before confirming the zero point calibration entry. 
 
NOTE CAREFULLY: If you used sodium sulfite solution as your zero calibration medium, you 
MUST carefully remove all traces of the reagent from the probes prior to proceeding to the second 
point.   YSI recommends that the second calibration point be in air-saturated water if you use 
sodium sulfite solution as your zero oxygen medium. 
 
After confirming the zero point calibration, place the sensors in the medium containing a known oxygen 
pressure or concentration and wait at least 10 minutes for temperature equilibration.   Then enter either the 
barometer reading in mm Hg (for ODO% 2-Point calibrations) or the actual concentration of oxygen 
which was probably determined from a Winkler titration (for ODO mg/L 2-Point calibrations).   Press 
Enter and observe the readings in real time until they are stable.   Then press Enter again to confirm the 
calibration.   The screen will indicate that the calibration has been accepted and prompt you to press Enter 
again to return to the Calibrate menu. 
 
CAUTION: Carrying out DO mg/L calibrations at values outside the range of +/- 10 % of air 
saturation for the second calibration point in the 2-Point routine is likely to compromise the quoted 
accuracy specification of the 6150 Optical DO Sensor. 
 
NOTE CAREFULLY: It will normally not be necessary to perform 2-Point calibrations for the 6150 
Optical DO Sensor and the procedure is not recommended unless (a) you are certain that the sensor 
does not meet your accuracy requirements at low DO levels and (b) you are operating under 
conditions where you are certain to be able to generate a medium which is truly oxygen free. 
 
Note that the parameter “ODOsat %Local” is also available for users who prefer to set their percent air 
saturation value to 100%, no matter what barometer value is entered.  The method of activating this 
parameter, its use, and its limitations are described in Appendix J of this manual.   

 

The key factor to 
remember, however, is that no matter which convention (ODOsat % or ODOsat %Local) is selected, the 
mg/L value will not be affected. 

 
 
PRESSURE – ABS AND GAGE 
 
Select Pressure – Abs (non-vented) or Gage (vented) to zero the depth sensor.  The depth sensor is 
factory calibrated, but it is always necessary to zero the absolute sensor relative to the local barometric 
pressure.  A minor correction is also sometimes necessary to set the Gage (vented) sensor output to exactly 
0.000 feet or meters. The zeroing procedure should be carried out with the sonde in air for this initial 
calibration.  Alternatively, you may set zero or an offset while the sonde is submersed for  “relative depth” 
applications.  After the depth option is selected, enter 0.00 (or other appropriate value in feet or meters 
depending on your Report setup) at the prompt, press Enter and monitor the stabilization of the depth 
readings.  After no changes occur for approximately 30 seconds, press Enter to confirm the calibration.  As 
instructed, press Enter again to return to the Calibrate menu.    
 
Zeroing the depth sensor by the above protocol (entering 0.00 at the screen prompt) will result in a 
measurement of the distance between the water surface and the ports of the depth module. In order for the 
observed depth readings to reflect the distance between the water surface and the actual probe array, 
measure the length between the upper hole and the bottom of the sonde guard.  Then, if you are concerned 
about this small difference, enter the measured difference (in feet or meters depending on your Report 
setup) at the screen prompt instead of 0.00. 
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For best performance of depth measurements, users should ensure that the sonde’s orientation remains 
constant while taking readings. This is especially important for vented level measurements and for sondes 
with side mounted pressure sensors. 
 
 
pH 
 
When selecting ISE1 pH, you will be given the choice of 1-point, 2-point, or 3-point calibrations. 
 
Select the 1-point option only if you are adjusting a previous calibration.  If a 2-point or 3-point calibration 
has been performed previously, you can adjust the calibration by carrying out a one point calibration.  
Immerse the sonde in a buffer of known pH value and press Enter.  You will be prompted to type in the pH 
value of the solution. 
 
NOTE: The actual pH value of all buffers is somewhat variable with temperature and that the correct value 
from the bottle label for your calibration temperature should be entered for maximum accuracy.   For 
example, the pH of YSI “pH 7 Buffer” is 7.00 at 25 C, but 7.02 at 20 C. 
 
After inputting the proper pH value for your calibration temperature, press Enter again, and the screen will 
display real-time readings that will allow you to determine when the pH and temperature readings have 
stabilized.  Pressing Enter will confirm the calibration.  Then, as instructed, press Enter again to return to 
the Calibrate menu.  This calibration procedure adjusts only the pH offset and leaves the previously 
determined slope unaltered. 
 
Select the 2-point option to calibrate the pH probe using only two calibration standards.  In this procedure, 
the pH sensor is calibrated using a pH 7 buffer and a pH 10 or pH 4 buffer depending on your 
environmental water.  A two point calibration procedure (as opposed to a 3-point procedure) can save time 
if the pH of the media being monitored is known to be either basic or acidic.  For example, if the pH of a 
pond is known to vary between 5.5 and 7, a two-point calibration with pH 7 and pH 4 buffers is 
appropriate.  Three point calibration with an additional pH 10 buffer will not increase the accuracy of this 
measurement since the pH is not within this higher range. 
 
To begin the calibration, immerse the sonde in one of the buffers and enter the actual pH value depending 
on your calibration temperature.  Press Enter, and the screen will display real-time readings that will allow 
you to determine when the pH sensor has stabilized.  Pressing Enter will confirm the calibration.  
Following the instructions on the screen, place the sonde in the second pH buffer, input the pH value, press 
Enter, and view the stabilization of the values on the screen in real time.  After the readings have 
stabilized, press Enter to confirm the calibration.  Then, as instructed, press Enter again to return to the 
Calibrate menu. 
 
Select the 3-point option to calibrate the pH probe using three calibration solutions.  In this procedure, the 
pH sensor is calibrated with a pH 7 buffer and two additional buffers.  The 3-point calibration method 
assures maximum accuracy when the pH of the media to be monitored cannot be anticipated.  The 
procedure for this calibration is the same as for a 2-point calibration, but the software will prompt you to 
select a third pH buffer to complete the 3-point procedure. 
 
 
ORP 
 
Select ISE2 ORP to calibrate the ORP sensor.  Immerse the sonde in a solution with a known oxidation 
reduction potential value (we recommend Zobell solution) and press Enter.  You will be prompted to enter 
the ORP value of the solution.  Press Enter, and monitor the stabilization of the ORP and temperature 
readings.  After no changes occur for approximately 30 seconds, press Enter to confirm the calibration.  
Then, as instructed, press Enter again to return to the Calibrate menu.  
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AMMONIUM 
 
When selecting ISE3-NH4+, you will be given the choice of 1-point, 2-point, or 3-point calibrations for 
your ammonium (NH4

+) sensor. 
 
Select the 1-point option only if you are adjusting a previous calibration.  If a 2-point or 3-point calibration 
has been performed previously, you can adjust the calibration by doing a one point calibration.  Immerse 
the sonde in any solution of known ammonium concentration and press Enter.  You will be prompted to 
type in the NH4

+ value (in mg/L of NH4-N) of the solution you are using.  Press Enter again, and the screen 
will display real-time readings that will allow you to determine when the NH4+ readings have stabilized.  
Pressing Enter will confirm the calibration. 
 
Select the 2-point option to calibrate the NH4

+  probe using only two calibration standards that are both at 
approximately the temperature of your environmental sample.  In this procedure, the NH4

+ sensor is usually 
calibrated using solutions that contain 1 and 100 mg/L of NH4-N . Be certain that the calibration solution 
and sensor are thermally equilibrated prior to entering NH4

+ values.  
 
To begin the calibration immerse the sonde in the 1 mg/L standard, press Enter,  input the NH4-N value, 
and again press Enter.  The screen will display real-time readings that will allow you to determine when 
the sensor has stabilized.  Pressing Enter will confirm the first calibration.  Following the instructions on 
the screen, place the sonde in the second NH4

+  standard, press Enter, input the correct concentration value, 
again press Enter, and view the stabilization of the values on the screen in real time.  After the readings 
have stabilized, press Enter to confirm the calibration.  Then, as instructed, press any key to return to the 
Calibrate menu. 
 
Select the 3-point option to calibrate the NH4

+  probe using three calibration solutions, two at ambient 
temperature and one at a temperature significantly different from ambient.  The 3-point calibration method 
should be used to assure maximum accuracy when the temperature of the media to be monitored cannot be 
anticipated.  The procedure for this calibration is the same as for a 2-point calibration, but the software will 
prompt you to place the sonde in the additional solution to complete the 3-point procedure.  Be certain that 
the calibration solution and sensor are thermally equilibrated prior to proceeding with the calibration.  The 
recommended order of calibration standards is (1) 100 mg/L standard at ambient temperature, (2) 1 mg/L 
standard at ambient temperature, and (3) 1 mg/L standard at a different temperature (usually lower) than 
ambient.  For best results, insure a temperature difference of at least 10 C° between the two 1 mg/L 
standards. 
 
NOTE: YSI strongly recommends the use of the 3-point protocol to ensure the best possible performance 
from all ISE sensors (ammonium, nitrate, and chloride) 
 
 
NITRATE 
 
When selecting ISE4 NO3, you will be given the choice of 1-point, 2-point, or 3-point calibrations for your 
nitrate (NO3

-) sensor. The procedure is identical to that for the ammonium sensor, except that the calibrant 
values are in mg/L of NO3-N instead of NH4-N. 
 
NOTE: YSI strongly recommends the use of the 3-point protocol to ensure the best possible performance 
from all ISE sensors (ammonium, nitrate, and chloride) 
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CHLORIDE 
 
When selecting ISE5-CL-, you will be given the choice of 1-point, 2-point, or 3-point calibrations for your 
chloride (Cl-) sensor. The procedure is identical to that for the ammonium sensor, except that the calibrant 
values are in mg/L of Cl instead of NH4-N.  IMPORTANT: We recommend that the user employ standards 
for chloride that are 10 times greater than for ammonium and nitrate.  Thus, the low calibration value 
should be 10 mg/L and the high calibration value should be 1000 mg/L Cl-.  The difference is due to the 
fact that the effect of contamination of standards from inadvertent leakage of chloride ion from either the 
DO probe or the reference junction of the pH probe will be less significant at higher concentrations. 
 
NOTE: YSI strongly recommends the use of the 3-point protocol to ensure the best possible performance 
from all ISE sensors (ammonium, nitrate, and chloride) 
 
 
OPTIC TURBIDITY 
 
NOTE: Before calibrating your 6026 or 6136 turbidity sensor, pay particular attention to the following 
cautions: 
 
• To properly calibrate YSI turbidity sensors, you MUST use standards that have been prepared 

according to details in Standard Methods for the Treatment of Water and Wastewater (Section 2130 B).    
Acceptable standards include (a) formazin prepared according to Standard Methods; (b) dilutions of 
4000 NTU formazin concentrate purchased from Hach; (c) Hach StablCalTM standards in various NTU 
denominations; and (d) AMCO-AEPA standards prepared specifically for the 6026 and 6136 by either 
YSI or approved vendors who are listed on the YSI website (www.ysi.com).  STANDARDS FROM 
OTHER VENDORS ARE NOT

 

 APPROVED FOR THE YSI TURBIDITY SYSTEM AND THEIR 
USE WILL LIKELY RESULT IN BOTH CALIBRATION ERRORS AND INCORRECT FIELD 
READINGS. 

• For AMCO-AEPA standards, the value entered by the user during the calibration protocol is 
DIFFERENT depending on which sensor (6026 or 6136) is being calibrated.   This reflects the 
empirically determined fact that 6026 and 6136 sensors that have been calibrated to the same value in 
the primary standard formazin, will have different responses in suspensions of the AEPA-AMCO 

 

beads.  This effect is likely due to the larger optical cell volume of the 6136.  Thus, for example, the 
label of the YSI 6073 turbidity standard bottle indicates that the value of the standard is 100 NTU 
when used for calibration of the 6026 sensor, but 126 NTU when used to calibrate the 6136.   
Note that the phenomenon of a sensor-specific formazin/AEPA-AMCO ratio is well known for sensors 
other than the 6026 and 6136. 

• The details below are relevant to the calibration of both turbidity sensors offered by YSI – 6026 and 
6136.  However, to calibrate a 6136 sensor, you should have Version 2.16 or later installed in your 
sonde. 

 
• If you are calibrating a 6136 turbidity sensor you MUST use either a black bottomed calibration cup or 

laboratory glassware with the probe guard installed for the calibration.  See Section 2.6.1 above for details.  
Failure to carry out the calibration properly can result in inaccurate readings, particularly water of very 
low turbidity. 

 
• Before proceeding with the calibration, be certain that the probe compartment of the sonde has been 

cleaned and is free of debris.   Solid particles from this source, particularly those carried over from past 
deployments, will contaminate the standards during your calibration protocol and cause either 
calibration errors and/or inaccurate field data. 
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When selecting Optic X -6026-Turbidity (or 6136-Turbidity), there will be a choice of 1-point, 2-point, 
or 3-point calibrations for your turbidity sensor. 
 
The 1-point option is normally used to zero the turbidity probe in 0 NTU standard.  Place the sonde in clear 
water (deionized or distilled) with no suspended solids, and input 0 NTU at the screen prompt.  Press Enter 
and the screen will display real-time readings that will allow you to determine when the turbidity readings 
have stabilized.  Press Enter after the readings have stabilized to confirm the calibration and zero the 
sensor.   Then, as instructed, press any key to return to the Calibrate menu.  
 
Select the 2-point option to calibrate the turbidity probe using only two calibration standards.  In this case, 
one of the standards must

 

 be clear water (0 NTU) and the other should be in the range of known turbidity 
for the water to be monitored.  For example, if the water to be evaluated is known to be low in turbidity, an 
appropriate choice of standards might be 0 and 10 NTU (6026) or 0 and 12.7 NTU (6136). However, for 
general purpose measurements an appropriate choice of standards is usually 0 and 100 NTU (6026) or 0 
and 126 NTU (6136).   

To begin the calibration, immerse the sonde in the 0 NTU standard, as instructed, and press Enter.  It is 
mandatory that the 0 NTU standard be calibrated first.  The screen will display real-time readings that will 
allow you to determine when the readings have stabilized.  Pressing Enter will confirm the first calibration.  
Following the instructions on the screen, place the sonde in the second turbidity standard, input the correct 
turbidity value in NTU, press Enter,  and view the stabilization of the values on the screen in real-time.  
After the readings have stabilized, press Enter to confirm the calibration.  Then, as instructed, press any 
key to return to the Calibrate menu. 
 
Select the 3-point option for maximum accuracy over the entire range of 0 to 1000 NTU.  As for the 2-
point procedure, one of the standards must

 

 be 0 NTU.  Because of the linearity characteristics of the 
sensors, we recommend that the other two standards have turbidity values of 100 and 1000 NTU.  
However, the user can select any values that are deemed appropriate.  The procedure for this calibration is 
the same as for a 2-point calibration, but the software will prompt you to place the sonde in the additional 
solution to complete the 3-point procedure. 

For all turbidity calibration procedures, be certain that the standard and sensor are thermally equilibrated 
prior to proceeding with the calibration.  
 
For further information related to setting up, calibrating and running turbidity measurements, refer to 
Appendix E, Turbidity Measurements. 
 
 
OPTIC CHLOROPHYLL 
 
When selecting Optic X - Chlorophyll, there will be a choice of zeroing the relative fluorescence unit 
parameter (Chl RFU Zero) or calibrating with actual chlorophyll standards (µg/L 1-point, 2-point, or 3-
point). 
 
If you have selected Chl RFU as a parameter in the Report menu, the sonde will report only relative 
values of fluorescence in the sample being measured. These values could then be converted into actual 
chlorophyll concentrations in µg/L by using a post-calibration procedure, after the chlorophyll content of 
grab-samples taken during a sampling or monitoring study has been analyzed in a laboratory.  This 
determination can involve conducting the extractive analysis procedure described for chlorophyll in  
Methods for the Examination of Water and Wastewater or by carrying out an in situ measurement of 
chlorophyll using a commercial benchtop fluorometer.    
 
The Chl RFU Zero option is used to zero the fluorescence probe in a medium that is chlorophyll-free.  
Place the sonde in clear water, and input 0 at the screen prompt.  Press Enter and the screen will display 
real-time readings that will allow you to determine when the fluorescence readings have stabilized.  Press 
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Enter after the readings have stabilized to confirm the calibration and zero the sensor. Then, press any key 
to return to the Calibrate menu.  
 
If you select Chl µg/L in the initial calibration routine, there will be a choice of 1-point, 2-point, or 3-point 
options.  The 1-point selection is normally used to zero the fluorescence probe in a medium that is 
chlorophyll-free.  If you use this method, you will either choose to utilize the default sensitivity for 
chlorophyll in the sonde software or to update a previous multipoint calibration.  Usually you will place the 
sonde in clear water, and input 0 µg/L at the screen prompt.  After pressing Enter the screen will display 
real-time readings allowing you to determine when the chlorophyll readings have stabilized.  Press Enter 
after the readings have stabilized to confirm the calibration and zero the sensor. Then, as instructed, press 
any key to return to the Calibrate menu.   
 
Note: For the 2-point and 3-point calibrations described below, standards of known fluorescence are 
required.  Two general types of standards can be used: (a) phytoplankton suspensions of known chlorophyll 
content, and (b) dye solutions whose fluorescence can be correlated to that of chlorophyll.  The user is 
responsible for determining the chlorophyll content of phytoplankton suspensions, either by employing the 
extractive analysis procedure described in Standard Methods for the Examination of Water and 
Wastewater, or by analyzing the suspension in situ  using a laboratory fluorometer.   See Section 5.14, 
Principles of Operation and Appendix I, Chlorophyll Measurements of this manual for more 
information about chlorophyll standards. 
 
Select the 2-point option to calibrate the chlorophyll probe using only two calibration standards.  In this 
case, one of the standards must

 

 be clear water (0 µg/L) and the other should be in the range of a known 
chlorophyll content of the water to be monitored.  For example, if the water to be evaluated is known to be 
low in chlorophyll, an appropriate choice of standards might be 0 and 10 µg/L. However, for general-
purpose measurements an appropriate choice of standards is usually approximately 100 µg/L.   

To begin the calibration, immerse the sonde in the 0 µg/L standard, as instructed, and press Enter.  It is 
mandatory that the 0 µg/L standard be calibrated first.  The screen will display real-time readings that will 
allow you to determine when the readings have stabilized.  Pressing Enter will confirm the first calibration.  
Following the instructions on the screen, place the sonde in the second chlorophyll standard, input the 
correct value in µg/L, press Enter, and view the stabilization of the values on the screen in real-time.  After 
the readings have stabilized, press Enter to confirm the calibration.  Then, as instructed, press any key to 
return to the Calibrate menu. 
 
Select the 3-point option for maximum accuracy over the entire range of 0 to 400 µg/L.  As with the 2-
point procedure, one of the standards must

 

 be 0 µg/L. The user can select any values for the second and 
third standards that are deemed appropriate. The procedure for this calibration is the same as for a 2-point 
calibration, but the software will prompt you to place the sonde in the additional solution to complete the 3-
point procedure. 

For all chlorophyll calibration procedures, be certain that the standard and sensor are thermally equilibrated 
prior to proceeding with the calibration 
 
CAUTION: To be assured of the accuracy for field measurements made with your chlorophyll sensor, you 
must either initially calibrate the sensor using a phytoplankton suspension of known chlorophyll content or 
post calibrate your sensor in a spreadsheet by comparing the fluorescence values obtained in field studies 
with those obtained by laboratory analysis for chlorophyll on grab samples collected during the field study.   
The use of chemical dye standards for “calibration” of the sensor may not result in accurate correlation 
between fluorescence and actual chlorophyll readings and is designed primarily to evaluate the sensor for 
drift.  See Section 5.14,  Principles of Operation and Appendix I. Chlorophyll Measurements for more 
information on the proper calibration of your chlorophyll sensor.   
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OPTIC BGA-PC 
 
To calibrate your 6131 Blue-Green Algae-Phycocyanin (BGA-PC) sensor, select BGA-PC cells/mL in the 
initial calibration routine.   There will be a choice of 1-point or 2-point options.  The 1-point selection is 
normally used to zero the fluorescence probe in a medium that is BGA-free.  If you use this method, you 
will either choose to utilize the default sensitivity for BGA-PC in the sonde software or to update a 
previous 2-point calibration.  Usually you will place the sonde in clear water, and input 0 µg/L at the screen 
prompt.  After pressing Enter the screen will display real-time readings allowing you to determine when 
the BGA-PC readings have stabilized.  Press Enter after the readings have stabilized to confirm the 
calibration and zero the sensor. Then, as instructed, press any key to return to the Calibrate menu.   
 
Note: For the 2-point calibration described below, a standard of known fluorescence is required.  Two 
general types of standards can be used: (a) phytoplankton suspensions of known BGA-PC content, and (b) 
dye solutions whose fluorescence can be correlated to that of BGA-PC.  The user is responsible for 
determining the BGA-PC content of algal suspensions by using standard cell counting techniques.   See 
Section 5.16, Principles of Operation of this manual for more information about BGA-PC standards. 
 
Select the 2-point option to calibrate the BGA-PC probe using two calibration standards.  In this case, one 
of the standards must

  

 be clear water (0 µg/L) and the other should be in the range of the suspected BGA-PC 
content at the environmental site.  

To begin the calibration, immerse the sonde in the 0 cells/mL standard, as instructed, and press Enter.  It is 
mandatory that the 0 cells/mL standard be calibrated first.  The screen will display real-time readings that 
will allow you to determine when the readings have stabilized.  Pressing Enter will confirm the first 
calibration.  Following the instructions on the screen, place the sonde in the second BGA-PC standard, 
input the correct value in cells/mL, press Enter, and view the stabilization of the values on the screen in 
real-time.  After the readings have stabilized, press Enter to confirm the calibration.  Then, as instructed, 
press any key to return to the Calibrate menu. 
 
For all BGA-PC calibration procedures, be certain that the standard and sensor are thermally equilibrated 
prior to proceeding with the calibration 
 
CAUTION: To be assured of the accuracy for field measurements made with your BGA-PC sensor, you 
must either initially calibrate the sensor using an algal suspension of known BGA-PC content or post 
calibrate your sensor in a spreadsheet by comparing the fluorescence values obtained in field studies with 
those obtained by laboratory analysis for chlorophyll on grab samples collected during the field study.   The 
use of chemical dye standards for “calibration” of the sensor may not result in accurate correlation between 
fluorescence and actual BGA-PC readings and is designed primarily to evaluate the sensor for drift.  See 
Section 5.16. Principles of Operation for more information on the proper calibration of your BGA-PC 
sensor.   
 
 
 
OPTIC BGA-PE 
 
To calibrate your 6132 Blue-Green Algae-Phycoerythrin (BGA-PE) sensor, select BGA-PE cells/mL in the 
initial calibration routine.   There will be a choice of 1-point or 2-point options.  The 1-point selection is 
normally used to zero the fluorescence probe in a medium that is BGA-free.  If you use this method, you 
will either choose to utilize the default sensitivity for BGA-PE in the sonde software or to update a 
previous 2-point calibration.  Usually you will place the sonde in clear water, and input 0 µg/L at the screen 
prompt.  After pressing Enter the screen will display real-time readings allowing you to determine when 
the BGA-PE readings have stabilized.  Press Enter after the readings have stabilized to confirm the 
calibration and zero the sensor. Then, as instructed, press any key to return to the Calibrate menu.   
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Note: For the 2-point calibration described below, a standard of known fluorescence is required.  Two 
general types of standards can be used: (a) phytoplankton suspensions of known BGA-PE content, and (b) 
dye solutions whose fluorescence can be correlated to that of BGA-PE.  The user is responsible for 
determining the BGA-PC content of algal suspensions by using standard cell counting techniques.   See 
Section 5.17, Principles of Operation of this manual for more information about BGA-PC standards. 
 
Select the 2-point option to calibrate the BGA-PE probe using two calibration standards.  In this case, one 
of the standards must

  

 be clear water (0 cells/mL) and the other should be in the range of the suspected 
BGA-PC content at the environmental site.  

To begin the calibration, immerse the sonde in the 0 µg/L standard, as instructed, and press Enter.  It is 
mandatory that the 0 cells/mL standard be calibrated first.  The screen will display real-time readings that 
will allow you to determine when the readings have stabilized.  Pressing Enter will confirm the first 
calibration.  Following the instructions on the screen, place the sonde in the second BGA-PC standard, 
input the correct value in cells/mL, press Enter, and view the stabilization of the values on the screen in 
real-time.  After the readings have stabilized, press Enter to confirm the calibration.  Then, as instructed, 
press any key to return to the Calibrate menu. 
 
For all BGA-PE calibration procedures, be certain that the standard and sensor are thermally equilibrated 
prior to proceeding with the calibration 
 
CAUTION: To be assured of the accuracy for field measurements made with your BGA-PE sensor, you 
must either initially calibrate the sensor using an algal suspension of known BGA-PE content or post 
calibrate your sensor in a spreadsheet by comparing the fluorescence values obtained in field studies with 
those obtained by laboratory analysis for chlorophyll on grab samples collected during the field study.   The 
use of chemical dye standards for “calibration” of the sensor may not result in accurate correlation between 
fluorescence and actual BGA-PE readings and is designed primarily to evaluate the sensor for drift.  See 
Section 5.17. Principles of Operation for more information on the proper calibration of your chlorophyll 
sensor.   
 
 
OPTIC RHODAMINE WT 
 
When selecting Rhodamine, there will be a choice of 1-point, 2-point, or 3-point calibrations for your 
rhodamine WT sensor. 
 
The 1-point option is normally used to zero the rhodamine probe in 0 ug/L standard.  Place the sonde in 
clear water with no suspended solids, and input 0 ug/L at the screen prompt.  Press Enter and the screen 
will display real-time readings that will allow you to determine when the rhodamine readings have 
stabilized.  Press Enter after the readings have stabilized to confirm the calibration and zero the sensor.   
Then, as instructed, press any key to return to the Calibrate menu.  
 
Select the 2-point option to calibrate the rhodamine probe using only two calibration standards.  In this 
case, one of the standards must

 

 be clear water (0 ug/L) and the other should be in the range of the predicted 
rhodamine concentration projected for the study.   For general purpose measurements an appropriate choice 
of standards is usually 0 and 100 ug/L.   

To begin the calibration, immerse the sonde in the 0 ug/L standard, as instructed, and press Enter.  It is 
mandatory that the 0ug/L standard be calibrated first.  The screen will display real-time readings that will 
allow you to determine when the readings have stabilized.  Pressing Enter will confirm the first calibration.  
Following the instructions on the screen, place the sonde in the second rhodamine standard, input the 
correct rhodamine value in ug/L, press Enter, and view the stabilization of the values on the screen in real-
time.  After the readings have stabilized, press Enter to confirm the calibration.  Then, as instructed, press 
any key to return to the Calibrate menu. 
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Select the 3-point option for maximum accuracy over the entire range of 0 to 200 ug/L.  As for the 2-point 
procedure, one of the standards must

 

 be 0 NTU.  The procedure for this calibration is the same as for a 2-
point calibration, but the software will prompt you to place the sonde in the additional solution to complete 
the 3-point procedure. 

For all rhodamine calibration procedures, be certain that the standard and sensor are thermally equilibrated 
prior to proceeding with the calibration.  
 
 
 
REESTABILISHING DEFAULT CALIBRATION – “UNCAL” COMMAND 
 
If, for any reason, you want to return to the factory default settings (slope and offset) for any parameter, 
follow the instructions below: 
 
• Activate any calibration screen (1-point,  2-point, or 3-point) where a numerical entry is requested.  In 

the example below, a 2-point turbidity calibration was selected. 
 
• Instead of entering a numeric value, type the word “uncal” and press Enter. 
 
• An “uncal” entry at any calibration prompt will reset both slope and offset for this parameter to the 

factory default settings. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NOTE: When using the 650 MDS as the sonde interface device, the “uncal” operation is performed by 
holding the Enter key down and then pressing the Esc key.  See Section 3 of this manual for more details.  
 
 

 
-----Turbidity calibration-- 
1-1 point                               
2-2 point                               
3-3 point                               
 
Select option (0 for previous 
menu): 2 
 
Enter 1st Turbid NTU:uncal 
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CALIBRATION RECORD – THE GLP FILE 
 
When any sensor is calibrated, 6-series sondes will automatically create a file in sonde memory that 
provides details of the calibration coefficients before and after the calibration.  The file will have a .glp 
extension and will have the Circuit Board Serial # as the default filename.  The file can be viewed by 
following the path File|Directory|View from the Main sonde menu. 
 

 
 

-------------File details-------------- 
1-View file                             
2-File:00003001.glp                     
3-Samples:     39                       
4-Bytes:    790                         
 

Filename    Samples                    
1-BRIDGE1.dat      19                   
2-BRIDGE2.dat      27                   
3-UPLAKE.dat       33                   
4-CLRLAKE2.dat    167                   
5-DWNLAKE2.dat     31                   
6 - 00003001.glp                   39 

 
------------------File----------------- 
1-Directory  4-View file 
2-Upload   5-Quick view file 
3-Quick Upload  6-Delete all files 
 
 
Select option (0 for previous menu): 1 
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Pressing 1-View file will show the calibration record for the sonde.  An example is shown below: 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
The data in the display shows a new sonde (Circuit Board # 00003001) which has just had its dissolved 
oxygen sensor calibrated.   Note that the initial values for all parameters are the default settings.  Only the 
last two entries (DO gain and DO local gain) have been affected by the calibration of the oxygen sensor.  If 
the conductivity sensor is now calibrated, the new conductivity gain value is now automatically appended 
to the record as shown below:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note that the default value of the conductivity “Value” is 1.00 in the .glp format shown above.  This 
relative number is equivalent to a real cell constant of 5.00 which is provided in the Advanced|Cal 

m/d/y hh:mm:ss      S/N                 Type    Value 
08/23/2001 17:07:50 00003001    Conductivity gain 1.000000 
08/23/2001 17:07:50 00003001              DO gain 1.000000 
08/23/2001 17:07:50 00003001        DO local gain 1.000000 
08/23/2001 17:07:50 00003001  pH gain (pH-7)*K/mV -5.05833 
08/23/2001 17:07:50 00003001   pH offset (pH-7)*K 0.000000 
08/23/2001 17:07:50 00003001        ORP offset mV 0.000000 
08/23/2001 17:07:50 00003001         TDS constant 0.650000 
08/23/2001 17:07:50 00003001          Turb Offset 0.000000 
08/23/2001 17:07:50 00003001              Turb A1 500.0000 
08/23/2001 17:07:50 00003001              Turb M1 500.0000 
08/23/2001 17:07:50 00003001              Turb A2 1000.000 
08/23/2001 17:07:50 00003001              Turb M2 1000.000 
08/23/2001 17:07:50 00003001           Chl Offset 0.000000 
08/23/2001 17:07:50 00003001               Chl A1 100.0000 
08/23/2001 17:07:50 00003001               Chl M1 100.0000 
08/23/2001 17:07:50 00003001               Chl A2 200.0000 
08/23/2001 17:07:50 00003001               Chl M2 200.0000 
08/23/2001 17:07:50 00003001         Fluor Offset 0.000000 
08/23/2001 17:07:50 00003001              DO gain 1.103424 
08/23/2001 17:07:50 00003001        DO local gain 1.000000 
 

m/d/y hh:mm:ss      S/N                 Type    Value 
08/23/2001 17:07:50 00003001    Conductivity gain 1.000000 
08/23/2001 17:07:50 00003001              DO gain 1.000000 
08/23/2001 17:07:50 00003001        DO local gain 1.000000 
08/23/2001 17:07:50 00003001  pH gain (pH-7)*K/mV -5.05833 
08/23/2001 17:07:50 00003001   pH offset (pH-7)*K 0.000000 
08/23/2001 17:07:50 00003001        ORP offset mV 0.000000 
08/23/2001 17:07:50 00003001         TDS constant 0.650000 
08/23/2001 17:07:50 00003001          Turb Offset 0.000000 
08/23/2001 17:07:50 00003001              Turb A1 500.0000 
08/23/2001 17:07:50 00003001              Turb M1 500.0000 
08/23/2001 17:07:50 00003001              Turb A2 1000.000 
08/23/2001 17:07:50 00003001              Turb M2 1000.000 
08/23/2001 17:07:50 00003001           Chl Offset 0.000000 
08/23/2001 17:07:50 00003001               Chl A1 100.0000 
08/23/2001 17:07:50 00003001               Chl M1 100.0000 
08/23/2001 17:07:50 00003001               Chl A2 200.0000 
08/23/2001 17:07:50 00003001               Chl M2 200.0000 
08/23/2001 17:07:50 00003001         Fluor Offset 0.000000 
08/23/2001 17:07:50 00003001              DO gain 1.103424 
08/23/2001 17:07:50 00003001        DO local gain 1.000000 
08/23/2001 17:23:13 00003001    Conductivity gain 0.979114 
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Constants and is described in Section 2.9.8.  All other values in the .glp file are equivalent to those shown 
in the Advanced|Cal Constants menu. 
 
CAUTION: Calibration records for all sensors will automatically be stored in the .glp file until the Delete 
All Files command is used from the File menu.   However, if the Delete command is issued, all files, 
including the .glp (calibration record) file will be lost.   Therefore, it is extremely important to remember to 
upload the .glp file to a PC or a 650 Display/Logger prior to deleting files from the sonde.  See Section 
2.9.3 for instructions on the upload and viewing of the .glp file. 

 
 
2.9.3 FILE 
 
Selections from the File menu allow the user to access data that has been stored in the sonde flash disk 
memory.  Select 3-File from the Main menu. 

 
 
 
Select 1-Directory to view all files currently stored in sonde flash disk memory.  The screen below shows 
5 files of varying sizes.  To examine the details of each file, press the associated number (e.g., 4 for 
CLRLAKE2.dat) and an additional screen will be displayed as shown below that quantifies the time of the 
deployment, the sample interval, and the site where the sonde was used.  In addition, the data in the file can 
be viewed by using the 1-View file command 
 

 
 
 
 
Select 2-Upload to view file lists in memory (same as shown above) and then upload the data to a PC or to 
the YSI 650 MDS Display/Logger.    The uploaded data can then be processed with YSI EcoWatch for 
Windows to allow data manipulation and to easily generate reports, plots, and statistics.  Three formats for 
file transfer are available: PC6000, Comma & Quote Delimited, and ASCII text. 

 
------------------File----------------- 
1-Directory  4-View file 
2-Upload   5-Quick view file 
3-Quick Upload  6-Delete all files 
 
 
Select option (0 for previous menu): 1 
 

 
 Filename    Samples                    
1-BRIDGE1.dat      19                   
2-BRIDGE2.dat      27                   
3-UPLAKE.dat       33                   
4-CLRLAKE2.dat    167                   
5-DWNLAKE2.dat     31 
6-00003001.glp      3                   
 
Select option (0 for previous menu): 4 
 
 

-------------File details--------
------ 
1-View file                             
2-File:CLRLAKE2.dat                     
3-Samples:    167                       
4-Bytes:   4421                         
5-First:08/23/2001                      
6-First:08:33:40                        
7-Last :08/23/2001                      
8-Last :09:04:20                        
9-Interval:00:00:10                     
A-Site:Clear Lake                       
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• PC6000 format will transfer the data so that it will be compatible with the EcoWatch for Windows 

(supplied with your sonde) software package.  YSI recommends data transfer in this format since it is 
significantly more rapid than other transfer options.  If this data is required in Comma & Quote 
Delimited and/or ASCII formats, the user can quickly generate data in these formats using the Export 
function in EcoWatch for Windows. 

 
• Comma & Quote Delimited format is commonly used to generate files that can be imported into 

spreadsheet software in your PC, where you can perform custom data analysis.  A comma is still the 
delimiter, but the radix is corrected to a period.  In most cases you should set the Page Length to 0 
before using this type of upload format.  See the Windows Help section in EcoWatch for information 
on setting the page length. 

 
• ASCII Text is another alternative to transferring data directly to your computer into spreadsheet or 

other PC-based software. 
 
Prior to upload, a “Time window” display appears to allow you the option to select portions of the logged 
data to upload.  You may select 1-Proceed to upload all data logged from the dates and times shown. 

 
 
Select 1-Proceed. Choose the appropriate file transfer protocol.  A status box will appear in the lower right 
quadrant of the screen.  Verification of a successful transfer is indicated when all of the requested data are 
transferred. 
 

 
Press 0 or Esc to return to the File menu. 
 
When you select the 3–Quick Upload option, the same operation as 2-Upload is performed, except that 
only the most recent flash disk file is uploaded and it is uploaded in its entirety.  You still must choose the 
transfer format from the three options provided. 
 
Select 4-View File to examine the data in any file currently stored in sonde flash disk memory.  You will 
first view the same screen as viewed in the Directory menu.  From this menu choose the file of interest, 

 
--------------Time window-------------- 
1-Proceed                                    
2-Start date=07/17/96                   
3-Start time=12:00:00                   
4-Stop  date=07/31/96                   
5-Stop  time=12:00:00                   
 
Select option (0 for previous menu): 
 

 
---------------File type--------------- 
1-PC6000                                
2-Comma & ' ' Delimited                 
3-ASCII Text                            
 
Select option (0 for previous menu): 
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then, using the Time window menu, choose the dates and/or times of interest.  If you choose dates or times 
that are not within the designated start and stop times, no data will be displayed.   
 
You may choose the entire file. Use the Space Bar to alternately stop and to resume scrolling.  Use the Esc 
key to cancel the view. 
 
Select the 5–Quick View File option to view the last page of data from the last data file in sonde memory.  
This feature is particularly useful in quickly reviewing recently acquired data at field sites so that system 
performance can be assessed. 
 

Select 6–Delete all files to IRREVERSIBLY

 

 remove all files from the sonde memory (INCLUDING the 
.glp file that may contain valuable calibration data).  It is critical not to use this option until all relevant data 
from sonde memory has been transferred to your computer via one of the upload options.  There is a 
verification screen that appears, so that pressing the 6 key does not immediately delete all files at this point. 

NOTE: By choosing the Delete function only .dat and .glp files will be erased. Calibration data for all 
sensors installed and calibrated on the sonde will not be deleted. 
 
The management of the .glp calibration record file that is automatically stored in sonde memory and is 
described in Section 2.9.2 above is similar to that for data files.  However, there are some differences in the 
upload procedure of which the user should be aware.  When uploading a .glp file there will be a choice of 
three upload protocols as shown below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The binary upload choice should ONLY be used when uploading the .glp file to a 650 Display/Logger; if 
the binary protocol is used in a direct upload to PC, a .glp file will indeed be transferred, but it will not be 
possible to open it using the current YSI software or any other text editor.  Thus, during a direct transfer of 
the .glp file to your PC, either the CDF or ASCII formats should be used.  The result will be the conversion 
of the file with a .glp  extension in the sonde to one with a .txt extension which is now stored in the 
ECOWWIN\DATA subdirectory of your PC.  For example, the file 00003001.glp in the sonde will become 
00003001.txt on transfer to PC and the file will be in a format which can easily be viewed and edited using 
Notepad or other word processing software.     
 
 

 
 
 
 
 
 

---------------File type--------------- 
1-Binary                                
2-Comma & '' '' Delimited               
3-ASCII Text                            
 
Select option (0 for previous menu): 
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2.9.4 STATUS 
 
Select 4-Status from the Sonde Main menu to obtain general information about the sonde and its setup. 

 
 
• 1-Version identifies the specific version of sonde software loaded in the sonde.  This number is 

especially useful if you are calling YSI Technical Support.  It may also be useful to you if you are 
comparing 2 or more sondes purchased at different times. 

 
• Select 2-Date and 3-Time to display current date and time in 24-hour format.  This is not a “live” 

display, but may be updated by pressing the 2 or 3 key again.  This may be useful for viewing or 
setting real time.  You may correct date or time from this submenu, by entering the corrected date or 
time as described in System setup.  However, you cannot alter date format from this screen.  

 
• In options 4, 5, and 6, you can view battery voltage, battery life, and available free memory in your 

sonde to help you evaluate whether the current setup is appropriate to complete an active logging or to 
begin a study in which you have defined your logging parameters.   If you press key 4, 5 or 6 before 
you exit this screen, it may change, since this triggers the Status screen to update information. Note 
that no battery information will appear for the 600R, 600QS, 600XL, 6820V2-1, and 600 OMS V2-
1(nonbattery version) sondes. 

 
• 7-Logging provides one of two messages, active or inactive, indicating whether your sonde is in the 

unattended

 

 logging mode.  This logging status indicator is not relevant to logging in the discrete mode, 
since there is no way to enter the Status screen without stopping discrete logging. 

Press 0 or Esc to exit the Status screen and return to Main menu. 
 

 
-----------------Status---------------- 
1-Version:3.01                          
2-Date=07/22/96                         
3-Time=09:04:28                         
4-Bat volts: 9.0                        
5-Bat life 21.2 days                    
6-Free bytes:129792                     
7-Logging:Inactive                      
 
Select option (0 for previous menu): 
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2.9.5 SYSTEM 
 
Select 5-System from the Sonde Main menu to set the date and time, customize the sonde communication 
protocol, adjust how information appears on the screen, and enter an instrument identification number and a 
GLP file designation. 
 
 
 
1-Date & time                           
2-Comm setup                            
3-Page length=25                        
4-Instrument ID=YSI Sonde               
5-Circuit board SN:00003001             
6-GLP filename=00003001                 
7-SDI-12 address=0                      
  
Select option (0 for previous menu):  
 
 
 
 
Select Date & time.  
 
 
-----------Date & time setup----------- 
1-(*)m/d/y          4-( )4 digit year   
2-( )d/m/y          5-Date=08/11/98     
3-( )y/m/d          6-Time=11:12:30   
 
Select option (0 for previous menu):  
 
 
 
 
Press 4 and 5 to activate the date and time functions.  Pay particular attention to the date format that you 
have chosen when entering date.  Use the 24-hour clock format for entering time. Option 4- ( ) 4 digit year 
may be chosen to have the date appear  with a two or four digit year. 
 
Press 0 or Esc to return the System Setup menu. 
 
Select 2-Comm setup From the System Setup menu. 
 

 

 
---------------Comm setup------------- 
1-(*)Auto baud      5-( )2400 baud      
2-( )300 baud       6-( )4800 baud      
3-( )600 baud       7-(*)9600 baud      
4-( )1200 baud      
 
Select option (0 for previous menu): 0 
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The default is 9600, but you may change it to match your host communication interface protocol by typing 
in the corresponding number, 1 through 7. An asterisk confirms the selection.  Auto baud may be selected 
along with any of the choices. The Auto baud option allows the sonde to recognize and adjust to the 
received characters and we recommend that it is activated. 
 
NOTE:  If you change the baud rate, exit the sonde interaction and immediately change the baud rate in 
EcoWatch for Windows, Comm Settings.  If you do not adjust the baud rate in the PC software, the sonde 
will not be able to communicate with the computer or any display/logger and your system will appear to be 
"locked-up."   
 
Select 3-Page length from the System Setup menu and press Enter.  This will allow you to control how 
many lines of data are sent to your display before a new header is shown.  The smaller the page number, the 
fewer the lines of data will be transmitted to your display between headers.  However, if you set the page 
length to zero (0), only the initial header will be displayed.  In many cases, a page length of zero is the 
preferred configuration if you choose to upload your data in an ASCII or CDF format.  See Section 2.9.3, 
File Menu, for more details. 
 
NOTE: The header itself takes 4 lines.  Therefore, if the page length is set to 25, there will be 21 lines of 
data and one header.  Any page length less than 5 will result in no header being transmitted. 
 
Select 4-Instrument ID from the System setup menu to record the instrument ID number (usually the 
instrument serial number), and press Enter.  A prompt will appear which will allow you to type in the 
serial number of your sonde. This will make sure that any data that is collected is associated with a 
particular sonde. 
 
The 5-Circuit Board SN entry shows the serial number of the PCB that is resident in your sonde (not the 
entire system as for Instrument ID).  Unlike the Instrument ID, the user cannot change the Circuit Board 
SN. 
 
Select 6-GLP filename to enter a name for the file that is automatically generated and appended as you 
calibrate any of the sonde sensors.  The default designation for the GLP file is the Circuit Board SN and 
this name can be retained if you wish.  See section 2.9.3 for general information on the GLP file. 
 
Select 7-SDI-12 address from the System Setup menu to change the value. Input a number between 0 and 
9 and then press Enter to confirm the selection. The SDI-12 default address is zero (0).  This feature is 
fully described in Section 7, Communication and only utilized if the unit is to operate in a SDI-12 
communication protocol network. 
 
 
2.9.6 REPORT            
 
The Report menu allows you to configure all reports displayed by the sonde software.  You will be able to 
select which parameters and units of measure that are displayed during operation. 
 
Select 6-Report from the sonde Main menu.  The following menu, or a similar menu

 

, will be displayed.  
The parameters listed depend on both the sensors available and enabled on your sonde. Therefore your 
screen may not be identical to that shown below. 

Select Report from the Main sonde menu to setup the report section. The Report Setup menu will be 
displayed.  
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The asterisks (*) that follow the numbers or letters indicate that the parameter will appear on all outputs 
and reports.  To turn a parameter on or off type the number or letter, that corresponds to the parameter, after 
Select option.   See Appendix J for instructions on activation of the parameter “DOsat %Local” and 
ODOsat %Local”.  The parameters “PAR1” and “PAR2” are associated with a special sonde equipped with 
a sensor for Photosynthetically Active Radiation (PAR) which can be purchased from the YSI 
Massachusetts.  See Section 9 of this manual for contact information and Appendix K for a brief 
description of the PAR system for potential users. 
 
Note that the units of turbidity are automatically presented as “turbid NTU” if a 6026 sensor has been 
selected and “turbid+ NTU” if a 6136 sensor has been selected.  The different designations are designed to 
differentiate the data from the two sensors types in later analysis.  
 
For parameters with multiple unit options such as temperature, conductivity, specific conductance, 
resistivity and TDS, a submenu will appear as shown below, allowing selection of desired units for this 
parameter.  
 
 
--------------Select units------------- 
1-(*)NONE                               
2-( )Temp C                             
3-( )Temp F                             
4-( )Temp K                             
 
Select option (0 for previous menu): 2 
 
 
 
 
After configuring your display with the desired parameters, press Esc or 0 to return to the Main menu. 
 
Even if all of the sensors are enabled, the measurements for those sensors will not appear on your display 
unless the parameter is selected in Report setup.  In order for a specific parameter to show up on a report: 
 

• The sensor must first be enabled (turned on). 
• That parameter must be activated in the Report setup.  

 
In the above example, if the appropriate sensors have been activated in the Sensor setup section, the 
following parameters will be displayed to the computer screen or captured to a computer or data collection 
platform when the sonde is sampling: Temperature in C, Specific Conductance in uS/cm,  Dissolved 

-------------Report setup-------------- 
1-(*)Date           C-( )DOchrg         
2-(*)Time hh:mm:ss  D-( )pH             
3-(*)Temp C         E-( )pH mV          
4-(*)SpCond uS/cm   F-(*)Orp mV         
5-( )Cond           G-( )PAR1           
6-( )Resist         H-( )PAR2           
7-( )TDS            I-(*)Turbid+ NTU     
8-( )Sal ppt        J-(*)Chl ug/L       
9-(*)DOsat %        K-( )Chl RFU    
A-(*)DOsat %Local   L-(*)Battery volts  
B-( )DO mg/L                            
 
Select option (0 for previous menu): 
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Oxygen in % air saturation, Dissolved Oxygen in mg/L, pH, ORP in millivolts, Turbidity in NTUs and 
Chlorophyll in ug/L.  Date and time will also be displayed. 
 
NOTE:  Do not attempt to memorize or associate a number or letter with a particular parameter.  The 
numbering scheme is dynamic and changes depending on the sensors which have been enabled. 
 
The following list is a complete listing of the abbreviations utilized for the various parameters and units 
available in the Report setup menu. 
 
Parameter    Description        
Date    Day/Month/Year (format selectable) 
Time    Hour:Minute:Second (24-hour clock format) 
Temp C    Temperature in degrees Celsius    
Temp F    Temperature in degrees Fahrenheit   
Temp K    Temperature in degrees Kelvin    
SpCond mS/cm   Specific Conductance in milliSiemens per centimeter   
SpCond uS/cm   Specific Conductance in microSiemens per centimeter   
Cond mS/cm   Conductivity in milliSiemens per centimeter   
Cond uS/cm   Conductivity in microSiemens per centimeter   
Resist MOhm*cm  Resistivity in MegaOhms * centimeter    
Resist Kohm*cm   Resistivity in KiloOhms * centimeter    
Resist Ohm*cm   Resistivity in Ohms * centimeter   
TDS g/L    Total dissolved solids in grams per liter 
TDS kg/L   Total dissolved solids in kilograms per liter 
Sal ppt     Salinity in parts per  thousand (set to local barometer at calibration) 
DOsat %    Dissolved oxygen in % air saturation  from Rapid Pulse Sensor 
DOsat % Local   Dissolved oxygen in % air saturation (set to 100 % at calibration) from  
    the Rapid Pulse sensor 
DO mg/L   Dissolved oxygen in milligrams per liter from Rapid Pulse Sensor 
DO chrg    Dissolved oxygen sensor charge from Rapid Pulse Sensor 
ODOsat %   Dissolved oxygen in % air saturation from ROX Optical Sensor 
ODOsat % Local   Dissolved oxygen in % air saturation (set to 100 % at calibration) from  
    the ROX Optical Sensor 
ODO mg/L   Dissolved oxygen in mg/L from ROX Optical Sensor 
Press psia   Pressure in pounds per square inch absolute 
Press psir    Pressure in pounds per square inch relative 
Depth meters   Water column in meters 
Depth feet    Water column in feet  
pH    pH in standard units 
pH mV    millivolts associated with the pH reading 
Orp mV    Oxidation reduction potential value in millivolts 
NH4+ N mg/L   Ammonium Nitrogen in milligrams/liter 
NH4+ N mV   Ammonium Nitrogen in millivolt  reading 
NH3 N mg/L   Ammonia Nitrogen in milligrams/liter 
NO3- N mg/L   Nitrate Nitrogen in milligrams/liter 
NO3- N mV   Nitrate Nitrogen in millivolt reading 
Cl- mg/L   Chloride in milligrams/liter 
Cl- mV    Chloride in millivolt reading 
Turbid NTU   Turbidity in nephelometric turbidity units from 6026 sensor 
Turbid+ NTU   Turbidity in nephelometric turbidity units from 6136 sensor 
Chl ug/L    Chlorophyll in micrograms/liter 
Chl RFU   Relative fluorescence units for the chlorophyll sensor 
BGA-PC cells/mL  Phycocyanin-Containing Blue-green Algae content in cells/mL 
BGA-PC RFU   Relative fluorescence units for the BGA-PC sensor 
BGA-PE cells/mL  Phycoerythrin-Containing Blue-green Algae content in cells/mL 
BGA-PE RFU   Relative fluorescence units for the BGA-PE sensor 
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Rhod ug/L   Rhodamine WT in micrograms/liter 
PAR1 Output from special photosynthetically active radiation sensor in mv or 

Photon Flux Density in umoles/sec/m2 
PAR 2 Output from special photosynthetically active radiation sensor in mv or 

Photon Flux Density in umoles/sec/m2 
 
2.9.7 SENSOR         
 
The Sensor menu allows you to Enable or Disable (turn on or off) any available sensor and, in some cases, 
to select the port in which your sensor is installed. 
 
From the Sonde Main menu select 7-Sensor and the following display will appear. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note that the exact appearance of this menu will vary depending upon the sensors available on your sonde. 
 
When a particular sensor is active, an asterisk will appear in the parentheses associated with the selection.  
In this example the time, temperature, conductivity, dissolved oxygen, pH, ORP, and battery sensors are 
enabled.  To disable a sensor, simply press the number of the active sensor or port, and the asterisk will 
disappear.   
 
For the ISE and Optic selections, press the appropriate number, and then enable or disable the sensor using 
the submenu choices.  Be certain that the appropriate sensor is “enabled” in the submenu according to the 
sonde bulkhead port in which it is physically installed.  For example, if an ammonium sensor is placed in 
the port labeled “3” on the bulkhead, enable the sensor as ISE3 in the menu structure.  
 
The following screen is the submenu selection structure for ISE3, ISE4 and ISE5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

--------------Select type-------------- 
1-( )ISE3 NH4+                          
2-( )ISE3 NO3-                          
3-( )ISE3 Cl-                           
4-( )ISE3 PAR1                          
 
Select option (0 for previous menu): 

------------Sensors enabled------------ 
1-(*)Time           7-( )ISE3 NONE      
2-(*)Temperature    8-( )ISE4 NONE      
3-(*)Conductivity   9-( )ISE5 NONE      
4-(*)Dissolved Oxy  A-( )Optic T      
5-(*)ISE1 pH        B-( )Optic C    
6-(*)ISE2 Orp       C-(*)Battery        
 
Select option (0 for previous menu): 
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As noted above, the ISE3 PAR1 selection is used in a special instrument mated to a sensor for 
Photosynthetically Active Radiation that is available from Endeco/YSI.  See Section 9 for contact 
information and Appendix K for a brief description of the PAR system for potential users. 
 
A submenu similar to that below will appear if any of the Optic options (T, C, B, or O) is chosen as a port 
for a particular optical sensor.. 
 
 
 
 
 
 
 
 
 
 
 
 
Any available optical probe can be installed in any optical port on YSI 6-series sondes.  If a single port is 
present (600 OMS V2-1, 6820V2-1, 6920V2-1), then the port will be designated “Optic T” in the software 
even though the port is not physically labeled with a “T” on the bulkhead.   The two optical ports in the 
6600V2-2, 6600EDS V2-2, 6820V2-1. and 6920V2-2 are labeled “Optic T” and “Optic C”, both in the 
software and on the bulkhead.   Selection of either “Optic T” or “Optic C” in the software will produce 
submenus that allow the proper optical sensor to be selected.  The four optical ports in the 6600V2-4 are 
labeled “Optic T”, “Optic C”, “Optic B”, and “Optic O”, both in the software and on the bulkhead.   
Selection of any of the options in the software will produce submenus that allow the proper optical sensor 
to be selected. Note, however, that only one probe of any type can be installed and activated in sondes with 
multiple optical ports.  For example, it is not possible to use chlorophyll probes in both Optic T and Optic 
C ports of the 6600V2-2. 
 
NOTE CAREFULLY: It is NOT possible to simultaneously activate BOTH the 6562 Rapid Pulse 
polarographic dissolved oxygen sensor and the 6150 ROX Optical dissolved oxygen sensor.   Activation of 
either sensor will automatically deactivate the other selection.   Thus, users of 6600V2-2, 6600EDS V2-2, 
6820V2-1, and 6920V2-1 sondes CANNOT measure oxygen with both types of sensors. 
 
NOTE: If you are using a previously purchased 6036 turbidity probe (discontinued on 1/1/02) with your 
sonde, select the “(*) Turbidity-6026” option in the above menu. 
 
 

2.9.8 ADVANCED         
 
From the Sonde Main menu select 8-Advanced to display the sensor calibration constants, additional setup 
options, sensor coefficients and constants, and digital filtering options. The parameters listed depend on 
both the sensors installed and the sensors enabled, therefore your screen may not be identical to those 
shown below.   

 
----------------Advanced-------------- 
1-Cal constants 
2-Setup 
3-Sensor 
4-Data filter 
 
Select option (0 for previous menu): 1 
 

--------------Select type-------------- 
1-(*)Optic-T(or C,B,O) Turbidity-6026 
2-( )Optic-T(or C,B,O) Turbidity-6136                          
2-( )Optic-T(or C,B,O) Chlorophyll                          
3-( )Optic-T(or C,B,O) Rhodamine                                                   
 
Select option (0 for previous menu): 
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Select 1-Cal constants to display the calibration constants, as shown in the following example.  Note that 
values only appear for the enabled 
 

sensors. 

 
The following table provides the default value, operating range, and comments relative to the calibration 
constants.  Error messages will appear during calibration if values are outside the indicated operating range 
unless the designation is “not checked”. 
   

Cond:   5  4 to 6    Traditional cell constant 
Parameter       Default         Operating range  Comments   

DO gain:  1  0.5 to 2.0    
ODO gain 1  0.75 to 1.40 
ODO Tzero Same as K1 +/- 0.45 from K1  ODO value at zero oxygen after 2-point cal 
ODO K1 N/A  N/A   ODO value at zero oxygen 
ODO K2 N/A  N/A   ODO regression coefficient 
ODO K3 N/A  N/A   ODO regression coefficient 
ODO K4 N/A  N/A   ODO regression coefficient 
Pres offset:  
     if not vented -14.7   -20.7 to -8.7    
     if vented  0.0  -6 to 6     
mV offset:  0.0  -100 to 100      
pH offset: 0.0  -400 to 400     
pH gain:  -5.0583  -6.07 to -4.22    
NH4  J  51.2  Not checked 
NH4  S  0.195  0.15 to 0.217 
NH4  A  1.092  Not checked 
NO3  J  99.5  Not checked 
NO3  S  -0.195  -0.217 to -0.15 
NO3  A  2.543  Not checked 
Cl  J  99.5  Not checked 
Cl  S  -0.195  -0.217 to -0.15 
Cl  A  2.543  Not checked 
Turb Offset 0  -10 to 10   
Turb  A1 500  0.6 to 1.5  Range is ratio of M1 to A1 
Turb  M1 500 
Turb  A2 1000  0.6 to 1.5  Range is ratio of (M2-M1) to (A2-A1) 
Turb  M2 1000 
Turb+ Offset 0  -10 to 20   
Turb+  A1 500  0.6 to 1.5  Range is ratio of M1 to A1 

 
-------------Cal constants------------- 
1-Cond:5   B-NO3 A:2.543                                                          
2-DO gain:1.3048  C-Cl J:99.5                       
3-mV offset:0  D-Cl S:-0.195                           
4-pH offset:0    E-Cl A:2.543                         
5-pH gain:-5.05833 F-Turb Offset:0                       
6-NH4 J:51.2    G-Turb A1:500                          
7-NH4 S:0.195       H-Turb M1:500                     
8-NH4 A:1.092    I-Turb A2:1000                         
9-NO3 J:99.5     J-Turb M2:1000                         
A-NO3 S:-0.195                          
 
Select option (0 for previous menu): 0 



Sondes  Section 2 

YSI Incorporated Environmental Monitoring Systems Operations Manual 2-103 

Turb+  M1 500 
Turb+  A2 1000  0.6 to 1.5  Range is ratio of (M2-M1) to (A2-A1) 
Turb+  M2  
Chl Offset 0  -30 to 20   
Chl   A1  500  0.6 to 1.5  Range is ratio of M1 to A1 
Chl   M1  500 
Chl   A2  1000  0.6 to 1.5  Range is ratio of (M2-M1) to (A2-A1) 
Chl   M2  1000 
Chl RFU Offset 0  -0.1 to +0.1 
PC Offset 0  -5000 to 10000 
PC Gain               1  Not checked   
PC RFU Offset    0                          Not checked 
PE Offset 0  -5000 to 15000 
PE Gain               1  Not checked 
PE RFU Offset    0  Not checked 
Rhod Offset 0  -10 to 10 
Rhod   A1 500  0.6 to 1.5  Range ratio of M1 to A1 
Rhod  M1 500 
Rhod  A2 1000  0.6 to 1.5  Range is ratio of (M2-M1) to (A2-A1) 
Rhod  M2 1000 
 

To reset a calibration cell constant, access the sonde Calibrate menu.  Then select the sensor and type 
“UNCAL” instead of the value.  This action will change the calibration constants of that sensor back to the 
factory default. 
 
 
From the Advanced menu, select 2-Setup to display miscellaneous options. Type the appropriate number to 
activate/deactivate any of the displayed features. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1-(*)VT100 emulation.  Activate this option for VT100 terminal emulation.  This feature allows the sonde 
to send escape sequences to clear the screen which in turn results in an improved display.  Usually this 
feature should be activated, but, if your terminal or terminal emulator shows odd characters at the 
beginning of each menu title, then turn this item off.  With the feature off, the sonde will send several 
carriage returns and line feeds to 'clear' the display.  The number of <cr>'s and <lf>'s is determined by the 
page length setting. 
 
2- Start up.  This option allows the user to select the mode of sonde operation when power is applied or a 
“reset” command is issued.   After pressing the “2” key, the following options will be displayed. 

------------Advanced setup-------- 
1-(*)VT100 emulation                    
2-Start up:Normal                       
3-( )Comma radix                        
4-( )Auto sleep RS232                   
5-( )Auto sleep SDI12                   
6-( )Multi SDI12                        
7-( )Full SDI12                         
8-( )Sample and hold        
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Users should select the option for their application based on the descriptions below.   Note, however, that 
the “Start up Normal” selection will be best for most applications. 
 

1- ( ) Start up Normal.  This selection is the factory default and should be used for most 
operations of the sonde.   When power is applied or a “reset” command is issued, the sonde 
firmware will return the “#” prompt.   The user should then type “menu” to access the sonde 
firmware functionality 
 
2- ( ) Start up Menu.  When this item is enabled, the sonde will go directly to menu mode when 
power is applied to the sonde.  If the command line mode is not useful for your applications, then 
enabling this item will negate the need to type “Menu” and Enter at the # prompt  to access the 
Main sonde menu.  Activation of this item is NOT recommended except for special applications. 
 
3-( ) Start up Run.  When this item is enabled the sonde will start sampling and output data as 
soon as power is applied to the sonde.  If you are using your sonde for Unattended sampling, do 
not activate this mode.  Activation of this item is NOT recommended except for special 
applications. 
 
4-( ) Start up Menu Run.  When this item is enabled, the sonde will first enter the menu mode 
and then the run mode where it will start sampling.   If you are using your sonde for Unattended 
sampling, do not activate this mode.  Activation of this item is NOT recommended except for 
special applications. 
  
5-( ) Start up NMEA.  When this item is active, the sonde will start sampling and output data in a 
format which is compatible with devices which utilize the NMEA protocol.  See Appendix N -
NMEA Applications for additional details.  Activation of this item is NOT recommended except 
for special applications. 

 
3-( )Comma radix.  When this item is enabled, the sonde will replace decimal points with commas when 
printing numbers.  NOTE: Regardless of this setting, SDI-12 'D' commands will still respond using a 
decimal point. 
 
4-(*)Auto sleep RS232.   Activation of this feature enables a power savings system when communicating 
with the sonde in RS-232 mode.  When  enabled, power is only applied to the sensors during sampling or 
calibration.  The most important aspect of this feature is its effect on the dissolved oxygen protocol as 
described in Section 2.9.2.  For this reason, this feature should be activated for long term monitoring 
studies in the RS-232 communication mode and deactivated for sampling studies where the user is present 
and the sonde runs continuously.   Even with Autosleep inactive, the sonde will “sleep” after one minute 
with no communications. 
 
5-(*)Auto sleep SDI12.  Activation of this feature enables the power savings system when communicating 
with the sonde in SDI-12 mode.  This is basically the same as item 5 above except that it is used in 

------Start up:--------------- 
1-(*)Normal                             
2-( )Menu                               
3-( )Run                                
4-( )Menu Run                           
5-( )NMEA                               
 
Select option (0 for previous 
menu): 
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communication via the SDI-12 interface.  Also, the sonde will “sleep” in about 100 milliseconds in the 
absence of communication, rather that waiting one minute in the Auto sleep RS-232 mode. 
 
6-( ) Multi SDI12.  Modifies the SDI12 protocol as follows: (1) No SDI12 service request will be issued.  
(2) Break commands will not cause a measurement reading to be aborted.  Normally, you should leave this 
feature “off”. 
 
7-( ) Full SDI12.  Enabling this feature forces full SDI-12 specification in order to pass the NR Systems 
SDI-12 Verifier.  Disabling this feature will allow the unit to be more fault tolerant and will save some 
power.  We recommend that you leave this feature “off”. 
 
8-( ) Sample and Hold.  This feature is designed to be activated ONLY for studies in which your sonde is 
attached to a YSI 6500 Process Monitor.   When “Sample and Hold” is active, the 6500 display and the 
SCADA output of the 6500 becomes equivalent to the internal memory of the sonde while an Unattended 
study is running.   In the Unattended mode, the sonde “sleeps” between periodic samples with the interval 
between samples defined by the user.   This method of operation results the extension of both the sonde 
battery life (not important in 6500 applications) and the time between required sensor maintenance 
procedures (which is important to 6500 applications using Rapid Pulse DO).  After activation of the feature 
another entry will appear automatically which will allow you to input your sample interval which defines 
how often data is transmitted to the 6500 display.  This new sample interval will automatically become the 
sample interval for the Run|Discrete sample mode of operation and you will not be able to change the 
interval until Sample and Hold is deactivated.   In addition, the interval in the Run|Unattended sample 
mode will also change to the Sample and Hold interval.   In this case, however, you will be able to change 
the Unattended Sample interval, but with the caveat that the Sample and Hold interval will also change, 
i.e., the Unattended sample interval and the Sample and Hold interval MUST be synchronized and the 
software assures that this will be the case.    
 
For DCP applications, when “Sample and Hold” is active, the routine which triggers optical wipers, the 
sensor warm-up pattern, and the acquisition of data will be controlled by the sonde rather than the DCP.   If 
the Unattended mode of the sonde is inactive, the data will be stored in a memory buffer and then acquired 
by the DCP when the “D” command is issued.   If the Unattended mode is active, then the data will be 
stored both in the memory buffer and sonde memory for acquisition by the DCP.    Use of the “Sample and 
Hold” feature with a DCP is particularly useful if you are also logging a back-up file to internal sonde 
memory.   In this case, the wiping and data acquisition sequence of the sonde will ONLY be triggered by 
the sonde itself rather than by BOTH the sonde and the DCP and this will result in significantly less power 
consumption from the DCP battery and/or power system. 
 
NOTE CAREFULLY: When Sample and Hold is active, the sonde will behave as if it is in an 
Unattended sample mode EVEN IF AN UNATTENDED SAMPLE HAS NOT BEEN ACTIVATED.   
Therefore, to conserve batteries, you should always DEACTIVATE the Sample and Hold feature when 
your sonde is not attached to the 6500 Process Monitor. 
 
 
Select 3-Sensor to display and change user-configurable constants as shown in the following display.  Type 
the appropriate number to change to these parameters.   Note that the listed items depend on which sensors 
your have active in your sonde setup. 
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NOTE: The number of items on this menu depends greatly on the sensors that are available and enabled on 
your sonde.  Below we describe every possible item on this menu.  Your sonde probably may not have 
every item described below.  
 
To edit one of the following menu items choose the number or letter that corresponds to it. 
 
TDS constant=0.65  This selection allows you to set the constant used to calculate TDS.  TDS in g/L is 

calculated by multiplying this constant times the specific conductance in mS/cm. This 
item will only appear if the conductivity sensor is enabled in the “Sensors enabled” 
menu.  See Section 53, Principles of Operation for more information on the TDS 
parameter. 

 
Salinity=0 This selection allows you to input a manually-acquired value of salinity for calculating 

other parameters such as DO mg/L and depth.  This item is not used or displayed if the 
conductivity sensor is enabled

 
 in the Sensors menu. 

Pres=0 psi   This selection allows you to set a value of pressure for calculating other parameters like 
salinity.  This item is not used or displayed if the pressure sensor is enabled

 

 in the 
Sensors menu. 

Latitude=40   This selection allows you to input the global position (latitude) where the sonde is 
sampling.  The units are degrees.  For accuracy, enter the decimal equivalent to indicate 
degrees and minutes.  For example, enter 41o  30 ' as 41.5.  This value is used in the 
calculation of depth or level to account for global variations in the gravitational field.  
This item will only appear if the pressure sensor is enabled in the Sensors menu. 

 
Flow Setup…  This selection allows you to setup the sonde to output flow information. See Appendix F, 

Flow for detailed information on how to setup the Flow parameter. This item will only 
appear if the sonde has shallow vented level.  

 
Altitude=0   This selection allows you to input the local altitude (relative to sea level) where the sonde 

is sampling.  The units are feet.  You may enter positive or negative values (range is -276 
to 29028) to represent altitudes above or below sea level.  This value is used in the 

------------Advanced sensor----------- 
1-TDS constant=0.65 
2-Latitude=40 
3-Altitude Ft=0 
4-(*)Fixed probe 
5-( )Moving probe                     
6-DO temp co %/C=1.1                    
7-DO warm up sec=40                     
8-(*)Wait for DO                        
9-Wipes=1                          
A-Wipe int=1                           
B-SDI12-M/wipe=1                       
C-Turb temp co %/C=0.3                  
D-(*)Turb spike filter                      
E-Chl temp co %/C=0                  
  
 
Select option (0 for previous menu): 
 



Sondes  Section 2 

YSI Incorporated Environmental Monitoring Systems Operations Manual 2-107 

calculation of depth or level. This item will only appear if the pressure sensor is enabled 
in the Sensors menu. 

 
(*)Fixed probe This selection allows you to identify how your sonde is being used.  If your sonde is 

“fixed” or secured to a dock, buoy, platform or similar, select this option.  This 
information is used in the calculation of depth and level. This item will only appear if the 
Pressure-Abs sensor is enabled in the Sensors menu. 

 
(*)Moving probe This selection allows you to identify how your sonde is being used.  If your sonde is 

being used in depth profiling select this option.  This information is used in the 
calculation of depth and level. This item will only appear if the Pressure-Abs sensor is 
enabled in the Sensors menu. 

 
DO temp co=1.1%/C  This selection allows you to input the Rapid Pulse dissolved oxygen temperature 

coefficient.   Do not change this value unless you consult YSI Technical Support. This 
item will only appear if a Rapid Pulse DO sensor is enabled in the Sensors menu. 

. 
ODO temp co=1.50%/C  This selection allows you to input the ROX Optical dissolved oxygen 

temperature coefficient.   Do not change this value unless you consult YSI Technical 
Support. This item will only appear if a ROX Optical DO sensor is enabled in the Sensors 
menu. 

 
DO warm up=40  This selection allows you to set the amount of time allowed for the Rapid Pulse DO 

sensor warm up in seconds.  Normally the default value of 40 seconds is adequate for 
most applications.  However, there may be certain situations in which greater DO 
accuracy can be attained by increasing this time.  Consult YSI Technical Support if you 
feel that your DO warm up time is incorrect. This item will only appear if the Rapid Pulse 
Polarographic DO sensor is enabled in the Sensors menu. 

 
(*)Wait for DO When this feature is enabled, the sonde is forced to wait for the Rapid Pulse DO warm up 

time to expire before displaying any readings.  Note that in SDI12 mode or while 
calibrating the Rapid Pulse DO sensor, the warm up time is used regardless of the 
activation of this item.  Disabling this item allows you to see data without having to wait 
during the Rapid Pulse DO warm up time.  Under normal operating conditions, this item 
should be turned off. If you are using the sonde with a data logger in RS232 mode and 
will be turning the sonde “on” and “off” for each sample, then you may want to enable 
this item so that only stable DO data are recorded. This item will only appear if the Rapid 
Pulse Polarographic DO sensor is enabled in the Sensors menu. 

 
Wipes=1   If any number of optical sensors are enabled, this selection will determine the number of 

cleaning cycles which will occur when the wiper is activated manually or automatically.  
Since the wiper functions bidirectionally, a selection of “1” results in two passes of the 
wiper over the optical face.  In most applications, a single cleaning cycle is adequate to 
keep the optical surface free of bubbles and fouling.  However, in particularly harsh 
environments additional cleaning cycles may be needed and can be selected here. This 
item will only appear if a optical sensor is enabled in the Sensors menu. 

 
Wipe Int=1   In applications where an optical probe is installed in the sonde and the instrument is 

collecting data in the SDI-12 communication mode, the wiper mechanism of the probe 
should be activated automatically in a periodic manner to clean the optical surface for 
fouling and bubbles.  The value entered at this selection is the number of minutes

 

 
between each automatic cleaning cycle.  Thus, if  Wipe Int is set to “5” and the 
instrument is in the Run mode, the wiper will activate every 5 minutes with no manual 
input. This item will only appear if an optical sensor is enabled in the Sensors menu. 
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The value of Wipe Int is sometimes overridden when the instrument is set up in the 
Unattended sampling mode.   Under these conditions, the wiper will be automatically 
activated at the interval assigned in the Unattended setup rather than that assigned in 
Wipe Int.  Thus, in an Unattended study setup at a 15 minute sampling interval, the wiper 
will be activated only once every 15 minutes rather than at the indicated Wipe Int of 1 
minute. 

 
CAUTION:  If Wipe Int is set to zero, then no wiping will occur either in Discrete or 
Unattended Sampling.  Make certain that Wipe Int is set to some finite value prior to 
setting up an Unattended study or no automatic cleaning will occur. 

 
SDI12-M/Wipe=1 This is the number of wiping cycles when the sonde is in SDI12 mode.  The wiper for 

the 6026 and 6136 turbidity, 6025 chlorophyll, and 6130 rhodamine WT sensors will 
automatically wipe each time this many SDI12 “M” commands have been issued.  If this 
value is set to zero, then no automatic wiping will occur. This item will only appear if a 
turbidity, chlorophyll, or rhodamine WT sensor is enabled in the Sensors menu. 
 

 Turb temp co %/C=0.3  This entry sets the coefficient for the temperature compensation of turbidity 
readings from the 6026 and 6136 sensors.  The default values of 0.3 (6026) and 0.6 
(6136) should not be changed by the user without consulting YSI Technical Support. This 
item will only appear if a turbidity sensor is enabled in the Sensor menu. 

 
(* ) Turb Spike Filter  When this item is activated, the output of the turbidity sensor is mathematically 

processed to minimize the effect of unusual (or “bad”) readings on the overall data 
presentation.  In most cases, these “spike” events are the result of the chance passage of 
large suspended particles across the probe optics just at the time a reading is taken.  
Activation of this option generally results in a better display of the “average” turbidity of 
the water under examination and its use is recommended for most sampling and 
unattended applications. This item will only appear if a turbidity sensor is enabled in the 
Sensors menu. 

 
Chl temp co %/C=0.0  This entry sets the coefficient for the temperature compensation of chlorophyll 

readings from the 6025 sensor.  The default value of zero should only be changed by the 
user after establishing the temperature compensation factor for the phytoplankton sample 
in question.  See Section 5.12, Chlorophyll and Appendix I, Chlorophyll 
Measurements of this manual for more information.  This item will only appear if a 
chlorophyll sensor is enabled in the Sensors menu. 

  
BGA-PC temp co %/C=0.0  This entry sets the coefficient for the temperature compensation of BGA-PC 

readings from the 6131 sensor.  The default value of zero should only be changed by the 
user after establishing the temperature compensation factor for the phytoplankton sample 
in question.  See Section 5.16, Principles of Operation of this manual for more 
information.  This item will only appear if a BGA-PC sensor is enabled in the Sensors 
menu. 

 
BGA-PE temp co %/C=0.0  This entry sets the coefficient for the temperature compensation of BGA-PE 

readings from the 6132 sensor.  The default value of zero should only be changed by the 
user after establishing the temperature compensation factor for the phytoplankton sample 
in question.  See Section 5.17, Principles of Operation of this manual for more 
information.  This item will only appear if a BGA-PE sensor is enabled in the Sensors 
menu. 

 
 
From the Advanced menu, select 4-Data filter to display data smoothing options.  Type the appropriate 
number to activate/deactivate any of the displayed features. 
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Sondes with no optical (turbidity, chlorophyll, or rhodamine WT) probes enabled will display the 
following menu. 

 

 
 
If any optical probe is enabled in the Sensor menu, then the menu will appear as follows. 

 

 
 
Choosing 3-Time Constant will display the following the following or a similar menu to reflect your 
optical probe selection: 
 

 
Recommended settings for time constants are turbidity 12, rhodamine WT 12, chlorophyll 12, BGA-PC 24, 
BGA-PE 24, ODO 12, and “other” 4.  Note that the time constant can be set independently for each optical 
probe and that time constant choices are only available for activated sensors.   Rhodamine WT would 
appear in the display below if it had been activated as a sensor.  All “other” sensors use the same time 
constant as shown below.   
 
 
Choosing 4-Threshold will display the following: 
 
 

 
------------Data filter setup---------- 
1-(*)Enabled 
2-( )Wait for filter 
3-Time constant=4 
4-Threshold=0.001 
 
Select option (0 for previous menu): 
 

 
------------Data filter setup---------- 
1-(*)Enabled 
2-( )Wait for filter 
3-Time constant. . .  
4-Threshold. . .  
 
Select option (0 for previous menu): 
 

 
------------Time constant ---------- 
1- Turbid=12 
2- Chl=12 
3- Other=4 
 
 
Select option (0 for previous menu): 
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Setting thresholds is done in the same manner.  Recommended threshold settings are 0.01 for turbidity, 1.0 
for chlorophyll, 1.0 for rhodamine WT, 1.0 for BGA-PC, 1.0 for BGA-PC and 0.001 for “other”. 
 
 
The following descriptions provide additional information about the Data Filter feature. 
 
1-(*) Enabled.  Activating this item will result in data filtering according to the values set in (2), (3), and 
(4). 
 
2-(*) Wait for filter.  If this feature is activated, readings will be available for output only after the unit has 
warmed up for a time period equal to the Time Constant plus an extra 4 seconds.  This feature is useful, for 
example, if you are operating in SDI12 mode and want to average the data over a particular period of time.  
In such a case, you would not want the filter to be engaging and disengaging, so the value of the Threshold

 

 
should be set to a large value like 1.  This feature should not be activated for normal use of the sonde. 

3-Time Constant.  This value is the time constant in seconds for the software data filter.  Increasing the 
time constant will result in greater filtering of the data, but will also slow down the apparent response of the 
sensors. 
 
4-Threshold.  This value determines when the software data filter will engage/disengage.  When the 
difference between two consecutive unfiltered readings is larger than the threshold, then the reading is 
displayed unfiltered.  When the difference between two consecutive readings drops below the threshold, 
readings will be filtered again.   For the purposes of the filter, consecutive readings are never more than 0.5 
seconds apart.  When sampling faster than 0.5 seconds consecutive readings will be at the faster rate and 
you may want to adjust the threshold accordingly.  See section 2.9.1 for details on fast sampling. 
 
The threshold feature is intended to speed response to large changes in a reading.  For example, when 
changing from pH 7 buffer to a pH 4 buffer in a calibration, it is likely that the filter will disengage for a 
time showing unfiltered readings until the sensor has nearly equilibrated with the new buffer.  At that time, 
the filter will re-engage and show filtered readings. Without disengaging the filter for awhile, much more 
time would be required to come to equilibrium after large changes in reading. 
 
During the first time constant after the filter first engages, the output reflects a simple average of all the 
readings from the time the filter engaged until the present.  Once the filter has been engaged for the period 
of the time constant, it becomes a simple filter with a time constant equal to that set in 3-Time Constant.  
Each time the filter disengages and then re-engages, this process is repeated.   
 
Filter engagement and disengagement occurs for each sensor independently. One parameter may be filtered 
while another is not because readings from one sensor are changing more than another.   
 
Example: Moving a sonde from the air to a river water sample. Assume that the temperature of the sonde is 
similar to the temperature of the water, and that the water is in equilibrium with the air.  The temperature 
and oxygen readings taken in the water will be very similar to those taken in the air.  The conductivity 
reading in air is near zero, and quite likely, is a very different reading in the water. The filter for the 

---------------Threshold-------------- 
1-Turbid=0.01                           
2-Chl=1                                 
3-Other=0.001                           
 
Select option (0 for previous menu): 
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conductivity readings will likely disengage when the sonde is first placed in the river water, but stay 
engaged for the temperature and dissolved oxygen readings. 
 
The filters for turbidity, chlorophyll, and rhodamine WT are somewhat different.  For these sensors, the 
filter is temporarily disengaged during mechanical wiping so that when wiping is finished, the reading is 
the most current.  The filter then reengages if possible.  Optical sensor readings are frozen to the output 
during wiping so that “bad” values are not output. 
 
A value of 0.001 for the threshold roughly corresponds to the following changes in sensor readings: 
 
Temp: 0.1 °C 
Conductivity in the 100 mS/cm range: 0.1 ms/cm 
Conductivity in the 10 mS/cm range: 0.01 ms/cm 
Conductivity in the 1 mS/cm range: 0.001 ms/cm 
Conductivity in the 100 µS/cm range: 0.1 us/cm 
Dissolved Oxygen: 0.2 percent air saturation 
pH, ORP, Ammonium, Nitrate and Chloride: 0.6 mV 
 
A value of 0.01 for the threshold roughly corresponds to a 10NTU change in turbidity. A value of 1.0 for 
the chlorophyll and rhodamine WT sensors threshold effectively means that the filter will be engaged under 
all conditions.  

 
2.10   CARE, MAINTENANCE AND STORAGE 
 
This section describes the proper procedure for storage of the sensors that will maximize their lifetime and 
minimize the time required to get the sonde ready for a new application. This section will describe interim 
or short-term storage between applications where the sonde is being used at a regular interval (daily, 
weekly, biweekly, etc.). and long term storage, (e.g., over-the-winter),  where the sonde will not be used on 
a regular basis for several months. 
 
In the descriptions and instructions below, it is assumed that the user has retained the vessels (bottles, 
boots, etc.) in which the individual sensors were stored on initial delivery.  If these specific items have been 
misplaced or lost, they can be replaced by contacting YSI Technical Support.  Alternatively, the user may 
have similar (and equally acceptable) storage equipment on hand even though it was not part of the original 
YSI package.  Common sense should be the guide on substitution of storage vessels. 
  

REMEMBER:  DO NOT ATTEMPT TO GAIN ACCESS TO THE INTERNAL CIRCUITRY OF 
THE SONDE.  

 
2.10.1 SONDE CARE AND MAINTENANCE 
 
The YSI 6570 Maintenance Kit is available for use with your sonde. The kit includes several items that will 
be helpful or necessary to perform the proper routine maintenance on your sonde.   
 
The 6570 Maintenance Kit includes two types of O-rings (for probes and cable connector), 
probe/installation/replacement tools, two cleaning brushes for the conductivity sensor, O-ring lubricant, and 
a syringe for cleaning the depth sensor port. 
 
The 6570 Maintenance Kit can be ordered from any authorized YSI dealer, or directly from YSI. See 
Appendix C for details.   
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When caring for your sonde, remember that the sonde is sealed at the factory, and there is never a need to 
gain access to the interior circuitry of the sonde.  In fact if you attempt to disassemble the sonde, you would 
void the manufacturer's warranty.  
 
O-RING CARE AND MAINTENANCE 
 
Your 6-series sondes utilize user-accessible o-rings as seals to prevent environmental water from entering 
the battery compartment and the sensor ports.   Please read the following instructions carefully prior to 
deploying your YSI Sonde. Following the recommended procedure will assure that no problems will occur 
with regard to water influx into your sonde.  
 
If the o-rings and sealing surfaces on the sondes are not maintained properly, it is possible that water can 
enter the battery compartment and/or sensor ports of your sonde. If water enters these areas, it can severely 
damage the battery terminals or probe ports causing loss of battery power during a deployment, false 
readings and corrosion to the probes.  Therefore, when the battery compartment lid is removed from 
600XLM, 6920V2-1, 6600V2-2, 6600EDS V2-2, 6600V2-4 and 600 OMS V2-1(battery version) sondes, 
the o-rings that provide the seal should be carefully inspected for contamination (e.g. hair, grit, etc.) and 
cleaned if necessary using the instructions provided below.  The same inspection should be made of the o-
rings associated with the probes, port plugs, and field cable connectors when they are removed.  If no dirt 
or damage to the o-rings is evident, then they should be lightly greased without removal from their groove.  
However, if there is any indication at all of damage, the o-ring should be replaced with an identical item 
from the YSI 6570 Maintenance Kit supplied with your sonde.  At the time of o-ring replacement, the 
entire o-ring assembly should be cleaned as described below. 
 
To remove the o-rings: 
Use a small, flat-bladed screwdriver or similar blunt-tipped tool to remove the o-ring from its groove.  
Check the o-ring and the groove for any excess grease or contamination. If contamination is evident, clean 
the o-ring and nearby plastic parts with lens cleaning tissue or equivalent lint-free cloth. Alcohol can be 
used to clean the plastic parts, but use only water and mild detergent on the o-ring itself. Also, inspect the 
o-rings for nicks and imperfections.  
 
CAUTION: 
 Using alcohol on o-rings may cause a loss of elasticity and may promote cracking. 
 Do not use a sharp object to remove the o-rings. Damage to the o-ring or the groove itself may result.  
 
Before re-installing the o-rings, make sure that you are using a clean workspace, clean hands and are 
avoiding contact with anything that may leave fibers on the o-ring or grooves. Even a very small bit of 
contamination (hair, grit, etc.) may cause a leak.  
 
To re-install the o-rings: 
  
 Place a small amount of Teflon stopcock grease between your thumb and index finger. (More grease is 

NOT BETTER!) 
  
 Draw the o-ring through the grease while pressing the fingers together. Use this action to place a 

VERY LIGHT covering of grease to all sides of the o-ring. Place the o-ring into its groove making 
sure that it does not twist or roll.  

 
 Use the previously grease-coated finger to once again lightly go over the mating surface of the o-ring. 

DO NOT use excess grease on the o-ring or the o-ring groove.  
 
 
CAUTION: Do not over-grease the o-rings. The excess grease may collect grit particles that can 
compromise the seal. Excess grease can also cause the waterproofing capabilities of the o-ring to diminish, 
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potentially causing leaks into the compartment. If excess grease is present, remove it using lens cloth or 
lint-free cloth.  
 
 
SONDE PROBE PORTS 
 
Whenever you install, remove or replace a probe, it is extremely important that the entire sonde and all 
probes be thoroughly dried prior to the removal of a probe or a probe port plug.  This will prevent water 
from entering the port.  Once you remove a probe or plug, examine the connector inside the sonde probe 
port.  If any moisture is present, use compressed air to completely dry the connector.  If the connector is 
corroded, return the sonde to your dealer or directly to YSI Technical Support, see Section 9, Warranty 
and Service Information, for details.  When you reinstall a probe or port plug, lightly

 

 grease the O-ring 
with lubricant supplied in the YSI 6570 Maintenance Kit. 

 
CABLE CONNECTOR PORT 
 
The cable connector port at the top of the sonde should be covered at all times.  While communicating with 
the sonde, a cable should be installed and tightened in place.  This will assure that a proper connection is 
being made and prevent moisture and contaminants from entering. 
 
When a communications cable is not connected to the cable connector port, the pressure cap supplied with 
the instrument should be securely tightened in place. 
 
If moisture has entered the connector, dry the connector completely using compressed air, a clean cloth, or 
paper towel.  Apply a very thin coat of lubricant from the 6570 Maintenance Kit to the O-ring inside the 
connector cap before each installation.   
 
 
2.10.2 PROBE CARE AND MAINTENANCE 
 
Once the probes have been properly installed, remember that periodic cleaning and DO membrane changes 
are required. 
 
6562  RAPID PULSE DO PROBES  
 
For best results, we recommend that the KCl solution and the Teflon membrane at the tip of the 6562 probe 
be changed prior to each sonde deployment and at least once every 30 days during the use of the sonde in 
sampling studies.  In addition, the KCl solution and membrane should be changed if (a) bubbles are visible 
under the membrane; (b) significant deposits of dried electrolyte are visible on the membrane or the O-ring; 
and (c) if the probe shows unstable readings or other probe-related symptoms.  See Section 2.3 for 
instructions on changing the DO membrane. 
 
After removing the used membrane from the tip of the 6562 probe, examine the electrodes at the tip of the 
probe.  If either or both of the silver electrodes are black in color, the probe should be resurfaced using the 
fine 
 

sanding disks which are provided in the 6035 reconditioning kit. 
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To resurface the probe using the fine

 

 sanding disk, follow the 
instructions below.   

First dry the probe tip completely with lens cleaning tissue. Next, 
hold the probe  in a vertical position, place one of the sanding 
disks under your thumb, and stroke the probe face in a direction 
parallel to the gold electrode (located between the two silver 
electrodes).  The motion is similar to that used in striking a 
match.  Usually 10-15 strokes of the sanding disk are sufficient 
to remove black deposits on the silver electrodes.   However, in 
extreme cases, more sanding may be required to regenerate the 
original silver surface.   
 
After completing the sanding procedure, repeatedly rinse the probe face with clean water and wipe with 
lens cleaning tissue to remove any grit left by the sanding disk.   After cleaning, thoroughly rinse the entire 
tip of the probe with distilled or deionized water and install a new membrane.  
 
IMPORTANT: Be sure to: (1) Use only the fine

 

 sanding disks provided in the 6035 maintenance kit in the 
resurfacing operation and (2) Sand in a direction parallel to the gold electrode. Not adhering to either of 
these instructions can seriously damage the electrodes. 

NOTE: If this procedure is unsuccessful, as indicated by improper probe performance, it may be necessary 
to return the probe to an authorized service center.  See Section 9, Warranty and Service Information, 
for contact information. 
 
6150 ROX OPTICAL DO PROBES  
 
CAUTION: The sensor membrane of the 6150 probe should be cleaned ONLY with a lens tissue 
which has been moistened with WATER.   ALCOHOL should NOT be used in the cleaning process 
as it will dissolve the outer paint layer of the membrane assembly; other organic solvents will likely 
dissolve the dye itself.   Under NO circumstances should you use organic solvents to clean your sensor 
membrane 
 
When the 6150 sensor is not in field use, it MUST BE STORED IN A MOIST ENVIRONMENT, i.e., 
either in water or in water-saturated air with storage in water being preferable.   If the sensor membrane is 
allowed to dry out by exposure to ambient air, it is likely to drift slightly at the beginning of your next 
deployment unless it is rehydrated.   Thus, to make the use of the sensor as simple as possible, remember to 
store it WET whenever possible.  The easiest storage method is to use the protective plastic cap (and 
enclosed sponge) which was on the probe at receipt.   If you have retained this cap/sponge, then simply 
soak the sponge in water and replace the cap on the probe tip.   Inspect the sponge every 30 days to make 
sure it is still moist.   Alternatively, you can remove the probe from the sonde and place it directly in water 
(making sure that the water does not evaporate over time or leave the probe in the sonde and make certain 
that the calibration cup has an atmosphere which is water-saturated by placing approximately ½ inch of 
water in the bottom of the cup and then sealing it snugly to the sonde. 
 
If you inadvertently leave your sensor exposed to ambient air for a period of more than approximately 2 
hours, you can rehydrate the membrane by the following method: (1) Place approximately 400 mL of water 
in a 600 mL beaker or other similar glass vessel – do NOT use plastic vessels – and heat the water on a 
thermostatted hotplate or in an oven so that a consistent temperature of 50+/- 5 C is realized.   Place the 
probe tip containing the sensor membrane in the warm water and maintain the elevated temperature for 
approximately 24 hours.  Cover the vessel if possible to minimize evaporation.  After rehydration is 
complete, store the probe in either water or water-saturated air at room temperature prior to calibration and 
deployment.   CAUTION: MAKE CERTAIN THAT THE WATER IN THE VESSEL DOES NOT 
COMPLETELY EVAPORATE DURING THE REHYDRATION STEP. 
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YSI recommends the optical DO membrane assembly be replaced once a year in order to assure the 
maximum accuracy for the sensor and the 6155 kit allows the user to carry out this replacement without 
returning the sensor to the factory.   The following section provides detailed instructions for replacement of 
the optical DO membrane assembly on the YSI Optical DO sensor. 
 
NOTE CAREFULLY: The 6155 optical sensor membrane has been shipped in a humidified 
atmosphere and the package SHOULD NOT BE OPENED until immediately before membrane 
replacement.   Once the sensor membrane has been installed on the 6150 DO sensor as described 
below, it is important to keep the membrane in an environment which is characterized by 100% 
humidity.   Thus, after replacement of the membrane and installation of the sensor system in your 
sonde, the DO probe with attached membrane should be stored either immersed in water or in a 
sealed calibration cup which contains enough water so that the atmosphere is water-saturated.   See 
sensor maintenance instructions below if you inadvertently leave the sensor in ambient air for a 
period of more than 2 hours. 
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Membrane Installation Instructions 
 
Use the schematic below as an aid in replacement of the YSI Optical DO membrane. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: The following steps can be carried out with the probe either installed in the sonde or removed from it.  
Avoid touching the sensing membrane (shown in the above drawing) during the procedure. 

• Remove the wiper assembly from the 6150 Optical DO Sensor and set it aside for later use. 

• Using the 1/16 inch hex driver supplied in the 6155 Kit, remove the three screws from the sensor 
face as shown in the diagram above.   Remove the old membrane assembly from the wiper shaft 
and set the screws aside for later use. 

• Remove the new sensor membrane assembly from its hydrated container and dry the backside (the 
side with the cavity) completely.   Be certain that there is no water remaining in the cavity which 
holds the sensing membrane.   Use lens cleaning tissue, a gentle stream of compressed air, or both 
to assure that the membrane cavity is dry.  Do not heat the membrane assembly. 

• Make certain that there is an O-ring in place in the groove surrounding the sensor cavity. 

• Place the sensor membrane assembly over the wiper shaft and align the holes in the membrane 
holder with those on the probe face so that the sensor cavity is located over the optical fiber ends 
on the probe face.   Be absolutely certain that the sensor cavity lines up with the probe optics 
before proceeding. 

• Place one of the screws in a hole in the membrane assembly and rotate the assembly slightly as 
needed to match the screw to the proper hole in the probe face.   Partially tighten the screw using 
the 1/16 inch hex driver. 

• Insert screws in the other two holes of the membrane assembly, rotating slightly as needed to 
match the screw to the hole in the probe face.   Partially tighten the screws using the 1/16 inch hex 
driver.  Take care not to scratch the membrane surface. 

• Tighten all three screws securely using the 1/16 inch hex driver.   CAUTION: INSERT LONG 
SHAFT OF THE HEX DRIVER INTO THE SCREW AND TURN WITH THE SHORT SHAFT 
AS SHOWN IN THE DIAGRAM TO AVOID OVERTIGHTENING THE SCREWS. 

 

Wiper Assembly 

Membrane Assembly 

Sensing Membrane 
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• Replace the wiper on the probe shaft and tighten with the proper 0.05 inch hex driver. 

• Store the probe with new membrane in either water or water-saturated air as described on 
the previous page. 

 
 
6560 CONDUCTIVITY/TEMPERATURE PROBES 
 
The openings that allow fluid access to the conductivity electrodes must be cleaned regularly.  The small 
cleaning brush included in the 6570 Maintenance Kit is ideal for this purpose.  Dip the brush in clean water 
and insert it into each hole 15-20 times.  In the event that deposits have formed on the electrodes, it may be 
necessary to use a mild detergent with the brush.  After cleaning, check the response and accuracy of the 
conductivity cell with a calibration standard. 
 
NOTE:  If this procedure is unsuccessful, or if probe performance is impaired, it may be necessary to 
return the probe to an authorized dealer service center See Section 9, Warranty and Service Information 
for contact information. 
 
The temperature portion of the probe requires no maintenance. 
 
 
6561/6561FG pH AND 6565/6565FG/6566 COMBINATION pH-ORP PROBES 
 
Cleaning is required whenever deposits or contaminants appear on the glass and/or platinum surfaces of 
these probes or when the response of the probe becomes slow. 
 
Remove the probe from the sonde.   Initially, simply use clean tap water and a soft clean cloth, lens 
cleaning tissue, or cotton swab to remove all foreign material from the glass bulb (6561 and 6565) and 
platinum button (6561).  Then use a moistened cotton swab to carefully remove any material that may be 
blocking the reference electrode junction of the sensor. 
 
CAUTION: When using a cotton swab with the 6561 or 6565, be careful NOT to wedge the swab tip 
between the guard and the glass sensor. If necessary, remove cotton from the swab tip, so that the cotton 
can reach all parts of the sensor tip without stress.  You can also use a pipe cleaner for this operation if 
more convenient. DO NOT use toothbrush, steel wool, or abrasive cleaners on any glass sensor.  
 
If good pH and/or ORP response is not restored by the above procedure, perform the following additional 
procedure: 
 
1. Soak the probe for 10-15 minutes in clean tap water containing a few drops of commercial 

dishwashing liquid, or enzyme-containing detergent such as Terg-A-Zyme (by Alconox). 
 
2. GENTLY clean the glass bulb and platinum button by rubbing with a cotton swab soaked in the 

cleaning solution. 
 
3. Rinse the probe in clean tap water, wipe with a cotton swab saturated with clean water, and then 

rerinse with clean tap water. 
 
If good pH and/or ORP response is still not restored by the above procedure, perform the following 
additional procedure: 
 
1. Soak the probe for 30-60 minutes in one molar (1 M) hydrochloric acid (HCl).  This reagent can be 

purchased from most distributors.  Be sure to follow the safety instructions included with the acid. 
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2. Rinse the probe in clean tap water, wipe with a cotton swab saturated with clean water, and then 

rerinse with clean tap water.  To be certain that all traces of the acid are removed from the probe 
crevices, soak the probe in pH 4 or 7 buffer for about an hour with occasional stirring. 

 
If biological contamination of the reference junction is suspected or if good response is not restored by the 
above procedures, perform the following additional cleaning step: 
 
1. Soak the probe for approximately 1 hour in a 1 to 1 dilution of commercially-available chlorine bleach. 
 
2. Rinse the probe with clean tap water and then soak for at least 1 hour in pH 4 or 7 buffer with 

occasional stirring to remove residual bleach from the junction.  (If possible, soak the probe for period 
of time longer than 1 hour in order to be certain that all traces of chlorine bleach are removed.)  Then 
rerinse the probe with clean tap water and retest. 

 
Dry the sonde port and probe connector with compressed air and apply a very thin coat of O-ring lubricant 
to all O-rings before re-installation. Keep pH probes moist when not in use but NEVER store in DI water. 
 
 
DEPTH SENSOR 
 
The depth sensor modules are factory installed options that are located between the bulkhead and the sonde 
tube.  For 600XL and 600XLM sondes, there is a circular protective cap with two small holes.  The cap 
cannot be removed, but a syringe is supplied in the maintenance kit to aid in cleaning the pressure port.  Fill 
the syringe with clean water, place the tip of the syringe into one of the holes and gently force water 
through the pressure port.  Ensure that the water comes out of the other hole.  Continue flushing the 
pressure port until the water comes out clean. 
 
CAUTION:  Never try to remove the circular pressure port cap.  
 
For 6920V2-1, 6920V2-2, 6600V2-2, 6820V2-1and 6600V2-2 sondes, the depth sensor is exposed to the 
water by either a circular access port on the side of the sonde or a though-hole on a module just above the 
sonde bulkhead.  A syringe is supplied in the maintenance kit to aid cleaning the pressure port.  Fill the 
syringe with clean water, place the tip of the syringe into one of the holes and gently force water through 
the access port.  Ensure that the water comes out of the other hole.  Continue flushing the pressure port 
until the water comes out clean. 
 
CAUTION:  Do not attempt to remove the depth module from the sonde body.  
 
 
LEVEL SENSOR 
 
For level sensors follow all the maintenance procedures given for depth sensors.  In addition, ensure that 
the desiccant always remains active.  Active desiccant is a distinctive blue color.  When it can absorb no 
more moisture, it is a rose red or pink color.  For either the cartridge or the canister, the end that is vented 
to atmosphere will begin to change color first.  As long as the desiccant closest to the sonde is blue, no 
maintenance is required.  Local conditions will dictate how long the desiccant will last.  In humid 
environments, the desiccant may need to be changed or regenerated well before it is completely exhausted 
to ensure that it lasts the entire deployment. 
 
You may regenerate the desiccant, replace the desiccant in the cartridge or canister, or replace the entire 
cartridge or canister.  See Appendix G, Using Vented Level, for more information. 
 
To regenerate the desiccant, remove it from the unit and spread it evenly, one granule deep, on a suitable 
tray.  Heat for about one hour at about 200° C (about 400° F).  The desiccant should then be cooled in a 
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suitable, tight container before refilling the unit.  The color of the desiccant will return to blue if the 
regeneration cycle has been successful.  The felt filters should also be dried at about 100° C (about 200° F) 
for about 30 minutes before assembly. 
 
Desiccant material is sold separately.  Both the cartridge and canister can easily be opened, emptied, and 
refilled. 
 
CAUTION: It is important to keep the tube in vented sondes and cables dry.  They are supplied with caps 
for closing the volume when not in use.  Keep the caps on until just before calibration and deployment.  For 
storage, replace the caps. 
  
 
6882 CHLORIDE, 6883 NITRATE AND 6884 AMMONIUM SENSORS 
 
You should clean these probes whenever deposits or contaminants appear on the ion selective membranes 
located on the tips of these sensor modules.   If possible, the 
module should be cleaned while installed  in the sonde 
bulkhead.  Use clean water and a moist piece of lens 
cleaning tissue to gently wipe the sensor membranes until no 
more contaminants are removed.    However, under some 
conditions, it may be necessary to remove the module from 
the sonde bulkhead for cleaning and/or storage.  To remove 
the module, follow the diagram at the side.  Remove the 
module with finger pressure only, if possible.  However, it is 
acceptable to use small pliers if necessary to loosen the 
module for final removal by hand.   Be very careful not to 
squeeze the module any more than is necessary for a firm 
grip.   Use slipjaw pliers to minimize the chance of 
applying too much pressure on the module.  While the 
module is removed from the sonde, be sure to dry the sonde port and probe connector with compressed air 
and apply a very thin coat of lubricant to the O-ring before re-installation.  
 
NOTE:  The ion selective membranes are fragile.  Be certain to: (1) Use only moist, high quality lens 
cleaning tissue for the cleaning procedure (not paper towels or other coarse materials); and (2) Stroke the 
probe face very gently with the tissue during the procedure. If you do not adhere to  these instructions, you  
can seriously damage the sensors. 
   
 
OPTICAL PROBES–6026 AND 6136 TURBIDITY; 6025 CHLOROPHYLL; 6131 BGA-PC; 6132 
BGA-PE; 6130 RHODAMINE WT 
 
 
The 6026, 6136, 6025, 6131, 6132, and 6130 probes require only minimal maintenance.  After each 
deployment, the optical surface on the tip of the turbidity probe 
should be inspected for fouling and cleaned if necessary by 
gently wiping the probe face with moist lens cleaning paper.  In 
addition, for the 6025, 6026, 6136, and 6130 probes, we 
recommended replacing the wiper periodically.  The frequency 
of this replacement depends on the quality of water under 
examination.  A replacement wiper is supplied with the probes, 
along with the small hex driver required for its removal and 
reinstallation.  Follow the instructions supplied with the probe to 
ensure proper installation of the new wiper assembly.  
Additional wipers are available from YSI. 

PLIERS (SLIP-JAW)

AMMONIUM OR 
NITRATE PROBE  

NON-WIPING
TURBIDITY PROBE

WIPER
ASSEMBLY

WIPING
OPTICAL PROBE
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2.10.3 SONDE STORAGE  
 
Proper storage of the your sonde between periods of usage will not only extend the life of the sensors, but 
will also ensure that the unit will be ready to use as quickly as possible in your next application. 
 
GENERAL RECOMMENDATIONS FOR SHORT TERM STORAGE 
 
The recommended short term or interim storage procedure is simple and identical for all sondes -- YSI 
600R, 600QS, 600XL, 600XLM, 6820V2-1, 6820V2-2, 6920V2-1, 6920V2-2, 6600V2-2, 6600EDS V2-2, 
6600V2-4, and 600 OMS V2-1. 
 
No matter what sensors are installed in the instrument, it is important to keep them moist without actually 
immersing them in liquid, which could cause some of them to drift or result in a shorter lifetime.  For 
example, the reference junction of a pH sensor must be kept moist in pH 4 or 7 buffer, or tap water, to 
minimize its response time during usage, but continued immersion in pure water will compromise the 
function of the glass sensor and/or result in long term leaching of the reference junction.  
 
YSI recommends that short term storage of all multi parameter instruments be done by placing 
approximately 0.5 inch of water in the calibration and/or storage cup that was supplied with the 
instrument, and by placing the sonde with all of the probes in place into the cup.  The use of a moist 
sponge instead of a half inch of water, is also acceptable, as long as its presence does not compromise the 
attachment of the calibration cup to the sonde.  The calibration cup should be sealed to prevent 
evaporation. 
 
The key for interim storage is to use a minimal amount of water so that the air in chamber remains at 100 
percent humidity. The water level has to be low enough so that none of the sensors are actually immersed.  
Any type of water can be used in this protocol: Distilled, deionized, or tap water.  If the storage water is 
inadvertently lost during field sampling studies, environmental water can be used to provide the humidity. 
 
Sondes with level sensors have a tube that vents the pressure transducer to the atmosphere.  It is important 
that the air in the tube remains dry at all times.  Sondes with integral cables should be stored with the 
desiccant in place and the vented end of the desiccant system sealed.  Sondes with connectors should be 
stored with the connector cap firmly in place.  When disconnecting the cable, put the cap on immediately.  
Vented cables should be stored with their caps in place, in a bag containing desiccant. 
 
Interim multi parameter storage is easy. Simply remember the following key points: 
 
 Use enough water to provide humidity, but not enough to cover the probe surfaces. 
 
 Make sure the storage vessel is sealed to minimize evaporation. 
 
 Check the vessel periodically to make certain that water is still present. 
 
 For sondes with level sensors, keep the tube sealed and dry. 
 
 
GENERAL RECOMMENDATIONS FOR LONG-TERM SONDE STORAGE 
 
The following are long term storage recommendations listed by instrument type. They will be applicable 
for sondes with typical sensor configurations. 
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600XL, 600XLM -- Remove the pH or pH/ORP probe from the sonde and store it according to the 
instructions found in the following section on individual sensors.   Cover the empty port with the provided 
plug.  Leave the conductivity/temperature and the dissolved oxygen probes in the sonde with a membrane 
and electrolyte on the DO sensor.  Place enough of deionized, distilled, or tap water in the calibration cup 
to cover the sensors, insert the sonde into the vessel, and seal with the cap/O-ring to minimize evaporation. 
 
6820V2-1, 6820V2-2, 6920V2-1, 6920V2-2, 6600V2-2, 6600EDS V2-2, and 6600V2-4 -- Leave the 
conductivity/temperature and the dissolved oxygen probes in the sonde with a membrane and electrolyte on 
the DO sensor.  Remove all other probes from the sonde and store according to the instructions found in the 
following section on individual sensors.  Cover the empty ports with the provided plugs.  Place enough of 
deionized, distilled, or tap water in the calibration cup to cover the sensors, insert the sonde into the vessel, 
and tighten the threaded cup to attain a good seal and minimize evaporation. 
 
600R and 600QS (with Replaceable Reference Electrode Module) -- Instruments of this design were 
generally sold after January, 1996 and can be identified by the presence of 4 probes -- temperature, 
dissolved oxygen, pH reference, and pH glass (600R) or pH glass/ORP (600QS) in the bulkhead.   Remove 
the reference module, store it as described below, and plug the open port with the insert that was provided.  
Make certain that the dissolved oxygen sensor has an undamaged membrane and electrolyte in place.   
Place approximately 300 mL of tap water in the storage vessel, insert the sonde, and seal the vessel with the 
cap and O-ring.  Do not use deionized or distilled water in this case, as it may damage the pH glass 
sensor that must remain in the sonde. 
 
600 (with Combination pH Sensor) -- Instruments of this design were generally sold prior to January, 
1996 and can be identified by the presence of only 3 probes (temperature, dissolved oxygen, pH) in the 
bulkhead. Be certain that the dissolved oxygen sensor has an undamaged membrane and electrolyte in 
place.  Fill the provided storage vessel with a solution that is 2 molar (2 M) in potassium chloride (KCl) to 
a level that completely covers the dissolved oxygen and pH probes.   See the following section for 
instructions on preparation of the KCl storage solution.  Seal the vessel with the cap and O-ring. 
 
600 OMS V2-1 – Store sonde dry with optical probe left in port.   Cover membrane on ROX sensor with 
moist sponge. 
 
All Sondes with Batteries –  Because batteries can degrade over time and release battery fluid, it is 
extremely important to remove the batteries from all 600XLM, 6920V2-1, 6920V2-2, 6600V2-2,  
6600EDS V2-2, 6600V2-4, and 600 OMS V2-1(battery version) prior to long term storage.  Failure to 
remove batteries can result in corrosive damage to the battery terminals if the batteries happen to leak. 
 
2.10.4 PROBE STORAGE 
 
LONG-TERM STORAGE OF PROBES  
 
The following sections provide additional details on the storage of individual sensors associated with 
instruments in the 6-Series product line from YSI. 
 
 
TEMPERATURE 
 
No special precautions are required.  Sensors can be stored dry or wet, as long as solutions in contact with 
the thermistor probe are not corrosive (for example, chlorine bleach). 
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CONDUCTIVITY 
 
No special precautions are required.  Sensors can be stored dry or wet, as long as solutions in contact with 
thermistor probe and conductivity electrodes are not corrosive (for example, chlorine bleach).  However, it 
is recommended that the sensor be cleaned with the provided brush prior to long term storage. 
  
RAPID PULSE DISSOLVED OXYGEN 
 
Rapid Pulse dissolved oxygen sensors should always be stored with a membrane and electrolyte in place 
and in such a way that the drying out of the electrolyte on the probe face is minimized.  For long-term 
storage, the medium should be water rather than the moist air used in interim storage.  The long-term 
storage protocol is also dependent on the instrument under consideration. 
 
ROX dissolved oxygen sensors should always be stored in a moist environment, i.e., either in water or in 
water-saturated air with storage in water being preferable.   The easiest storage method is to use the 
protective plastic cap (and enclosed sponge) which was on the probe at receipt.   If you have retained this 
cap/sponge, then simply soak the sponge in water and replace the cap on the probe tip.   Inspect the sponge 
every 30 days to make sure it is still moist.   Alternatively, you can remove the probe from the sonde and 
place it directly in water (making sure that the water does not evaporate over time or leave the probe in the 
sonde and make certain that the calibration cup has an atmosphere which is water-saturated by placing 
approximately ½ inch of water in the bottom of the cup and then sealing it snugly to the sonde. 
 
 
For all 6-series sondes other than the 600R, 600QS, and 600 OMS V2-1, two long-term storage methods 
are equally acceptable. 
 
1. Remove all probes other than dissolved oxygen (Rapid Pulse or ROX), conductivity, and 

temperature from the sonde and seal the vacant ports with the provided port plugs.  Leave the 
electrolyte and membrane in place on the Rapid Pulse dissolved oxygen sensor.  Fill the 
calibration cup with water (tap, deionized, or distilled are equally acceptable) and insert the sonde.  
Make certain the water level is high enough to completely cover the DO sensor.  Seal the vessel to 
prevent evaporation of the water.  At the end of the storage time, remove the existing membrane 
and re-membrane the probe using new electrolyte. 

 
2. Remove the Rapid Pulse dissolved oxygen sensor from the sonde leaving the electrolyte and 

membrane in place.  Store the probes in water (tap, deionized, or distilled are equally acceptable) 
in a beaker, flask, or other vessel of the user’s choice.  Be sure not to damage the membrane or 
the probe tip when placing the probe on the bottom of the vessel.  If possible cover the vessel 
with parafilm or plastic wrap to minimize evaporation of the water during long-term storage.  
Monitor the water level in the storage vessel periodically and replenish if loss due to evaporation 
occurs.  At the end of the storage time, remove the existing membrane and re-membrane the probe 
using new electrolyte. 

 
Because the user cannot remove the dissolved oxygen probe of the 600R and 600QS from the sonde, a 
slightly different long-term storage protocol is required: 
 
For 600 systems equipped with a replaceable reference electrode module, remove the reference module, 
store it as described below and plug the open port with the port plug that was provided.  Make certain that 
the dissolved oxygen sensor has an undamaged membrane and electrolyte in place.  Fill the provided 
storage vessel with a solution which is 2 molar (2 M) in potassium chloride (KCl), insert the sonde and seal 
the vessel with the cap and O-ring.   This solution can be prepared by dissolving 74.6 g of KCl in 500 mL 
(approximately 1 pint) of water or 37.3 g of KCl in 250 mL (approximately 0.5 pint) of water.  The water 
should be distilled or deionized.  If KCl solution is unavailable, it is acceptable to store the dissolved 
oxygen and pH glass sensors in tap water. Do not use deionized or distilled water in this case, as it may 
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damage the pH glass sensor, which must remain in the sonde.  At the end of the storage time, remove 
the existing membrane and re-membrane the probe using new electrolyte. 
 
ROX OPTICAL DISSOLVED OXYGEN 
 
When the 6150 sensor is not in field use, it MUST BE STORED IN A MOIST ENVIRONMENT, i.e., 
either in water or in water-saturated air with storage in water being preferable.   If the sensor membrane is 
allowed to dry out by exposure to ambient air, it is likely to drift slightly at the beginning of your next 
deployment unless it is rehydrated.   Thus, to make the use of the sensor as simple as possible, remember to 
store it WET whenever possible.  The easiest storage method is to use the protective plastic cap (and 
enclosed sponge) which was on the probe at receipt.   If you have retained this cap/sponge, then simply 
soak the sponge in water and replace the cap on the probe tip.   Inspect the sponge every 30 days to make 
sure it is still moist.   Alternatively, you can remove the probe from the sonde and place it directly in water 
(making sure that the water does not evaporate over time or leave the probe in the sonde and make certain 
that the calibration cup has an atmosphere which is water-saturated by placing approximately ½ inch of 
water in the bottom of the cup and then sealing it snugly to the sonde. 
 
pH 
 
The key to pH probe storage, short or long-term, is to make certain that the reference electrode junction 
does not dry out.   Junctions which have been allowed to dry out due to improper storage procedures can 
usually be rehydrated by soaking the sensor for several hours (overnight is recommended) in a solution 
which is 2 molar in potassium chloride (see dissolved oxygen section above for preparation of this 
solution).  If potassium chloride solution is not available, soaking the sensor in commercial pH buffers or 
tap water may restore probe function.  However in some cases the sensor may have been irreparably 
damaged by the dehydration and will require replacement.  It is also important to remember not to store the 
pH sensor in distilled or deionized water as the glass sensor may be damaged by exposure to this medium. 
 
The long-term storage protocol is dependent on the instrument. 
 
For all YSI 6-series sondes other than the 600R and 600QS, the recommended long-term storage protocol is 
identical.  Remove the probe from the sonde and seal the vacant port with the provided plug.  Place the 
probe in the storage vessel (plastic boot or bottle) which was in place on delivery.  The vessel should 
contain a solution which is 2 molar in potassium chloride, or pH 4 or 7 buffer.  Make certain that the vessel 
is sealed to prevent evaporation of the storage solution.   
 
For YSI 600R and 600QS sondes, remove the reference module and plug the open port with the provided 
insert.  Place the module in the storage vessel boot, which was in place on delivery, and seal the vessel with 
electrical tape.  The vessel should contain a solution which is 2 molar in potassium chloride and should be 
sealed to prevent evaporation of the storage solution. Make certain that the dissolved oxygen sensor has an 
undamaged membrane and electrolyte in place.  Fill the provided sonde storage vessel with tap water, insert 
the sonde, and seal the vessel with the cap and O-ring.  Do not use deionized or distilled water in this 
case, as it may damage the pH glass sensor that must remain in the sonde. 
 
 
ORP 
 
Long Term Storage: ORP is not available on the YSI 600R.  For the 600QS, where the ORP sensor cannot 
be removed from the sonde, store the sensor in tap water in a sealed storage bottle.  For all other YSI 6-
series sondes, the recommended long term storage protocol is identical.  Remove the probe from the sonde 
and seal the vacant port with the provided plug.  Place the probe in the storage vessel (plastic boot or bottle) 
which was in place on delivery.  The vessel should contain a solution which is 2 molar in potassium 
chloride.  Make certain that the vessel is sealed to prevent evaporation of the storage solution. 
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AMMONIUM, NITRATE AND CHLORIDE 
 
The active element in the ammonium and nitrate ion selective electrode (ISE) sensors is a polyvinyl 
chloride (PVC) membrane that is impregnated with the reagent that provides specificity for either 
ammonium or nitrate.  The useful life of this sensor can be reduced if the membrane is stored immersed in 
water.  Thus, storage in dry air is recommended for long term storage.  While dry air is slightly preferable 
for general storage, the short-term storage of these sensors in the sonde, with the entire sensor array in 
moist

 

 air, will have no significant detrimental effect on the life of the membrane.  Remove the sensor 
module from the sonde and cover the vacant port with the provided plug.   Place the sensor back in the 
storage boot that was provided, and set aside in room air. 

The chloride ISE sensor utilizes a solid state membrane that provides specificity. For long-term storage, the 
module should be removed from the sonde, wiped clean with moist lens cleaning tissue, and placed in its 
storage boot to prevent abrasion. 
 
TURBIDITY, CHLORPHYLL, BGA-PC, BGA-PE, AND RHODAMINE WT 
 
No special precautions are necessary for either the short or long-term storage of these YSI optical probes.  
However, for long-term storage, the user may wish to remove the probe from the sonde, replace it with a 
port plug, and store the probe in dry in air to minimize any cosmetic degradation of the probe body and to 
maximize the life of the wiper. 
 
 
DEPTH AND LEVEL 
 
No special precautions are required for the sensor itself, but see instructions above with regard to 
maintaining a dry atmosphere in the vent tube.  Sensors can be stored dry or wet, as long as solutions in 
contact with the strain gauge sensor port are not corrosive (for example, chlorine bleach). 
 
Recommendations are identical for short-term and long-term storage. 
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SECTION 3  650 MDS DISPLAY/LOGGER 
 
 

3.1 INTRODUCTION 
 
The YSI 650 Multiparameter Display System (650 MDS) is a powerful, hand held microcomputer based 
instrument that allows the user to display sonde readings, configure sondes, store and recall data, upload 
data from sondes and transfer data to computers for analysis and plotting.    
 
Key features of the YSI 650 MDS: 
• Completely waterproof case that is submersible to 1 m.  Meets IP-67 specification. 
• Rugged design with high impact resistance 
• Large, non-volatile memory 
• Simple cellular phone style keypad. 
• Simple intuitive user-interface 
• Choice of alkaline batteries or optional rechargeable battery pack 
• Fuel gauge display of battery capacity 
• User selectable backlight 
• Handstrap (standard) or hands free harness (optional) for user comfort 
• Optional barometer 
• Optional GPS interface 
• Compatibility with YSI EcoWatch for Windows data analysis software 
• User upgradeable software via the YSI Web page 
• CE and Australian C-Tick Compliance. 
 
Partnered with a YSI 6-Series sonde, the 650 will allow the user to easily: 
• Display real-time readings from YSI 6-series sondes. 
• Log real-time sonde data to internal meter memory with custom site lists. 
• Calibrate 6-series sondes. 
• Set up 6-series sondes for deployment. 
• Upload data from sondes for transfer to PC. 
 
 
3.2   GETTING STARTED 
 
This section is designed to quickly familiarize you with the hardware and software components of the YSI 
650 and its accessories. By the end of Section 3.2 you will have... 
 
ο Unpacked the YSI 650 and confirmed that all components are present 
ο Become familiar with the general features and setup configurations of your YSI 650.  
ο Installed batteries in the YSI 650.  
ο Established communication between your 6-series sonde and the YSI 650. 
ο Viewed data from your 6-series sonde on the YSI 650 display.  
ο Learned the basics of making alphanumeric entries from the keypad by setting the YSI 650 clock and 

entering an Instrument ID name.  
 
Successful completion of the above list is essential for you to continue on to Section 3.3, which focuses on the 
custom setup of the 650.  In subsequent sections, you will learn about how to set up sonde menus via the 650 
interface, log data to both sonde and 650 memories, and use the GPS and barometer features of the 650.  
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3.2.1  UNPACKING 
 
Remove the instrument from the shipping box, being careful not to discard any parts or supplies. Use the 
packing list to ensure all items are included, and inspect all assemblies and components for damage. If any 
parts are damaged or missing, contact your YSI representative immediately. If you do not know which YSI 
dealer you obtained your YSI 650 from, refer to Section 8 of your 6-series sonde manual for contact 
information. 
 
The 650 is offered in four configurations: 
 
• 650-01 – Low memory with no barometer 
• 650-02 – High memory with no barometer 
• 650-03 – Low memory with barometer 
• 650-04 – High memory with barometer 
 
All configurations include the 650 with hand strap and strain relief lanyard installed and the 655174 PC 
interface cable for use in data transfer to a PC and software updates from a PC.  Make certain that you have 
received these two items (650 itself and PC Interface Cable) during the unpacking process. 
 
The following optional accessories are offered for use with the 650. 
 
• 6113 Rechargeable Battery Pack Kit with 6116 charger adapter cable, 6114 110 volt wall charger, and 

6117 battery pack included 
• 6126 Rechargeable Battery Pack Kit with 6116 charger adapter cable, 6123 universal charger, 

European power cable, British power cable, and 6117 battery pack included 
• 6127 Rechargeable Battery Pack Kit with 6116 charger adapter cable, 6123 universal charger, 

China/Australia power cord, and 6117 battery pack included 
• 4654 Tripod 
• 614 Ultra Clamp 
• 5085 Hands Free Harness 
• 5065 Form-fitting Case 
• 6117 Extra Rechargeable Battery Pack 
• 6115 GPS Cable for interface with user-supplied GPS unit 
• 616 Cigarette Lighter Charger 
 
 
If you have ordered any of these accessories with your 650, make certain during the unpacking process that 
you have received them. 
 
3.2.2   UNDERSTANDING THE 650 MEMORY 
 
The 650 is available with two memory options – “low” and “high”.    
 
The less expensive low memory option (650-01 and 650-03) is designed for users who typically use their 6-
series sondes in sampling applications and store limited data to their logger.   The available memory of the 
low memory option (ca. 10 kB) will allow the user to log approximately 150 field readings to a single file

 

 
in the 650 although the exact logging capability is dependent on the number of parameters active in the 6-
series sonde.  Note also that if multiple files are utilized, the number of logged field readings will be 
reduced.   In addition, the low memory option will also allow the user to upload small files to the 650 that 
have been logged to the internal memory of sondes during Discrete or Unattended sampling studies. 
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The high memory option (1.5 mB) of the 650 is designed for users who log large files directly to the 650 or 
who wish to upload large (or many) files to the 650 from the internal memory of sondes which have been 
used to log data in Discrete or Unattended sampling applications.   For example, with the high memory 
option, it would be possible to easily upload the data from 7 sondes, each of which have data files in excess 
of 200 kB or approximately 75 days at a 15-minute unattended sampling interval. 
 
No matter which memory option has been selected, it is important to understand that the memory resident 
in the 650 is “Flash”, the same type of memory present in YSI 6-series sondes.   Flash memory requires no 
battery backup and therefore stored data cannot be lost due to instrument malfunction – a significant 
advantage.  However, it is not possible to erase individual files from flash memory – to free-up memory, 
the user must erase (or format) the entire

 

 memory chip.   From a practical point of view, this means that, 
while named files which are already present in the 650 memory can be “overwritten” during multiple 
uploads, the previously written files still occupy space in the memory.  These files are in fact designated 
“deleted” as will be described in Section 3.6.5 below.   For example, if a file named “TEST” is uploaded 
initially with a memory allocation of 50 kB and then is uploaded at a later time (and “overwritten”) with a 
memory allocation of 100 kB, the total memory occupied is 150 KB even though only one file with the 
designation “TEST” and a file size of 100 kB is shown in the file directory.  For this reason, when dealing 
with large files, the user may wish to transfer files to a PC immediately after upload and then erase the 
entire flash in order to assure that maximum memory is present for subsequent uploads. 

The storing of data directly from sondes to the 650 memory, the uploading of data stored in 6-series sondes 
to the 650, and the management of these data files are described in detail in Sections 3.5, 3.6, and 3.7 of 
this manual. 

 
3.2.3   650 CONFIGURATIONS 
 
There are a number of ways that you can configure the YSI 650. Below is a list of possible configurations 
and corresponding diagrams.  
 
• 650 interfaced to a 6-Series sonde. 
• 650 interfaced to a 6-Series Sonde and a user-supplied GPS unit. 
• 650 interfaced to a PC for data transfer or software upgrade using the PC interface cable 
• 650 with rechargeable battery pack being charged  
 
Figure 1. 650 interfaced to a 6-series sonde. 
 

You will need: 
 
• 650 
• 6-series sonde 

with  integral 
cable or YSI 
field cable 

650 

YSI 6-series sonde 

Integral or field cable 
with sonde connector 
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Figure 2. 650 interfaced to a 6-series sonde with user-supplied GPS. 

 
 
  
Figure 3.  650 interfaced to PC for data transfer or software upgrade. 
 
 

 
 

You will need: 
 
• 650 
• 6115 GPS cable 
• User-supplied GPS unit 

with DB-9 cable 
• YSI 6-series sonde with 

integral or field cable 

650 

YSI 6-series sonde 

Integral or field cable 

User-supplied GPS unit 
with DB-9 cable 

6115 GPS cable 

You will need: 
 
• 650 
• YSI 655174 

PC interface 
cable 

• PC with 
active serial 
port 

650 

PC Serial port 
(DB-9) 

655174 PC Interface 
Cable 
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Figure 4. Charging of 650 rechargeable battery pack. 
 

 
 
The setup of these configurations is described in detail in subsequent sections of this manual.  They are 
presented here so that your will be able to ascertain if you have all of the parts necessary for your 
applications. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

You will need: 
 
650 with battery pack installed 
6116 Charger adapter cable 
6114 Wall charger or equivalent 

6116 Charger adapter cable 

6114 wall charger (shown) or 6123 power supply 

650 
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3.2.4   650 FEATURES 
 
The key physical features of the 650 display and keypad are shown in the figures below. 
 
 
 
 
 

 
 
 
 
 
Note that the YSI 650 keypad consists of 20 keys as shown in the diagram above.  There are four function 
keys, up, down, right and left arrow keys and an alpha/numeric keypad. The top left key that has a green 

circle and line, , is the ON/OFF key. The top right key, , activates the display backlight.  The 

Escape key is labeled  and  is the Enter key. 
 
 
 

Display 

Backlight Key 
On/Off Key 

Cellular Phone-Style Keypad 

Enter Key 

Escape Key 

MS-8 Connector 
Strain Relief Lanyard 

650 Front View 

Arrow Keys 



650 MDS  Section 3 

 

YSI Environmental Monitoring Systems Operations Manual 3-7 

 
 
 
Note that the back of the case contains the battery lid that is attached to the main case with four captive 
screws and has three fittings for attachment of the ultraclamp and tripod accessories.  In addition, the 
battery lid has a hole that is covered with water-impermeable patch for venting of the optional barometer. 
 
CAUTION: The barometer-venting patch is resident on the inside of the battery lid.  Removal of or 
damage to this patch will result in water leakage into the battery compartment. 
 
The short cord with loop (lanyard) which is attached to the bottom of the case is attached to the strain relief 
of the sonde cable.  Simply open the D-ring, pass the lanyard loop through the opening, and then close the 
D-ring. 
 
 
3.2.5   BATTERIES AND CHARGING 
 
The YSI 650 can be powered either with 4 alkaline C cells or a rechargeable NiMH battery pack.  With the 
C-cell configuration, the user will be able to power a typical YSI 6-series sonde (active dissolved oxygen 
and one optical sensor) for approximately 45 hours of continuous operation.  The rechargeable battery pack 
will allow for about 15 hours of continuous use under these conditions.  If the sonde is being powered by its 
own internal batteries, the 650 batteries will last much longer.  YSI Sondes with internal battery capability 
are the 6920, 6600, 600XLM, and 600 OMS.  
 

This instrument is powered by alkaline or optional nickel-metal hydride batteries, which the user must 
remove and dispose of when the batteries no longer power the instrument. Disposal requirements vary by 
country and region, and users are expected to understand and follow the battery disposal requirements for 
their specific locale.  

Accessory Connections 

Battery Lid 

Battery Lid Screws 

Barometer Vent 
Patch 

650 Back View 
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The circuit board in this instrument contains a manganese dioxide lithium "coin cell" battery that must be in 
place for continuity of power to memory devices on the board. This battery is not user serviceable or 
replaceable. When appropriate, an authorized YSI service center will remove this battery and properly 
dispose of it, per service and repair policies. 

 
3.2.5.1 BATTERY INSTALLATION – C CELLS 
 
Four C cells install easily into the back of the 650.  Follow the instructions and diagrams below to install 
the batteries properly: 
 
 

 
 
• Using a Phillips or slotted screwdriver, loosen the 4 captive screws on the battery lid and then remove 

the battery lid completely. 
 
• Insert the cells between the battery clips, being sure to follow the polarity (+ and -) as indicated on the 

bottom of the battery compartment. 
 
• Make certain that the gasket is properly installed on the battery lid before reinstallation. 
 
• Reinstall battery lid and tighten the 4 captive screws securely and evenly using a Phillips or slotted 

screwdriver.  Do not overtighten. 
 
 
3.2.5.2 BATTERY INSTALLATION – RECHARGEABLE BATTERY PACK 
 
The YSI 6113 rechargeable battery pack is self-contained and is easily installed according to the 
instructions and diagrams below: 

 
 
• Using a Phillips or slotted screwdriver, 

loosen the 4 captive screws on the 
battery lid and then remove the battery 
lid completely. 

 
• Put the battery lid in a safe place so that 

it will be available for future use of C 
cells. 

Gasket 

(4) Screws 
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• Make certain that the gasket is properly installed on the rechargeable battery before installation. 
 
 
 
• Insert the rechargeable battery pack assembly into the battery compartment of the 650. 
 
• Tighten the 4 captive screws securely and evenly using a Phillips or slotted screwdriver.  Do not 

overtighten 
 
 
3.2.5.3 BATTERY CHARGING – RECHARGEABLE BATTERY PACK 
 
The 6117 rechargeable battery pack is charged via the MS-8 connector on the bottom of the instrument and 
thus the pack must be installed in the 650 for charging.  To perform the charging operation, the user will 
need to locate the proper power supply (6114 for US/Canada/Japan or 6123 with proper power cord for all 
other countries) and the 6116 charger adapter cable which were supplied with your rechargeable battery 
pack (6113 for US/Canada, 6126 for Europe, 6127 for China/Australia).  As shown in Figure 4 above, first 
attach the charger adapter cable to the 650, then insert the barrel connector of the power supply into the 
barrel of the adapter cable, and finally plug the power supply into an appropriate AC power outlet.  The 
pack can be recharged with the 650 either “on “or “off”.  However, if the instrument is “on”, the progress 
of the charging operation can be viewed in the Status Bar (see Section 3.2.10 below). 
 
To ensure that you get maximum operational time from the rechargeable battery pack, the user should 
follow the procedures below: 
 
1. Place your display/logger on charge for approximately 2 hours to obtain an 80-90 % regeneration of 

battery capacity.  
2. Place your display/logger on charge for approximately 6 hours to get a full charge.  
3. Do not charge the batteries continuously for more than 48 hours. 
4. For long term storage, keep your battery pack between the temperatures of –20 C and 30 C and remove 

it from the 650 case. 
5. Do not charge your batteries at temperatures below 0 C or above 40 C. 
6. Do not use or store the battery pack at high temperature, such as in strong direct sunlight, in cars 

during hot weather, or directly in front of heaters. 
 
If the above steps are not followed, it may result in a decrease in the operational lifetime of your battery 
pack.  In addition, pay particular attention to the method of long term storage of the battery pack as is 
outlined in the following warning: 
  
CAUTION: If the battery pack/650 will not be used for extended periods of time, the user should remove 
the battery pack from the instrument.  Failure to do this may result in overdischarge of the pack which can 
have a detrimental effect of its lifetime 
 
Note that YSI provides recharge options for many countries in the selection or the 6116, 6126, and 6127 
kits.  However, it is possible that the power cord options in these kits will not be correct for some users.  In 
these cases, users should purchase the 6126 or 6127 kit and substitute their local PC type power cord for 
the power cord shipped with the kit.  This power cord is usually readily available at any local electronics 
store. 
 
An optional automotive cigarette lighter charger (YSI 616) is also available for recharging the 650 battery 
pack.  Note that the user will require the 6116 adapter cable to use the cigarette lighter adapter.  Instructions 
and diagrams for configuring your cigarette lighter charger and changing fuses are shown below and are 
found on the back of the 616 package.  The user should save these instructions when unpacking the 
accessory and keep them for later reference.   
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To use the device with an American or Japanese vehicle, slide the adapter ring off of the plug.  To use the 
device with a European vehicle, leave the adapter ring on the plug and position it so the slots on the ring 
line up with the plug’s spring clips.  To begin charging your battery pack, first plug the barrel connector of 
the cigarette lighter charger into the mating end of the 6116 adapter cable.  Then attach the MS-8 end of the 
6116 adapter cable to the 650.  Finally, plug the other end of the cigarette lighter charger into the vehicle’s 
lighter socket. 
 
The 616 cigarette lighter charger contains a 2-ampere fast-blow type fuse.  If the power cord stops working 
properly, unscrew the adapter’s cap, remove the tip, and then pull out and check the fuse.  See diagram 
above to remove the fuse.  If the fuse is blown or you are unsure, replace it with a new 2-amp fast-blow 
fuse that is available at electronics stores such as Radio Shack.  Reassemble the adapter and securely screw 
the cap back onto the adapter body. 
 
 
After you have installed batteries or the rechargeable battery pack into your 650, you are ready to proceed 
to the next sections. 
 
 

3.2.6   TURNING THE INSTRUMENT ON 
 
Turn the instrument on by pressing and releasing the on/off button on the top left of the instrument keypad.  
The following screen should be displayed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Main Display 

Status Bar 
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Note that the screen is divided into two sections – the “Main Display” at the top and a “Status Bar” at the 
bottom.   The Main Display will provide access to the 650 and sonde menus and will be used to view sonde 
sensor readings in real-time, to configure the 650 and the sonde, to calibrate the sonde sensors, and to log 
data to either sonde or 650 memory.  The Status Bar will always show the date and time of the 650 clock 
(updated in real-time), the remaining battery capacity, the current barometer reading if you have purchased 
this option, the GPS readings from a user-supplied GPS instrument, and will indicate whether the menu 
being viewed in the Main Display is associated with your sonde or the 650.  Additional information about 
the Status Bar will be provided in Section 3.2.10 of this manual. 
 
You may also want to take the instrument into a dark room and, with the instrument turned ON, press the 
backlight key which is located at the top right of the keypad. The instrument backlight should illuminate 
the LCD so that the display can be read. Pushing the backlight key again will turn the backlight off. The 
backlight will power off automatically after two minutes of non-use. 
 
 
3.2.7   ADJUSTING THE DISPLAY CONTRAST 
 
The contrast of the 650 display is automatically temperature compensated to provide a proper display under 
most field conditions (-10 to 40 C).   Some users, however, may wish to alter the display contrast to meet 
their own preference.   In addition, if the instrument is used at more extreme temperatures, the display is 
likely to require some adjustment. 
 
The contrast is easily adjusted by pressing and holding down the backlight key in the upper right of the 
keypad and then pressing repeatedly or holding down the up/down arrow keys while observing the display.   
Pressing the up arrow while holding down the backlight key increases (darkens) the contrast; pressing the 
down arrow under these conditions decreases (lightens) the contrast. 
 
 
NOTE: The backlight itself will only be activated if the backlight key is pressed and released.   You must 
hold down
 

 the backlight key to adjust the contrast.  
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3.2.8   USING THE YSI 650 KEYPAD 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The 650 keypad allows the user to navigate various sonde and 650 menu selections and to make 
alpha/numeric entries into both the 650 and sonde software.  The arrow keys are used to select various 
options in the menus; the cellular phone-style alpha/numeric keys allow data entry; the Enter key is used to 
confirm selections; and the Escape key returns the user to the previous position in the menu structure. 
 
The alpha/numeric keys of the 650 can be used to enter both numbers and letters.  For many entries, 
however, where only numbers are appropriate, the software automatically allows ONLY numeric entry, 
e.g., the letters (ABC) associated with the “2” key cannot be activated.  Examples of this type of fixed 
numeric entry include setting the clock of the 650 or sonde, entering calibration parameters for sonde 
sensors, and changing entries such as DO warm-up time and optical wiper interval in the Sonde 
Advanced|Sensor submenu.  You will follow an example of this type of entry when you set the 650 clock 
in the example below.   
 
When both numeric and alpha entry are appropriate for input, the 650 keypad provides a cellular phone-
style interface for choosing the proper character.    As shown in the above diagram, the 2-9 keys can also be 
used to input alpha characters.   Basically, to activate a particular alpha/numeric character, the user must 
press the appropriate key repeatedly until the desired letter or number appears in the display.  For example, 
to enter an M, press the numeric 6 key once and release.  To enter an N, press the numeric 6 key twice in 
rapid succession and then release.   Lower case letters are also available for input using this basic method.  
The following chart shows the alpha/numeric sequence available for each numeric key in the order they 
will appear as the key is pressed repeatedly. 
 
 
 

 

On/Off Backlight 

Arrows 

Alpha/Numeric Keys 

Minus/Hyphen (-) Key 
Period (.) Key 

Escape Key 

Enter Key 
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1 -- 1 
2 – ABC2abc2 
3 – DEF3def3 
4 – GHI4ghi4 
5 – JKL5jkl5 
6 – MNO6mno6 
7 – PQRS7pqrs7 
8 – TUV8tuv8 
9 – WXYZ9wxyz9 
0 -- 0 
 
Using this guide, it can be seen that the character “p” will appear and remain in the display by pressing the 
7 key six times in succession.  The other characters associated with this key (“P”, “Q”, “R”, “S”, and “7”) 
will appear during the repeated pressing of the numeric 7 key.  However, only the “p” entry will be retained 
after the key is released after the six keystrokes.  
 
After release of the numeric key for approximately 1second, the cursor will automatically scroll to the right 
to prepare for the next alphanumeric input.  If you make a mistake in the entry, simply return to the 
previous character with the left arrow key and reenter the number or letter.  After the entry is complete, 
press the Enter key to confirm it. You will follow an example of this type of entry when you enter an 
Instrument ID name for your 650 in the example below. 
 
 
To familiarize yourself with the basics of the keypad entry system, follow the instructions below to set the 
date and time for your 650 and to enter an Instrument ID:  
 
Turn the instrument on to display the 650 Main menu. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Use the arrow keys to highlight the System setup selection and press the Enter key.  A display similar to 
the following will appear (Note that the exact format of your displays will depend on the software version): 
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Use the arrow keys to highlight the Date and Time selection and press the Enter key.  The following 
display will appear: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Highlight the selection for your desired date format and press Enter to confirm it. 
 
Highlight the 4-digit year selection and press Enter to toggle between 2-digit (no check mark present) and 
4-digit (check mark present) options. 
 
Highlight the Date selection and press Enter.  A cursor will appear over the first number in the date as 
shown in the following display. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Enter the proper number from the keypad for the first date digit.  Note that when you release the key, the 
cursor moves automatically to the next number.  Repeat this process until the date is correct.  Then press 
Enter to confirm the Date entry.  Note also that, as described above, since alpha characters are 
inappropriate for this entry, only numeric entry is possible. 
 
Highlight the Time selection and press Enter.  Repeat the process described above for the Date to enter 
your correct local time using the military format.  For example, 2:00 PM must be entered as 14:00. 
 
Finally, press the Escape key to return to the System setup menu. 
 
Now highlight the Instrument ID selection and press Enter.  The following display will appear. 
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As shown above, enter the designation “YSI 650” using the general instructions outlined above.  Start by 
pressing the numeric 9 key three times in rapid succession while viewing the characters on the display until 
a “Y” appears.  After the entry is complete, pause and the cursor will automatically move to the next entry 
position.  Now press the numeric 7 four times in succession while viewing the characters on the display.  
When an “S” appears, pause and the cursor will move automatically to the next entry position.  Continue 
with the entries in this way until ID designation is complete.  If you make a mistake, you can use the left 
arrow key to highlight the flawed entry and correct it.  When the entry is complete, press Enter to confirm 
it.  Note that for this example, where both

 

 alpha and numeric entries are appropriate, the user must press the 
numeric 2 key 4 times in succession to generate the number 2, as opposed to the previous clock-setting 
example where a single press of the numeric 2 key generated the number 2. 

After completing the above example, press the Escape key repeatedly to return to the 650 Main menu and 
then proceed to the next section. 
 
 
3.2.9   CONNECTING TO A SONDE 
 
The primary use of the 650 is to interface with YSI 6-series sondes.  In this configuration, you will be able 
to see data from the sonde sensors in real-time on the 650 display as well as to configure the sonde for your 
particular application.  In addition, once sonde interface is established, you will be able to easily log data 
from the sonde sensors to either the memory of the sonde or the memory of the 650 for later analysis. 
 
The connection between the sonde and the 650 is made via the mating of MS-8 connectors on the standard 
YSI field cable and the bottom of the 650 case.   To make the connection, hold the 650 in one hand, place 
the 650 and cable connectors together, and rotate the field cable connector until engagement occurs.  Then 
rotate the field cable connector approximately 1-quarter turn until it is fully engaged as evidenced by a 

 

   



650 MDS  Section 3 

 

YSI Environmental Monitoring Systems Operations Manual 3-16 

“click”.  After connecting the sonde to the 650, press the “on” button on the upper left of the 650 keypad to 
activate the 650 Main menu as shown below: 
 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Using the arrow keys, highlight the Sonde run entry in the Main 650 Menu and press the Enter key.   
Readings from the 6-series sonde sensors will appear on the 650 Main Display in real-time as shown in the 
following diagram. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The two windows at the top of the display give the capability of logging the displayed readings to either the 
650 (top left) or the sonde (top right) memory and allow the user to activate the wiper on turbidity, 
chlorophyll, and rhodamine WT probes if they are present in the sonde.  Instructions for use of these 
windows are provided in subsequent sections of this manual.   Note also that there is a disk with rotating 
segments in the upper right corner of the display whose movement confirms that the 650/sonde interface is 
functional. 
 
To return to the 650 Main menu, press the Escape key. 
 
CAUTION: When using the 650 MDS in field applications which are in close proximity to communication 
towers and heavy industrial equipment, or which involve very low humidity conditions, the user may 
experience problems with logger function.   If possible, the user should relocate the sampling site away 
from these potential sources of interference.  In most cases, symptoms will involve instrument shutdown or 
display lockup.  These problems can usually be overcome by either simply pressing the on/off key to 
reactivate the meter display or by resetting the instrument by removal of battery power as described in 
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Section 3.11 of this manual.   If symptoms persist after these actions, consult YSI Technical Support for 
advice.  

 
 
3.2.10   UNDERSTANDING THE STATUS BAR 
 
The diagram below shows the various components of the Status Bar of your 650.   Each item identified in the 
drawing is explained in detail below. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
2.10.1 Date and Time.  This is the date and time for the clock in the 650, set by the user from the System 
setup menu as described above. The date and time entries are updated in real-time in the Status Bar. 
 
2.10.2 GPS Reading.  This value will be present only if a user-supplied GPS unit with NMEA 0183 format 
is connected to the 650 by the optional YSI 6115 cable.   The setup of a GPS interface is described in more 
detail in Section 3.8 below.   Once properly connected to a GPS instrument, the values displayed in the 
Status Bar are updated in real-time as the system is moved from location to location. 
 
2.10.3 Barometer Reading.  This value is the current local barometer reading in units selected by the user 
in the System setup menu.  The value is can be used simply as a meteorological parameter or can be used 
in calibration of sonde dissolved oxygen sensors.  The barometer reading is NOT corrected to sea level and 
is updated in real-time. 
 
2.10.4 Battery Capacity Status. The graphic indicator shows the portion of the battery capacity that is 
remaining, either for the 4-C cell configuration or for the optional rechargeable battery pack.  If a 6117 
rechargeable battery pack is in place, a “NiMH” label will appear as part of the indicator.  During charging 
of the battery pack, the black portion of the icon will pulse horizontally until charging is complete.  In 
addition, the entire battery indicator will flash when your batteries are almost exhausted and require 
replacement (C-cells) or recharge (optional rechargeable battery pack). 
 
2.10.5 Menu Indicator.  This icon is located in the lower right portion of the Status Bar and provides a 
guide as to whether the menu on the display of the 650 originates in the sonde or the 650 itself.  The icon 
shown in the figure above represents a 650 menu; if the menu on the display had originated in the sonde, 
the Status bar would display a sonde-like icon as shown below. 

Main Display 

Status Bar 

Date and Time 

GPS Reading 
Barometer Reading 

Battery Capacity Status 

Menu Indicator  
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3.2.11   UPGRADING ECOWATCH FOR WINDOWS SOFTWARE 
 
To utilize the full capability of the 650 MDS, you will need to upgrade your version of EcoWatch for 
Windows from the YSI World Wide Web page (www.ysi.com).  Access the YSI Environmental Web Page, 
select “tech support” from the header, and then “Downloads”.  After registration, select the EcoWatch for 
Windows upgrade entry and follow the instructions provided.   After the upgrade is complete, your 
software version (viewed from the EcoWatch toolbar entry Help|About EcoWatch) should be 3.13.00 or 
higher. 
 
If you encounter difficulties in the upgrade procedures, contact YSI Technical Support for advice. 
 
 
After reading the above sections and participating in the simple examples provided, you should be familiar 
with the basics of battery installation, keypad and display function, and keypad data entry.   Please proceed 
to Section 3.3 where the setup of your 650 is described in detail.  
 
 

3.3   SETTING UP THE 650 
 
 
The 650 has a number of features which are user-selectable or which can be configured to meet the user’s 
preferences.  Most of these choices and selections are found in the System setup selection in the Main 650 
Menu.  To explore the various setup possibilities of the 650, turn the instrument on, select System setup, 
and press Enter.  The following display will appear.  The second display can be observed by scrolling to 
the bottom of the System setup entries with the down arrow. 

Sonde Icon 
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YSI suggests that the user become familiar with the features provided in the list below prior to using the 
650 in field applications.   Each item is described in some detail below.  
 
3.3.1 Software version 
The software version of your 650 is shown in the first line of the System setup menu.  As enhancements 
are introduced to the 650, you will be able to upgrade your 650 from the YSI web page.  This item will be 
used to track those upgrades and will be useful to YSI Technical Support personnel if you have questions 
about the function of the instrument. 
 
3.3.2 Date and time: 
As described above in Section 3.2.8, activate this selection to set the date and time from the 650 keypad.  
 
3.3.3 Power sonde:  
If this choice is active, your 6-series sonde will be powered directly from the 650 batteries.  The choice 
MUST be active if you are using a sonde with no internal batteries (600R, 600XL, or 6820).   If using a 
sonde with internal batteries (600XLM, 6920, 600 OMS battery version, or 6600), you can extend the life 
of your 650 batteries by deactivating this selection.  Note that the selection MUST BE OFF in order to 
determine the voltage of the internal batteries of sondes – important information for Unattended studies. 
 
3.3.4 Baud rate to sonde:  
This entry allows the user to adjust the baud rate for communication with the sonde.  It does not affect 
communication for upload of files to a PC.  Highlight the entry and press Enter.  Then select the baud rate 
of choice and press Enter to confirm it.  CAUTION: The baud rate for the 650 MUST match that in the 
sonde (usually set at 9600) or communication with the sonde will not be possible.  Unless you know that 
your sonde is set to a baud rate different than 9600, YSI strongly recommends that you leave the baud rate 
for the 650 set to the default value of 9600.    
 
3.3.5 Shutoff Time: 
This value represents the number of minutes until the 650 automatically shuts down to save batteries.  
Values can be integers from 1 to 15 or enter “0” to disable the shutoff completely. 
 
3.3.6 Comma radix: 
The user can toggle between a period (default) and comma for the radix mark by selecting this item and 
pressing the Enter key.  If you change your radix mark in the 650, make sure that you also change it to the 
same symbol in the sonde Advanced|Setup menu. 
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3.3.7 ID 
Activate this item and Enter choice of instrument identification (limit 11 characters) for your 650 as 
described in Section 3.1.8 above. 
 
3.3.8 Circuit board SN 
This item identifies the serial number of the circuit board resident in your 650.  It cannot be changed by the 
user. 
 
3.3.9 Barometer Units: 
Highlighting this selection and pressing Enter will activate a display which will allow you to select the 
units of barometric pressure which will appear in real-time in the display Status Bar.  Highlight the desired 
units and press Enter to confirm the selection.   This entry will only appear if you have ordered your 650 
with the barometer option.  
 
3.3.10 Calibrate Barometer 
You may need to scroll down with the arrow keys to view this selection which allows you to calibrate the 
optional barometer to your local barometric pressure.  While the barometer has been factory calibrated and 
should provide accurate readings on receipt, some sensor drift may occur over time, requiring occasional 
calibration by the user.  Proceed as follows: 
 
Determine your local barometric pressure.  This value is usually obtained from an independent laboratory 
barometer.  You can also obtain a barometric pressure value from your local weather service.   This latter 
value has usually been corrected to sea level and therefore must be “uncorrected” before it can be used in 
calibration of the 650 barometer.  See Section 3.9 of this manual for details. 
 
Select Calibrate barometer and press Enter.  Input the known barometric pressure from the 650 keypad 
in the selected units (mm Hg in the following example) and press Enter.  Note that in the example, the 
barometer output has changed from 733.4 (the previous incorrect value) to 740 (the correct value from your 
laboratory barometer).    Note also that a value of the approximate barometer offset which occurred during 
the calibration (6.3 mm Hg) is present in the display.  The offset value is approximate due to the variation 
in the tenths of a mm digit of the sensor.  This value can be used to return the sensor to its factory 
calibration; simply recalibrate the sensor to a new value which is determined by (current value) – (offset). 
 
 
 
 
 
 
 
 
 
 
 
Note that this entry will only appear if your have ordered your 650 with the barometer option. 
 
NOTE: After initial calibration of the barometer, a file with a name defined by the Circuit Board ID and a 
.glp extension (e.g., 00003245.glp) will automatically be generated and stored in 650 memory.  Each 
additional barometer calibration record for will also be stored.  See Section 6.3 below for the transfer of 
this file to a computer for viewing and storage. 
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3.4   SONDE MENU INTERFACE 
 

3.4.1   INTRODUCTION 
 
The Sonde menu selection in the 650 Main menu provides a terminal-like interface simulating the 
connection of the sonde to a PC as described in detail in Section 2 of the 6-series manual.   Thus, this item 
provides access to the entire menu structure of your 6-series sonde software so that you can perform custom 
setup in the same way that would be possible if the sonde were attached to a PC. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
From the 650 Main Menu, select Sonde menu and press Enter.  A display similar (depending on sonde 
type and sonde software version) to that shown below will appear: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note that the icon in the lower right of the screen has changed from “meter” to “sonde” indicating that the 
menu shown originates in the 6-series sonde.  Note also that the 650 display has been designed to be very 
similar to that presented on a monitor when a 6-series sonde is attached to a PC as shown below. 
 
 
 
 
 
 
 
 

 

 

 
------------------Main--------------
--- 
1-Run               5-System 
2-Calibrate         6-Report 
3-File              7-Sensor 
4-Status            8-Advanced 
 
Select option (0 for previous menu): 
 
 

Sonde Icon 
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In fact, the only significant difference between the two interfaces is that, for the PC mode, submenus are 
accessed by entering the number associated with the specific item, while for the 650 mode the user must 
use the arrow keys to highlight the item and press the Enter key to activate it.    Thus, the description of the 
6-series sonde menu structure and function which is found in your sonde manual is completely valid as a 
reference for setting up your sonde for all types of studies.  The menu structure of the sonde is presented in 
diagram form below, followed by two examples in Section 3.4.2 of how to use the 650 Sonde Menu 
interface.  In addition, brief instructions for frequently performed sonde operation are provided as a 
reference in Section 3.4.3 below. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
NOTE:  When using the 650, all

 

 sonde functions are accessed through the Sonde menu prompt.  These 
include: 

• Activating/Deactivating sensors 
• Setting up the desired Report output 
• Calibrating the sensors 
• Changing the sample interval for Discrete Sample studies 
• Performing file management functions on the memory in the sonde 
• Checking the Status or System setup of the sonde. 
• Setting up sondes for Unattended sample deployments. 
• Setting up sondes for Discrete sample logging studies to sonde memory. 
• Uploading files from the sonde memory to the 650. 
 
Earlier YSI display/loggers, such as the 610 D and 610 DM, had many of these functions as distinct items 
in the display menu structure – a significant difference from the 650. 
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Sonde
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3.4.2   SONDE MENU EXAMPLES 
 
To become familiar with the 650 Sonde menu function, YSI recommends that the user connect a sonde to 
their 650 and proceed through the following two examples of common sonde interface operations. 
 
Example 1: Setting up the Report Output – Activation of the Salinity Parameter 
 
Highlight the Sonde menu selection in the 650 Main menu and press Enter. Then use the arrow keys 
highlight the Report selection and press Enter again. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Use the arrow keys to highlight the Salinity selection and then press the Enter key to activate the 
parameter as shown by a dot in the open circle.  Note that the entire report list can be accessed by 
continuing to scroll the highlighting block down with the arrow key.  After activation of salinity in the 
Report setup of the sonde, press the Escape key twice in succession to return to the Main sonde menu. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example 2: Calibrating the Dissolved Oxygen Sensor 
 
NOTE: In the following example, it is assumed that the Autosleep RS232 function of your sonde has been 
disabled in the sonde Advanced|Setup menu.  If Autosleep were active, then the display would indicate a 
countdown of the DO warm-up time and calibrate automatically at the end of this time period.  See Section 
3.4.9 of this manual and Section 2 of your 6-series manual for more information on the Autosleep function. 
 
Place the sonde in the calibration chamber with the dissolved oxygen probe in water-saturated air. 
 
Highlight the Sonde menu selection in the 650 Main menu and press Enter.   Then, use the arrow keys to 
highlight the Calibration selection and press Enter. 
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Use the arrow keys to highlight the Dissolved Oxygen selection and press Enter.  Then, Use the arrow 
keys to highlight the DO% selection and press Enter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Use the 650 numeric entry keys and the right/left arrow keys to enter the current local barometric pressure. 
Then, press the Enter key and observe the dissolved oxygen reading until stabilization occurs.  Make sure 
the Calibrate selection is highlighted in upper window. 
 
NOTE: The current barometric pressure as read by your 650 will automatically appear as the default value 
if your 650 is equipped with a barometer. 
 
 
 
 
 
 
 
 
 
 
 
When the dissolved oxygen reading is stable, press the Enter key to confirm the calibration as indicated by 
the message “Calibrated” in the header.   In addition, the message in the upper window will change from 
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“Calibrate” to “Continue”.  Make sure that “Continue” is highlighted and press Enter to return to the DO 
calibration menu. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.4.3   COMMON OPERATIONS USING THE 650 SONDE MENU 
SELECTION 
 
The following section provides brief instructions for carrying out frequently used sonde activities via the 
Sonde menu selection of the 650.  The instructions do not provide the detail of the examples above, 
assuming that the user understands how to navigate the menus with the Enter, Escape, and Arrow keys 
and is able to make alpha/numeric entries from the keypad. 
 
3.4.3.1 Running the sonde in real-time  
This function can be accomplished either automatically from the Sonde run selection of the 650 menu or 
by using the Sonde menu selection to activate the Run|Discrete Sample submenu of the Main 6-series 
menu.   If the Sonde run selection is made, data automatically appears on the screen at a sample interval of 
approximately 1 second.  However, if the user chooses to use the Run function from the sonde menu, the 
sample rate can be set to higher values in the Discrete Sample menu.  This feature will be described in 
detail in Section 3.5.2.  To Run the sonde from the Discrete sample menu, highlight Start sampling and 
press the Enter key. 
 
3.4.3.2 Setting up a sonde for deployment 
Use the 650 Sonde menu selection to access Run|Unattended sample and then proceed with the setup for 
the monitoring study as described in detail in Section 2 of the 6-series manual.  Use the keypad to set the 
sample interval and input file and site names.  Then highlight Start logging and press Enter to begin the 
Unattended study in which data is logged directly to the sonde memory.    Finally, disconnect the 650 and 
deploy the sonde.  
 
3.4.3.3 Uploading data from sondes to the 650 
Use the 650 Sonde menu selection to access the sonde File menu and then choose either a Quick upload 
(all data in the last file) or Upload (complete or partial data in any sonde file) as described in detail in 
Section 2 of the 6-series manual.   After the proper selection is made, press Enter and the file will be 
transferred automatically to the 650 memory with the 650 display indicating that an upload is in progress.  
The uploading of data files from sondes to the 650 is demonstrated in greater detail in Section 3.7 below. 
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3.4.3.4 Calibrating sonde sensors 
Use the 650 Sonde menu selection to access the sonde Calibrate menu.   Once the menu has been 
activated, use the arrow keys to highlight a sensor for calibration and follow the instructions on the screen.  
Use the keypad to enter numeric values associated with the calibration standards and press Enter to 
confirm your input.  View the data from each calibration standard in real-time and then highlight the 
Calibrate selection in the upper frame.  When the output is stable, press Enter to confirm the calibration 
point.  Then highlight Continue and press Enter to either move to the next calibration point or to finalize 
the calibration.  See the example in Section 3.4.2 above for a typical calibration procedure. 
 
NOTE: To return a sensor calibration setup to its factory default setting, access any calibration routine for 
that particular sensor which asks for numeric input.  However, instead of entering numbers, hold the Enter 
key down and press the Escape key.   Highlight “yes” and press Enter.   This protocol is the equivalent of 
entering the command “uncal” from a computer keyboard. 
 
3.4.3.5 Changing the sonde Sensor setup 
Use the 650 Sonde menu selection to access the sonde Sensor menu.   Once the menu has been activated, 
use the arrow keys to highlight a sensor for activation/deactivation and press Enter to confirm your choice. 
 
3.4.3.6 Changing the sonde Report setup 
Use the 650 Sonde menu selection to access the sonde Report menu.   Once the menu has been activated, 
use the arrow keys to highlight a sensor for activation/deactivation and press Enter to confirm your choice.  
See the example in Section 3.4.2 above. 
 
3.4.3.7 Viewing data stored in the sonde 
Utilize the 650 Sonde menu selection to access the File menu of the sonde.   Highlight the “View file” 
selection and press Enter.  Select the file that you want to view.  Choose Proceed and press Enter to view 
the entire file or select the portion of the data that you want to view and then select Proceed and press 
Enter to confirm your selection.   After data has appeared on the screen, use the arrow keys to select the 
particular sensor data that you wish to view.   
 
IMPORTANT: The sonde Quick view file, which is designed to show the last page of data of the last 
logged file when the sonde is interfaced to a PC is slightly different for the sonde/650 interface.   Making 
this selection will indeed show data from the last logged file, but all data (not just the last page) will be 
displayed.   It is still possible, however, to quickly view the last few logged data points which may be 
important in checking a sonde’s current performance in the field.   To rapidly move to the end of the file (in 
either View file or Quick view file), press and HOLD the down arrow to accelerate the transition to the 
final data points.  Then use the arrow keys to view the data of interest. 
 
3.4.3.8 Configuring and setting the sonde clock 
Utilize the 650 Sonde menu selection to access the System menu of the sonde.   Highlight the Date & 
Time selection and press Enter.   Use the arrow keys to highlight the preferred date format and press 
Enter to confirm your selection.  Activate/deactivate the 4-digit year selection, as desired, using the Enter 
key to toggle between choices.  Finally, set the date and time by highlighting the entries and inputting new 
values from the keypad. 
 
3.4.3.9 Setting the sonde Autosleep configuration  
As explained in Section 2 of the 6-series manual, the setup of the Autosleep RS-232 function of the sonde 
should be governed by the following rules: 
 

• Unattended sample studies/Remote deployments – Autosleep Active 
• Discrete sample studies with user present – Autosleep Inactive 

 
The rules are particularly important with regard to the method of dissolved oxygen calibration – automatic 
at the Unattended sample interval if Autosleep is Active; manually controlled by the user if Autosleep is 
inactive.  See Section 2 of the 6-series manual for additional information on the Autosleep function. 
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To set the Autosleep function, utilize the 650 Sonde menu selection to access the Advanced|Setup menu 
of the sonde.  Use the up/down arrow keys to highlight the Autosleep RS232 selection and toggle the 
function on/off with the Enter key until it is correct for your application.  
 
  

3.5   LOGGING DATA WITH THE 650 
 

3.5.1   INTRODUCTION AND BASICS OF LOGGING 
 
A primary function of the 650 is to facilitate the storage of field data from 6-series sonde sensors for later 
analysis.  It is important to understand that sonde sensor data can be logged to two memory locations

 

 using a 
system consisting of a 650 interfaced with a sonde: (1) memory resident in the sonde and (2) memory resident 
in the 650 itself.   Different applications may favor one logging choice over another.  In addition, data can be 
logged either as single points (after the user has verified stabilization) or as a continuous data stream at a fixed 
sample interval.  No matter where or how the user decides to log field data with a 650/sonde system, the 650 
software plays the key role in controlling the process.  

When setting up the 650/sonde system for your logging application, it important to realize that the 650 Run 
display, from which all logging is initiated can be activated by two methods.  The first is to simply highlight 
the Sonde run selection from the 650 menu.  The second is to use the Sonde menu command from the 650 
Main menu to enter the sonde menu structure and then to activate a Discrete sample study.  Either of these 
methods can be used to log data to both the sonde and the 650.   However, for most applications, the latter 
method (Run screen from sonde Discrete sample) should be used to activate logging to sonde memory with 
the sample interval between logged points in a continuous data stream set from the Discrete sample menu of 
the sonde.   Likewise, the former method (direct activation of the 650 Run display from the Sonde run 
command) should usually be used to activate logging to 650

 

 memory with the sample interval set in the 
Logging setup menu of the 650.  

NOTE: Logging to sonde memory may not be possible for some older version 600R, 600XL, and 6820 sondes 
that were purchased prior to September 1999.
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The user should also note the two windows in the upper portion of the display above, one designated “650” 
and the other “Sonde”.  All logging, either to sonde or 650 memory is controlled from these windows. As 
indicated, data storage to the 650 is controlled from the upper left logging window.  Storage to the sonde 
memory is controlled from the upper right logging window.  The highlighting cursor associated with the 
logging windows can be moved within a particular window using the up/down arrows and toggled from 
window to window using the left/right arrows.  Note also that, if your sonde contains an optical sensor, it is 
possible to activate the probe wiper prior to logging from the Sonde logging window. 
 
While the following sections will show that the logging functions of the 650 have a high degree of flexibility 
and capability, from a basic point of view, logging with the 650 is simple: 

 

Sonde Logging 
Window 

650 Logging 
Window 

   

  

Sample Interval 
Set in Sonde 
Discrete sample 
menu 

Sample Interval 
Set in 650 
Logging setup 
menu 
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• Decide if you want to log data continuously, and, if so, determine what sample interval between data 

points is appropriate for you study.   If you will be logging to 650 memory, highlight the Logging setup 
selection from the 650 Main menu, then highlight the Interval selection and set the interval as desired.  If 
you will be logging to sonde memory, select the 650 Sonde menu and then Run|Discrete sample from 
the sonde menu.  Set the sample interval and then activate the data display by selecting Start sampling. 

 
• Select the memory (sonde or 650) in which you want to store your data by toggling between the logging 

windows. 
 
• Highlight the logging method desired – “Log one sample” for a single logged point or “Start logging” to 

store a continuous data stream. 
 
• Press Enter to activate the logging selection. 
 
• To end the study if a continuous data stream was selected, press Enter with the highlight cursor on the 

Stop logging command or press the Escape key. 
 
Sections 3.5.2 and 3.5.3 below provide details and real-life examples of logging data to sonde memory and to 
650 memory, respectively, using the 650 as the interface. 

 
3.5.2   LOGGING DATA TO SONDE MEMORY 
 
3.5.2.1 INTRODUCTION 
 
All YSI 6-series sondes sold since September 1999 have memory present on their internal PCBs. In addition, 
all 600XLM, 6920, and 6600 sondes have internal memory, regardless of the date of purchase.   Interface of 
these sondes to a 650 allows the user to easily store data (either a single point or a continuous stream) to the 
sonde memory.   If a continuous stream of data is desired, the interval between the stored points is controlled 
by the Sample interval in the sonde’s Discrete sample function. The file name under which this data is 
stored and the site name associated with the file are also input in the Discrete sample function of the sonde 
using the 650 keypad as the input method.   When logging to sonde memory, be sure to follow the instructions 
above with regard to entering the 650 Run display either directly from the 650 Sonde run menu or indirectly 
from the 650 Sonde menu selection to control your sample interval. 
 
The following examples show the setup and implementation of logging to sonde memory using the 650 as the 
interface device. 
 
3.5.2.2 EXAMPLE 1 – SIMPLE SINGLE POINT LOGGING TO SONDE 
MEMORY 
 
A user with a 600XL/650 system wants to store data electronically from a single site rather than writing down 
the information manually in the field.  
 
To log this data point to the sonde memory, the user highlights the Sonde run selection in the 650 Main 
menu and presses Enter to begin data display. 
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The user places the sonde in the water and watches the readings on the 650 display until they are stable.   
When stable, the Log one sample selection in the Sonde logging window (upper right) is highlighted as 
shown above and the Enter key is pressed.  The header changes from “Run” to “Sample logged” to confirm 
that the data storage to sonde memory was successful and then returns automatically to the Sonde run 
display.  The user turns the 650 off and returns to the office to retrieve the data.  
 
The single data point is stored in the sonde memory under the automatically generated file name NONAME1.  
The file can be viewed by selecting Sonde menu from the 650 Main menu and pressing Enter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
To view the data on return from the site, the user selects the sonde menu File selection, presses Enter to 
confirm the entry, and then highlights theView file selection and presses Enter.  Following these instructions 
generates a display of the data that is stored in the sonde memory under the default name NONAME1.  Use 
the right/left arrow keys to scroll horizontally to view all of the data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
The user manually records the data from the site and turns the system off. 
 
3.5.2.3 EXAMPLE 2 – CONTINUOUS LOGGING APPLICATION TO SONDE 
MEMORY  
 
A user wants to carry out a vertical profile of a lake from 0 to 30 feet in order to detect the presence of a 
thermocline, and, if identified, to locate its position in the water column.  The experiment will involve 
lowering a 6920 sonde in 1 foot increments until the bottom of the lake is detected, leaving the sonde at each 
depth for 3 minutes to allow the sensor readings to stabilize while logging data continuously.  Thus, the user 
will generate data over a 90 minute time period (30 increments times 3 minutes per increment).   If data were 
logged directly to sonde memory at the default 0.5 second sample interval, a very large data file containing 
5400 data points would be generated, with little benefit gained from its size. 
 
With this in mind, the user decides to increase the sample interval to 16 seconds, thus greatly reducing the 
amount of data in the file with no loss of real resolution.   As explained above, the sample interval for logging 
to sonde memory is set in the Discrete sample menu of the sonde, and thus the user MUST activate the 650 
Run display indirectly using the 650 Sonde menu selection as detailed above. 
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The user attaches the 6920 sonde to a 650.  After turning on the 650, the user selects Sonde menu from the 
650 Main menu and presses Enter to display the Main sonde menu.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The user then selects Run from the sonde Main menu and Discrete sample from the Run menu, pressing 
Enter to confirm each selection. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To set up the desired study parameters, the user uses the 650 keypad to change the Sample interval from 0.5 
seconds to 16 seconds and inputs custom file (PROFILE1) and site (WEST LAKE) designations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The user then highlights Start sampling and lowers the instrument into the water to begin the study.  The data 
displayed on the screen is updated every 16 seconds.  The user then highlights the Start logging selection in 
the sonde logging window in the upper right of the display and presses Enter to begin logging data to sonde 
memory.   The message in the sonde logging window changes to Stop logging, indicating that logging has 
successfully been activated.    
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At the end of the 90 minute profile determination, the user either confirms the Stop logging command by 
pressing Enter or simply presses the Escape key to return to the sonde Discrete sample menu, highlights the 
Close file selection, and confirms the file closing by pressing Enter.  
 
The profile data taken at a 16 second sample interval is now stored in the sonde memory under the file name 
PROFILE1.  It can be viewed on the 650 display and/or uploaded to the 650 memory or directly to a PC by 
accessing the sonde File menu. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.5.2.4 SONDES WITHOUT MEMORY  
 
If your sonde is a 600R, 600XL, or 6820 purchased prior to September 1999, it may contain a circuit board 
that does not have memory.   With sondes of this type, you will not be able to log data to the sonde – only to 
the 650 as detailed in the following section.   With these no-memory sondes attached to your 650, the Run 
display will show a blank Sonde logging window as shown below. 
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3.5.3   LOGGING DATA TO 650 MEMORY 
 
 
3.5.3.1 INTRODUCTION 
 
Even if the sonde in your 650/sonde system has its own memory, it may be more convenient for you to log 
data directly to the 650 memory simply because you eliminate the need to upload the data after logging, 
i.e., it will already be resident in 650 memory.   In addition, logging directly to 650 memory allows you to 
log GPS and barometric pressure readings along with sonde sensor data.   Barometer and GPS data cannot 
be logged to sonde memory.  Finally, the file/site list capability associated with the 650 is more powerful 
than that of the sonde, allowing you to log data from several sites to a single file.   If these applications are 
important to you, then it is likely that logging directly to 650 memory should be your first choice.  
Naturally, if your sonde is a 600R, 600XL, or 6820 with no memory (pre-1999), then you will be 
REQUIRED to log your sonde data directly to the 650. 
 
Before proceeding in this section, be sure that you review Section 3.5.1 above which describes the basics of 
logging with a 650 (either to sonde or to 650 memory).   
 
The following sections will provide details and examples of the flexibility of logging sonde data to 650 
memory.   The distinction between (a) simple occasional logging with file and site names entered at the 
logging site and (b) logging to a more sophisticated file structure where file parameters are entered into a 
site list prior to going to the field will be described. 
 
 
3.5.3.2 SIMPLE LOGGING TO 650 MEMORY 
 
The term “simple logging” to 650 memory refers to the method of defining file and site names for the 
study.   In applications of this type, the user inputs new file and site (optional) names for each study at the 
time the data is logged.   
 
IMPORTANT: The Use site list selection in the 650 Logging setup menu should be INACTIVE for the 
example below which demonstrates simple logging. 
 
A user with a 600XL/650 system wants to store a continuous stream of data electronically for a single site at a 
sample interval of 10 seconds between data points.   Note that this is a similar example to that in 3.5.2.2 
above, except that the logging is to 650, rather than sonde, memory and a data stream, rather than a single 
point, will be logged. 
 
The first step in this application is to make certain that the sample interval is set correctly for the logging 
study.   The factory default sample interval of 1 second will therefore need to be changed to 10 seconds. 
 
To set the sample interval, highlight the Logging setup entry in the 650 Main menu and press Enter. 
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Press Enter at the highlighted Interval selection and use the arrow keys to scroll to the right and change the 
interval from 1 second to 10 seconds.  Confirm the selection by pressing Enter and then press Esc to return to 
the 650 Main menu. 
 
 
 
 
 
 
 
 
 
 
 
 
Once the sample interval is set correctly in the 650 Logging setup menu, the user simply highlights the Sonde 
run selection in the 650 Main menu and presses Enter to begin data display. 
 
 
 
 
 
 
 
 
 
 
 
 
 
The user places the sonde in the water and then highlights the Start logging selection in the 650 logging 
window (upper left) and presses Enter.  The user is then prompted to enter a Filename and Site description 
for the study as shown below.   
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Using the arrow keys, the Filename window is highlighted, the user presses the Enter key and then inputs the 
file name (in this case, WEST) from the keypad as shown above.  A site name (BLUE LAKE) is then entered 
from the keypad by highlighting the Site description window and proceeding as for the File name.  Pressing 
Enter confirms the Site entry.   The user then highlights the OK window and presses Enter to log the point.   
The header of the 650 logging windows changes to Stop logging to confirm that the data storage to 650 
memory is active and a countdown timer appears at the top of the display to show the exact moment a point is 
logged to 650 memory.    When the study is complete, the user highlights the Stop logging selection and 
presses Enter to terminate logging. 
 
NOTE: For ultimate simplicity, it was not necessary to enter either a file or a site name in the above 
application.   If the OK window had been highlighted immediately and Enter pressed, a point will be logged 
to a file in the 650 memory under the designation NONAME1.   It is also possible to input a custom file name, 
but not enter a site name and then log the point.  
 
The stream of data is stored in the 650 memory under the file name WEST that was input by the user.  The file 
can be viewed by selecting File from the 650 Main menu and pressing Enter.  Then highlight the View file 
selection and then the selected file (WEST), pressing Enter after each entry.   The data in the file will be 
displayed as shown below.  Use the arrow keys to scroll horizontally in order to view all of the data. 
 
 
 
 
 
 
 
 
 
 
Note that, using these same basic guidelines, data could have been logged at another site on the same day with the 
user inputting a different site designation (file name and site name) in the field.  Data could also have been logged 
single points or as a continuous data stream at each site simply by the choice of Log single point or Start 
logging, respectively, in the 650 Logging window. 
 
Data can also be appended at later times to existing site designations.   However, there is a limitation on 
this process: the parameter setup during subsequent logging runs MUST be exactly the same as for 
the first entry. 

 

 For example, if you add a sonde parameter to the Report for the second logging run to a 
particular site, you will not be able to append this data to the existing file.   If you logged Barometer or 
GPS readings to the initial file you will be required to maintain the logging of these files on subsequent 
logging runs.  If your current parameter setup is different from the one used initially, a “Parameter 
Mismatch” screen similar to that shown below will appear when you try to log data to the old site 
designation.  The screen should help in pinpointing the change in your parameter setup that is causing the 
inability to append the file.  In the example below, the old parameter setup is shown on the right of the 
screen and the new parameter setup is on the left.   It is evident that the mismatch occurs in the third line 
where salinity from the new setup is “mismatched” with “DO %” from the old setup.  The screen thus 
shows that salinity has been added to the parameter list between the two logging studies and must be 
removed if the original file is to be appended with further data.  
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3.5.3.3 LOGGING TO 650 MEMORY WITH A SITE LIST 
 
In the example above, you learned how to log data to 650 memory that had file and site designations input 
to the logger at the time that the data was logged in the field.  It is also possible, and in most cases more 
convenient, to place file and site designations into the 650 memory in the office or laboratory before 
moving to field for logging studies.  This is particularly true if you are aware of the sites at which you will 
be determining water quality data and/or which you will be visiting on a regular basis.  The following 
section describes how to set up site lists which contain entries designated “Site Designations” that will be 
instantly available to the user in the field to facilitate the logging of data in the field with pre-established 
naming of files and sites.  There are two kinds of Site Designations available for use in Site lists: 
 
• Site Designations associated with applications where data from a single site is always logged to a 

single file

 

.  This type is referred to as a “Single-Site Designation” and is characterized by two 
parameters – a file name and a site name.  Files logged to 650 memory under a Single-Site 
Designations will be characterized primarily by the file name, but will also have the Site name 
attached, so that it is viewable in either the 650 File directory or in EcoWatch for Windows after 
upload to a PC 

• Site Designations associated with applications where data from multiple sites are logged to a single 
file

  

.  This type is referred to as a “Multi-site Designation” and is characterized by three parameters – a 
file name, a site name, and a site number.  Files logged to 650 memory under Multi-site Designations 
are characterized by a file name, but not a site name, since multiple sites are involved.  However, each 
data point has a Site Number attached to it so that the user can easily determine the sampling site when 
viewing the data from the 650 File menu or processing the data in EcoWatch for Windows after upload 
to a PC. 

When reading the following section on the use of the 650 Site list, remember that a Site List is a 
compilation of individual entries called Site Designations.  Single-Site Designations are used when the 
data from a particular location is always logged to the same single file.  A Single-Site Designation is 
characterized by a unique file name.  Multi-Site Designations are used when data from several locations 
are logged to a single

 

 file.  For Multi-site Designations, there will a single File Name with multiple Site 
Names and Site Numbers.  The following displays show examples of Single and Multi-Site Designations. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Site List 

Single-Site Designations 
with Different File Names 
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Note that Site lists containing Single Site Designations are usually input with the designation Store 
Site Number INACTIVE in the 650 Logging setup menu.  Thus, no site numbers appear in the first Site 
list example.  Conversely, Site lists containing Multi-Site Designations MUST be input with the Store 
Site Number selection ACTIVE as shown in the second example. 
 
As noted above, establishment of either of these two types of Site Designations that are stored in 650 
memory in a Site List will allow you to log field data to the 650 memory without entering file/site 
information from the 650 keypad in the field at each site.  You will easily be able to access previously 
entered Site Designation information from this the Site List at each field site and thus simplify your record 
keeping and logging procedures.   To utilize the full capability of the 650 logging system, you will need to 
understand how to set up and use these two types of Site Designations, particularly if you are performing 
multiple or replicate logging studies at various field sites.  The following discussion and examples should 
help you understand how to set up site lists for various applications. 
 
 
LOGGING OF DATA TO 650 MEMORY FROM SINGLE SITES TO SINGLE FILES – USE OF 
SINGLE-SITE DESIGNATIONS IN A SITE LIST 
 
The setup and use of Single-Site Designations will be provided in the following application example: 
Water quality data needs to be collected for two sites at the West and East ends of a lake (Blue Lake) at 
various time intervals for 30 days.  The environmental scientists want all of the data for each site to be in a 
separate data file that can be reported from EcoWatch for Windows or from a spreadsheet.  The key to this 
application is that each physical location will need to be characterized by a different File Name in the Site 
Designation. 
  
To establish a site list in the 650 memory for this application, highlight the Logging setup selection in the 
650 Main menu and press Enter.  The following screen will appear.  Make certain that the selection Use 
Site list is active to display the full capability of the Logging setup as shown below.   To set up a list with 
Single-Site Designations the selection Store Site number should be INACTIVE (as shown below) before 
proceeding.  
 
 
 
 
 
 
 

   

Site List 

Multi-Site Designations with 
the Same File Name 
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Note also that if you have purchased a 650 without the barometer option, the selection Store barometer 
will not be present.   Decide whether or not you want to store GPS and barometer information with your 
data file and activate/deactivate the Store Lat and Long and Store Barometer selections appropriately.   
Leaving these selections active will occupy memory in the 650 during logging and this factor may be a 
consideration if you have purchased a 650 with “Low” memory and you do not really require this 
information in your file.  Once these selections have been made, highlight the Edit site list selection and 
press Enter to display the screen below.  Note that you can use the left/right arrows to scroll between the 
Filename and Site name selections and that tips about the meaning of these terms is provided at the bottom 
of the display depending on the position of the cursor. 
 
 
 
 
 
 
 
 
 
 
 
 
To make Site list entries for this application, begin by highlighting the Filename position, pressing Enter 
and inputting the file name (WEST, in this case) from the keypad.  Press Enter to confirm the entry and the 
cursor will automatically move to the right for the entry of a Site name.   Enter BLUE LAKE for the site 
and press Enter to confirm the entry.  The cursor will move automatically to the next Filename entry 
position.  Now enter EAST for the file name and BLUE LAKE for the site name, pressing Enter after each 
entry to confirm.  Your site list should appear like that in the following display. 
 
 
 
 
 
 
 
 
 
 
 
 
 
You have now established a site list that will be available in the field for logging of data to two files on 
BLUE LAKE -- EAST and WEST.   To use this list, you need to first make certain that the entry Use site 
list is active in the 650 logging setup.   Then travel to the first location, identified by the Filename WEST, 
activate the 650 Run display, and then select either a continuous data stream (Start logging) or a single 
data entry (Log single point) from the 650 logging window.   
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Then press Enter.  When the logging prompt is activated, the site list will automatically appear on the 
display and be available for use in your study as shown below.  First highlight the WEST file (since you are 
at that location) and press Enter to log data to the 650 memory.  An indication that the logging was 
successful will appear in the 650 logging window.  Then move to the next location (EAST), activate the 
650 logging function, and repeat the logging process, but this time highlighting the EAST Filename entry. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NOTE: If you want to return to the Edit site list display for changes before logging, use the RIGHT 
ARROW KEY to highlight the Configure selection and press Enter.  The up/down arrows will only scroll 
within the Site list. 
 
The data from the two locations has been logged to the selected files that can be either viewed manually 
using the 650 View file menu or uploaded to EcoWatch for Windows from the 650 File menu. This means 
that all data for the West and East sites are located in separate

 

 files identified by the Filenames WEST and 
EAST as shown in the 650 File Directory below.   

 
 
 
 
 
 
 
 
 
 
 
 
 
Details of the files (shown by pressing Enter when the File is highlighted in Directory) are shown below.  
Note that the site name (BLUE LAKE) is listed in the file since the data was logged using Single-Site 
Designations. 
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These files will remain “open” in 650 memory so that you can return to each location at a future time and 
log more data to the file designations WEST and EAST (but see note below).   The key for this Site list 
setup is that all data logged will be stored in a separate file for each location (WEST and EAST) which 
were designated as file names at the site BLUE LAKE. 
 
NOTE CAREFULLY: As described above for non-site list files, there is a limitation on appending data to 
existing files: the parameter setup during subsequent logging runs MUST be exactly the same as for the 
first entry.  For example, if you add a sonde parameter to the Report for the second logging run to a 
particular site, you will not be able to append this data to the existing file.   If you logged Barometer or 
GPS readings to the initial file you will be required to maintain the logging of these files on subsequent 
logging runs.  If your current parameter setup is different from the one used initially, the Site Designation 
for that file will be “grayed-out” in the Site list and will not be available until you adjust your parameter 
setup.  If you try to log data to the grayed-out file, you will be shown a “Parameter Mismatch” screen 
similar to that for non-site list files which will aid in diagnosing the differences in the parameter setup that 
is preventing the existing file from being appended with new data 
 
 
LOGGING OF DATA FROM SEVERAL DIFFERENT SITES TO THE SAME FILE – USE OF A 
“MULTI-SITE” LIST 
 
The setup and use of Multi-Site Designations will be provided in the following example which deals with 
a different approach to the application in the previous example on Single-Site Designations: Water quality 
data needs to be collected for two sites at the West and East ends of a lake (Blue Lake) at various time 
intervals for 30 days.  In this case, the environmental scientists want all of the data in a single file

 

 for 
recording keeping convenience.  The key to this application is that the Site list will need to contain Multi-
Site Designations with the same Filename, but with different Site names and Site numbers to 
characterize each physical location. 

To make Site list entries for this application, highlight the Logging setup selection in the 650 main menu 
and press Enter. The following screen will appear.  As in the previous Site list setup, make certain that you 
have activated/deactivated the Store barometer and Store Lat and Long settings as appropriate for your 
application.  The real key, however, in configuring the Logging setup display for use with a Multi-site list 
is that you MUST make certain that the selection Store Site number is ACTIVE (as shown below) before 
proceeding. 
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Then highlight the Edit site list selection and press Enter to display the following screen. 
  
 
 
 
 
 
 
 
 
 
 
To generate a list of Multi-Site Designations for storing readings from various sites to the same file, 
establish two entries in the site list with the same file name (BLUELAKE).  The entries will be 
differentiated by different Site names (WEST and EAST), and, more importantly, by different Site 
Numbers (1 for WEST and 2 for EAST) so that your site list appears as shown in display below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
You have now established a site list that will be available in the field for logging of data from two sites 
(WEST and EAST) to a single file (BLUELAKE).   To use this list, you need to first make certain that the 
entry Use site list is active in the 650 logging setup.   Then travel to the WEST site, activate the 650 Run 
display and then select either a continuous data stream (Start logging) or a single data entry (Log single 
point) from the 650 logging window, and press Enter When the logging prompt is activated, the site list 
will automatically appear on the display and be available for use in your study as shown below.  First 
highlight the entry with the WEST Site name (since your are at that location) and press Enter to log data 
to the 650 memory.  An indication that the logging was successful will appear in the 650 logging window. 
Then move to the next location (EAST), activate the 650 logging function, and repeat the logging process, 
but this time highlighting the EAST Site name entry. 
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NOTE: If you want to return to the Edit site list display for changes before logging, use the RIGHT 
ARROW KEY to highlight the Configure selection and press Enter.  The up/down arrows will only scroll 
within the Site list. 
 
The data for two different sites has now been logged to the single file (BLUELAKE) that can be either 
viewed manually using the 650 View file menu or uploaded to EcoWatch for Windows from the 650 
File|Upload to PC menu.  The Site Number (“1” for the WEST site and “2” for the EAST site) will be 
stored with each data point and will be thus be available for identifying where the data was taken.   The file 
BLUELAKE can be examined by use of the 650 File selection.   In the 650 File menu, highlight Directory 
and press Enter as shown below.  Then press Enter with the cursor on the BLUELAKE file to show the 
file details.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note that there is NO Site name listed for the file BLUELAKE since data from more than on site was 
logged to it.  Now highlight the View file selection and press Enter to display the data in BLUELAKE as 
shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
Note that the data from two sites is identified by the Site Number attached to each data record.  To index 
these numbers to the appropriate locations, the user must consult the Site list by activating Edit site list 
from the 650 Logging setup menu.  The correlation between site names and numbers is found here, 
indicating that Site 1 is WEST and Site 2 is EAST.  
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This file will remain in 650 memory so that you can return to each location at a future time and log more 
data to the Site designations WEST and EAST.   The key for this site list setup is that all data logged will 
be stored in the same file (BLUELAKE) under different Site Numbers for each location (1 for WEST and 
2 for EAST). 
 
NOTE CAREFULLY: The same limitation noted above applies for appending the file BLUELAKE with 
additional data from these or other sites – the logging setup (sonde parameters, barometer, GPS) must be 
identical to that for the initially-stored data.  If there has been a change in setup, the Site Designation will 
be “grayed-out” in the Site List indicating a parameter mismatch. 
 
 
 
3.5.3.4 EDITING YOUR SITE LIST 
 
The 650 software provides powerful tools for editing your site list.   Actions such as inserting (adding) new 
entries, deleting existing entries, and moving entries within the list can be carried out easily from the 
keypad.  Highlight the Edit site list entry in the 650 Logging setup display and press Enter to show the 
following screen. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note that the keystrokes for editing the site list are shown in the bottom of the Main Display.   Thus, to 
insert (add) a file above the present cursor position, simply highlight the proper entry and press the Right 
arrow key while holding down the Enter key as shown in the following example.  Note that two sites were 
inserted in the initial site list using this method. 
 
 
 
 
 
 
 
 
 
 
The two inserted entries can be moved either up or down in the list by highlighting them and pressing the 
Up or Down arrow key while holding down the Enter key or completely deleted by highlighting the entry 
and pressing the Left arrow key while holding down the Enter key as shown below.  
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Finally, the user should be aware of a timesaving tip that is displayed when the Filename entry is 
highlighted.  The tip allows much easier generation of Multi-Site Designations where the Filename is 
identical for several files.  To “copy” the Filename from the previous file to a new entry below, simply 
highlight the new Filename block, press Enter and then enter site names and site numbers.   The site list 
will show these blanks in the Edit site list mode as shown on the left below, but when the site list is 
accessed for logging studies the actual Filename will appear to avoid confusion.  This is shown at the right 
below.  Note that, by using this tip, two new sites have been easily added to the BLUELAKE Multi-site list 
with no need to enter “BLUELAKE” Filename for each new site.  
 
 
 
 
 
 
 
 
 
 
Remember that, when editing your Site list, you will have no effect on the actual files which were 
previously logged to 650 memory nor on the data in the files.  See Section 3.6 below. 
 
 

3.5.4   650 LOGGING – “CANS” AND “CAN’TS” 
 
The use of the 650 to facilitate the storage of data from YSI 6-series sondes has been described in some 
detail in the sections above.   Unfortunately, the high levels of capability and flexibility of the 650 logging 
function might also be viewed as complexity which, in turn, can confuse some users about how to employ 
the 650 in their particular application.  This section is designed to help with any confusion that exists by 
listing what “can” be done with the 650 logging system and what “can’t” be done. 
 
3.5.4.1 SUMMARY OF 650 LOGGING CAPABILITIES 
 
WITH A 650/YSI SONDE SYSTEM, THE USER CAN: 
 
• Log sonde sensor data to either sonde memory (if your sonde is so equipped) or 650 memory. 
 
• Log data as either a single point or as a continuous data stream. 
 
• Log data in both single point form and continuous stream form to the same file in 650 or sonde 

memory. 
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• Log continuous data stream data at long or short sample intervals to sonde memory, as long as the 

study is started from the Run menu of the sonde
 

. 

• Log continuous data stream data at long or short sample intervals up to 15 minutes to 650 memory 
using the Sample interval selection in the Logging setup menu of the 650. 

 
• Log data from the 650 internal barometer to the memory of the 650. 
 
• Log data from a user-supplied GPS unit to the memory of the 650, 

 

as long as the GPS unit is set up in 
NMEA format and has the proper cable. 

• Log data with minimal keypad entry from the 650 display by using default file naming. 
 
• Assign custom file and site names using the 650 keypad at the logging site.  
 
• Set up custom site lists in the office or laboratory that are instantly available in the field to simply 

file/site management. 
 
• Set up Site Designations that are characterized by a File Name and a Site Name for simple logging of 

data from a single site to a single file. 
 
• Set up Site Designations that are characterized by a File Name, a Site Name, and a Site number which 

correlates with the Site name.   These lists allow the logging of data from more than one site to the 
same file. 

 
• Easily view data on the 650 display that has been stored to either sonde or 650 memory. 
 
• Easily upload data that has been stored in either sonde or 650 memory to a PC for analysis using 

EcoWatch for Windows software from YSI. 
 
 
3.5.4.2 SUMMARY OF 650 LOGGING LIMITATIONS 
 
WITH A 650/YSI SONDE SYSTEM, THE USER CANNOT: 
 
• Log GPS and/or barometer data to sonde
 

 memory. 

• Log GPS and/or barometer to 650 memory without a sonde attached and the 650 in Run mode

 

.  See 
Sections 3.8.2 and 3.9.4 below. 

• Log data to existing files in 650 memory if the data format does not EXACTLY match that of the data 
already in the file.  Typical examples of this type of “file mismatch” include: 

 
• Attempting to append existing data files after changing the parameter list. 

 
• Attempting to append existing data containing a Site Number to a file that contains data 

without Site numbers. 
 

• Attempting to append existing data containing NO site number to a file that contains data with 
Site numbers. 
 

• Attempting to append existing files containing GPS and/or barometer data after deactivating 
the storage of these parameters in Logging setup. 
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• Delete individual

 

 files from 650 or sonde memory.  The memory is “flash” and therefore all files must 
be deleted in order to regenerate the storage capacity. 

• Enter more than 8 characters for a File name or more than 13 characters for a Site name. 
 
 

3.6   MANAGING 650 FILES 
 

3.6.1   INTRODUCTION 
 
This section deals with the management of data that have been placed in 650 memory either through direct 
logging from your sonde or from the upload of data stored in sonde memory.  A “file” by definition contains 
data and is distinct from the Site Designations in a Site list that are used to configure actual data files.  For 
example, deleting an entry from the site list after points have been logged under this designation will have no 
effect on the actual logged data, i.e., the file itself will still be present in 650 memory.   Conversely, deleting 
data files from the 650 memory will not delete the Site Designations from the Site list.   The management of 
data stored in the 650 is controlled from the 650 File command; the management of the list of file/site 
designations is controlled from the Edit site list command in the 650 Logging setup menu as described in 
Section 3.5.3.4 above.    Understanding this distinction will help the user avoid confusion in file and site list 
management. 
 
It is also important to remember that, as described in Section 3.2.2 above, the memory of the 650 is “flash” 
and that, while this type of memory has many advantages, its use does impose two limitations on file 
management. 
 
1. The files are listed in the order that they are logged to memory and this order cannot be changed. 
 
2. It is not possible to delete individual files to free up memory.  The only way to regenerate the 650 

memory is to delete ALL files present, i.e., format the flash. 
 
To proceed with the details of 650 File management, turn the instrument on, highlight the File entry in the 650 
Main menu, and press Enter to display the File commands as shown below. 
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3.6.2   DIRECTORY  
 
Use the arrow keys to highlight the Directory selection in the 650 File menu and press Enter to display the 
list of files resident in the 650 memory. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note that the size of the file is shown in two different ways: (1) the number of samples (logged data points of 
several parameters) and (2) the total number of bytes of memory occupied by the file.  Highlight the top file 
(PROFILE1) and press Enter to generate a display of the details of this file.  Press Escape and then highlight 
the second file (DEPLOY1) and press Enter to again display information about the file. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For both files, the file name, site name, file size and time of the first and last samples logged are shown.   The 
information under Interval will identify whether the data were logged by manual control of the system 
(Discrete) or to the memory of a sonde set up in an Unattended sampling study.  Only for Unattended 
sampling studies will the actual sample interval be displayed.  When the Interval has the designation 
“Discrete”, the time between samples can be determined by viewing the data as described below. 
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3.6.3   UPLOAD TO PC 
 
This frequently used command is used to transfer data files resident in the 650 memory (either logged directly 
or uploaded from sonde memory) to a PC that is running YSI EcoWatch for Windows software.   Once 
transferred, the data can be custom configured, plotted, and reported in tabular form using this software 
package.   The data can also be exported from EcoWatch in spreadsheet compatible form if the user prefers 
this method of data analysis and management.  In order to carry out the upload of data files to your PC, you 
must first connect the 650 to a serial port of your computer via the 655174 PC Interface cable as shown in the 
following diagram: 
 

 
After the connection is made, run EcoWatch for Windows, click on the sonde icon in the upper toolbar, and 
set the Comm port number to match your interface.  After this setup procedure, the following screen will be 
present on your PC monitor: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PC Serial port 
(DE-9) 

 

650 

655174 PC Interface Cable 

Computer with 
EcoWatch for 
Windows Installed 

DB-9 PC 
Serial Port 
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To transfer data from the 650 to your PC, highlight the Upload to PC selection in the 650 File menu and press 
Enter to view a list of the files.  Highlight the file that you wish to transfer and press Enter.  The 650 and PC 
displays will show the progress of the file transfer until completion. 
 
 
 
 
 
 
 
 
 
 
Note that there are three file types (with different extensions) in the above directory: (1) Files with .dat 
extensions which are data files logged to either sonde memory of 650 memory and which are in YSI PC6000 
format; (2) Files with a .txt extension which are data files logged to sonde memory and then transferred to 650 
memory in either ASCII or CDF format; and (3) Files with a .glp extension which are calibration records of 
either the sonde sensors or the 650 barometer.  For files with a .dat or .txt extension, transfer to a PC using the 
Upload to PC command will proceed automatically and retain the file type that is present in 650 memory.  
For files with a .glp extension, an additional screen will appear on activating the transfer that gives a choice of 
binary, CDF, or ASCII for moving the file to the computer.   You currently MUST use either the CDF or 
ASCII format for transfer so that the .glp file can be viewed in NotePad or other word processing program.  
The binary transfer option is for future YSI upgrades. 
 
After transfer the file will be located in the C:\ECOWWIN\DATA subdirectory of your PC hard drive. 
 
 

3.6.4   VIEW FILE 
 
The View file selection in the 650 File menu allows the user to examine the data in files logged or uploaded to 
650 memory.  Highlight the View file selection and press Enter to display a list of files present.  Then 
highlight the file of interest and press Enter to view the data on the 650 display. 
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Use the arrow keys to scroll vertically to view more data points with regard to time or horizontally to view 
more sensor data within a particular data entry.  The vertical and horizontal scroll bars identify your location 
within the data file. 
 
 

3.6.5   FILE MEMORY 
 
The File memory selection in the 650 File menu allows the user to get a complete picture of how the 
memory of the instrument is presently allocated.  To view details of the allocation, highlight File memory and 
press Enter to display the following screen. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The key number in the File bytes used display is the Free memory listing which can be used to determine 
when you need to format the 650 memory (“Delete all files” as described in the next section).   The value 
under Total memory will reflect whether you purchased a 650 with high or low memory.   The top three items 
in the display summarize the allocation of the used memory space.  In the example above, 6400 bytes are used 
in defining the memory directory, 512 bytes are taken up with accessible files, and 0 bytes are taken up in 
“deleted” files.   As described in Section 3.2.2 above, “deleted” files arise when the same file is uploaded from 
a sonde several times with the file “overwritten”. 
 
There is a lot of information on the File memory display, but the number of greatest importance is the Free 
memory value. 
 
 

3.6.6   DELETE ALL FILES 
 
Use this selection to remove all files from the 650 memory.  Remember that you cannot delete individual files 
from flash memory.  Highlight the selection and press Enter.   Use the arrow keys to confirm that you really 
want to delete all files and press Enter.    
 
CAUTION: When you use this command, all data currently stored in the 650 memory will be irretrievably 
lost, so make certain that you have transferred all files of interest to your PC before carrying out the 
procedure.   Note, however, that use of the Delete all files command will have no effect on any Site 
Designations which have been entered from the Edit site list selection.  
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3.7   UPLOADING DATA FROM SONDES 
 

3.7.1   INTRODUCTION 
 
A primary function of the 650 is to serve as an intermediate location for transfer of data stored in deployed 6-
series sondes to a PC without bringing the sondes back to the base facility.     In this application, the user 
connects the 650 to the sonde at the deployment site via a standard YSI field cable and, using the proper 
keypad commands, transfers the data stored in the sonde to the memory of the 650.  The sonde is then 
redeployed without disturbing the study and the data transferred to a PC on return to the base facility.   
 

3.7.2   UPLOAD PROCEDURE 
 
After attachment of the sonde to the 650 with a YSI field cable, turn on the 650, highlight the Sonde menu 
selection and press Enter to display the Main sonde menu.  Highlight the File selection and press Enter. 
NOTE: The upload MUST be made from the File menu of the sonde, not the File menu of the 
 

650. 

 
 
 
 
 
 
 
 
 
 
Select the Upload or Quick upload (last file) and press Enter.   Then follow the instructions including 
selection of file format – YSI recommends the PC6000 format.  Press Enter and the display will indicate that 
upload of data from sonde to 650 is in progress as shown below.  When the upload is complete, the display 
will return to the Sonde File menu. 
 
 
 
 
 
 
 
 
 
 
After the sonde file has been uploaded to the 650, the data is resident in the flash memory of both sonde and 
650.  Note that, if you choose to upload files from the sonde in CDF or ASCII format, the files will be 
characterized by a .txt extension in the 650 Directory and will NOT be viewable on the 650 display.   To view 
the files, you must first transfer them from the 650 to your PC and then open them in a spreadsheet. 
 
 

3.8   USING GPS WITH THE 650 
 

3.8.1   SETTING UP THE GPS-650 INTERFACE 
 
The 650 allows the user to display GPS readings of latitude and longitude from a commercially-available, 
user-supplied unit in the Status Bar of the 650 display.  The interface of the GPS unit to the 650 is 
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accomplished via the 6115 GPS cable that can be purchased as an optional accessory.   Using the 6115 cable, 
GPS readings can also be logged to the 650 memory along with sonde sensor readings taken at a particular 
geographical location, which can then be relocated for subsequent studies.   
 
The use of the GPS interface is easy, but the user must configure the hardware and software of the GPS unit as 
follows before proceeding: 
 
• Consult the user manual of the GPS unit and configure the instrument so that readings in the NMEA 0183 

protocol are generated. 
• Purchase from your GPS manufacturer a cable that connects at one end to the GPS unit and has at its 

other end a female DB-9 connector for interface with the YSI 6115 GPS cable. 
 
Once these requirements are met, proceed according to the following instructions, consulting Figure 2 in 
Section 3.2.3 above for assistance: 
 
• Connect the 6115 GPS cable to the 650 via the MS-8 connector. 
• Connect the other MS-8 connector of the 6115 GPS cable to the MS-8 connector or your sonde cable. 
• Attach the male DB-9 connector of the 6115 GPS cable to the mating female connector of your GPS unit. 
• Turn on the 650 and make certain that appropriate GPS readings are displayed in the upper left corner of 

the Status Bar as shown in the following display. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.8.2   LOGGING GPS READINGS 
 
To log latitude and longitude readings from a user-supplied GPS unit, the following conditions must be 
met: 
 
• GPS readings can ONLY be logged to 650 memory – the system does NOT support logging to sonde 

memory. 
 
• The GPS readings must be logged to 650 memory from the 650 Run display along with sonde sensor 

readings.  This means that you must have a sonde attached to your 650 via the 6115 cable in order to 
log GPS readings.  Logging of GPS readings is not supported without sonde attachment even though 
these readings can be viewed in the Status Bar with no sonde attached.   

 
• If your want to log the GPS readings to 650 memory along with sonde sensor readings at a particular 

location, you must make certain that the Store Lat and Long option is active in the Logging setup 
menu of the 650. 
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Once these conditions are met, follow the instructions in Section 3.5.3 above for logging of sonde sensor 
readings to 650 memory.  The GPS readings will automatically be added to the file at the sample interval 
selected for the sonde readings. 
 
GPS readings stored in 650 memory will remain as part of the sensor data file that can be viewed from the 
650 display and/or uploaded with the data file for analysis in EcoWatch for Windows.  Latitude and 
longitude are, however, displayed somewhat differently by the 650 and EcoWatch as noted below:   
 
• For both display formats, the GPS are indexed relative to the point where the Greenwich Mean Time 

line crosses the equator. 
 
• For the 650 Status Bar, readings are displayed in degrees and then decimal minutes relative to this 

point with actual “N” (north), “S” (south), “E” (east) and “W” (west) designations relative to the index 
point. 

 
• When analyzing data in EcoWatch, the user will have the choice of two formats, decimal degrees (e.g., 

47.5400 degrees) or degrees/decimal minutes (e.g., 47 o 32.400’).  For EcoWatch, alpha directional 
characters (“N”, “S”, “E”, and “W”) are NOT used.  Instead, points north and east of the index point 
are designated as positive, while points south and west are designated as negative

 
. 

These criteria mean that the GPS coordinates of Yellow Springs, Ohio, USA are approximately 39 o 47.33’ 
latitude and -83 o54.13’ longitude as read in EcoWatch, but N 39 o 47.33’ W 83 o 54.13’ as displayed by the 
650.  
 
 
 

3.9   USING THE 650 BAROMETER 
 

3.9.1   PRINCIPLES OF OPERATION 
 
The optional barometer operates on the strain-gauge principle and is located on the internal PCB of the 650.   
To make certain that the barometer is sensing true atmospheric pressure under conditions of temperature and 
pressure changes, the interior of the case is vented to the atmosphere with patches of material which are 
permeable to air, but impermeable to water.  One of these patches is located in the rear section of the case and 
the other is attached to the battery lid.  The patch on the case rear is not accessible to the user, but the one on 
the battery lid can be damaged by abuse.  Be certain to identify the location of the patch on the interior of the 
battery lid and take care not to puncture it with sharp objects or to peel it away from the plastic.  If you suspect 
that the venting patch on your battery lid has been damaged, make certain that you do not expose the 650 to 
water (either spraying or submersion).   Then contact YSI Technical Support as soon as possible for advice. 
 
The 650 barometer reads true barometric pressure and therefore is unlikely to agree with values from your 
local weather service which are usually corrected to sea level before being distributed.   Note, however, that 
the primary purpose of the barometer is for use in calibrating your sonde dissolved oxygen sensor and the 
“true” value as shown in the 650 Status Bar is the required parameter for this procedure.  
 
 

3.9.2   CALIBRATING THE BAROMETER 
 
The 650 barometer is factory calibrated to provide accurate readings in the 500-800 mm Hg range which will 
be useful for dissolved oxygen calibration at most locations.   This factory calibration should provide readings 
that are useful for dissolved oxygen calibration for many months with no user attention.  However, if the user 
wishes to either increase the accuracy of the sensor in the local barometric pressure range or to compensate for 
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the small drift associated with any sensor, the 650 provides a single point calibration routine which is accessed 
in the 650 System setup menu and is described in Section 3.3.5 above.  
 
The critical factor in carrying out the single point calibration is the accuracy of the “standard” barometer that 
is used to determine the true barometric pressure.   Common sources of this “standard” reading are high 
quality laboratory barometers (either mercury-based or electronic) and data from your local weather service.  
Laboratory barometer readings are usually “true” (uncorrected) values of air pressure and can be used “as is” 
for a standard as long as the system is known to be accurate.  Weather service readings are usually not “true”, 
i.e., they are corrected to sea level, and therefore cannot be used until they are “uncorrected”.   An 
approximate formula for this “uncorrection”  (where the BP readings MUST be in mm Hg) is: 
 

True BP =  [Corrected BP] – [2.5 *  (Local Altitude/100)] 
 
Overall, the key point to remember in calibration of your barometer is to make certain that your “standard” 
reading is correct.  If the “standard” is not accurate, you are likely to do more harm than good with your user-
calibration. 
 

 
3.9.3   CHANGING BAROMETER UNITS 
 
The 650 offers the user a choice of six commonly used units of barometric pressure which can be displayed 
in the Status Bar.  When received from the factory, the 650 will show values in mm Hg.  If the user wants 
to change to other units, the selection is found in the 650 System setup menu as shown below.  Highlight 
the selection and press Enter to show the possible units.  Then highlight the unit of choice and press Enter 
to activate it.  The barometer reading in the Status Bar will automatically change to the newly selected unit. 

 
 
 
 
 
 
 
 
 
 
 

 
 

3.9.4   LOGGING BAROMETER READINGS 
 
To log barometric pressure readings with the 650, the following conditions (similar to those above for 
logging GPS readings) must be met: 
 
• Barometer readings can ONLY be logged to 650 memory – the system does NOT support logging to 

sonde memory. 
 
• The barometer readings must be logged to 650 memory from the 650 Run display along with sonde 

sensor readings.  This means that you must have a sonde attached to your 650 in order to log barometer 
readings.  Logging of barometer readings is not supported without sonde attachment even though these 
readings can be viewed in the Status Bar with no sonde attached.   

 
• If your want to log barometer readings to 650 memory, you must make certain that the Store 

Barometer option is active in the Logging setup menu of the 650. 
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Once these conditions are met, follow the instructions in Section 3.5.3 above for logging of sonde sensor 
readings to 650 memory.  The barometer readings will automatically be added to the file at the sample interval 
selected for the sonde readings. 
 
Barometer readings stored in 650 memory will remain as part of the sensor data file that can be viewed 
from the 650 display and/or uploaded with the data file for analysis in EcoWatch for Windows.   The 
barometric pressure readings are processed as a normal parameter by EcoWatch, with the user having the 
ability to change units from the EcoWatch menus.  For example, data stored in 650 memory in units of mm 
Hg units can easily be converted to readings in mBar after upload.  

 
 
3.10   UPGRADING 650 SOFTWARE 
 
The 650 software can easily be upgraded from the YSI World Wide Web page (www.ysi.com).  However, 
before accessing the Web page, the instrument should be prepared for upgrade by attaching the MS-8 end of 
the YSI 655174 PC Interface cable to the 650 and the DB-9 end of the 655174 to a serial port of a PC which 
has Internet access as shown below: 
 
 

 
Once the setup is complete, access the YSI Web Page and locate the section on software upgrades.  Select 
the 650 upgrade entry and follow the instructions provided on the Web Page.  If you encounter difficulties 
in the upgrade procedure, contact YSI Technical Support for advice. 
 
 

 
 

650 

655174 PC Interface 
Cable 

Computer 
with Internet 
Access 

DB-9 Serial 
Port 

http://www.ysi.com)/�
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3.11   TROUBLESHOOTING 
 
The following sections describes problems which you might encounter when using the 650 MDS and provides 
suggestions which might allow the user to overcome the symptom without additional assistance. 
 
PROBLEM POSSIBLE SOLUTION 
No display is visible after pressing the on/off key. If C cells are used, make certain that they are 

installed properly with regard to polarity and that 
good batteries are used.  If a rechargeable battery 
pack is used, place the pack in the instrument and 
charge for 30 minutes. 

No interaction with the sonde occurs when pressing 
Sonde run or Sonde menu from the 650 menu. 

Make certain that (a) the cable is connected properly 
between sonde and 650 and (b) that Sonde power is 
activated in the 650 System setup menu. 

Instrument software appears to be locked up as 
evidenced by no response to keypad entries or 
display not changing. 

First, attempt to reset the instrument by simply 
turning off and then on again.   If this fails, remove 
battery power from the instrument for 30 seconds and 
then reapply power.  When using C cells, remove the 
battery lid and one of the batteries; when using the 
rechargeable battery pack, remove the pack 
completely from the instrument.   After 30 seconds 
replace the battery or battery pack and check for 
instrument function. 

Upload of files to 650 from sonde fails. (1) Make sure that cable is connected properly to 
both 650 and sonde; (2) Make certain that you are 
accessing the upload routine from the sonde File 
menu and NOT from the 650 

Upload of files from 650 to PC fails 
File menu. 

1) Make sure that cable is connected properly to both 
650 and PC; (2) Make certain that the proper Comm 
port is selected in EcoWatch for Windows. 

GPS and/or barometer data is not stored with sonde 
data file. 

Make sure Store barometer and Store Lat and 
Long are active in 650 Logging setup menu. 

Site Designations in the Site List are “grayed-out” 
and not available for appending files with additional 
data.   A “Parameter Mismatch” screen is displayed. 

There is a parameter mismatch between the current 
650 setup and that initially used.   Use 650 File view 
and the Parameter Mismatch screen to determine the 
sonde parameter, barometer, and GPS format of file 
already present in memory and readjust the setup to 
match that initially used. 

GPS data is not shown in Status Bar. Make sure that (a) the cables are attached properly; 
(b) that the GPS unit is configured for NMEA 0183 
format; (c) that the GPS unit is “locked in” and that 
the GPS unit display is showing proper readings. 

The 650 display flashes and the instrument speaker 
makes a continuous clicking sound. 

The battery voltage is low.  Change to new C cells or 
recharge the 6117 battery pack. 

The sonde/650 resets when optical wipers are 
activated in the sonde. 

The battery voltage is low.  Change to new C cells or 
recharge the 6117 battery pack. 

 
 
If these guidelines and tips fail to correct your problem or if any other symptoms occur, contact YSI Technical 
Support for advice.  See Section 8 of the 6-series manual for contact information. 
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3.12   FERRITE BEAD INSTALLATION 
 
WARNING: If you are using your 650 in a European Community (CE) country or in Australia or New 
Zealand, you must attach a ferrite bead to the 655174 PC Interface Cable and the 6116 Charger Adapter Cable 
in order to comply with the Residential, Commercial and Light Industrial Class B Limits for radio-frequency 
emissions specified in EN55011 (CISPR11) for Industrial, Scientific and Medical laboratory equipment.  
These ferrite assemblies are supplied as part of cable kits. 
 
To install the beads, follow these steps: 
 
• Make a small loop (approximately 5 cm in diameter) in the cable near the 650 MS-8 connector.  
 
• Lay the open ferrite bead assembly under the loop with the cable cross-over position within the cylinder 

of the ferrite bead.  See the drawing below for assistance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• Snap the two pieces of the bead together making certain that the tabs lock securely. 
 
When the installation is complete, the 655174 and 6116 cables should resemble the following schematic 
drawings. 
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3.13   650 SAFETY CONSIDERATIONS 
 

IMPORTANT SAFETY INSTRUCTIONS! 
 

SAVE THESE INSTRUCTIONS! 
 
 
 

In essence, the most important safety rule for use of the 650 is to utilize the instrument ONLY for 
purposes documented in this manual.  This is particularly true of the 6117 rechargeable battery pack that 
contains nickel metal hydride (NiMH) batteries.  The 650 user should be certain to read all of the safety 
precautions outlined below before using the instrument. 
 

6113 Rechargeable Battery Pack Safety Information 
 

Restrictions on Usage 
 
1. Never dispose of the battery pack in a fire. 
 
2. Do not attempt to disassemble the 6117 battery pack. 
 
3. Do not tamper with any of the electronic components or the batteries within the battery pack.   

Tampering with either the electronic circuitry or the batteries will result in the voiding of the warranty 
and the compromising of the system performance, but, more importantly, can cause safety hazards 
which result from overcharging such as overheating, venting of gas, and loss of corrosive electrolyte.  

 
4. Do not charge the battery pack outside the 0-40 C temperature range. 
 
5. Do not use or store the battery at high temperature, such as in strong direct sunlight, in cars during hot 

weather, or directly in front of heaters. 
 
6. Do not expose the battery pack to water or allow the terminals to become damp. 
 
7. Avoid striking or dropping the battery pack.  If the pack appears to have sustained damage from these 

actions or malfunctions after an impact or drop, the user should not attempt to repair the unit.  Instead, 
contact YSI Technical Support. 

 
8. If the battery pack is removed from the 650, do not store it in pockets or packaging where metallic 

objects such as keys can short between the positive and negative terminals.   
 
 
 

Precautions for Users with Small Children 
 
Keep the battery pack out of reach of babies and small children. 
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Danger Notifications – Misuse creates a STRONG possibility of 
death or serious injury. 
 
FAILURE TO CAREFULLY OBSERVE THE FOLLOWING PROCEDURES AND 
PRECAUTIONS CAN RESULT IN LEAKAGE OF BATTERY FLUID, HEAT GENERATION, 
BURSTING, AND SERIOUS PERSONAL INJURY. 
 
 
1. Never dispose of the battery pack in a fire or heat it. 
 
2. Never allow the positive and negative terminals of the battery pack to become shorted or connected 

with electrically conductive materials.  When the battery pack has been removed from the 650, store it 
in a heavy plastic bag to prevent accidental shorting of the terminals. 

 
3. Never disassemble the battery pack and do not tamper with any of the electronic components or the 

batteries within the battery pack.  The battery pack is equipped with a variety of safety features.   
Accidental deactivation of any of these safety features can cause a serious hazard to the user. 

 
4. The NiMH batteries in the battery pack contain a strong alkaline solution (electrolyte).  The alkaline 

solution is extremely corrosive and will cause damage to skin or other tissues.  If any fluid from the 
battery pack comes in contact with a user’s eyes, immediately flush with clean water and consult a 
physician immediately.  The alkaline solution can damage eyes and lead to permanent loss of eyesight.  

 
 

Warning Notifications – Misuse creates a possibility of death or 
serious injury 
 
1. Do not allow the battery pack to contact freshwater, seawater, or other oxidizing reagents that might 

cause rust and result in heat generation.  If a battery becomes rusted, the gas release vent may no 
longer operate and this failure can result in bursting. 

 
2. If electrolyte from the battery pack contacts the skin or clothing, thoroughly wash the area immediately 

with clean water.  The battery fluid can irritate the skin. 
 
 

Caution Notifications – Misuse creates a possibility of mild or serious 
injury or damage to the equipment. 
 
1. Do not strike or drop the battery pack.  If any impact damage to the battery pack is suspected, contact 

YSI Technical Support. 
 
2. Store the battery pack out of reach of babies and small children. 
 
3. Store the battery pack between the temperatures of –20 and 30 C. 
 
4. Before using the battery pack, be sure to read the operation manual and all precautions carefully.  Then 

store this information carefully to use as a reference when the need arises. 
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616 Cigarette Lighter Charger Safety Information 
 
1. This section contains important safety and operating instructions for the 650 cigarette lighter battery 

charger (YSI Model 616; RadioShack Number 270-1533E).  BE SURE TO SAVE THESE 
INSTRUCTIONS. 

 
2. Before using the 616 cigarette lighter charger, read all instructions and cautionary markings on battery 

charger, battery pack, and Model 650. 
 
3. Charge the 6117 battery pack with the 616 cigarette lighter charger ONLY when the 6117 is installed 

in the YSI 650. 
 
4. Do not expose charger to rain, moisture, or snow. 
 
5. Use of an attachment not recommended or sold by the battery charger manufacturer may result in a 

risk of fire, electric shock, or injury to persons. 
 
6. To reduce risk of damage to cigarette lighter and cord, pull by cigarette lighter rather than cord when 

disconnecting charger. 
 
7. Make sure that the cord is located so that it will not be stepped on, tripped over, or otherwise subjected 

to damage or stress. 
 
8. Do not operate charger with damaged cord or cigarette lighter connector – replace it immediately. 
 
9. Do not operate charger if it has received a sharp blow, been dropped, or otherwise damaged in any 

way; contact YSI Technical Support. 
 
10. Do not disassemble charger other than to change the fuse as instructed.  Replace the part or send it to 

YSI Product Service if repair is required.  Incorrect reassembly may result in a risk of electric shock or 
fire. 

 
11. To reduce risk of electric shock, unplug charger before attempting any maintenance or cleaning.  

Turning off controls will not reduce this risk. 
 
 
 

650 Water Leakage Safety Information 
 
The 650 has been tested and shown to comply with IP67 criterion, i.e. submersion in 1 meter of water for 
30 minutes with no leakage into either the battery compartment or the main case.   However, if the 
instrument is submersed for periods of time in excess of 30 minutes, leakage may occur with subsequent 
damage to the batteries, the rechargeable battery pack circuitry, and/or the electronics in the main case.   
 
If leakage into the battery compartment is observed when using alkaline C cells, remove batteries, dispose 
of batteries properly, and dry the battery compartment completely, ideally using compressed air.  If 
corrosion is present on the battery terminals, contact YSI Technical Support for instructions. 
 
 If leakage into the battery compartment is observed when using the 6117 rechargeable battery pack, 
remove the battery assembly and set aside to dry.  Return the battery pack to YSI Product Service for 
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evaluation of possible damage.  Finally dry the battery compartment completely, ideally using compressed 
air.  If corrosion is present on the battery terminals, contact YSI Technical Support for instructions.    
 

CAUTION: If water has contacted the rechargeable battery pack, do not attempt to reuse it until it has 
been evaluated by YSI Product Service.  Failure to follow this precaution can result in serious injury to the 
user. 
   
If it is suspected that leakage into the main cavity of the case has occurred, remove the batteries 
immediately and return the instrument to YSI Product Service for damage assessment. 
 
CAUTION: Under no circumstances should the user attempt to open the main case.   
 
 
 

3.14   650 MDS SPECIFICATIONS 
 
 
Resistance to Water Leakage: IP 67 for both the standard alkaline battery configuration and for the 
rechargeable battery pack option.  
 
Operating Temperature Range for Visible Display: -10 to 60 Degrees Celsius 
 
Storage Temperature Range: -20 to 70 Degrees Celsius 
 
Dimensions: 9.13 inches long by 4.75 inches wide by 2.25 inches deep 
 
Weight with 4 Alkaline C cells and no attached sonde or cable: Approximately 2.1 lbs.  
(960 g). 
 
Display: ¼ VGA; LCD with 320 by 240 pixels with backlight 
 
Connector: MS-8; Meets IP 67 specification 
 
Standard Battery Configuration: 
 

4 Alkaline C Cells with detached battery cover 
 
Optional Battery Configuration: 
 

Nickel Metal Hydride Battery Pack with attached battery cover and 110 volt charger 
 
Battery Life:  
 

Approximate battery life for typical sampling applications with 4 alkaline C cells – 3 hours of 
“on” time per day for 0.5 month (10 working days) with the meter powering a 6600 sonde with all 
probes active. 
 
Approximate battery life for typical sampling applications with rechargeable battery pack – 3 
hours of “on” time per day for 0.2 months (4 working days) with the meter powering a 6600 sonde 
with all probes active. Battery capacity restored completely with a 6-hour charge and charged to 
approximately 85 % with a 2-hour charge.  
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Barometer: 
 

Range: 500 to 800 mm Hg 
Resolution: 0.1 mm Hg 
Accuracy: +/- 3 mm Hg within +/- 10° C of the calibration temperature 
 

Communication Protocol: 
 

RS-232 to all sondes and for data transfer to PC and for software updates 
 
GPS via Y-cable – NMEA 0183 

 
Standard Backlight Feature: 4 LEDs illuminating LCD 
 
 
Keyboard: 20 keys including Meter On/Off, Backlight On/Off, Enter, Escape, 10 Number/Letter Entry 
Keys, 2 Vertical arrow keys, 2 Horizontal arrow keys, 1 minus/hyphen entry key, 1 decimal point/period 
 



650 MDS  Section 3 

 

YSI Environmental Monitoring Systems Operations Manual 3-63 

 



 



EcoWatch for Windows  Section 4 

YSI Incorporated Environmental Monitoring Systems Manual 4-1 

 

SECTION 4 ECOWATCH FOR  WINDOWS 
 

4.1  INTRODUCTION 
 
EcoWatch for Windows is intended to be the PC software interface to YSI’s 6-Series environmental 
monitoring systems equipment.  From EcoWatch you can program field equipment, upload data collected 
on the equipment, and format the data in easy to understand graphs and tables. 
 

4.1.2  GLOSSARY 
 
These are a few of the more commonly used terms used in EcoWatch.   
  

 
 

 
Term Definition  
 
1 - Data display window The window that appears when you open a .DAT file. 
 
2 - Parameter A measurement such as temperature, dissolved oxygen, pH, 

etc.  On a graph, the data of a parameter is displayed as a 
trace. 

 
3 - Trace The plot of the data of any one parameter.  There may be one 

or two traces per graph. 
 
4 - Graph There may be one or more graphs depending upon how many 

parameters are selected.  Each graph may have one or two 
traces.  Data can be displayed either in graphs or in a table, or 
both. 

 
5 - Table Numbers arranged in rows and columns. Data can be 

displayed either in graphs or in a table, or both. 

5 - Table 

6 - Page 
3 - 
Trace 

2 - Parameter 
 

1 - Data Display Window 

4 - Graph 
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6 - Page The Data Display Window can be divided in two pages, a 

graph page and a table page. A page becomes active when you 
click on it. 

 
7 - Terminal window This is the window that is open to display the sonde’s internal 

menu. Allows the user to interact with the sonde or 
display/logger. The terminal window is a communication 
interface with another piece of equipment, whereas the Data 
Display Window is direct interaction with the EcoWatch 
software.  

 

 
 
8 - Dialog box A dialog box opens to display choices. Such as File Open.  
 

 
 
9 – PC6000 data file  A data file that is in a format compatible with EcoWatch for 

Windows or PC6000 software. 
 
9 – Study A single data file in PC6000 format. 
 

4.1.3  TUTORIAL 
 
This brief EcoWatch tutorial is to be used with the sample data file that is provided with EcoWatch.  
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EcoWatch starts without an open data file (or .DAT file). When a data file is not open, a shortened menu 
bar is visible and many of the tools in the toolbar appear dimmed.  Opening a data file will better 
demonstrate the capabilities of EcoWatch software. 
 
To open the sample data file: 

1.  Click the File menu  button in the toolbar.  
2.  Select the SAMPLE.DAT file.  
3.  Click OK to open the file. 
 
Note that the data in this file appears as a graph of temperature, specific conductance, dissolved oxygen, 
pH, ORP, and depth, all versus time.  The graphs are scaled automatically so that all data fits comfortably 
on the computer screen. 
 

The Table  and Graph  buttons on the toolbar are on/off switches that are used to display or hide 
the graph and table pages respectively. When displaying a graph and a table at the same time, you can 
control the relative size of the two pages by placing the cursor over the small bar that separates them and 
then dragging it to the desired location. 
 
From the Setup menu, click Graph.  Click 2 Traces per Graph and notice that the parameters are now 
graphed in pairs.  Click 1 Trace per Graph to return the display to the original setting. 
Move the cursor to any position in the graph, then click and hold the right mouse button.  Note that the 
exact measurements for this point in time are displayed to the left of the graph. While holding down the 
right mouse button, move to another area on the graph.  Notice how the measurements change as you move.  
When you release the mouse button, the display returns to normal. 

To view statistical information for the study, click the Statistics  button on the toolbar.  On the 
statistics window, click on any min or max value to display the time when it occurred. Double-click in the 
upper left of the Statistics window to return to the normal display. 
 
End the tutorial by saving the Data Display in the format shown.  To do this: 
 
1.  From the File menu, click Save Data Display. 
2.  Type Default for the file name when prompted for the Data Display Name. 
3.  Click Save.  
 
The parameters, colors, format, and x-axis time interval associated with the current display are now saved 
and can be accessed any time in the future.  Nine different data displays may be saved for any data file.  
You can easily switch between various displays of the data.  
 
This demonstration shows only a small part of the capability of EcoWatch.  You may wish to also review 
the procedures involved in the Section 4.1.5, Typical Application. 
 

4.1.4  USING THE TOOLBAR 
 
The EcoWatch toolbar includes buttons for some of the most common commands in EcoWatch, such as 
File Open.  To display or hide the toolbar, open the View menu and click on the Toolbar command. A 
check mark appears next to the menu item when the toolbar is displayed. 
The toolbar is displayed across the top of the application window, below the menu bar.  
 

 
 
Click To: 
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 Open an existing data file (.DAT).  EcoWatch displays the Open dialog box, in which you can 
locate and open the desired file. 

 

 Save the working Data Display of the active data file.  EcoWatch displays the Save Data Display 
dialog box in which you can overwrite existing Data Display or save to a new one. 

 

 Export data as a graph in Window Meta File (.WMF) format or as data in Comma Delimited 
(.CDF) format. 

 

 Copy the whole graph page or data from the selection on the table to the clipboard. 
 
 

 Print the active graph page or table page depending on which one is currently active. 
 

 Open a new terminal window to communicate with the sonde. 
 

 Access context sensitive help (Shift+F1). 
 

 Toggle table window during file processing. 
 

 Toggle graph window during file processing. 
 

 Display study statistics. 
 

 Display study info. 
 

 Limit the data to be processed in a study. 
 

 Enlarge a selective portion of graph. 
 

 Center the graph under the cursor. 
 

 Enlarge graph or table 20%. 
 

 Reduce graph or table 20%. 
 

 Return graph or table to its normal state (unzoom) 
 

 Redraw the graph. 
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4.1.5  TYPICAL APPLICATION 
 
Suppose you want to measure Dissolved Oxygen, pH, Temperature, and Turbidity in a nearby stream and 
decide to start with a 30-day deployment using the YSI 6920 sonde.  The task can be organized into several 
steps: 
 
1. Calibrate and setup the sonde. 
 
First connect your sonde to one of the serial communications ports on your PC. In the Comm menu, click 
Sonde and you will get a terminal window where you can calibrate the sonde and set it up for logging. You 
are now communicating directly with the sonde software. See Section 2.6, Calibration for more detailed 
instructions on calibration of sensors.  See Section 2.5, Sonde Software Setup for sonde setup. 
 
2. Deploy the Sonde  
 
For more details, see Section 2, Sondes and Section 3, Displays/Loggers.      
 
3. Retrieve the Sonde and Upload the Data 
 
After retrieving the sonde, connect it to your PC and upload the data.  As with calibration and setup, you 

can use the Sonde  button in EcoWatch to communicate with the sonde.  Using the sonde menu, upload 
the data to EcoWatch.  The data will now be in a .DAT file on your PC. 
 
4. Graph the Data and Adjust the Graphs to Your Liking 
 
Open the newly uploaded .DAT file.  In this example, the file is called JONES2.DAT.  Upon opening the 
file it looks like the graphic at the end of this tutorial. You can then use the commands in the Graph menu 
to Zoom to the portion of the graph that you are most interested in. You can use the Setup menu to add a 
title or change colors, scale the graphs or select the parameters to be shown. 
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5. Print Your Graph 
 
To print the graph, open the File menu, choose Print Setup or Print to choose exactly how the print should 
look. 
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4.2 DATA ACQUISTION AND ANALYSIS 
 

4.2.1  CONNECT A YSI SONDE OR A 650 DISPLAY/LOGGER 
 
EcoWatch may be used with various sondes or display/loggers. To utilize the configuration that will work 
best for your application, make sure that you have all of the components that are necessary.  
 

 
 

 

You will need: 
 
• 650 
• YSI 655174 

PC interface 
cable 

• PC with 
active serial 
port 

650 

PC Serial port 
(DE-9) 

655174 PC Interface 
Cable 

650 MDS to Lab Computer 
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A sonde or 650 display/logger must be connected to one of the serial communication ports on the back of 
your PC.  These ports are usually referred to as COM1, COM2, etc. Most computers have at least two 
COM ports but they are often not labeled.  To identify a COM port, look for unused 9 or 25 pin, D-shaped 
connectors with pin contacts. 
 
Some sondes have integral cables and others require a separate cable sold especially for use with the sonde. 
Depending on the exact connector on your PC, you may also need a 9 to 25 pin adapter. 
 
There is an PC interface cable for the 650 display/loggers that has a 9 pin D-shaped connector.  This 
connector must be attached to your computer. 
 
Once physically connected, you are ready to communicate using EcoWatch.  Use the Sonde command in 
the Comm menu or the sonde button on the toolbar.  This will give you a terminal window.  From this 
window you interact with the sonde software using its menu system, or upload a file from a 650 
display/logger. See Section 2, Sondes for details on how to use the sonde software. 
 

4.2.2  UPLOAD A FILE FROM A SONDE 
 

Data that is processed in EcoWatch typically originates in a sonde with batteries and is uploaded to a PC.  
To upload data from a YSI sonde, connect the sonde to your PC and open the EcoWatch software. Use the 
Sonde button on the toolbar to communicate with the sonde software.  
 
Using the sonde software, go to the Main menu by typing “menu” on the blank terminal screen. Then 
choose 3-File Menu.  You will most likely be uploading the most recently recorded data.  If so, simply 
press 3-Quick Upload.  Otherwise, press 2 to choose a file to upload.  The sonde will ask you to choose a 
format for the file.  Be sure to choose PC6000 format.  After it is uploaded, the data will be in a .DAT file 
on your PC.  You can then use EcoWatch to view, manipulate and print the data file. 
 
4.2.3  UPLOAD A FILE FROM A 650 DM DISPLAY/LOGGER 
 
To transfer data files resident in the 650 memory (either logged directly or uploaded from sonde memory) to a 
PC that is running YSI EcoWatch for Windows software, you must first connect the 650 to a serial port of 
your computer via the 655174 PC Interface cable as shown in the diagram above.    
 
After the connection is made, run EcoWatch for Windows, click on the sonde icon in the upper toolbar, and 
set the Comm port number to match your interface.  After this setup procedure, the following screen will be 
present on your PC monitor: 
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To transfer data from the 650 to your PC, highlight the Upload to PC selection in the 650 File menu and press 
Enter to view a list of the files.  Highlight the file that you wish to transfer and press Enter.  The 650 and PC 
displays will show the progress of the file transfer until completion. 
 
 
 
 
 
 
 
 
 
 
Note that there are three file types (with different extensions) in the above directory: (1) Files with .dat 
extensions which are data files logged to either sonde memory of 650 memory and which are in YSI PC6000 
format; (2) Files with a .txt extension which are data files logged to sonde memory and then transferred to 650 
memory in either ASCII or CDF format; and (3) Files with a .glp extension which are calibration records of 
either the sonde sensors or the 650 barometer.  For files with a .dat or .txt extension, transfer to a PC using the 
Upload to PC command will proceed automatically and retain the file type that is present in 650 memory.  
For files with a .glp extension, an additional screen will appear on activating the transfer that gives a choice of 
binary, CDF, or ASCII for moving the file to the computer.   You currently MUST use either the CDF or 
ASCII format for transfer so that the .glp file can be viewed in NotePad or other word processing program.  
The binary transfer option is for future YSI upgrades. 
 
After transfer the file will be located in the C:\ECOWWIN\DATA subdirectory of your PC hard drive.  
 
 
4.2.4  USING THE GRAPH 
 
Once uploaded, data can be easily displayed in EcoWatch. Open a .DAT file. The six buttons on right side 
of the toolbar help you get a closer view of that portion of the graph you desire. 
 

Zoom Window  Use this to select a certain portion of the graph to be displayed.  Click the button 
and then click and drag on the graph to select the portion you want to view.  The 
pointer will change to a magnifying glass.  The button will stay active until you 
click on it again. 

 

Center Scroll  Use this to scroll through the study.  Click the button and the pointer will change 
to a bullseye.  Click anywhere on the graph and that spot will move to the 
center. 

 

Limit Data Set  Use this button to reduce the data being processed and speed up operations.  
Click the button and move the pointer to the graph.  A vertical arrow will appear 
with an N on the left and an Y on the right.  Bracket the desired portion of the 
graph by moving the cursor to the left limit, clicking, moving to the right limit 
and clicking again.  To limit the data in a table, move the pointer to the far left 
of the table into the row numbers area and highlight from the desired cutoff 
point to the beginning or end of the data set, whichever is desired.  Then select 
the Limit Data Set option from the Graph menu or use the toolbar shortcut. To 
remove the limits, from the Graph menu choose Cancel Limits.  You may also 
remove the limits using this button by clicking first on the right and then the left. 
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Unzoom      Use this button to view the study from the beginning limit to the end limit. This 
command can be used on both graphs and data tables. 

 

Zoom In     Click this button to magnify by 20%. This command can be used on both graphs 
and data tables. 

 

Zoom Out   Click this button to reduce magnification by 20%. This command can be used on 
both graphs and data tables. 
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4.2.5  GRAPH DATA IN REAL TIME 
 
Choosing the New command from the Real-time menu will bring up a window with graphs that plot data 
from the sonde as the measurements are being taken.  If you do not have a default COM port set in the 
Communications Settings dialog, then you will be asked which COM port to use for the real-time 
measurements.  If you do have a default port selected, then the program will use that port automatically. 
 
The number of parameters displayed during real-time is set by the sonde.  If four parameters are set in the 
Report setup in the sonde, then those same parameters will be displayed in real-time.  If you want to change 
the parameters displayed, then you must close the real-time window, open a sonde terminal window, 
change the number of parameters in the sonde software menu, and then return to real-time measurements. 
   
The Settings command in the Real-time menu takes you to a dialog where you can set the x-axis time and 
the sample interval. 
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4.3 ECOWATCH MENU 
 

4.3.1  FILE  
 
The File menu offers the following list of commands. Some commands are available only when a file is 
open.  
 
OPEN  
 
Use this to open sonde data file (.DAT). 

 

 
 

File Name Type or select the filename you want to open. This box lists files with the extensions you 
select in the List Files of Type box.  

 
List of Files of Type Select the type of file that you want to open.  

*.dat  Sonde binary data file 
*.txt, *prn ASCII text file 
*.cdf, .csv, .sdf  Comma delimited file 
*.rt  Real-time file 
*.cr1  CR10 file 

 
Drives Select the drive where the PC6000 data file resides.  
 
Directories Select the directory where the PC6000 data file resides. 
 
Network... Choose this button to connect to a network location, assigning it a new drive letter. This 

button is hidden if your computer is not connected to a network. The screen above has the 
network button hidden. 
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CLOSE  
 
Use this command to close all windows containing the active document.  EcoWatch automatically 
saves any changes before the file is closed. 
 
You can also close a document by using the Close icon on the document's window, as shown below: 

 
 

IMPORT  
 
With this command, you can import common ASCII files into EcoWatch. The file will be converted into 
PC6000 format and again with a .DAT extension.  

 

 
 
MERGE  
 
This function takes two existing data files and merges them into one new file. Both files must be in PC6000 
format (.DAT), have the same number of parameters, and the same parameter types (the parameter setup 
must be identical). Data record time-stamps in the destination data file will be stored in ascending order. 
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COPY TO CLIPBOARD 
 
If a graph or table is active, then choosing this command will send its contents to the Windows clipboard so 
that it can be pasted into other programs. This is a normal method of transfer data between different 
Windows programs.  
 

Shortcuts 

 Toolbar:  
Keys:  CTRL+C 
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SAVE DATA DISPLAY 
 
When opening a data file, you will probably want to look at the data in graph form.  You may also want to 
rearrange the default graph by selecting or reordering parameters, zooming in to a portion of the graph, or 
even changing colors or changing fonts.  You may sometimes choose to look at the data or a portion of it in 
table form.  All of this work is done in the Data Display window.   
 
This command allows you to save the settings and content of the Data Display window so that you can load 
it at another time and have it look exactly the same as when you saved it.  This saved display is associated 
with the data file. Up to 9 data displays can be saved per data file.  When you save a display you will be 
asked to give it a name in the following dialog box. 

 

 
 

There must be an open data file for this command to be available.  See also Load Data Display. 
 

Shortcuts 
Keys:  CTRL+S 

 
 

LOAD DATA DISPLAY 
 
This command is only available when a data file is open.  If you have previously used the Save Data 
Display command for the open data file, then you can load the saved display and have it look exactly the 
same as when you saved it.  Saved displays are associated with the data file. You can have as many as nine 
saved displays for each data file.  When loading a display you will be asked to choose from among the 
names of saved displays. 
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EXPORT 
  
Use this command to send the current data to a file. Typically, some other program will read the file. You 
will see the following dialog box.  

 

 
 

You may export the file in either of two forms: a WMF file, or a .CDF file.  
 

WMF stands for Windows MetaFile and is a format that describes any image in a way that is independent 
of the program that generated the image. For example, you can generate a graph in EcoWatch, export it as a 
.WMF file and then import it into another Windows program.  

 
CDF stands for Comma Delimited, sometimes referred to as a Comma and Quote Delimited File. This 
format is commonly used by spreadsheet and database programs. In this type of file, commas separate 
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individual data entries, quotation marks surround any text and no formatting or marking is performed on 
numbers. EcoWatch can also open files in CDF formats. 

 
When the exported file is to be imported into a spreadsheet, it is sometimes convenient to reduce the 
number of data. Averaging them can easily do this. See Change Parameter Attributes for more 
information.  

 
 Shortcuts 

  Toolbar:  
 
REPORT 
 
Use this command to send data or statistics to an ASCII text file. The information is easy to read in this 
format. When choosing this command the following dialog box will appear.  
 

 
 

 You must enter a filename (under File; use the Browse button if needed).  If you 
want to simply have a report Type listing the data, then click Data.  If you want 
Statistics (minimum, maximum, average, and standard deviation), then the statistics 
frequency button applies.  

 
 If you want to have Daily statistics, keep in mind that every day actually starts at midnight.  It 

would be likely then that the first and last days would have very different statistics because 
they would only be partial days.  Daily, Weekly and Monthly statistics behave similarly.   

 
 When you click OK, EcoWatch will send the report to the specified file and open 

Windows Notepad where you can view and/or print the report. Note: Notepad can 
only open report files that are 64K or less in size. You can use the Windows 
Wordpad to open reports that are larger than 64K. Unless you change it, the report 
file will have the same location as your data file (.DAT) and has the same name with 
a .RPT file extension.  
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PRINT 
 
Use this command to print a document. If a graph is selected, this command presents a Print 
Option dialog box with the options below. When a table is selected, a standard print window is 

presented. 
 
 
Shortcut 

 Toolbar:   
 Keys:  CTRL + P 
 
Printer 
If you have a color printer, you can choose to print in Color.  Otherwise you should 
choose Mono (black and white). 
 
Size 
If you choose Max size, then the program will size the graph so that it fits on one page.  
If you choose Exact size, then program will print the graph as close as possible to the 
size that is displayed. 
 
Maintain Aspect Ratio 
If you choose to maintain the aspect ratio, then the program will size the graph until 
either the height or the width is maximized and then leave the graph in the same height 
width ratio that is displayed. 
 
Border 
You can also choose whether or not to print a border. 

 
PRINT PREVIEW 
 
This command allows the user to preview how the document will appear when it is printed. This command 
only works for data that is displayed in a table format, not when the data is in graph format.  
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PRINT SETUP 
 
Use this command to select a printer and a printer connection.  This command presents the Print Setup 
dialog box.  The following options allow you to select the destination printer and its connection. 

 
 

 
Printer Select the printer you want to use.  Choose the Default Printer; or choose the 

Specific Printer option and select one of the current installed printers shown in 
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the box.  You install printers and configure ports using the Windows Control 
Panel.  

Orientation Choose Portrait or Landscape. 
Paper Size Select the size of paper that the document is to be printed on. 
Paper Source Some printers offer multiple trays for different paper sources.  Specify the tray 

here. 
Options Displays a dialog box where you can make additional choices about printing, 

specific to the type of printer you have selected. 
Network Displays a dialog box that allows you to choose a printer if you are on a 

network.  
 

PAGE SETUP 

 
Layout options for printable data tables may be specified. Page margins, table setup, page 
orientation, and page order are adjustable. 

 

 
HEADER/FOOTER 
 
Page headers and footers can be customized with respect to font and placement. Both the header 
and footer have separate tabs as shown below. Once the desired profile is created, it can be saved 
for use every time the particular data file is opened. 
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4.3.2  EDIT 
 
The edit menu appears whenever a data file is opened in EcoWatch. It allows you to locate, format, and 
manage data. 
 
COPY  
 
Copies the selection to the clipboard. If a graph or table is active, then choosing this command will send its 
contents to the Windows clipboard so that it can be pasted into other programs. This is a normal method of 
transfer data between different Window programs. 
 
Copying data to the clipboard replaces the contents previously stored there. 
 

Shortcuts 
 

Toolbar:    
Keys:    CTRL+C 

 
PASTE 
 
This command does not function in this version of EcoWatch. 
 
REMOVE PARAMETERS 
 
When entire column(s) of data is selected, including the heading(s), this command will remove the 
parameter(s) from both the data table and graph.  
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INSERT PARAMETER 
 
Adds an additional parameter to the data table and graph. All available parameters that can be added are 
shown on a list. 

 
FIND 
 
Locates text within the selected parameter. Only one parameter may be searched at a time. A system beep 
indicates that there are no more occurrences of the desired text. 

 

 
FIND AGAIN 
 
Locates the text that was most recently searched for within the selected parameter. Only one parameter may 
be searched at a time.  
 
4.3.3  VIEW  
 
The View menu offers the following commands: 
 
TOOLBAR 
 
Use this command to display and hide the Toolbar, which includes buttons for some of the most 
common commands in EcoWatch, such as File Open.  A check mark appears next to the menu 
item when the Toolbar is displayed. 
 

 
 

Shortcut: To hide or display the Toolbar, choose Toolbar from the View menu. 
 
See Section  4.2.6, Using the Toolbar, for a list of the toolbar icons and their functions. 

 
STATUS BAR  
 
Use this command to display and hide the Status Bar, which describes the action to be executed by the 
selected menu item or statuses of keyboard latch state. A check mark appears next to the menu item when 
the Status Bar is displayed. 

 

 
The right areas of the status bar indicate which of the following keys are latched down: 

 
 CAP  The Caps Lock key is latched down. 
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 NUM  The Num Lock key is latched down. 

SCRL  The Scroll Lock key is latched down 
 
4-DIGIT YEAR 
 
Use this command to toggle between a date with a two or four digit year on the graph and table. 
 
GRAPH 
 
Use this command to display and hide the Graph page when viewing a file.  The graph page 
contains plots of data. 
 

Shortcuts 

 Toolbar:      
 

TABLE 
 
Use this command to display and hide the Table page while viewing a data file. 
 

Shortcuts 

 Toolbar:      
GRID 
 
Turns on or off the gridlines on graphs. 
 
MARKERS 
 
Turns on or off data point markers on the graphs.  For graphs with more than a few data points we 
recommend that Markers be left off. 
 
STATISTIC 
 
This command will display statistics for the current study.  It will show the minimum, maximum, mean, 
and standard deviation for each of the current parameters.  If you click on any minimum or maximum 
value, then a small box will appear showing the date and time when the minimum or maximum point 
occurred. 
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Shortcuts 

Toolbar:  
 

STUDY INFO 
 
This command will display a dialog box describing the study.  It will show the sonde type and serial 
number that was used to collect the data, the parameters available, the logging interval, and the beginning 
and ending times of the sample. 

 

 
 
Shortcuts 

 Toolbar:  
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ZOOM IN  
 
Enlarges graph or data table (whichever is currently active) by 20%. 
 
 Shortcuts 

  Toolbar:  
 
ZOOM OUT 
 
Reduces graph or data table (whichever is currently active) by 20%.  If the graph already extends to both 
ends of the Study Limits, then it is not possible to zoom out any farther and this command will be dimmed. 

 
Shortcuts 
  

 Toolbar:  
 

UNZOOM 
 
Displays the graph all the way to both ends of the Study Limit if a graph is selected.  Displays the data 
table in default size, if a data table is selected. 

 
Shortcuts 

 Toolbar:  
 

4.3.4  COMM(UNICATION)  
 
The Comm (Communications) menu commands let you control your communications settings with sondes, 
modems, and other devices.  Several communication menu options are only available when a terminal 
window is opened. 
 
SETTINGS 
 
The Communications Settings dialog box is where you can configure the communications ports.  The 
settings are organized into the following three tabs. 
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Port Setup  

This is where you can set port parameters, file transfer protocol and handshaking for each 
of the ports that you will use. 

 
• Port Parameter Setup 
 These include the most common settings for each communication port.  

These settings are Baud Rate, number of Data bits, and Parity.  These 
settings must be identical to the settings on the device that is connected to the 
port.  You may choose independent settings for each communication port. 

 
• Protocol 
 You may choose Kermit, Xmodem or Xmodem 1K protocol for file transfer 

through the communications port.  6820, 6920, 600R, 600XL, 600XLM and 6600 
sondes use only Kermit protocol.   

 
• Handshaking 
 You may choose Xon/Xoff, or RTS/CTS, or Both or None.  Xon/Xoff is often 

referred to as software handshaking and RTS/CTS as hardware handshaking. If you 
are using a YSI sonde select Xon/Xoff.  Modems usually require RTS/CTS. 

 
• Modem Setup  

This is where you enter the settings for your modem.  Note that you can have several 
modems, each on separate COM ports, and each with its own settings.   
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 If a modem is selected for a particular COM port, then every time that port is 
opened, EcoWatch will attempt to initialize a modem on that port. If the attempt 
fails, then EcoWatch will open a terminal window and you can communicate to that 
port with the computer keyboard.  This can be very helpful in troubleshooting a 
connection to your modem or in determining exactly which settings work with your 
modem. 

 

 
 

• Modem 
To setup a particular modem on your first try, select that modem from the 
Modem list.  The only settings that you can edit are for the Custom modem. 

If your modem does not work, select “Hayes Compatible” modem.  Those 
settings are quite common and might work for your modem.  If neither approach 
works, then you will have to define your own settings.  You will need the 
instruction manual for your modem.  It should list all of the proper settings.  
Choose Custom from the Modem list and enter the settings for your modem.  
 
The Auto Answer setting is included in the dialog for completeness.  EcoWatch 
currently does not use Auto Answer. 
 
• Copy to Custom 

The Copy to Custom button is sometimes helpful in defining your own 
settings.  If there is a similar modem, choose it from the list, and then 
click Copy to Custom.  Choose Custom from the list and edit the 
settings. It transfers all modem settings from the currently selected 
modem to the “Custom” modem so you can modify the setting later. 
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• Dialing 
If there is no entry for Phone Number, then every time you choose an 
option that opens the COM port that connected to a modem, EcoWatch 
will ask you for a phone number. Timeout specifies how long in 
seconds EcoWatch will wait for the phone to answer. 
Use the Dial option to select Tone or Pulse dialing. 

 
Other Setup  

This is where you choose a default port for communicating with a sonde and 
default capture files for each sonde port. This tab addresses several COM port 
settings not covered on the other two tabs. 

 
 
• Default Capture File 

While communicating to a sonde in terminal mode using the Sonde 
command, you may want to capture measurements to a file. You may 
type in a default file name in the accompanying text box. 
 
If you specify a file name here and select the Use on Capture check 
box, then whenever you capture data, the program will write to that file 
without first asking you to confirm.  If you specify a file but do not 
select the check box, then you will have to confirm that this is the file 
you wish to have your data written to before starting to capture. 
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• Default Sonde Port 
This refers to the COM port you will most commonly use to connect to 
your sonde.  If you select a port here, EcoWatch will automatically use 
this port as the default COM port when you use the Sonde command. 

 
The Apply button in the bottom of this dialog box is not used in EcoWatch. 
 

SONDE 
 
This command opens a terminal window for communicating with a sonde. From the terminal window you 
can communicate to a sonde using the sonde menus.  Unless you have chosen a default sonde port in the 
Communications Settings dialog box the following dialog box will appear asking you which COM port to 
use. 
 

 
Shortcuts 

Toolbar:  
 
TERMINAL 
 
Opens a new terminal window for communicating with any compatible RS-232 devices. 
 
FONT/COLOR 
 
Adjust font color, size, and style for any text that appears in the terminal window. 
 
BACKGROUND COLOR  
 
Adjust the background color of the terminal window. 

 
CAPTURE  
 
Turns COM port capture On or Off. This is typically used while communicating with a sonde that is taking 
measurements.  Capture will send all communications received on the COM port to a file.  After selecting 
the command, a dialog box will appear for selecting the name of the file to use. If “Use default capture” file 
was checked in Communications Settings, EcoWatch will not display this dialog. 
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A common example is using a sonde in Run Mode. The sonde is simply taking readings and sending 
them to the COM port.  If you want to keep a record of these readings, then a simple way to do so is to 
turn Capture on.  When you are finished, run the Capture command again to turn it off. 

 
FILE UPLOAD 
 
Use this command to upload files from any device that uses Xmodem file transfer protocol.  First 
initiate the upload from the device, then choose this command.  This command is enabled only 
when the Xmodem or Xmodem 1K protocol has been selected in Port Setup. 

 
DIAL MODEM 
 
If you have specified a default phone number in the Modem tab of the communications Settings dialog 
box, then this command will call that number.  If you have not specified a default number, then you will be 
asked for a number. 

 
HANG-UP MODEM  
 
Hangs up phone and halts communication with the modem. 

 
SEND ASCII FILE  
 
Sends a file in to the device connected to the terminal using plain ASCII protocol. No handshaking or error 
correction is involved. 

 
SEND XMODEM FILE  
 
Sends a file to the device connected to the terminal using XModem protocol. 
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4.3.5  REAL-TIME  
 
The Real-time menu offers the following commands that allow you to control how your data will be 
presented. 
 

 
SETTINGS  
 
This command is only active when there is a real-time window open.  This command takes you to the Real-
time Settings dialog  where you can set the length of the x-axis. 
 
In the Real-Time Settings box you will set the number of samples graphed across the axis.  (The interval 
between samples is set in the sonde using the sonde menus.)  After the graph is full, each new data point 
will cause the trace to scroll left so that you see only the most recent set of measurements. 
 
If you have a YSI 6026 or 6136 turbidity, 6025 chlorophyll, or 6130 rhodamine WT probe with a wiper, 
then you may want to clean the optics periodically.  Set that interval in this dialog. 
 
Autoscaling will keep the trace comfortably on the graph as the measurement changes. 
 
To Manually Scale a graph; double-click on its Y-axis labels.  The Graph Y-Axis box will come up where 
you can set the scale.  Note that you can manually set the scale for some parameters and autoscale others.  
When the autoscale box is checked, the high and low limits will be unavailable. See also the Autoscale 
command in the Graph menu. 
 
NEW  
 
Choose this to start a new real time study. 
 
OPEN  
 
Choose this to open a previous real time study. 
 
CLOSE  
 
Choose this to close a real time study. 
Two files are formed every time a real time study is started.  You will choose a .RT file that will store 
colors, scaling information, number of parameters and other information useful to the program.  At the 
same time, the program starts another file with the same name but a .DAT extension for the actual 
measurements that are taken during the study. 
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4.3.6  GRAPH 
 
ZOOM WINDOW  
 
Enlarges a section of the graph.  The pointer will change to a magnifying glass and then you can click and 
drag on the graph to indicate the section you want to view.  This command stays active until you execute it 
again. 
 

Shortcuts 

Toolbar:  
 
CENTER SCROLL  
 
Centers graph at the mouse cursor.  The pointer will change to a bullseye.  Clicking anywhere on the graph 
will cause that point to be moved to the center.  This command stays active until you execute it again. 
 

Shortcuts 

Toolbar:  
 
LIMIT DATA SET  
 
This command limits the amount of data being processed.  If you are not presently interested in 
portions of the graph or table at the beginning or end of the study, you may want to use this 
command to indicate only that portion that you are interested in.  The program will have fewer 
data points to handle and will respond to your commands quicker. Executing this command when 
modifying a graph will change the pointer to a vertical arrow.  Click once on the left end of that 
part of the graph that you want and then click again at the right end.  This command stays active 
until you execute it again. 
 
To limit the data in a table, move the pointer to the far left of the table into the row numbers area 
and highlight from the desired cutoff point to the beginning or end of the data set, whichever is 
desired.  Then select the Limit Data Set option from the graph menu or use the toolbar shortcut. 
 
To undo the limits choose Cancel Limits below.  Alternately, you may remove the limits on a 
graph by executing this command backwards.  That is, click anywhere on the right side of the 
graph first, and then click anywhere on the left side.  The limits will be moved to the ends of the 
file. 
 

Shortcuts 

 Toolbar:  
 

AUTOSCALE 
 
Sets the scale of each parameter so that the minimum and maximum points fit comfortably on the 
graph.   
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MANUAL SCALE  
 
Takes you to the Graph Y-Axis dialog box where you can set the scale for each parameter. 
 

Graph Y-axis dialog box 
To manually scale a graph, double click on its Y-axis labels.  A dialog will come up 
where you can set the scale.  Note that you can manually set the scale for some 
parameters and autoscale others.  When the autoscale box is checked, the high and low 
limits will be dimmed. See also the Autoscale command in the Graph menu. 

 
 

. 
REDRAW 
 
If part of a graph is not displayed it could be because your window is sized too small to display it or 
because you have just returned to EcoWatch from some other application.  Maximizing the window and 
choosing this command should display your graph correctly 
 

Shortcuts 

 Toolbar:  
 

CANCEL LIMITS  
 
Choose this command to cancel the limits set by the Limit Data Set command. 
 
 
4.3.7  SETUP  
 
PARAMETER 
 
Lets you select which parameters you want to analyze and how they will appear. 
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Add/Remove  
There are two lists, Selected Parameters and Available Parameters.  If, for example, you wish 
to graph another parameter, you must highlight it on the Available Parameter list and then click 
the Add button to move it over to the Selected Parameters list.   
This is also where you decide the order in which the parameters will appear in both the table and 
the graphs.  If you choose to have two traces per graph, then the first graph will have the first and 
second parameters on this list, the second graph will have the third and fourth parameters and so 
forth.  The parameters will appear in the Selected Parameters list in the order that they were 
added.  To rearrange the order, highlight the parameter you wish to move and then use the up and 
down buttons to move it to the desired spot in the order. 

 
The TSS parameter (only available if your sonde has a Turbidity sensor) is a parameter that is not 
part of your original collected data.  TSS is calculated by EcoWatch, which uses the Turbidity data 
and a set of correlation points that you enter.  When you add TSS, a TSS calibration window will 
popup and prompt you for a set of correlation points. For more information see Calibrate TSS. 

 

 
 
Units  
Select the units for any parameter.  It will take you to the Change Parameter Units dialog box. 
You may choose the units for each of the selected parameters.  Many parameters have only one 
possible choice of units.  DO concentration, for example; can only be expressed in mg/L.  pH has 
no units at all. 
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Attributes  
This command takes you to the Change Parameter Attributes dialog box where you have access 
to two powerful features.  You can choose to display an average of your data, or graph the data 
with some parameter other than time for the x-axis.  The most common use for this latter feature is 
to graph temperature and DO versus depth. Other combinations are possible. You may choose to 
average the data before it is graphed.  An interval of 0 will cause there to be no averaging at all.  
The larger the averaging interval, the more points will be used in each average.  For example, if 
you acquired data every 15 minutes and you set the average interval to 60 minutes, each set of four 
points will be averaged and then plotted as a single point.  This feature will not only smooth a 
graph, but will also reduce the amount of data exported that is sometimes convenient when 
exporting to a spreadsheet. 

 
The x-axis parameter is normally Time, but you can choose any parameter you like.  By default, 
data files are sorted by increasing time.  If you have chosen another parameter for the x-axis, then 
you may want to have the data sorted before graphing it. 

 

 
 

Change name   
This command takes you to the Define Parameter Name dialog box where you may change the 
default names of the parameters.  
 
This dialog is intended to make changes like "degrees Celsius" to "degrees C".  If you change 
"degrees Celsius" to "degrees Fahrenheit", then the data displayed will be in degrees Celsius even 
though the graph says "degrees Fahrenheit."  To change the units for that parameter, use the 
Change Parameter Units dialog box. 
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Calibrate TSS   

TSS is an abbreviation for Total Suspended Solids.  TSS is a unit derived from a 
Turbidity (NTU) measurement and correlated TSS-NTU measurements. The Calibrate 
TSS feature is only used if the TSS parameter has been added to the current data file 
using Add/Remove Parameters.  This command opens the TSS Calibration window and 
allows calibration adjustment. 
 

 

How do I add TSS to my data file? 
 

You must have a data set that includes Turbidity data points. 
 

It is also common to use a 0 to 0 correlation as a base point in these measurements.  This 
can be used as the first correlation point. You need to establish a correlation between 
your Turbidity reading and a TSS value.  This is done by taking a sample and noting its 
Turbidity in NTU’s.  Then run a lab analysis to obtain a total suspended solids reading.  
You have now determined one correlation point. 

 
Once you have at least two correlation points, you have established a linear correlation 
between the two measurements.   EcoWatch allows you to enter up to five correlation 
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points.  The more correlation points you have, the higher that your accuracy will be.   
 
To add the TSS parameter to your data file, go to the Setup menu.  Choose Parameters, 
then Add/Remove.  Select the TSS parameter and click the Add button.  The Calibrate 
TSS window will appear. 

 
Name the file for identification in the future.  Multiple calibration files may be created.  
Any previously created calibration files will be located in the drop-down name list box. 

 
Once you have entered the desired number of correlation points, click OK.  EcoWatch 
will calculate the TSS values by doing a linear interpolation of the Turbidity (NTU) data 
and the correlation chart . 

 
GRAPH 
 
The Setup menu, Graph submenu has the following commands: 

 
Font/Color  
Goes to the Font Dialog Box where you can change the font and color of text that appears in the 
graph. 

• Font 
Type or select a font name. EcoWatch lists the fonts available with the current 
printer driver and additional fonts installed in your system. 
 

• Font Style 
Select a font style. To use the default type style for a given font, select Regular.  

 
• Size 

Type or select a font size. The sizes available depend on the printer and the selected 
font. If the size you type is not available on the current printer, EcoWatch chooses 
the closest available size. 

 
• Effects 

Choosing Strikeout will draw a line through all text in the table.  Choosing 
underline will underline the text. 

 
• Color 
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Type or select one of the 16 predefined colors. To display color, you must have a 
color monitor; to print color, you must have a color plotter or a color printer.  

 
• Sample 

Shows the effects of the formatting you specify before you apply it to the document. 
 

Page Color  
Goes to the Color Dialog Box where you can change the color of the graph page.  This is 
the background for all of the graphs rather than the background for each individual graph 
that is set with the next command. 

Trace Color   
Goes to the Change Trace Color dialog box where you can change the color of the trace 
and the background for each of the individual graphs.  For setting the background color 
for all graphs, see the previous command. 
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Note that there are two color buttons, one for the trace color and the other for the 
background color.  Clicking on either of these buttons will take you to the Color dialog 
box where you can change the color. 
 
Use the Set All buttons to quickly set all traces or backgrounds to the same color. 
 

Page Title  
This is where you can enter a title for the graph.  The title may have one or two lines. 

 
 

1 Trace per Graph  
Choose this to have just one parameter on each graph. 
 

2 Traces per Graph  
 
Choose this to have two parameters on each graph. 

 
TABLE 
 
If there is no table, then the commands on this submenu will be unavailable.  The Table submenu offers the 
following commands: 

 
Font/Color  

Goes to the Font Dialog Box where you can change the font and color of text that appears 
in the table. 

 
Page Color  

Goes to the Color Dialog Box where you can change the color of the table background 
color.  That is the part of the table where the readings appear. 

 
Highlight Color  

Goes to the Color Dialog Box where you can change the color of the table highlight 
color.  That is the part of the table where the reading units appear. 

 
SET DEFAULT TEMPLATE 
 
This option allows you to select display parameters for your data when you initially open a file in 
EcoWatch. Display parameters include background and trace colors on your graph, which 
parameters are displayed, parameter ordering, parameter units, and scaling of those parameters 
(either manual or automatic). The first time you use EcoWatch with a data file, graphing will 
proceed according to the default settings present in EcoWatch. For example, graph backgrounds 
will all be black, traces will be plotted each with a different color, all parameters will be auto-
scaled, and if your sonde measures conductivity and dissolved oxygen, EcoWatch will display 
specific conductance in mS/cm and dissolved oxygen in mg/L. You can change the default 
settings by using Set Default Template. 
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1 -  Open a data file and observe the presentation of the data in graphic and tabular form. 
 
2 -  You can change the background and trace colors by going into the Graph and/or Table 

submenus of the Setup Menu.  
 
3 -  You can add or remove parameters by going into the Parameter submenu of the Setup 

Menu.  
 
4 -  You can change the units of the displayed parameters by going into the Parameter 

submenu of the Setup Menu.  
 
5 -  You can change the order of the parameters by going into the Add/Remove Parameters 

dialog box in the Parameter submenu of the Setup Menu.  
 
6 -  You can set the scaling options for your data by double-clicking on the Y-axis of the 

graph and using the Graph Y-Axis dialog box to set the scales. 
 
7 -  After setting the display parameters enter the Setup Menu and choose Set Default 

Template. Now every data file that you initially open will use the display parameters that 
you have chosen. If you want to delete your template, enter the Setup Menu and choose 
Clear Default Template. 
 

CLEAR DEFAULT TEMPLATE 
 
This command will eliminate a default template that has been saved.  With no default template, 
all new EcoWatch files open in whatever form they were saved in. 
 

4.3.8  APPL(ICATIONS) 
 
The Appl menu is the link to other Application programs that can be used with EcoWatch. 
For Help using a GIS software, consult the menu that came with the GIS system. 
 
To upload from a Campbell Scientific CR10 Logger, first connect the logger to a COM port using a 
Campbell Scientific SC32A Adapter.  Set the port for 9600 Baud, 8 data bits, no parity and Xon/Xoff 
handshaking.  Then from the EcoWatch Appl menu, select CR10 Upload.  The dialog box below will 
appear. 
 
The items Number of Filled Locations and DSP Locations are information from the logger that you cannot 
change.  FS Area, First Upload Location, and Number of Arrays to Upload are fields that you must enter.  
Refer to your CR10 manual for instructions. 
   
Select a destination file (under Upload File; use the Browse button as needed) and click Upload. 
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4.3.9  WINDOW 
 
The Window menu offers the following commands that enable you to arrange multiple views of multiple 
documents in the application window:  
 
CASCADE 
 
Use this command to arrange multiple opened windows in an overlapped fashion  
 
TILE HORIZONTAL 
 
Use this command to vertically arrange multiple opened windows in non-overlapped horizontal tiles.  
 
TILE VERTICAL 
 
Use this command to arrange multiple opened windows side by side.  
 
ARRANGE ICONS 
 
Use this command to arrange the icons for minimized windows at the bottom of the main EcoWatch 
window.  If there is an open document window at the bottom of the main window, then some or all of the 
icons may not be visible because they will be underneath this document window.  
 
WINDOW 1, 2... 
 
EcoWatch displays a list of currently open document windows at the bottom of the Window menu.  A 
check mark appears in front of the document name of the active window.  Choose a document from this list 
to make its window active. 
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4.3.10 HELP  
 
The Help menu offers the following commands, which provide you assistance with this application:  
 
CONTENTS   
 
Offers you a list of the available Help topics. 

 
USING HELP   
 
Use this command for instructions about using Help. 

 
TECHNICAL SUPPORT    
 
YSI Technical support phone number. 

 
ABOUT  
 
Displays the version number of this application. 
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SECTION 5 PRINCIPLES OF OPERATION 
 

5.1 CONDUCTIVITY 
 
The sondes utilize a cell with four pure nickel electrodes for the measurement of solution conductance.  
Two of the electrodes are current driven, and two are used to measure the voltage drop.  The measured 
voltage drop is then converted into a conductance value in milli-Siemens (millimhos). To convert this value 
to a conductivity value in milli-Siemens per cm (mS/cm), the conductance is multiplied by the cell constant 
that has units of reciprocal cm (cm-1). The cell constant for the sonde conductivity cell is approximately 
5.0/cm. For most applications, the cell constant is automatically determined (or confirmed) with each 
deployment of the system when the calibration procedure is followed.  Solutions with conductivities of 
1.00, 10.0, 50.0, and 100.0 mS/cm, which have been prepared in accordance with recommendation 56-1981 
of the Organization International De Metrologie Legale (OIML), are available from YSI.  The instrument 
output is in mS/cm or uS/cm for both conductivity and specific conductance.  The multiplication of cell 
constant times conductance is carried out automatically by the software. 
 
CALIBRATION AND EFFECT OF TEMPERATURE 
 
The conductivity of solutions of ionic species is highly dependent on temperature, varying as much as 3% 
for each change of one degree Celsius (temperature coefficient = 3%/°C). In addition, the temperature 
coefficient itself varies with the nature of the ionic species present. 
 
Because the exact composition of a natural media is usually not known, it is best to report a conductivity at 
a particular temperature, e.g. 20.2 mS/cm at 14 oC.  However, in many cases, it is also useful to compensate 
for the temperature dependence in order to determine at a glance if gross changes are occurring in the ionic 
content of the medium over time.  For this reason, the sonde software also allows the user to output 
conductivity data in either raw or temperature compensated form.  If Conductivity is selected, values of 
conductivity that are NOT compensated for temperature are output to the report.  If Specific Conductance is 
selected, the sonde uses the temperature and raw conductivity values associated with each determination to 
generate a specific conductance value compensated to 25°C.  The calculation is carried out as in equation 
(1) below, using a temperature coefficient of 1.91%/°C (TC = 0.0191): 
 
Specific Conductance (25oC)    =        
                                                          1 + TC * (T - 25) 

 Conductivity  

 
As noted above, unless the solution being measured consists of pure KCl in water, this temperature 
compensated value will be somewhat inaccurate, but the equation with a value of TC = 0.0191 will provide 
a close approximation for seawater and for solutions of many common salts such as NaCl and NH4Cl. 
 
 
MEASUREMENT AND CALIBRATION PRECAUTIONS   
 
1 - When filling the calibration vessel prior to performing the calibration procedure, make certain that the 
level of calibrant standard is high enough in the calibration cup or beaker to cover the entire conductivity 
cell. 
 
2 - After placing the sonde in the calibration solution, agitate the sonde to remove any bubbles in the 
conductivity cell. 
 
3 - During calibration, allow the sensors time to stabilize with regard to temperature (approximately 60 
seconds) before proceeding with the calibration protocol.  The readings after calibration are only as good as 
the calibration itself. 
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4 - Perform sensor calibration at a temperature as close to 25oC as possible.  This will minimize any 
temperature compensation error. 
 
5- The 6560 YSI 6-series conductivity system is extremely linear and therefore the sensor will be accurate 
within its 0.5% accuracy specification when calibrated anywhere in the range.   Thus, there is normally no 
need to calibrate with low conductivity standards when making measurements in fresh water or high 
conductivity standards when making measurements in brackish or sea water.   Low conductivity standards 
are very susceptible to contamination and their use is not recommended unless extra care is taken to rinse 
the calibration vessel and probe compartment with the standard prior to actually calibrating.   For most 
applications, YSI recommends calibration using a mid-range calibration standard of approximately 10,000 
uS/cm such as YSI 3163 Calibrator Solution which is available in quart bottles.   For special applications or 
for users who insist on calibrating at values near that of the water to be monitored, YSI does offer standards 
of higher and lower conductivities – see Appendix C Accessories and Calibration Reagents. 
 
 

5.2 SALINITY 
 
Salinity is determined automatically from the sonde conductivity and temperature readings according to 
algorithms found in Standard Methods for the Examination of Water and Wastewater (ed. 1989).   The use 
of the Practical Salinity Scale results in values that are unitless, since the measurements are carried out in 
reference to the conductivity of standard seawater at 15 °C.  However, the unitless salinity values are very 
close to those determined by the previously used method where the mass of dissolved salts in a given mass 
of water (parts per thousand) was reported.  Hence, the designation “ppt” is reported by the instrument to 
provide a more conventional output. 
 
 

5.3 TOTAL DISSOLVED SOLIDS (TDS) 
 
The electrical conductivity of environmental water is due to the presence of dissolved ionic species.   Thus, 
the magnitude of the conductivity (or specific conductance) value can be used as a rough estimate of 
amount (in g/L) of these ionic compounds which are present.   The 6-series software provides a conversion 
from specific conductance to total dissolved solids (TDS) by the use of a simple multiplier.  However, this 
multiplier is highly dependent on the nature of the ionic species present.  To be assured of even moderate 
accuracy for the conversion, the user must determine this multiplier for the water at the site of interest

 

.  Use 
the following protocol to determine the conversion factor: 

1. Determine the specific conductance of a water sample from the site; 
2. Filter a portion of water from the site; 
3. Completely evaporate the water from a carefully measured volume of the filtered sample to yield a dry 

solid; 
4. Accurately weigh the remaining solid; 
5. Divide the weight of the solid (in grams) by the volume of water used (in liters) to yield the TDS value 

in g/L for this site; Divide the TDS value in g/L by the specific conductance of the water in mS/cm to 
yield the conversion multiplier.  Be certain to use the correct units.  

6. Enter the determined constant into the sonde software from the Advanced|Sensor menu to view the 
correct TDS values from a computer/sonde interface. 

 
CAUTION: The default value (0.65) for conversion of specific conductance in mS/cm to TDS in g/L 
which is resident in the Advanced|Sensor menu of the software is only useful for a gross estimate of the 
TDS.   As noted above, to attain any degree of accuracy for TDS, the user must determine the conversion 
factor empirically.  Even then, if the nature of the ionic species at the site changes during an unattended 
study or between sampling studies, the TDS values will be in error.  It is important to recognize that, 
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generally speaking, TDS cannot be calculated accurately from specific conductance unless the make-up of 
the chemical species in the water remains constant. 
 
NOTE: EcoWatch for Windows contains a conversion factor of 0.65 for conversion of specific 
conductance in mS/cm to TDS in g/L.  However, unlike the sonde software, this constant cannot be varied 
in EcoWatch.  Thus, to calculate TDS from data resident in an EcoWatch file, the user should export the 
specific conductance readings to a spreadsheet and carry out the calculation there using the formula: 
 
TDS in g/L = (Sp. Cond in mS/cm) x (User-Derived Constant) 
 
 

5.4 OXIDATION REDUCTION POTENTIAL (ORP) 
 
The sondes determine the Oxidation Reduction Potential (ORP) of the media by measuring the difference 
in potential between an electrode which is relatively chemically inert and a reference electrode.  To 
measure ORP with a sonde, a combination pH/ORP probe must be in place in the sonde bulkhead and ORP 
must be accessed via the ISE2 channel of the sonde.  The ORP sensor consists of a platinum button found 
on the tip of the probe.  The potential associated with this metal is read versus the Ag/AgCl reference 
electrode of the combination sensor that utilizes gelled electrolyte.  ORP values are presented in millivolts 
and are not compensated for temperature. 
 
CALIBRATION AND EFFECT OF TEMPERATURE 
 
Calibration may not be required for the ORP sensor of the sonde when it is new.  However, older probes 
that have been deployed extensively may show some deviation from the theoretical ORP value.  This 
deviation is usually due to a change in the concentration of the KCl in the reference electrode gel.  To 
determine whether the sensor is functioning correctly, place the ORP probe in 3682 Zobell solution and 
monitor the millivolt reading.  If the probe is functioning within specifications, the ORP reading should be 
within the range of 221-241 at normal ambient temperature.  If the reading is outside of this range, the 
probe can be calibrated to the correct value (231 mV at 25°C) using the calibration procedure outlined in 
Section 2.6.1, Calibration. 
 
ORP readings for the same solution can vary up to 100 mv depending on the temperature.  However, no 
standard compensation algorithms exist for this parameter.  Be sure to take this factor into account when 
reporting ORP values and checking sensor calibration.  For Zobell solution, consult the following chart: 
 
TEMPERATURE, CELSIUS ZOBELL SOLUTION VALUE, MV 
  
-5 270.0 
0 263.5 
5 257.0 
10 250.5 
15 244.0 
20 237.5 
25 231.0 
30 224.5 
35 218.0 
40 211.5 
45 205.0 
50 198.5 
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MEASUREMENT AND CALIBRATION PRECAUTIONS   
 
1 - Instructions for preparation of ORP calibrator solutions (including Zobell reagent) can be found in 
Section 2580 A. of Standard Methods for the Examination of Water and Wastewater.  Alternatively, the 
Zobell solution is available from YSI. 
 
2 – Reagants to confirm ORP sensitivity are available. Contact YSI Technical Support for ordering 
information.  
 
3 - ORP readings usually stabilize much more rapidly in standards (e.g., Zobell solution) than in most 
environmental water.  Be certain to consider this factor when determining ORP in field studies.  
 
4 - Clean and store the pH/ORP sensor by following the instructions in Section 2.10, Care, Maintenance 
and Storage of this manual. 
 
 

5.5 pH 
 
The sondes employ a field replaceable pH electrode for the determination of hydrogen ion concentration.  
The probe is a combination electrode consisting of a proton selective glass reservoir filled with buffer at 
approximately pH 7 and a Ag/AgCl reference electrode that utilizes electrolyte that is gelled.  A silver wire 
coated with AgCl is immersed in the buffer reservoir.  Protons (H+ ions) on both sides of the glass (media 
and buffer reservoir) selectively interact with the glass, setting up a potential gradient across the glass 
membrane.  Since the hydrogen ion concentration in the internal buffer solution is invariant, this potential 
difference, determined relative to the Ag/AgCl reference electrode, is proportional to the pH of the media. 
The pH system of the 600R utilizes individual glass sensing and reference electrodes, but the operating 
principle is the same.  
 
YSI offers three styles of pH and pH/ORP relative to the glass portion of the probe – flat-, bulb-, and 
hemisphere-type.   The bulb-type sensors (6561, 6565, and 6566) use lower impedance glass and therefore 
are more stable in laboratory applications and calibration when in the presence of static.   The flat-type 
sensors have higher impedance glass and so may show some jumpiness during laboratory operations, 
including calibration, unless the user avoids touching the sonde and stays out of close proximity to the 
instrument.   The advantages of the flat-type glass sensors are that (a) they are much less susceptible to 
breakage than their bulb-type analogs and (b) they are more readily cleaned in long term field studies when 
using the auxiliary brush of the 6600EDS V2-2 sonde.   Users should consider these factors when deciding 
which YSI pH or pH/ORP sensor to purchase. 
 
Our testing of the 6561, 6561FG, 6565, 6565FG, 6566 pH or pH/ORP sensors, 6569 pH/ORP, 6579 pH, 
and the 600R/600QS pH/ORP system indicates that they should provide long life, good response time, and 
accurate readings in most environmental waters, including freshwater of low ionic strength.  Thus, no 
special sensor is required (nor offered) for water of low conductivity.  
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CALIBRATION AND EFFECT OF TEMPERATURE   
 
The software of the sondes calculates pH from the established linear relationship between pH and the 
millivolt output as defined by a variation of the Nernst equation: 
 
 E = Eo + 2.3RT
                   nF 

 * pH      where E = millivolts output 

Eo = a constant associated with the reference electrode 
                                              T = temperature of measurement in degrees Kelvin 
                                               R, n, and F are invariant constants 
 
Thus, in simplified y = mx + b form, it is (mv output) = (slope)x(pH) + (intercept).  In order to quantify this 
simple relationship, the instrument must be calibrated properly using commercially available buffers of 
known pH values.  In this procedure, the millivolt values for two standard buffer solutions are 
experimentally established and used by the sonde software to calculate the slope and intercept of the plot of 
millivolts vs. pH.  Once this calibration procedure has been carried out, the millivolt output of the probe in 
any media can readily be converted by the sonde software into a pH value, as long as the calibration and 
the reading are carried out at the same temperature.  This last qualifier is almost never met in actual 
environmental measurements since temperatures can vary several degrees during a deployment simply 
from a diurnal cycle.  Thus, a mechanism must be in place to compensate for temperature or, in other 
words, to accurately convert the slope and intercept of the plot of pH vs. millivolts established at Tc 
(temperature of calibration) into a slope and intercept at Tm (temperature of measurement).  Fortunately, the 
Nernst equation provides a basis for this conversion. 
 
According to the Nernst equation as shown above, the slope of the plot of pH vs. millivolts is directly 
proportional to the absolute temperature in degrees Kelvin.  Thus, if the slope of the plot is experimentally 
determined to be 59 mv/pH unit at 298 K (25 C), then the slope of the plot at 313 K (40 C) must be 
(313/298) * 59 = 62 mv/pH unit.  At 283 K (10 C), the slope is calculated to be 56 mv/pH unit ((283/298) * 
59).  Determination of the slope of pH vs. mv plots at temperatures different from Tc is thus relatively 
simple.  In order to establish the intercept of the new plot, the point where plots of pH vs. mv at different 
temperatures intersect (the isopotential point) must be known.  Using standard pH determination protocol, 
the sonde software assigns the isopotential point as the mv reading at pH 7 and then calculates the intercept 
using this assumption.  Once the slope and intercept to the plot of pH vs. mv are assigned at the new 
temperature, the calculation of pH under the new temperature conditions is straightforward, and is 
automatically carried out by the sonde software. 
 
MEASUREMENT AND CALIBRATION PRECAUTIONS   
 
1- The 6561FG and 6565FG sensors are characterized by a flat glass pH sensor which is more rugged than 
the glass in traditional bulb-type pH sensors.   Users should note, however, that the flat glass sensors are 
characterized by significantly higher impedance which makes them somewhat more susceptible to static 
interference when users are handling or are in close proximity to the sonde during calibration or other 
laboratory activities.   The static interference can sometimes cause the pH readings observed during 
Discrete Sample studies or sensor calibration to be very jumpy.   If this jumpiness is observed during 
calibration or use of a flat glass pH probe, users should simply avoid touching the sonde and should 
maintain a distance away from the sonde of at least 2 feet until the calibration has been confirmed.   The 
static interference is particularly noticeable during winter when the air is drier. 
 
2- When filling the calibration cup prior to performing the calibration procedure, make certain that the level 
of calibrant buffers is high enough in the calibration/storage cup to cover at least ½ inch of the pH probe 
and the temperature sensor of the 6560 probe. 
 
3 - Rinse the sensors with deionized water between changes of calibration buffer solutions.  
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4 - During pH calibration, allow the sensors time to stabilize with regard to temperature (approximately 60 
seconds) before proceeding with the calibration protocol.  The pH readings after calibration are only as 
good as the calibration itself. 
 
5- The true pH values of commercially-available buffers are slightly temperature dependent with the actual 
pH values at various temperatures usually shown on the bottle.   For example, the actual pH of YSI “pH 7 
buffer” at 20 C is 7.02 rather than the value of 7.00 at 25 C.   Users who wish to obtain the maximum 
accuracy from their pH sensors should first determine the temperature of their buffers and then enter the 
proper pH reading for that temperature (from the bottle label) when carrying out calibration of pH. 
 
6 - Clean and store the probe according to the instructions found in Section 2.10, Care, Maintenance and 
Storage of this manual. 
 
 
 

5.6 DEPTH AND LEVEL 
 
The sondes can be equipped with either depth or level sensors.  In fact, both sensors measure depth, but by 
YSI convention, level refers to vented measurements and depth refers to non-vented measurements.  Both 
measurements use a differential strain gauge transducer to measure pressure with one side of the transducer 
exposed to the water.   
 
For depth measurements, the other side of the transducer is exposed to a vacuum.  The transducer measures 
the pressure of the water column plus the atmospheric pressure above the water.  Depth must be calculated 
from the pressure exerted by the water column alone; therefore, when depth is calibrated in air, the software 
records the atmospheric pressure and subtracts it from all subsequent measurements.  This method of 
compensating for atmospheric pressure introduces a small error.  Because the software uses the 
atmospheric pressure at the time of calibration, changes in atmospheric pressure between calibrations 
appear as changes in depth.  The error is equal to 0.045 feet for every 1mm Hg change in atmospheric 
pressure.  In sampling applications, frequent calibrations eliminate the error.  Considering typical changes 
in barometer during long-term monitoring, errors of ± 0.6 feet (0.2m) would be common.  In applications 
where this error is significant, we recommend using a level sensor in place of the depth sensor. 
 
As with depth measurements, level uses a differential transducer with one side exposed to the water.  
However, the other side of the transducer is vented to the atmosphere.  In this case, the transducer measures 
only the pressure exerted by the water column.  Atmospheric pressure is ignored and changes in 
atmospheric pressure do not affect the reading at all. 
 
The voltage output of the transducer is directly proportional to the pressure.  The sonde software converts 
this voltage to a depth reading in feet or meters via calibration parameters that are factory installed.  
Readings are automatically compensated for the temperature and for the density of the environmental 
medium that is estimated from the measured salinity. 
 
For more additional information on measuring level, see Appendix G, Using Vented Level. 
 
CALIBRATION AND EFFECT OF TEMPERATURE 
   
The depth sensor must be zeroed prior to deployment to account for atmospheric pressure.  Level sensors 
may also require a small adjustment prior to their first use. This procedure is carried out by following the 
calibration menu instructions with the sonde in air only (do not submerge). The sensors can also be set to 
any known depth via the calibration routine after they are immersed. The temperature dependence of the 
sensor is automatically taken into account by the sonde software based on input from factory calibration. 
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MEASUREMENT AND CALIBRATION PRECAUTIONS 
 
(1) Be certain that the sonde is not immersed in water during the calibration procedure unless you know the 
exact distance between the sensor and the water surface.  Calibration (zeroing) in air is usually the 
recommended method. 
 
(2) Remember that the depth

 

 sensors for the sonde are not vented.  In practical terms, this means that 
changes in barometric pressure after the sensor is calibrated will appear as changes in depth.  This effect is 
significant, particularly for the 0-30 ft option of the depth probe.  For example, a change of 1 mm of Hg in 
barometric pressure will change the apparent depth by approximately 0.045 feet (0.012 m).  As noted 
above, this error is eliminated for level sensors because they are vented to the atmosphere. 

5.7 TEMPERATURE    
 
The sondes utilize a thermistor of sintered metallic oxide that changes predictably in resistance with 
temperature variation.  The algorithm for conversion of resistance to temperature is built into the sonde 
software, and accurate temperature readings in degrees Celsius, Kelvin, or Fahrenheit are provided 
automatically.  No calibration or maintenance of the temperature sensor is required.     
 
 

5.8 DISSOLVED OXYGEN – 6562 RAPID PULSE 
POLAROGRAPHIC 
 
The sondes employ the patented YSI Rapid Pulse system for the measurement of dissolved oxygen (DO). 
Use of this technology provides major advantages for the monitoring of DO without significantly 
compromising the accuracy of sampling applications.  Standard electrochemical detectors of DO are highly 
flow-dependent and therefore require external stirring of the medium being evaluated.   This stirring must 
be supplied either by an auxiliary stirrer (which can consume much of the battery reserve in a portable 
system) or by manually agitating the sonde when carrying out spot sampling applications (which can be 
inconvenient).   These disadvantages are overcome by the Rapid Pulse dissolved oxygen technology that is 
associated with the sonde because it needs no stirring

 

 to yield accurate readings.   In addition, because of 
the nature of the technology, some effects of fouling of the sensor are minimized. 

The Rapid Pulse system utilizes a Clark-type sensor that is similar to other membrane-covered steady-state 
dissolved oxygen probes.  The system still measures the current associated with the reduction of oxygen 
which diffuses through a Teflon membrane, and this current is still proportional to the partial pressure (not 
the concentration) of oxygen in the solution being evaluated.  The membrane isolates the electrodes 
necessary for this reduction from the external media, encloses the thin layer of electrolyte required for 
current flow, and prevents other non-gaseous, electrochemically active species from interfering with the 
measurement.  However, as the user will note from examination of the 6562 probe, the sensor consists of 
three electrodes (a cathode, anode, and reference electrode) while steady state Clark probes usually have 
only two electrodes (a cathode and a combined anode-reference electrode).  In addition, the geometry of the 
sensor is novel, consisting of a thin linear gold cathode placed between two silver rectangles which serve as 
anode and reference electrodes.  These sensor changes were required to implement the Rapid Pulse method 
for DO measurement as described in the following section. 
 
METHOD OF OPERATION   
 
Standard Clark dissolved oxygen sensors, which are marketed by YSI and other manufacturers, are 
continuously polarized at a voltage sufficiently negative to cause oxygen to be reduced to hydroxide ion at 
the cathode and silver metal to be oxidized to silver chloride at the anode. The oxygen diffuses through the 
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Teflon membrane. The current associated with this process is proportional to the oxygen present in the 
solution outside the membrane.  However, as this electrochemical reaction proceeds, oxygen is consumed 
(or depleted) in the medium, resulting in a decrease in measured current (and apparent oxygen content) if 
the external solution is not stirred rapidly.  To minimize this oxygen depletion, the probe electrodes in the 
YSI Rapid Pulse system are rapidly and reproducibly polarized (on) and depolarized (off) during a 
measurement sequence.  The Rapid Pulse system thus measures the charge or coulombs (current summed 
over a specific time period) associated with the reduction of oxygen during a carefully controlled time 
interval.  The coulombs due to charging of the cathode (capacitance), but not to reduction of oxygen, are 
subtracted during integration after the cathode has been turned off.   The net charge, like the steady state 
current in a standard system, is proportional to the oxygen partial pressure in the medium.  Because oxygen 
is only being reduced 1/100th of the total measurement time, even if the probe is pulsed in this manner 
continuously, oxygen consumption outside the membrane is kept to a minimum, and the stirring 
dependence of the system is greatly reduced.  
 
One key to the practicality of Rapid Pulse oxygen system is the fact that the “on time” is very short.  This 
allows the “off time” to also be relatively short and still maintain the off to on ratio of 100 which is 
necessary to obtain relatively flow independent measurements.  The second important aspect of the Rapid 
Pulse technology is the integration (summing of the current) over the total pulse (on and off).  Because the 
charging current of the electrodes is subtracted in this process, the net signal is due only to the reduction of 
oxygen.  From a practical point of view, this means that when there is zero oxygen partial pressure outside 
the membrane, the Rapid Pulse signal will also be zero; this in turn allows the system to be calibrated with 
a single medium (air or water) of known oxygen pressure.   
 
CALIBRATION AND EFFECT OF TEMPERATURE   
 
The sonde Rapid Pulse system is calibrated using the same basic methods employed for steady state oxygen 
sensors.  However, the software that controls the calibration protocol is somewhat different depending on 
whether the unit will be used in sampling or deployment studies.  For sampling studies using either a 650 
MDS display unit or a laptop computer, the Rapid Pulse system is allowed to run continuously when the 
Calibration mode is activated if  “Autosleep” is turned off. Under these software conditions, the user views 
the DO readings in real time and confirms the calibration manually
 

 after the readings have stabilized. 

For studies in which the sonde is deployed and readings are saved less frequently (5 – 60 minutes) to sonde 
memory, a computer or data collection platform, an appropriate warm up time is selected for the system in 
the Advanced|Sensor menu.  Usually 40 seconds is adequate for this parameter, but, in some cases, larger 
values may result in more accurate results.  Most importantly for deployment studies, “Autosleep” should 
be activated.  With these software entries in place, the user will input the calibration value (concentration or 
barometric pressure), and the unit will automatically
 

 calibrate after the selected warm up time.     

The description below is designed around deployment 
 

applications with “Autosleep” activated. 

The two general calibration methods possible with the sonde are “DO mg/L” and “DO %”.  The former 
method is designed for calibration in solution while the latter utilizes water-saturated air as the medium.  
Since the percent saturation (DO %) and concentration (DO mg/L) values are related, calibration by either 
method results in correct outputs in both units. 
 
If the mg/L method is selected from the sonde Calibrate menu, the oxygen concentration of an aqueous 
solution may be determined by several methods: 
  
 Winkler titration  
 Aerating the solution and assuming that it is saturated, or 
 Measurement with another instrument.  
 
If this calibration method is employed, place the sonde into this known-value solution and wait 5-10 minutes 
for equilibration to occur.  Then input the value (in mg/L) into the sonde software and begin the calibration 
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protocol according to the instructions.  The calibration will occur automatically at the end of the specified 
warm-up time.   
 
If the Percent Saturation method is selected, the sonde is simply placed in a calibration cup that contains a 
small quantity of water or a damp sponge.  The probe sensor should not be in the water for this calibration 
procedure.   The sonde should be left under these conditions for 10-15 minutes to allow temperature and 
humidity equilibration to occur.  Then input the true barometric pressure into the sonde software and begin the 
calibration protocol according to the instructions.  The calibration will occur automatically at the end of the 
specified warm-up time.   
NOTE:  Remember that control of the calibration will be manual rather than automatic if the unit is set up 
properly for spot sampling applications (“Autosleep” deactivated).  
 
The DO readings of steady state oxygen systems are greatly affected by temperature (approximately 3% per 
degree Celsius) due to the effect of temperature on the diffusion of oxygen through the membrane.  The Rapid 
Pulse system exhibits a greatly reduced effect of temperature (approximately 1% per degree Celsius), but this 
factor still must be accounted for if DO readings acquired at temperatures different from that at calibration are 
to be accurate.  The sonde software automatically carries out this compensation. 
 
In addition, the relationship between the measured partial pressure of oxygen (percent saturation) and the 
solubility of oxygen in mg/L is very temperature dependent.  For example, air saturated water (DOsat % = 
100) contains 9.09 mg/L at 20 oC, but only 7.65 mg/L at 30 oC.  The sonde software compensates for both 
of these temperature-related factors after instrument calibration.  The temperature compensation for the 
percent saturation reading is empirically derived, while the conversion from percent saturation and 
temperature to solubility in mg/L is carried out automatically by the sonde software using formulae 
available in Standard Methods for the Examination of Water and Wastewater (ed. 1989).  See Appendix D, 
Solubility and Pressure/Altitude Tables for dissolved oxygen solubility tables as a function of salinity 
and temperature.  
 
FLOW DEPENDENCE   
 
As noted above, oxygen readings acquired using the Rapid Pulse technology are much less affected by 
sample flow than steady state probes.  However, there is a finite stirring dependence exhibited by the Rapid 
Pulse system if measurements are taken when the probe is being pulsed continuously. Our tests indicate 
that, under these sampling conditions, observed dissolved oxygen readings can be 2-3 percent lower than 
the true readings in very still water.  Minimal movement of the water (which occurs during most 
environmental measurements) removes this effect.  
 
This small flow dependence of the sensor is greatly reduced in longer term monitoring deployments where 
the sampling interval is longer, e.g. 15 minutes.  Under these conditions, the sensor is pulsed for only 
approximately 40 seconds every 15 minutes, and normal diffusion of oxygen in the medium re-establishes 
the oxygen which has been depleted in the previous warm-up/read sequence. 
 
MEASUREMENT AND CALIBRATION PRECAUTIONS  
 
(1) If water-saturated air is used as the calibrating medium, make certain that both the DO reading and the 
temperature have stabilized (10-15 minutes) before starting the calibration sequence.  A wet thermistor can 
indicate artificially low temperature readings due to evaporation and this situation will result in poor 
temperature compensation and inaccurate readings. 
 
(2) For calibrations in water-saturated air, ensure that the calibration cup being used is vented or pressure 
released. 
 
(3) If air-saturated water is used as the calibrating medium, make certain that the water is truly saturated by 
sparging it for at least 1 hour with an aquarium air-pump and air-stone. 
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(4) For short term storage (2 weeks or less), keep the probe moist when not in use, either by immersing in 
water or by placing a damp sponge in the calibration vessel.  For longer-term storage, remove the probe 
from the sonde and store it in water with a membrane and electrolyte in place.  If the membrane appears to 
be damaged or has dried out, be sure to replace it prior to calibration and deployment.   
 
(65 Before you install a new membrane, make sure that the O-ring groove and the probe tip are clean and 
smooth.  If the KCl electrolyte solution leaks from the probe surface during monitoring studies, the 
accuracy of the readings will be compromised. 
 
 

5.9 DISSOLVED OXYGEN – 6150 ROX OPTICAL 
 
In general, optical dissolved oxygen sensors from a variety of manufacturers are based on the well-
documented principle that dissolved oxygen quenches both the intensity and the lifetime of the 
luminescence associated with carefully-chosen chemical dyes.   The 6150 sensor operates by shining a blue 
light of the proper wavelength on this luminescent dye which is immobilized in a matrix and formed into a 
disk about 0.5 inches in diameter.    This dye-containing disk will be evident on inspection of the sensor 
face.   The blue light causes the immobilized dye to luminesce and the lifetime of this dye luminescence is 
measured via a photodiode in the probe.   To increase the accuracy and stability of the technique, the dye is 
also irradiated with red light during part of the measurement cycle to act as a reference in the determination 
of the luminescence lifetime.   
 
When there is no oxygen present, the lifetime of the signal is maximal; as oxygen is introduced to the 
membrane surface of the sensor, the lifetime becomes shorter.   Thus, the lifetime of the luminescence is 
inversely proportional 

 

to the amount of oxygen present and the relationship between the oxygen pressure 
outside the sensor and the lifetime can be quantified by the Stern-Volmer equation.   For most lifetime-
based optical DO sensors (including the YSI 6150), this Stern-Volmer relationship (((Tzero/T) – 1)) versus 
O2 pressure) is not strictly linear (particularly at higher oxygen pressures) and the data must be processed 
using analysis by polynomial non-linear regression rather than the simple linear regression used for most 
polarographic oxygen sensors.   Fortunately, the non-linearity does not change significantly with time so 
that, as long as each sensor is characterized with regard to its response to changing oxygen pressure, the 
curvature in the relationship does not affect the ability of the sensor to accurately measure oxygen for an 
extended period of time.   The 6150 probe is warranted for 2 years and sensor modules are warranted for 1 
year by YSI. 

Each YSI sensor module (the assembly which is attached to the face of the probe by three screws) is 
factory-calibrated over a range of 0-100 percent oxygen to quantify the relationship of its luminescence 
lifetime as a function of oxygen pressure.   The Stern-Vollmer parameters from this data are then fit to a 
third order regression equation (ax3 + bx2 + cx) and values of a, b, and c determined.   These coefficients, 
along with the luminescence lifetime at zero oxygen pressure (Tzero), are provided to the user in coded 
form with each sensor membrane module or probe/sensor module combination.   If you install a 
replacement sensor membrane assembly (YSI 6155) on your existing probe, you will be required to enter 
these coded constants into the sonde as described in the instructions which come with the 6155 prior to the 
use of the sensor.   If you have purchased a probe/membrane combination, i.e. a new 6150 Optical DO 
sensor, the constants are already stored in your probe and will automatically be transferred to your sonde 
when the sensor is installed. 
 
A schematic representation of the 6150 ROX Optical DO sensor is shown in the picture below: 
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EFFECT OF TEMPERATURE AND SALINITY 
 
In terms of the determination of dissolved oxygen in environmental water, the 6150 is similar to standard 
membrane-covered dissolved oxygen probes in that its measured parameter is proportional to the partial 
pressure

 

 (not the concentration) of oxygen in the solution being evaluated.   This partial pressure value is 
reported as “Percent Air Saturation”.   The signal from the 6150 system is affected by temperature 
(approximately 1.50% per degree Celsius), and this factor must be accounted for if DO readings acquired at 
temperatures different from that at calibration are to be accurate.  The sonde  automatically carries out this 
compensation.  In addition, the relationship between the measured partial pressure of oxygen (percent 
saturation) and the solubility of oxygen in mg/L is very temperature dependent.  For example, air-saturated 
fresh water contains 9.09 mg/L at 20 oC, but only 7.65 mg/L at 30 oC.  The sonde  compensates for both of 
these temperature-related factors after instrument calibration.  The temperature compensation for the 
percent saturation reading is empirically derived, while the conversion from percent saturation and 
temperature to solubility in mg/L is automatically carried out using formulae available in Standard 
Methods for the Examination of Water and Wastewater (ed. 1989).  See Appendix D, Solubility and 
Pressure/Altitude Tables of the manual supplied with your 6-series sonde for dissolved oxygen solubility 
tables as a function of salinity and temperature. 

While the measured partial pressure of air-saturated water is not a function of the salinity (or solids content) 
of the water, the concentration

 

 of oxygen at a given partial pressure changes significantly with salinity.   
Thus, air-saturated freshwater (salinity = 0) at 20 oC contains 9.09 mg/L of oxygen while air-saturated sea 
water (salinity = 35) contains only 7.35 mg/L.   This effect is automatically accounted for when the 
firmware in your 6-series sonde calculates DO mg/L, as long as the conductivity sensor is active and 
properly calibrated. 
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MEASUREMENT AND CALIBRATION PRECAUTIONS  
 
(1) If water-saturated air is used as the calibrating medium, make certain that both the DO reading and the 
temperature have stabilized (10-15 minutes) before starting the calibration sequence.  A wet thermistor can 
indicate artificially low temperature readings due to evaporation and this situation will result in poor 
temperature compensation and inaccurate readings. 
 
(2) If air-saturated water is used as the calibrating medium, make certain that the water is truly air-saturated 
by sparging with an aquarium air-stone for at least 1 hour prior to implementing the calibration procedure. 
 
(3) If calibrating in water-saturated air, insure that the calibration cup being used is vented or pressure 
released. 
 
(4) When not in use, you MUST keep the probe moist, either by immersing in water or by covering the 
membrane on the probe tip with the plastic cap/moist sponge which was in place on the sensor when it was 
received.   
 
(5) If you inadvertently leave your sensor exposed to ambient air for a period of more than approximately 2 
hours, you can rehydrate the membrane by the following method: (1) Place approximately 400 mL of water 
in a 600 mL beaker or other similar glass vessel – do NOT use plastic vessels – and heat the water on a 
thermostatted hotplate or in an oven so that a consistent temperature of 50+/- 5 C is realized.   Place the 
probe tip containing the sensor membrane in the warm water and leave it at the elevated temperature for 
approximately 24 hours.  Cover the vessel if possible to minimize evaporation.  After rehydration is 
complete, store the probe in either water or water-saturated air prior to calibration and deployment.   
CAUTION: MAKE CERTAIN THAT THE WATER IN THE VESSEL DOES NOT 
COMPLETELY EVAPORATE DURING THE REHYDRATION STEP. 
 
(6) To assure that the best possible accuracy for the ROX Optical DO sensor, YSI recommends that the 
membrane assembly be replaced after 1 year.   The 6155 Optical DO Membrane Replacement Kit can be 
ordered from YSI Technical Support. 
 
 
For more information on the practical aspects of using the 6150 ROX dissolved oxygen sensor, see 
Appendix M of this manual. 
 
 

5.10 NITRATE 
 
The sonde nitrate probe consists of a silver/silver chloride wire electrode in a custom filling solution.  The 
internal solution is separated from the sample medium by a polymer membrane, which selectively interacts 
with nitrate ions.  When the probe is immersed in water, a potential is established across the membrane that 
depends on the relative amounts of nitrate in the sample and the internal filling solution.  This potential is 
read relative to the Ag/AgCl reference electrode of the sonde pH probe.  As for all ISEs, the linear 
relationship between the logarithm of the nitrate activity (or concentration in dilute solution) and the 
observed voltage, as predicted by the Nernst equation, is the basis for the determination. 
 
Under ideal conditions, the Nernst equation predicts a response of 59 mV for every 10-fold rise in nitrate 
activity at 25°C.  However, in practice, empirical calibration of the electrode is necessary to establish the 
slope of the response.  Typical slopes are 53-58 mV per decade for YSI sensors.  This slope value is 
determined by calibration with two solutions of known nitrate concentration (typically 1 mg/L and 100 
mg/L NO3-N). The slope of the plot of log (nitrate) vs. voltage is also a function of temperature, changing 
from its value at calibration by a factor of the ratio of the absolute temperatures at calibration to that at 
measurement.  The point where this new plot of log (nitrate) vs. voltage intersects the calibration plot is 
called the isopotential point, that is, the nitrate concentration at which changes in temperature cause no 
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change in voltage.  Our experience with ISEs indicates that for best accuracy, the isopotential point should 
be determined empirically.  To do so, the user employs a third calibration point where the voltage of the 
lower concentration standard is determined at a temperature at least 10°C different from the first two 
calibration points. The slope, offset, and isopotential point drift slowly, and you should recalibrate the 
probe periodically. 
 
All ion selective electrodes are subject to the interaction of species with the sensor membrane, which are 
similar in nature to the analyte.  For example, chloride ion binds in this way to the nitrate membrane and 
produces positive nitrate readings even when no nitrate is present in the medium.  Fortunately, most fresh 
water does not usually contain significant quantities of ions that produce a large interference on the nitrate 
reading, such as azide, perchlorate, and nitrite.  It usually does contain some chloride and carbonate ions, 
but the interference from these ions is relatively small.  For example, if the all of the ionic content of water 
with a conductivity of 1.2 mS/cm (Sal = 0.6) were due to the presence of sodium chloride, the nitrate 
reading would be erroneously high by about 1.6 mg/L.  If the conductivity in this sample were all due to 
sodium bicarbonate, the sensor output would indicate the presence of only 0.2 mg/L of non-existent nitrate 
from the interference.  
 
Even though the interference from chloride is relatively small and thus tolerable at low salinity, the large 
quantity of this species in salt or brackish water creates interference so great as to make the sensor 
unsuitable for these media. 
 
Despite the potential problems with interference when using ISEs, it is important to remember that almost 
all-interfering species produce an artificially high nitrate reading.  Thus, if the sonde indicates the presence 
of only small quantities of nitrate, it is unlikely that the reading is erroneously low because of interference.  
Unusually high nitrate readings (which could be due to interfering ions) should be confirmed by laboratory 
analysis after collection of water samples. 
 
Ion selective electrodes have the greatest tendency to exhibit calibration drift over time of all the sensors 
available on the sonde.  This drift should not be a major problem for sampling studies where the instrument 
can be frequently calibrated.  However, if a nitrate sensor is used in a longer-term deployment study with 
the sonde, the user should be aware that drift is almost certain to occur.  The extent of the drift will vary 
depending on the age of the probe, the flow rate at the site, and the quality of the water.   For all monitoring 
studies using ion selective electrodes, the user should acquire a few “grab samples” during the course of the 
deployment for analysis in the laboratory by chemical means or with another nitrate sensor which has been 
recently calibrated.  Remember that the typical accuracy specification for the sensor (+/- 10 % of the 
reading or 2 mg/L, whichever is larger) refers to sampling applications where only minimal time has 
elapsed between calibration and field use.  
 
CALIBRATION AND EFFECT OF TEMPERATURE 
 
The nitrate sensor should be calibrated using solutions of known nitrate-nitrogen content according to the 
procedures detailed in Sections 2.6.1 and 2.9.2.  If a two point calibration protocol is used, the temperature 
of the standards should be as close as possible to that of the environmental medium to be monitored.  The 
recommended calibration procedure is one involving three solutions.  Two of the solutions should be at 
ambient temperature while the third should be at least 10 degrees Celsius different from ambient 
temperature.  This protocol minimizes the effects of taking readings at temperatures that are significantly 
different from ambient laboratory temperatures.   
 
MEASUREMENT AND CALIBRATION PRECAUTIONS 
 
(1) The temperature response of ion selective electrodes is not as predictable as that of pH sensors.  
Therefore, be sure to carry out a 3-point calibration the first time you use the probe.  This will provide a 
default setting for the effect of temperature on your particular sensor.  After this initial calibration, you can 
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use the less time-consuming 2 point and 1-point routines to update the 3-point calibration.  However, we 
strongly recommend a new 3-point calibration after each deployment of 30 days or longer. 
 
(2) Ion selective electrodes may not stabilize as rapidly as pH sensors.  Be sure to allow plenty of time for 
the readings to come to their final values during all calibration routines. 
 
(3) Ion selective electrodes generally drift more than pH sensors.  To check for this drift, place the sonde in 
one of your standards at the end of each deployment. 
 
(4) Nitrate standards are good growth media for a variety of organisms.  This growth can significantly 
reduce the nitrogen content of your standards, an effect that is particularly important for the 1 mg/L 
solution.  It is best to use new standards for each deployment, but if you decide to save your solutions for 
reuse, we recommend refrigerated storage to minimize the growth of these organisms. 
 
(5) Remember that the nitrate sensor will take longer to stabilize after exposure to pH buffers.  To 
accelerate this process, soak the sensor in 100 mg/L standard for a few minutes after performing a pH 
calibration.  In addition, be particularly careful that readings are stable during nitrate calibration after 
exposure to buffers. 
 
CAUTION:  The nitrate membrane module is for use only at depths less than 50 feet (15.2 meters).  Use of 
the probe at greater depths is likely to permanently damage the sensor. 
 
 

5.11 AMMONIUM AND AMMONIA 
 
The sonde ammonium probe employs a silver/silver chloride (Ag/AgCl) wire electrode in a custom filling 
solution.   Nonactin membrane separates the internal solution from the sample medium and this membrane 
selectively interacts with ammonium ions.  When the probe is immersed in water, a potential is established 
across the membrane that depends on the relative amounts of ammonium in the sample and the internal 
filling solution.  This potential is read relative to the reference electrode of the sonde pH probe.  As for all 
ISEs, there is a linear relationship between the logarithm of the ammonium activity (or concentration in 
dilute solution) and the observed voltage.  The Nernst equation describes this relationship. 
 
Under ideal conditions, the Nernst equation predicts a response of 59 mV for every 10-fold rise in 
ammonium activity at 25°C.  In practice, however, empirical calibration of the electrode is necessary to 
establish an accurate slope of the response.  Typical empirical slopes are 53-58 mV per decade for YSI 
sensors.  This slope value is determined by calibration with two solutions of known ammonium 
concentration (typically 1 mg/L and 100 mg/L NH4

+-N). 
 
The slope of the plot of log (ammonium) vs. voltage is also a function of temperature.  The slope changes 
by a factor that is the ratio of the absolute temperature of calibration to absolute temperature of 
measurement.  The point where this new plot of log (ammonium) vs. voltage intersects the calibration plot 
is called the isopotential point, that is, the ammonium concentration at which changes in temperature cause 
no change in voltage.  Our experience with ISEs indicates that for best accuracy, the isopotential point 
should be determined empirically.  To do so, use a third calibration point where the voltage of the lower 
concentration standard is determined at a temperature at least 10°C different from the first two calibration 
points.  The slope, offset, and isopotential point drift slowly, and the probe should be recalibrated 
periodically. 
 
All ion selective electrodes are subject to interference from ions, which are similar in nature to the analyte.  
For example, sodium and potassium ions bind to the ammonium membrane and produce positive readings 
even when no ammonium is present.  Fortunately, fresh water does not usually contain enough interfering 
ions to produce large errors.  For example, a common conductivity for freshwater is about 1.2 mS/cm (Sal 
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= 0.6).  Even if the ionic content were due to sodium chloride, the ammonium reading would be 
erroneously high, about 0.4 mg/L. 
   
However, brackish or seawater has enough sodium and potassium to cause interference so great as to 
make the sensor unsuitable for these media. 
 
The sensor used in the sonde detects only ammonium ions (NH4

+), the predominant form of total 
ammonium nitrogen in most environmental samples.  However, using the concurrently determined values 
of pH, temperature, and conductivity, the sonde software can also provide the user with the concentration 
of free ammonia (NH3) in the sample under investigation. 
 
Ammonium ions and free ammonia are in equilibrium in any solution according to the following equation: 
 
NH4

+               NH3   +    H+ 
 
The value of the equilibrium constant associated with this reaction, K = [NH3][H+]/[NH4

+], and its variation 
with temperature and salinity, is well known.  This information allows the free ammonia concentration 
[NH3] to be automatically calculated by the sonde software and displayed if this parameter is activated.   
 
Despite the potential problems with interference when using ISEs, it is important to remember that almost 
all interfering species produce an artificially high ammonium reading.  Thus, if the sonde indicates the 
presence of only small quantities of ammonium, it is unlikely that the reading is erroneously low because of 
interference.  Unusually high ammonium readings (which could be due to interfering ions) should be 
confirmed by laboratory analysis after collection of water samples. 
 
Of all the sensors available on the sonde, ion selective electrodes have the greatest tendency to exhibit 
calibration drift over time.  This drift should not be a major problem for sampling studies where the 
instrument can be frequently calibrated.  However, if an ammonium sensor is used in a longer-term 
deployment study with the sonde, the user should be aware that drift is almost certain to occur.  The extent 
of the drift will vary depending on the age of the probe, the flow rate at the site, and the quality of the 
water.   For all monitoring studies using ion selective electrodes, the user should acquire a few “grab 
samples” during the course of the deployment for analysis in the laboratory by chemical means or with 
another ammonium sensor which has been recently calibrated.  Remember that the typical accuracy 
specification for the sensor (+/- 10 % of the reading or 2 mg/L, whichever is larger) refers to sampling 
applications where only minimal time has elapsed between calibration and field use.  
 
CALIBRATION AND EFFECT OF TEMPERATURE 
 
The ammonium sensor should be calibrated using solutions of known total ammonium-nitrogen content 
according to the procedures detailed in Sections 2.6.1 and 2.9.2.  If a two point calibration protocol is used, 
the temperature of the standards should be as close as possible to that of the environmental medium to be 
monitored.  The recommended calibration procedure is one involving three solutions.  Two of the solutions 
should be at ambient temperature while the third should be at least 10 degrees Celsius different from 
ambient temperature.  This protocol minimizes the effects of taking readings at temperatures that are 
significantly different ambient laboratory temperatures.   
 
MEASUREMENT AND CALIBRATION PRECAUTIONS 
 
(1) The temperature response of ion selective electrodes is not as predictable as that of pH sensors.  
Therefore, be sure to carry out a 3-point calibration the first time you use the probe.  This will provide a 
default setting for the effect of temperature on your particular sensor.  After this initial calibration, you can 
use the less time consuming 2 point and 1-point routines to update the 3-point calibration.  However, we 
strongly recommend a new 3-point calibration after each deployment of 30 days or longer. 
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(2) Ion selective electrodes may not stabilize as rapidly as pH sensors.  Be sure to allow plenty of time for 
the readings to come to their final values during all calibration routines. 
 
(3) Ion selective electrodes generally drift more than pH sensors.  To check for this drift, place the sonde in 
one of your standards at the end of each deployment. 
 
(4) Ammonium standards are good growth media for a variety of organisms.  This growth can significantly 
reduce the nitrogen content of your standards, an effect that is particularly important for the 1 mg/L 
solution.  It is best to use new standards for each deployment, but if you decide to save your solutions for 
reuse, we recommend refrigerated storage to minimize the growth of these organisms. 
 
(5) Remember that the ammonium sensor will take longer to stabilize after exposure to buffers in a sonde 
pH calibration.  To accelerate this process, soak the sensor in 100 mg/L standard for a few minutes after 
performing a pH calibration.  In addition, be particularly careful that readings are stable during ammonium 
calibration after exposure to buffers. 
 
CAUTION:   The ammonium membrane module is for use only at depths less than 50 feet (15.2 meters).  
Use of the probe at greater depths is likely to permanently damage the sensor. 
 
 

5.12  CHLORIDE 
 
The sonde chloride probe employs a solid state membrane attached to a conductive wire.  When the probe 
is immersed in water, a potential is established across the membrane that depends on the amount of 
chloride in the medium.  This potential is read relative to the reference electrode of the sonde pH probe.  As 
for all ISEs, there is a linear relationship between the logarithm of the chloride activity (or concentration in 
dilute solution) and the observed voltage.  The Nernst equation describes this relationship. 
 
Under ideal conditions, the Nernst equation predicts a response of 59 mV for every 10-fold rise in chloride 
activity at 25°C.  However, in practice, empirical calibration of the electrode is necessary to establish the slope 
of the response.  Typical slopes are 45-55 mV per decade for YSI sensors.  This slope value is determined by 
calibration with two solutions of known chloride concentration (typically 10 mg/L and 1000 mg/L Cl-).   
 
The slope of the plot of log (chloride) vs. voltage is also a function of temperature, changing from its value at 
calibration by a factor of the ratio of the absolute temperatures at calibration to that at measurement.  The 
point where this new plot of log (chloride) vs. voltage intersects the calibration plot is called the isopotential 
point, that is, the chloride concentration at which changes in temperature cause no change in voltage.  Our 
experience with ISEs indicates that for best accuracy, the isopotential point should be determined empirically.  
To do so, the user employs a third calibration point where the voltage of the lower concentration standard is 
determined at a temperature at least 10°C different from the first two calibration points.  The slope, offset and 
isopotential point drift slowly, and the probe should be recalibrated periodically. 
 
All ion selective electrodes are subject to the interaction of species with the sensor membrane, which are 
similar in nature to the analyte.   These interfering species thus include other halide ions (fluoride, bromide, 
and iodide) as well as other anions. 
 
Despite the potential problems with interference when using ISEs, it is important to remember that almost 
all interfering species produce an artificially high chloride reading.  Thus, if the sonde indicates the 
presence of only small quantities of chloride, it is unlikely that the reading is erroneously low because of 
interference.  Unusually high chloride readings (which could be due to interfering ions) should be 
confirmed by laboratory analysis after collection of water samples. 
 
Of all the sensors available on the sonde, ion selective electrodes have the greatest tendency to exhibit 
calibration drift over time.  This drift should not be a major problem for sampling studies where the 
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instrument can be frequently calibrated.  However, if a chloride sensor is used in a longer-term deployment 
study with the sonde, the user should be aware that drift is almost certain to occur.  The extent of the drift 
will vary depending on the age of the probe, the flow rate at the site, and the quality of the water.  For all 
monitoring studies using ion selective electrodes, the user should acquire a few “grab samples” during the 
course of the deployment for analysis in the laboratory by chemical means or with another chloride sensor 
which has been recently calibrated.  Remember that the typical accuracy specification for the sensor (+/- 15 
% of the reading or 5 mg/L, whichever is larger) refers to sampling applications where only minimal time 
has elapsed between calibration and field use.  
 
CALIBRATION AND EFFECT OF TEMPERATURE 
 
The chloride sensor should be calibrated using solutions of known chloride content according to the 
procedures detailed in Sections 2.6.1 and 2.9.2.  If a two point calibration protocol is used, the temperature 
of the standards should be as close as possible to that of the environmental medium to be monitored.  The 
recommended calibration procedure is one involving three solutions.  Two of the solutions should be at 
ambient temperature while the third should be at least 10 degrees Celsius different from ambient 
temperature.  This protocol minimizes the effects of taking readings at temperatures that are significantly 
different ambient laboratory temperatures.   
 
MEASUREMENT AND CALIBRATION PRECAUTIONS 
 
(1) The temperature response of ion selective electrodes is not as predictable as that of pH sensors.  
Therefore, be sure to carry out a 3-point calibration the first time you use the probe.  This will provide a 
default setting for the effect of temperature on your particular sensor.  After this initial calibration, you can 
use the less time-consuming 2 point and 1-point routines to update the 3-point calibration.  However, we 
strongly recommend a new 3-point calibration after each deployment of 30 days or longer. 
 
(2) Ion selective electrodes may not stabilize as rapidly as pH sensors.  Be sure to allow plenty of time for 
the readings to come to their final values during all calibration routines. 
 
(3) Ion selective electrodes generally drift more than pH sensors.  Be sure to check for this drift by placing 
the sonde in a standard at the end of each deployment. 
 
(4) Remember that the chloride sensor will take longer to stabilize after exposure to pH buffers.  To 
accelerate this process, soak the sensor in 1000 mg/L standard for a few minutes after performing a pH 
calibration.  In addition, be particularly careful that readings are stable during chloride calibration after 
exposure to buffers. 
 
 

5.13  TURBIDITY 
 
Turbidity is the measurement of the content of suspended solids (cloudiness) in water and is typically 
determined by shining a light beam into the sample solution and then measuring the light that is scattered 
off of the particles which are present.  For turbidity systems capable of field deployment, the usual light 
source is a light emitting diode (LED) which produces radiation in the near infrared region of the spectrum.  
The detector is usually a photodiode of high sensitivity.  The angle between the emitted and detected light 
varies (usually between 90 and 180 degrees) depending on the probe used.  The International Standards 
Organization (ISO) recommends the use of a light source with a wavelength between 830 and 890 nm and 
an angle of 90 degrees between the emitted and detected radiation (ISO 7027). 
 
The turbidity system available as an option for use with YSI 6-series sondes consists of a probe which 
conforms to the above ISO recommendations.   The output of the sonde turbidity sensor is processed via the 
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sonde software to provide readings in nephelometric turbidity units (NTUs).   A schematic of a YSI 
turbidity sensor is shown in the following picture. 
   
 

 
 
 
 
Two turbidity probes have been available for use with YSI 6-series sondes – the 6026 and the 6136.   The 
6026 probe is no longer available from YSI, but since a large number of this probe type are still in use, a 
description of the sensor will be included in this section.   The probes are detailed briefly below; both are 
equipped with a mechanical wiper to periodically clean the sensor either by manual or automatic activation.   
These wiper systems make the probe ideal for long term monitoring, but they also work well for spot 
sampling
 

 applications.   

• The Model 6026

 

 probe was offered by YSI from 1995 to approximately 2002 and is characterized by 
relatively small optics, a factor that results in minimal penetration of the light beam into the sample 
and thus allows the use of shorter probe guards on the sonde in which it is installed.   If a 6026 sensor 
is selected in the Sensor menu of the sonde, the turbidity will automatically be reported in the units 
“turbid NTU”. 

• The Model 6136

 

 has been the only  turbidity probe sold by YSI since 2002 and it is characterized by 
relatively large optics compared to the 6026.  Since these larger optics result in deeper penetration of 
the light beam into the sample, the use of a longer probe guard is required, a slight disadvantage.  
However, the larger optical cell volume of the sensor has two significant advantages: (1) There is less 
background noise associated with the turbidity readings and (2) the absolute values of the readings are 
significantly closer to those from typical laboratory turbidimeters (such as the Hach 2100AN) which 
use a large cell volume.  If a 6136 sensor is selected in the Sensor menu of the sonde, the turbidity will 
automatically be reported in the units “turbid+ NTU”. 

In the primary standard formazin, the two turbidity sensors (6026 and 6136) will show effectively identical 
behavior.   In addition, AEPA-AMCO polymer beads (supplied by YSI as Model 6073) can also be used 
with one important qualification. You will need to remember that the 6026 and 6136 sensors, which read 
the same in formazin suspensions, will have different responses in the suspensions of the AEPA-AMCO 
beads.  This effect is due to the larger optical cell volume of the 6136.  Thus, as noted on the label of the 
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turbidity standards supplied by YSI, the value of the standard is 100 NTU when used for calibration of 
the 6026 sensor, but 126 NTU when used to calibrate the 6136.    
 
In environmental water that contains suspended particles of varying size and density, the readings for the 
two probes will also differ after calibration with either formazin or polymer beads, with the 6026 almost 
always showing higher readings and the extent of the difference generally being proportional to the overall 
turbidity.  For example, if both probes are calibrated at 0 and 100 NTU and then placed in a turbid river, the 
6026 might read 400 NTU while the 6136 would read 300 NTU.   The absolute difference in the sensor 
readings would shrink as the turbidity dropped.  Thus, if the 6026 read 30 NTU, the 6136 would likely read 
approximately 21 NTU.  
 
Note that the sonde software labels the output of the two sensors with slightly different units of turbidity 
(“turbid NTU” for the 6026 and “turbid+ NTU” for the 6136) so that the user will readily be able to 
determine which sensor was used in a particular study during later data analysis. 
 
No matter whether the 6026 or 6136 is installed in your sonde, it is important to remember that field optical 
measurements are particularly susceptible to fouling, not only from long term build up of biological and 
chemical debris, but also to shorter term formation of bubbles from outgassing of the environmental water.  
These bubbles can generally be removed in short term sampling applications by simply agitating the sonde 
manually.  However, for studies longer than a few hours where the user is not present at the site, the quality 
of the turbidity data obtained with a turbidity sensor that has no capability of mechanical cleaning is likely 
to be poor.   However, as noted above, both the 6026 and the 6136 probes are equipped with a mechanical 
wiper that makes them ideal for unattended applications.   The wiper can be activated in real-time during 
discrete sampling operations or will function automatically during long term unattended sampling studies.  
The number of wiper movements and the frequency of the cleaning cycle for the unattended mode can be 
set in the sonde software.  Generally one movement is sufficient for most environmental applications, but 
in media with particularly heavy fouling, additional cleaning cycles may be necessary. 
 
 
CALIBRATION AND EFFECT OF TEMPERATURE 
 
The sonde software offers the option of 1-point, 2-point, or 3-point calibrations procedures.  For most 
applications, a 2-point calibration at 0 and approximately 100 NTU is sufficient for either the 6026 or the 
6136 sensor.  However, a user might wish to carry out a 3-point calibration at values of approximately 0, 
100 and 1000 NTU to provide maximum accuracy over the entire normally encountered environmental 
turbidity range (0-1000 NTU).   If the range of turbidity in the environmental sample is well known, 
standards of other turbidity values can be utilized (in either 3 point or 2 point routines).  However, in all 
calibration procedures, one of the standards must be 0 NTU and this should be the first calibration point.   
 
NOTE: Before calibrating your 6026 or 6136 turbidity sensor, pay particular attention to the following 
cautions: 
 
• For all calibration procedures, you MUST use standards that are based on either formazin or AMCO-

AEPA styrene divinylbenzene beads as described in Standard Methods for the Examination of Water 
and Wastewater and have been prepared either by Hach (formazin based) or AMCO-AEPA based 
standards prepared by YSI or an approved YSI vendor listed on the YSI website (www.ysi.com).   THE 
USE OF STANDARDS FROM OTHER VENDORS AND/OR THOSE PREPARDED FROM 
MATERIALS OTHER THAN FORMAZIN OR AMCO-AEPA POLYMER BEADS WILL RESULT 
IN BOTH CALIBRATION ERRORS AND INACCURATE FIELD READINGS. 

 
• For AMCO-AEPA standards, the value entered by the user during the calibration protocol is 

DIFFERENT depending on which sensor (6026 or 6136) is being calibrated.   This reflects the 
empirically determined fact that the 6026 and 6136 sensors which have been calibrated to the same 
value in the primary standard formazin will have different responses in the suspensions of the AEPA-
AMCO beads.  This effect is likely due to the larger optical cell volume of the 6136.  Thus, for 
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example, the label of the YSI 6073 turbidity standard bottle indicates that the value of the standard is 
100 NTU when used for calibration of the 6026 sensor, but 126 NTU when used to calibrate the 
6136.   Note that the phenomenon of a sensor-specific formazin/AEPA-AMCO ratio is well known for 
sensors other than the 6026 and 6136. 

 
YSI and its approved vendors offer easy-to use AMCO-AEPA turbidity standards which can also be 
quantitatively diluted with turbidity-free water to provide calibrant suspensions of lower values.   Hach also 
offers relatively inexpensive formazin suspensions at various NTU values up to 1000 NTU under the 
StablcalTM designation which will provide accurate calibration of either the 6026 or 6136 sensors as long as 
the user is willing to exercise the proper safety precautions as outlined in the MSDS associated with formazin.   
The primary advantage of the Hach formazin standards is their cost; their primary disadvantage is that the 
suspended matter settles out fairly rapidly.  Although the AMCO-AEPA standards are somewhat more 
expensive, they do not settle out, making them significantly easier to use. 
 
While the effect of temperature on the turbidity sensor is small, this factor is automatically taken into 
account by the sonde software providing temperature compensated readings.  Temperature coefficients of 
0.3%/degree C and 0.6%/degree C are automatically activated for the 6026 and 6136, respectively, when 
these sensors are activated in the Sensor menu. 
 
 
MEASUREMENT AND CALIBRATION PRECAUTIONS 
 
(1) For best results, use only freshly prepared or purchased turbidity standards.  Degradation of standards 
can occur on standing, particularly formazin prepared from dilution of concentrated suspensions such as 
Hach 4000 NTU standard. 
 
(2) If unusually high or jumpy readings are observed during the calibration protocol, it is likely that there 
are bubbles on the optics.   Manually activating the wiper of the 6026 or 6136 from a computer or 650 
MDS keypad removes these bubbles.  
 
(3) When calibrating the 6136 sensor, be aware of the fact that precautions must be taken to avoid 
interference of the bottom of the calibration vessel.   Instructions for two methods of calibrating the 6136 
sensor are provided in Section 2.6.1 of this manual.   Unless these precautions are taken, field turbidity 
readings can exhibit an offset of approximately 1.5 NTU.  For example, a field reading of 2.5 NTU would 
really be 4.0 NTU.  The offset is not magnified at higher turbidity (for example, a reading of 100 NTU 
would really be 101.5 NTU) and thus, the effect is much more important in water of low turbidity. 
 
(4) The output of turbidity sensors is susceptible not only to the overall cloudiness of the environmental 
medium, but also to the particle size of the suspended solids which pass across the optics on the probe face.  
Thus, although the turbidity of an environmental sample may appear to the eye to be relatively stable, the 
displayed turbidity can vary significantly depending on the nature of the particles in the optical path at the 
instant of measurement.  For example, if individual readings are taken every 4 seconds in a discrete sample 
study of environmental water, variations of 0.5-1.0 NTU are common between readings.  In long term, 
unattended studies this effect can be even more exaggerated with spikes of up to 10 NTU sometimes 
observed.  This apparent jumpiness is not observed for freshly prepared turbidity standards, since the 
particle size in these suspensions is homogeneous. 
 
The sonde turbidity system allows the user to either observe these real turbidity events (while obtaining 
somewhat jumpy readings) or to apply a mathematical filter to the raw data so that the NTU output may be 
more reflective of the overall cloudiness of the environmental sample.   From the Advanced|Data Filter 
menu of the sonde software, the user can activate the data filter that is specific to turbidity and “fine tune” 
its performance.   For typical sampling and monitoring applications, YSI recommends that the Data Filter 
settings be selected as follows: Enabled -- On; Wait for Filter -- Off; Time Constant = 12; Threshold = 
0.010.   
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For most unattended sampling applications, selection of the above filter settings should also be appropriate.  
However, an additional capability is also available which enhances the elimination of spurious single point 
spikes from the logged data and thus allows for a better presentation of the average turbidity during the 
deployment.   This “Turb Spike Filter” is activated/deactivated in the Advanced|Sensor menu.  Its 
capability is further described in Section 2.9.8, Advanced.  YSI recommends the use of this feature for all 
unattended studies.  The user should determine from experience whether its activation is also appropriate 
for spot sampling studies at particular sites. 
 
See Appendix E, Turbidity Measurements for additional practical information on the measurement of 
turbidity with 6-series sondes. 
 
 

5.14   CHLOROPHYLL 

 
INTRODUCTION 
 
Chlorophyll, in various forms, is bound within the living cells of algae, phytoplankton, and other plant 
matter found in environmental water.  Chlorophyll is a key biochemical component in the molecular 
apparatus that is responsible for photosynthesis, the critical process in which the energy from sunlight is 
used to produce life-sustaining oxygen.  In general, the amount of chlorophyll in a collected water sample 
is used as a measure of the concentration of suspended phytoplankton, the magnitude of which can 
significantly affect the overall quality of the water.  
 
The use of the measurement of phytoplankton as an indicator of water quality is described in Section 10200 
A. of Standard Methods for the Examination of Water and Wastewater.  The classical method of 
determining the quantity of chlorophyll at a particular site is to collect a fairly large water sample and 
analyze it in the laboratory.   The procedure involves filtration of the sample to concentrate the chlorophyll 
containing organisms, mechanical rupturing of the collected cells, and extraction of the chlorophyll from 
the disrupted cells into the organic solvent, acetone.  The extract is then analyzed by either a 
spectrophotometric method using the known optical properties of chlorophyll or by high performance 
liquid chromatography (HPLC).  This general method is detailed in Section 10200 H. of Standard Method 
and has been shown to be accurate in multiple tests and applications as long as a competent laboratory 
analyst carries out the protocol.  The procedure is generally accepted for reporting in scientific literature. 
The method is time-consuming, however, and usually requires an experienced, efficient analyst to generate 
consistently accurate and reproducible results.  It also does not lend itself readily to continuous monitoring 
of chlorophyll, and thus phytoplankton, since the collection of samples at reasonable time intervals, e.g., 
every hour, would be extremely tedious.    
 
YSI has developed the YSI 6025 chlorophyll sensor for the determination of chlorophyll in spot sampling 
and continuous monitoring applications.  It is based on an alternative method for the measurement of 
chlorophyll which overcomes these disadvantages, albeit with the potential loss of accuracy.  In this 
procedure, chlorophyll is determined in vivo, i.e., without disrupting the cells as in the extractive analysis.  
The YSI 6025 chlorophyll sensor is designed for these in vivo applications and its use allows the facile 
collection of large quantities of chlorophyll data in either spot sampling or continuous monitoring 
applications.  It is important to remember, however, that the results of in vivo analysis will not be as 
accurate as those from the certified extractive analysis procedure.   
 
The limitations of the in vivo method are outlined below and should be carefully considered before making 
chlorophyll determinations with your YSI sonde and sensor.  Some of the sources of inaccuracy can be 
minimized by combining the data from the YSI 6025 with data from extractive analysis of a few samples 
acquired during a sampling or monitoring study.   However, the in vivo studies will never replace the 
standard procedure.  Rather, the estimates of chlorophyll concentration from the easy-to-use YSI 
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chlorophyll system are designed to complement the more accurate (but more difficult to obtain) results 
from more traditional methods of chlorophyll determination. 
 
MEASUREMENT OF CHLOROPHYLL IN VIVO  
 
One key characteristic of chlorophyll is that it fluoresces

 

, that is, when irradiated with light of a particular 
wavelength, it emits light of a higher wavelength (or lower energy).   The ability of chlorophyll to fluoresce 
is the basis for all commercial fluorometers capable of measuring the analyte in vivo.  Fluorometers of this 
type have been in use for some time. These instruments induce chlorophyll to fluoresce by shining a beam 
of light of the proper wavelength into the sample, and then measuring the higher wavelength light which is 
emitted as a result of the fluorescence process. Most chlorophyll systems use a light emitting diode (LED) 
as the source of the irradiating light that has a peak wavelength of approximately 470 nm.  LEDs with this 
specification produce radiation in the visible region of the spectrum with the light appearing blue to the 
eye. On irradiation with this blue light, chlorophyll resident in whole cells emits light in the 650-700 nm 
region of the spectrum. To quantify the fluorescence the system detector is usually a photodiode of high 
sensitivity that is screened by an optical filter that restricts the detected light. The filter prevents the 470 nm 
exciting light from being detected when it is backscattered off of particles in the water. Without the filter, 
turbid (cloudy) water would appear to contain fluorescent phytoplankton, even though none were present.  
The following diagram can be used to better understand the principles of the YSI system. 

 
 
Most commercial fluorometers fit into two categories. In the first category are benchtop instruments that 
generally have superior optical flexibility and capability but are relatively expensive and are often difficult 
to use in the field. In the second category are sonde-type fluorometers that have a fixed optical 
configuration, but are less expensive, can be more easily used in the field, and are usually compatible with 
data collection platforms. The use of a pump is recommended for some sonde fluorometers and this can 
result in the need for large capacity batteries for field use.   
 
The unique YSI chlorophyll system available as an option for use with YSI sondes consists of a probe 
which is similar in concept to the sonde-type fluorometers, but is much smaller, making it compatible with 
the probe ports of the YSI 6820V2-1, 6820V2-2, 6920V2-1, 6920V2-2, 600 OMSV2-1, 6600V2-2, 
6600EDS V2-2, and 6600V2-4 sondes.  The output of the sensor is automatically processed via the sonde 
software to provide readings in either relative fluorescence units (Chl RFU) or µg/L of chlorophyll.  No 
pump is required for the YSI system allowing the sensor to operate off of either the sonde internal batteries 
or the batteries in the YSI 650 MDS display/logger. Like the YSI 6026 and 6136 turbidity probes, the YSI 
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6025 chlorophyll probe is equipped with a mechanical wiper to periodically clean the optical face either by 
manual or automatic activation. With these features, the YSI chlorophyll sensor provides the same level of 
performance as the sonde fluorometers, but is much easier to use and can be deployed in environmental 
water for several weeks without the need for service. In addition, the probe will be a component in sondes 
that can acquire up to ten other parameters simultaneously with chlorophyll, rather just providing the single 
parameter. 

 
CALIBRATION METHODS -- GENERAL 
 
As described in Section 2 of this manual, the sonde software offers the option of performing 1-point, 2-
point, or 3-point calibration procedures in µg/L of chlorophyll.   The 1-point calibration is designed only to 
zero the sensor in chlorophyll-free water and is sufficient for most field applications as described below.   
Performing a 1-point calibration also zeroes the relative fluorescence unit (RFU) parameter.   The 2-point 
calibration will normally be used for checking the stability of the sensor during deployment by using a dye 
solution to set the relative sensitivity of the sensor as described below.   The 3-point calibration routine is 
only for special applications and seldom improves the accuracy of the sensor. 
     
For calibration of the YSI chlorophyll system, only one type of standard will assure accurate field 
readings: a suspension of phytoplankton of known chlorophyll content

 

. The chlorophyll content of this 
suspension should be determined by the extractive analysis procedure described in Standard Methods.   Most 
users will not have this analyzed plankton suspension available prior to field studies for use in the 2-point 
calibration protocol resident in the sonde software.  Thus, the best “calibration” method usually comprises the 
following steps: 

1. Prior to use in the field, place the sensor in clean water and perform a 1-point calibration at 0 ug/L. 
2. Immerse the sonde in a dye standard (see below) and record the reading.  Note that you are not 

“calibrating” to the dye reading, only checking its value relative to the default sensitivity of the sensor. 
3. While making your field readings (sampling or unattended studies), collect a few grab samples and record 

the date/time and location where they were acquired. 
4. On return to the laboratory, perform extractive analyses for chlorophyll on the grab samples and record 

the results for later use. 
5. After the study is complete, place your YSI chlorophyll data in the column of a spreadsheet and place 

your laboratory data in an adjacent column for comparison.   Calculate ratios of field to laboratory results 
for each grab sample point and then average the results to produce a ratio for adjustment (or 
‘postcalibration”) of your field results into accurate chlorophyll readings (relative to extractive analysis). 

6. Use the calculating power of the spreadsheet to multiply all of your field readings by the correction ratio 
to obtain the best possible accuracy for your 6025 data. 

 
A variation of this method is to perform a 2-point calibration prior to deployment using clear water and a dye 
standard, setting apparent chlorophyll equivalent of the dye standard to the value shown in the tables below.  
However, it must be emphasized that this technique does not increase the accuracy of the chlorophyll sensor 
significantly over the simple 1-point calibration recommended above – the user still must collect grab sample 
and perform laboratory analysis to be assured of meaningful chlorophyll values.   The primary utility of the 
dye is to check for sensor drift during deployment by reanalyzing the dye solution after sonde recovery.  The 
use of the 2-point dye calibration procedure may make it easier to quantify the predeployment dye value and, 
if so, may be preferable.   Remember, however, that no real enhancement of sensor accuracy is attained by 
using the dye as a calibrant.
 

  

 
 
 
 
 



Principles of Operation  Section 5 

YSI Incorporated Environmental Monitoring Systems Manual 5-24 

PREPARATION OF DYE SOLUTIONS FOR CHECKING SENSOR DRIFT 
 
RHODAMINE WT STANDARD SOLUTION 
 
CAUTION: Be certain to read and follow all the safety instructions and MSDS documentation which is 
supplied with the dye before proceeding.  Remember that only trained personnel should handle 
chemicals. 
 
 
Use the following procedure to prepare a Rhodamine WT solution for use as a sensor stability check reagent. 
 
1. Rhodamine WT dye is usually purchased in solution form and can vary somewhat in nominal 

concentration.   YSI uses Rhodamine WT from the supplier noted below and recommends that the user 
purchase this exact item if possible.   The solution is approximately 2 % in Rhodamine WT. 

 
Fluorescent FWT Red Dye (Item 106023) 
Kingscote Chemicals 
3334 South Tech Blvd. 
Miamisburg, OH 45342 
1-800-394-0678 
Fax: 937-886-9300 

 
 
2. Accurately transfer 5.0 mL of the Rhodamine WT solution into a 1000 mL volumetric flask.  Fill the 

flask to the volumetric mark with deionized or distilled water and mix well to produce a solution that is 
approximately 100 mg/L of Rhodamine WT.  Transfer this standard to a glass bottle and retain it for 
future use. 

 
3. Accurately transfer 5.0 mL of the solution prepared in the above step to a 1000 mL volumetric flask and 

then fill the flask to the volumetric mark with deionized or distilled water.   Mix well to obtain a solution, 
which is 0.5 mg/L in water (a 200:1dilution of the concentrated solution). 

 
4. Store the concentrated standard solution produced in (2) above in a glass bottle in a refrigerator to retard 

decomposition. The dilute standard prepared in the previous step should be used within 24 hours of its 
preparation. 

 
When Rhodamine standards are required in the future, perform another dilution of the concentrated 
Rhodamine solution after warming it to ambient temperature.  Our experience has indicated that the 
concentrated solution that has been kept at cold temperatures is much more stable than the dilute solution 
stored at room temperature. 
 
It is well known that the intensity of the fluorescence of many dyes shows an inverse relationship with 
temperature.  The effect must also be accounted for when “calibrating” the YSI chlorophyll sensor with 
Rhodamine WT. Enter the calibration value from the table below corresponding to the temperature of the 
standard.    
 
WARNING: The “Chl Tempco” factor in the Advanced|Sensor menu, MUST BE SET TO ZERO, 
when calibrating with Rhodamine WT.  
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Table. Approximate algal chlorophyll equivalent of 0.5 mg/L Rhodamine WT as a function of temperature. 
 
T, C ug/L Chl to 

Enter 
T, C Ug/L Chl to 

Enter 
30 100 18 122 
28 103 16 126 
26 106 14 131 
24 110 12 136 
22 113 10 140 
20 118 8 144 
 
REMEMBER: The use of  Rhodamine WT for “calibration with Rhodamine WT is only an 
approximation.   To assure accurate readings from the 6025 sensor, the user must relate the field 
fluorescence readings to data from extractive analysis samples as described above. YSI does not 
provide an accuracy specification for chlorophyll due to these limitations. 
 
 
EFFECT OF TEMPERATURE ON READINGS 
 
While the effect of temperature on the chlorophyll sensor itself is very small, YSI experiments have 
indicated that the fluorescence of phytoplankton suspensions can show significant temperature dependence.  
For example, the apparent chlorophyll content of our laboratory test samples of algae increased from 185 to 
226 µg/L when the temperature was dropped from 21 °C to 1 °C even though no change in phytoplankton 
content took place.  In the absence of compensation, this effect would obviously result in errors in field 
chlorophyll readings if the site temperature were significantly different from the calibration temperature.   
This temperature error can be reduced by employing a chlorophyll temperature compensation routine (“Chl 
tempco”) resident in the sonde software under the Advanced|Sensor menu. 
  
From our studies, it appears that entry of a value of 1 to 2 % per degree C for “Chl tempco” is appropriate 
to partially account for changes in the fluorescence of environmental phytoplankton with temperature.  This 
value can be estimated in the above example as follows: 
 
Change in Temperature = 21–1 = 20 °C 
Change in Fluorescence = 226-185 = 41 µg/L 
% Change in Fluorescence = (41/185) x 100 = 22.1 
Chl Tempco Factor = 22.1/20 = 1.11 % per degree °C 
 
Note that the use of this empirically derived compensation does not guarantee accurate field readings since 
each species of phytoplankton is likely to be unique with regard to the temperature dependence of its 
fluorescence.  Changes in fluorescence with temperature are a key limitation of the in vivo fluorometric 
method (see below) which can only be reduced, not eliminated, by this compensation.  In general, the best 
way to minimize errors is to calibrate with phytoplankton standards of known chlorophyll content that are 
as close as possible in temperature to that of the environmental water under investigation. 
 
 
EFFECT OF FOULING ON CHLOROPHYLL MEASUREMENTS 
 
Field optical measurements are particularly susceptible to fouling, not only from long term build up of 
biological and chemical debris, but also to shorter term formation of bubbles from outgassing of the 
environmental water. These bubbles can sometimes be removed in short term sampling applications by 
simply agitating the sonde manually. For studies longer than a few hours where the user is not present at 
the site, the quality of the chlorophyll data obtained with a fluorescence sensor that has no capability of 
mechanical cleaning is likely to be compromised.  The YSI 6025 probe is equipped with a mechanical 
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wiper that makes it ideal for unattended applications. The wiper can be activated in real-time during 
discrete sampling operations or will function automatically just before each sample is taken during long 
term unattended monitoring studies. The number of wiper movements and the frequency of the cleaning 
cycle for the unattended mode can be set in the sonde software.  Generally, one wiper movement is 
sufficient for most environmental applications, but in media with particularly heavy fouling, additional 
cleaning cycles may be necessary. 
 
 
EFFECT OF TURBIDITY ON CHLOROPHYLL READINGS 
 
As described above, the filters in front of the photodiode in the YSI 6025 chlorophyll probe prevent most of 
the 470 nm light which is used to excite the chlorophyll molecules from reaching the detector after being 
backscattered off of non-fluorescent particles (turbidity) in environmental water. However, the filter system 
is not perfect and a minor interference on chlorophyll readings from suspended solids may result.  
Laboratory experiments indicate that a suspension of typical soil measured with a YSI turbidity sensor will 
have a turbidity interference characterized by a factor of about 0.03 µg/L per NTU.  For example, the 
turbidity of the water must be above 100 NTU to produce an apparent chlorophyll reading equal to 3 µg/L.   
In very cloudy water, the user may wish to use the independently-determined turbidity value and the above 
compensation factor to correct measured chlorophyll values using, for example, a spreadsheet.   
 
 
LIMITATIONS OF IN VIVO CHLOROPHYLL MEASUREMENTS 
 
As noted above, the measurement of chlorophyll from in vivo fluorescence measurements will always be 
less reliable than determinations made on molecular chlorophyll that has been extracted from the cells 
using the procedures described in Standard Methods.  This section describes some of the known problems 
with in vivo chlorophyll measurement. 
 
INTERFERENCES FROM OTHER FLUORESCENT SPECIES: The analytical methods described in 
Standard Methods for chlorophyll involve disruption of the living organisms present in suspension, 
followed by extraction of molecular chlorophyll into a homogeneous

 

 solution in an organic solvent.  
Acidification of the extract helps to minimize the interferences caused by a number of other, non-
chlorophyll species.   In addition, readings can be taken at various wavelengths on a spectrophotometer to 
differentiate between the various forms of chlorophyll (a, b, c) and pheophytin a. 

In contrast to this fairly controlled situation, all in vivo sensors operate under whole-cell, heterogeneous

 

 
conditions where the sensor will measure, at least to some degree, everything which fluoresces in the 
region of the spectrum above 630 nm when irradiated with 470 nm light.  Therefore, the sensor is really 
quantifying overall fluorescence under these optical conditions, rather than chlorophyll specifically.   While 
it is probable that most of the fluorescence is due to suspended plant and algal matter and that much of the 
fluorescence from this biomass is due to chlorophyll, it is impossible to exclude interferences from other 
fluorescent species using the approach described above. 

Note that in vivo fluorometers usually cannot differentiate between the different forms of chlorophyll. 
 
LACK OF CALIBRATION REAGENTS: The usual reagents which are used for the calibration of 
fluorometric measurements for chlorophyll after extraction into organic solvents are purchased as “purified 
chlorophyll a” from chemical supply vendors such as Sigma. These standards are not soluble in aqueous 
media and, even if they were, their fluorescence is unlikely to be the same as when the chlorophyll is 
present in the whole living cell. Therefore, for even a semiquantitative calibration, the user needs a 
“substitute” standard such as Rhodamine WT (see above) to provide a method for estimating the sensitivity 
of the sensor.   Field readings based on this type of calibration will provide only an estimate of chlorophyll 
in environmental water where the measurement is taken on whole cell suspensions in vivo. The calibration 
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standard that provides the best measure of accuracy for in vivo chlorophyll sensors is a portion of a 
phytoplankton suspension that has been analyzed for chlorophyll by the extractive procedure. We 
recommend the use of this procedure and further recommend that the phytoplankton suspension be taken 
from the site being monitored so that the species producing the fluorescence in the standard are as close as 
possible to the field organisms. To truly assess data reliability in a long term monitoring study, grab 
samples should be taken periodically, e.g. weekly, and analyzed in the laboratory as the study progresses.  
These data can then be used to “postcalibrate” the readings logged to the instrument during the study, 
perhaps using a spreadsheet for the simple mathematical treatment.  In any case, getting quantitative 
chlorophyll data from any in vivo fluorometric sensor is much more difficult than with most other 
environmental sensors.  For this reason, it is difficult to provide an accuracy specification for chlorophyll 
measurement made with in vivo fluorometers and therefore no accuracy specification is quoted for the YSI 
6025. 
  
EFFECT OF CELL STRUCTURE, PARTICLE SIZE, AND ORGANISM TYPE ON IN VIVO 
READINGS: Even if the only fluorescent species present for in vivo measurements were chlorophyll, and 
reliable calibration standards were available, its absolute quantification would probably still be difficult 
because samples are not homogeneous.  Differing species of algae with differing shape and size will likely 
fluoresce differently even if the type and concentration of chlorophyll are identical and this significantly 
limits the accuracy of in vivo measurements.  
 
EFFECT OF TEMPERATURE ON PHYTOPLANKTON FLUORESCENCE: As noted above, YSI 
experiments indicate that phytoplankton fluorescence increases as temperature decreases.  Thus, readings 
taken on a phytoplankton suspension at cold temperature would erroneously indicate the presence of more 
phytoplankton than when the suspension is read at room temperature. Unless this effect is taken into 
account, most field readings will be somewhat in error, since the field temperature will differ from the 
temperature of calibration. The use of the “Chl Tempco” factor found in the Advanced|Sensor menu will 
help to reduce this error, but must be used with caution since each species of phytoplankton is likely to 
have a slightly different temperature dependence. 
 
EFFECT OF LIGHT ON PHYTOPLANKTON FLUORESCENCE: It is well documented in the 
literature that the fluorescence of chlorophyll resident in phytoplankton can be inhibited by light.  This 
“photoinhibition” is confirmed by empirical data which indicate that, at constant phytoplankton level, the 
fluorescent signal can change significantly on a diurnal schedule, showing less fluorescence during the day 
and more fluorescence at night.   Data showing this diurnal cycle is shown in Appendix I, Chlorophyll 
Measurements.  It is clear that this effect would produce errors in the absolute values of chlorophyll unless 
it were accounted for by the user.  
 
The chlorophyll section of Standard Methods substantiates these limitations along with application notes 
that are offered by current fluorometer manufacturers.   The limitations result in the realization that any in 
vivo  “chlorophyll” sensor will be much less quantitative than any of the other sensors offered for use with 
our sondes.  
 
 
MEASUREMENT AND CALIBRATION TIPS 
 
1. For best results, analyze field samples to be used for “calibration” of the sensor as soon as possible 

after collection.  
 
2. If unusually high or jumpy readings are observed during calibration, it is likely that there are bubbles 

on the optics. The surface should be cleaned by manually activating the wiper before confirming the 
calibration. 

 
3. The output of the YSI fluorescence sensor is susceptible not only to the overall phytoplankton 

concentration in the environmental medium, but also to the size and rate of movement of the 
suspended particles that pass across the optics on the probe face.  Thus, although the phytoplankton 
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content of an environmental sample may appear to the eye to be relatively stable, the displayed 
chlorophyll reading can vary significantly depending on the nature of the particles in the optical path at 
the instant of measurement.  In a discrete sample study of environmental water, for example, the 
variability of the output can be significant.  This apparent jumpiness is not observed in dye standards, 
since these are homogeneous solutions containing no suspended matter. 

 
The sonde chlorophyll system allows the user to apply a mathematical filter to the raw data so that the 
sensor output may be more representative of the average phytoplankton content of the environmental 
sample.   From the Advanced|Sensor menu of the sonde software, the user can activate the data filter 
and adjust its performance.   For typical sampling and monitoring applications, YSI recommends that 
the Data Filter settings for chlorophyll be selected as follows: Enabled -- On; Wait for Filter -- Off; 
Chlorophyll Time Constant = 12; Chlorophyll Threshold = 1.   The advantage of the filter is a more 
stable display of chlorophyll readings. 
 
 

5.15   RHODAMINE WT 
 
INTRODUCTION AND PRINCIPLE OF OPERATION 
 
Rhodamine WT is a red dye that is commonly used in stream flow studies.  The amount of the species at 
various points (horizontal and vertical) in the water under examination is determined by utilizing the fact 
that Rhodamine WT fluoresces when irradiated with the proper wavelength of light and thus the YSI 6130 
Rhodamine WT sensor works on the same principles as described above for the 6025 chlorophyll sensor. 
 
As for chlorophyll, Rhodamine WT fluoresces

 

, that is, when irradiated with light of a particular 
wavelength, it emits light of a higher wavelength (or lower energy).   The ability of Rhodamine WT to 
fluoresce is the basis for all commercial fluorometers capable of measuring the analyte in situ.  
Fluorometers of this type have been in use for some time. These instruments induce Rhodamine WT to 
fluoresce by shining a beam of light of the proper wavelength into the sample, and then measuring the 
higher wavelength light which is emitted as a result of the fluorescence process. Most Rhodamine systems 
use a light emitting diode (LED) as the source of the irradiating light that has a peak wavelength of 
approximately 540 nm.  LEDs with this specification produce radiation in the visible region of the spectrum 
with the light appearing green to the eye. On irradiation with this green light, Rhodamine WT in the water 
emits visible light with a higher wavelength than that of the exciting beam, i.e. the Rhodamine fluoresces. 
To quantify this fluorescence, the system detector is usually a photodiode of high sensitivity that is 
screened by an optical filter that restricts the detected light. The filter minimizes (a) the exciting light being 
detected when it is backscattered off of particles in the water and (b) the interference from other fluorescent 
species such the chlorophyll in  phytoplankton.  Without the filter, turbid (cloudy) water or water with high 
levels of phytoplankton would appear to contain Rhodamine WT, even though none were present.  The 
following diagram can be used to better understand the principles of the YSI Rhodamine WT system. 
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Field optical measurements are particularly susceptible to fouling, not only from long term build up of 
biological and chemical debris, but also to shorter term formation of bubbles from outgassing of the 
environmental water.  These bubbles can generally be removed in short term sampling application by 
simply agitating the sonde manually.  However, for studies longer than a few hours where the user is not 
present at the site, the quality of the data obtained with a Rhodamine WT sensor that has no capability of 
mechanical cleaning may be compromised.   Like all YSI optical probes described above, the 6130 
Rhodamine WT probe is equipped with a mechanical wiper that makes it ideal for unattended applications.   
The wiper can be activated in real-time during discrete sampling operations or will function automatically 
during long term unattended sampling studies.  The number of wiper movements and the frequency of the 
cleaning cycle for the unattended mode can be set in the sonde software.  Generally one movement is 
sufficient for most environmental application, but in media with particularly heavy fouling, additional 
cleaning cycles may be necessary. 
 
 
CALIBRATION AND EFFECT OF TEMPERATURE 
 
The sonde software offers the option of 1 point, 2 point, or 3 point calibrations procedures.  For most 
applications, a 2-point calibration at 0 and 100 ug/L is sufficient.   However, for maximum accuracy over 
the entire 0-200 ug/L range of the sensor, a 3-point calibration procedure can slightly enhance the accuracy 
of the sensor.  Note that YSI does not offer Rhodamine WT standards, but does suggest a vendor for user-
production of standards and, later in this section, provides instructions for preparing a solution which is 100 
ug/L in Rhodamine WT. 
 
While the effect of temperature on the Rhodamine sensor and electronics is small, the fluorescence of 
Rhodamine WT changes significantly with temperature.  The combination of the two factors is 
automatically taken into account by the sonde software providing temperature compensated readings.  
 
 

 
 
 

 

Optical Fiber 

Photodetector 

Light Source 
Green LED  

Optical Filter 
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RHODAMINE WT STANDARD SOLUTION – PREPARATION AND USE 
 
CAUTION: Before using concentrated Rhodamine WT solution to prepare standards, be certain to 
read the safety instructions provided by the supplier with this chemical.  Remember that only trained 
personnel should handle chemicals. 
 
PREPARATION 
 
Use the following procedure to prepare a 100 ug/L solution that can be used to calibrate your Rhodamine WT 
sensor for field use: 
 
1. We recommend that Rhodamine WT concentrate be purchased from Keystone Aniline Corporation, 2501 

W. Fulton Street, Chicago, IL 60612 (Telephone: 312-666-2015) under the name KEYACID 
RHODAMINE WT LIQUID (Part # 70301027).  As purchased, the solution is approximately 20 % 
Rhodamine WT by weight, i.e., 200 g/L.  

 
2. Accurately weigh 0.500 g of the 20 % Rhodamine concentrate, quantitatively transfer the viscous liquid 

to a 1000-mL volumetric flask and fill the flask to the top graduation.  This solution contains 100 mg of 
Rhodamine WT per 1000 mL of water. 

 
3. Accurately transfer 1.0 mL of the solution prepared in the above step to a 1000 mL volumetric and then 

fill the flask to the top graduation with purified water.   Mix well to obtain a solution that is 100 ug/L 
(0.10 mg/L) in water (a 1000:1 dilution of the concentrated solution).  

 
4. Store the concentrated standard solution in a darkened glass bottle in a refrigerator to retard 

decomposition.  The dilute standard prepared in the previous step should be used within 5 days of its 
preparation. 

 
When Rhodamine WT standards are required in the future, perform another dilution of the concentrated dye 
solution after warming it to ambient temperature.  Our experience has indicated that the concentrated solution 
that has been kept at cold temperatures is much more stable than the dilute solution stored at room 
temperature. 
 
 

EFFECT OF TURBIDITY ON RHODAMINE WT READINGS 
 
As described above, the filters in front of the photodiode in the YSI 6130 Rhodamine probe prevent most of 
the green light which is used to excite the Rhodamine molecules from reaching the detector after being 
backscattered off of non-fluorescent particles (turbidity) in environmental water. However, the filter system 
is not perfect and a minor interference on Rhodamine WT readings from suspended solids may result.  
Laboratory experiments indicate that a suspension of typical soil measured with a turbidity sensor will have 
turbidity interference characterized by a factor of about 0.03 µg/L per NTU.  For example, the turbidity of 
the water must be above 100 NTU to produce an apparent Rhodamine WT reading equal to 3 µg/L.   In 
very cloudy water, the user may wish to use the independently-determined turbidity value and the above 
compensation factor to correct measured chlorophyll values using, for example, a spreadsheet.   
 
 

EFFECT OF CHLOROPHYLL ON RHODAMINE WT READINGS 
 
While the green LED used in the Rhodamine WT sensor is not ideal for excitation of the chlorophyll in 
phytoplankton, some fluorescence of environmental chlorophyll will always be induced by the Rhodamine 
sensor.   Because the filter system for the Rhodamine photodiode is not perfect in excluding chlorophyll 
fluorescence, a minor interference on Rhodamine WT readings from phytoplankton may result.  Laboratory 
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experiments indicate that a suspension of phytoplankton measured with a YSI 6025 sensor will have 
chlorophyll interference characterized by a factor of about 0.10 µg/L Rhodamine WT per ug/L of 
chlorophyll.  For example, the chlorophyll content of the water must be above 30 ug/L chlorophyll to 
produce an apparent Rhodamine WT reading equal to 3 µg/L.   In water with a high algal content, the user 
may wish to use the independently-determined chlorophyll value and the above compensation factor to 
correct measured Rhodamine values using, for example, a spreadsheet. 
 
 
 

5.16  PHYCOCYANIN-CONTAINING BLUE-GREEN 
ALGAE 
 

Blue-green algae (BGA), also known as cyanobacteria, are common forms of photosynthetic bacteria 
present in most freshwater and marine environments.  BGA contain a unique set of accessory pigments of 
the phycobiliprotein family that serve a variety of roles for the organism. The primary phycobilin pigments 
are phycocyanin (PC) and phycoerythrin (PE) and both happen to have strong fluorescent signatures that do 
not interfere significantly with the fluorescence of the chlorophylls. This allows for the in vivo detection of 
cyanobacteria with minimal interference from other groups of algae.   BGA with the PC phycobilin 
pigment can be found in both fresh and brackish water environments while BGA with the PE phycobilin 
pigment is usually found only in brackish or marine environments.  

Introduction 

 
The monitoring of BGA is of growing interest in a number of research and monitoring fields and of 
particular interest is the monitoring of BGA as a public health risk in freshwater and estuarine areas.  As 
the rates of eutrophication accelerate due to human impacts on aquatic ecosystems, algal blooms are 
becoming a more common problem.  In the case of BGA blooms, some species can produce toxins 
generally referred to as cyanotoxins that can cause health risks to humans and animals.  The real-time 
monitoring of BGA through fluorometry can serve as an early warning system for potentially hazardous 
conditions. In addition to potential toxin production, BGA blooms can also result in water with an 
unpleasant appearance, and in the case of drinking water, an unpleasant taste and odor. These problems 
adversely affect water quality and diminish the water's recreational utility. Also of concern are high cell 
concentrations causing an increase in filter run times in drinking water plants. Thus, monitoring the BGA 
population and distribution in lakes, reservoirs and estuarine areas is extremely important for basic 
research, resource protection, and public health and safety. 
 
 The YSI 6131 sensor, when used in conjunction with YSI 6-series multiparameter sondes, is designed to 
detect and monitor the presence of PC-containing BGA in order to eliminate, or at least reduce, their public 
health risks and their general effects on drinking water purification. 
   
The determination of BGA as an indicator of water quality has historically been carried out using either (a) 
extraction of BGA samples followed by analysis of the extracts by fluorometry, HPLC, or a combination of 
the two techniques or (b) the automated or manual counting of actual BGA cells in the known volume of 
sample water.   While accurate, these types of analytical techniques usually are done as part of a “spot 
sampling” protocol and almost never yield continuous data with regard to BGA content.   The methods are 
time-consuming and usually require an experienced, efficient analyst to generate consistently accurate and 
reproducible results.  Most importantly, the methods do not lend themselves readily to continuous 
monitoring of PC-containing BGA, since the analysis of a collection of samples taken at reasonable time 
intervals, e.g., every hour, would be extremely tedious.    
 
YSI has developed the YSI 6131 sensor for the determination of PC-containing BGA in spot sampling and 
continuous monitoring applications.  It is based on an alternative method for the measurement of BGA 
which overcomes the disadvantages of discrete laboratory methods outlined above, albeit with the potential 
loss of accuracy.  In this procedure, PC-containing BGA are measured in vivo, i.e., without either 
disrupting the cells as in the laboratory extractive analysis procedure or using cell counting techniques as 
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described above.  The YSI 6131 sensor is designed for these in vivo applications and its use allows the 
facile collection of large quantities of data in either spot sampling or continuous monitoring applications.  It 
is important to remember, however, that the results of in vivo analysis will almost certainly not be as 
accurate as those from the certified extractive analytical or cell counting procedures. 
 
The limitations of the in vivo method are outlined below and should be carefully considered before making 
BGA determinations with your YSI sonde and sensor.  Some of the sources of inaccuracy can be 
minimized by combining the data from the YSI 6131 with data from standard laboratory analysis of a few 
samples acquired during a sampling or monitoring study.   However, the in vivo studies will never replace 
the standard procedure.  Rather, the estimates

 

 of BGA concentration from the easy-to-use YSI Phycocyanin 
Probe are designed to complement the more accurate (but more difficult to obtain) results from more 
traditional methods of BGA determination. The YSI 6131 sensor is ideally suited for the monitoring the 
relative changes (temporally or spatially) in the PC-containing BGA population. 

One key characteristic of phycocyanin-containing BGA is that the cells 
Measurement of PC-containing BGA In Vivo 

fluoresce

 

, that is, when irradiated 
with light of a particular wavelength, they emit light of a higher wavelength (or lower energy).   The ability 
of phycocyanin to fluoresce while present in whole BGA cells is the basis for all commercial fluorometers 
capable of measuring the analyte in vivo.  These instruments induce phycocyanin to fluoresce by shining a 
beam of light of the proper wavelength into the sample, and then measuring the longer wavelength light 
which is emitted as a result of the fluorescence process.   The YSI 6131 Phycocyanin Probe uses an orange 
light emitting diode (LED) for the excitation process.  On irradiation with this orange light, phycocyanin 
molecules resident in whole cells emit light in the 600-700 nm region of the spectrum. To quantify the 
fluorescence, the system detector is a photodiode of high sensitivity that is screened by an optical filter that 
restricts the detected light.  The filter prevents the orange exciting light from being detected when it is 
backscattered off of particles in the water.  Without the filter, turbid (cloudy) water would appear to contain 
significant amounts of PC-containing BGA, even though none were present.  The following diagram can be 
used to better understand the principles of the YSI system. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The unique YSI 6131 BGA system consists of a probe which is compatible with the optical probe ports of 
all YSI 6-series sondes.  The output of the sensor is automatically processed via the sonde firmware to 
provide readings in either generic fluorescence units (RFU) or cells/mL of PC-containing BGA.   Like all 
YSI optical probes, the 6131is equipped with a mechanical wiper to periodically clean the optical face 
either by manual or automatic activation.   With this feature, the YSI 6131 sensor can be deployed in 
environmental water for several weeks without the need for service and is ideal for providing continuous 
monitoring of potentially-hazardous PC-containing BGA. 
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CALIBRATION METHODS 
 
For calibration of the YSI BBA-PC Probe, only one type of standard will assure the best possible accuracy 
for field readings: a suspension of known PC-containing BGA cells

 

. The BGA concentration of this 
suspension should be determined by either cell counting or a pigment extraction of PC  .   However, most 
users may not have cultures of BGA available prior to field studies for use in the 2-point calibration protocol 
resident in the sonde firmware and thus the best “calibration” method usually comprises the following steps: 

1. Prior to use in the field, place the sensor in clean water and perform a 1-point calibration at 0 cells/mL 
2. Immerse the sonde in a dye standard (see below) and record the reading.  Note that you are not 

“calibrating” to the dye reading, only checking its value relative to the default sensitivity of the sensor. 
3. While making your field readings (sampling or unattended studies), collect a few grab samples and record 

the date/time and location where they were acquired. 
4. Collect and transport your field sample according to Standard Methods to ensure the BGA cells contained 

in the sample are not damaged or significantly changed since the time of collection.  
5. On return to the laboratory, analyze the grab samples for the amount of PC-containing BGA and record 

the results for later use. 
6. After the study is complete, place your YSI BGA-PC data in the column of a spreadsheet and place your 

laboratory data in an adjacent column for comparison.   Calculate ratios of field to laboratory results for 
each grab sample point and then average the results to produce a ratio for adjustment (or 
‘postcalibration”) of your field results into more accurate values. 

7. Use the calculating power of the spreadsheet to multiply all of your field readings by the correction ratio 
to obtain the best possible accuracy for your 6131 data. 

 
A variation of this method is to perform a 2-point calibration prior to deployment using a clear water and a 
dye standard, setting the apparent PC-containing BGA equivalent of the dye standard to the value shown in 
the table in the next section .  However, it must be emphasized that this technique does not increase the 
accuracy of the PC sensor significantly over the simple 1-point calibration recommended above – the user still 
must collect grab samples and perform laboratory analysis to be assured of meaningful BGA-PC values.   The 
primary utility of the dye is to check for sensor drift during deployment by reanalyzing the dye solution after 
sonde recovery.  The use of the 2-point dye calibration procedure may make it easier to quantify the 
predeployment dye value and, if so, may be preferable.   Remember, however, that no real enhancement of 
sensor accuracy is attained by using the dye as a calibrant.
 

  

 

PREPARATION OF  RHODAMINE WT SOLUTIONS FOR CHECKING 
SENSOR DRIFT 
 
 
CAUTION: Before using concentrated Rhodamine WT solution to prepare standards, be certain to 
read the safety instructions provided by the supplier with this chemical.  Remember that only trained 
personnel should handle chemicals. 
 
Use the following procedure to prepare a 100 ug/L solution that can be used to “calibrate” your YSI 6131 
Phycocyanin Probe for field use: 
 
1. We recommend that Rhodamine WT concentrate be purchased from Keystone Aniline Corporation, 2501 

W. Fulton Street, Chicago, IL 60612 (Telephone: 312-666-2015) under the name KEYACID 
RHODAMINE WT LIQUID (Part # 70301027).  As purchased, the solution is approximately 20 % 
Rhodamine WT by weight, i.e., 200 g/L.  
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2. Accurately weigh 0.500 g of the 20 % Rhodamine concentrate, quantitatively transfer the viscous liquid 
to a 1000-mL volumetric flask and fill the flask to the top graduation.  Mix well.  This solution contains 
100 mg of Rhodamine WT per 1000 mL of water. 

 
3. Accurately transfer 1.0 mL of the solution prepared in the above step to a 1000 mL volumetric and then 

fill the flask to the top graduation with purified water.   Mix well to obtain a solution that is 100 ug/L 
(0.10 mg/L) in water (a 1000:1 dilution of the concentrated solution).  

 
4. Store the concentrated standard solution in a darkened glass bottle in a refrigerator to retard 

decomposition.  The dilute standard prepared in the previous step should be used within 5 days of its 
preparation. 

 
When Rhodamine WT standards are required in the future, perform another dilution of the concentrated dye 
solution after warming it to ambient temperature.  Our experience has indicated that the concentrated solution 
that has been kept at cold temperatures is much more stable than the dilute solution stored at room 
temperature. 
 
It is well known that the intensity of the fluorescence of many dyes shows an inverse relationship with 
temperature.  The effect must also be accounted for when “calibrating” the YSI PC sensor with Rhodamine 
WT. Enter the calibration value from the table below corresponding to the temperature of the standard.    
 
WARNING: The “PC tempco” factor in the Advanced|Sensor menu MUST BE SET TO ZERO, 
when calibrating with Rhodamine WT.  
 
Table. Approximate PC-containing equivalent of 100 ug/L Rhodamine WT as a function of temperature. 
 
T, C Cells/mL to Enter T, 

C 
Cells/mL to Enter 

30 44940 18 76580 
28 49700 16 83580 
26 54600 14 91420 
24 58940 12 98140 
22 64120 10 107940 
20 70000 8 113540 
 
REMEMBER: The use of Rhodamine WT for “calibration” of the Phycocyanin Probe is only an 
approximation.   To assure the maximum accuracy for the 6131 sensor, the user must relate the field 
fluorescence readings to data from actual BGA samples as described above. YSI does not provide an 
accuracy specification for the sensor due to the limitations described above and below. 
 
 
EFFECT OF TURBIDITY ON BGA-PC READINGS 
 
 
As described above, the filters in front of the photodiode in the YSI 6131 Phycocyanin Probe prevent most 
of the orange light which is used to excite the Rhodamine molecules from reaching the detector after being 
backscattered off of non-fluorescent particles (turbidity) in environmental water.  However, the filter 
system is not perfect and a minor interference on PC-containing BGA readings from suspended solids will 
result.  Laboratory experiments indicate that a YSI 6131 sensor will have a turbidity interference 
characterized by a factor of about 21 cells/mL of PC-containing BGA per NTU of turbidity.  For example, 
at a turbidity of 100 NTU, a PC-containing BGA reading of 2100 cell/mL will be observed over and above 
the reading actually due to the presence of BGA.   Users may wish to use the independently-determined 
turbidity value and the above compensation factor to correct measured PC-containing BGA values using, 
for example, a spreadsheet.   
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EFFECT OF CHLOROPHYLL ON BGA-PC READINGS 
 
While the orange LED used in the 6131 Phycocyanin Probe is not ideal for excitation of the chlorophyll in 
non-BGA phytoplankton, some fluorescence of environmental chlorophyll will always be induced by the 
Phycocyanin Probe.   Because the filter system for the 6131photodiode is not perfect in excluding 
chlorophyll fluorescence, a minor interference on PC-containing BGA readings from chlorophyll-
containing phytoplankton will result.  Laboratory experiments indicate that a suspension of phytoplankton 
from Scenedesmus quadricauda which had its chlorophyll content measured using a YSI 6025 sensor will 
have chlorophyll interference characterized by a factor of about 77 cells/mL of PC-containing BGA per 
ug/L of chlorophyll.  For example, at a chlorophyll value of 30 ug/L from Scenedesmus quadricauda, a PC-
containing BGA reading of 2310 cell/mL will be observed over and above the reading actually due to the 
presence of BGA.    Note, however, that the chlorophyll interferences from other algae species are likely to 
be significantly different from that used in the test, and so the quoted value of 77 cells/mL per ug/L of 
chlorophyll is only a gross approximation.   
 
 
EFFECT OF TEMPERATURE ON BGA-PC READINGS 
 
YSI experiments have indicated that the fluorescence of phytoplankton suspensions can show significant 
temperature dependence, both due to a change in BGA fluorescence and to a change in probe output.  In the 
absence of compensation, this effect would obviously result in errors in field PC-containing BGA readings 
if the site temperature were significantly different from the calibration temperature.   This temperature error 
can be reduced by employing a phycocyanin temperature compensation routine (“PC tempco”) resident in 
the sonde firmware under the Advanced|Sensor menu where the factor in “% per degree C” can be input 
by the user. 
  
The value of this factor can be estimated as follows using a single suspension of PC-containing BGA under 
laboratory conditions.   In the experiment, the cells/mL value of the suspension is measured at both ambient 
temperature and then at a much colder temperature by cooling the suspension in a refrigerator. 
 
Change in Temperature = 21 C at ambient temperature – 2 C in refrigerator = 19 C temperature change 
Change in Fluorescence = 100,000 cells/mL at 21 C – 120,000 cells/ml at 2 C = 20,000 cells/mL change 
% Change in Fluorescence = (20,000/100,000) x 100 = 20% 
PC Tempco Factor = 20%/19 C = 1.05 % per degree °C 
 
CAUTION: This example is hypothetical only.   Actual tempco factor values must be determined by 
the user. 
 
Note that the use of this empirically derived compensation does not guarantee accurate field readings since 
each species of PC-containing BGA is likely to be unique with regard to the temperature dependence of its 
fluorescence.  Changes in fluorescence with temperature are a key limitation of the in vivo fluorometric 
method (see below) which can only be reduced, not eliminated, by this compensation.  In general, the best 
way to minimize errors is to calibrate with standards of known BGA composition that are as close as 
possible in temperature to that of the environmental water under investigation. 
 
 
EFFECT OF FOULING ON BGA-PC READINGS 
 
Field optical measurements are particularly susceptible to fouling, not only from long term build up of 
biological and chemical debris, but also to shorter term formation of bubbles from outgassing of the 
environmental water. These bubbles can sometimes be removed in short term sampling applications by 
simply agitating the sonde or by manually activating the wiper. For studies longer than a few hours where 
the user is not present at the site, the quality of the PC data obtained with a fluorescence sensor that has no 
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capability of mechanical cleaning is likely to be compromised.  The YSI 6131 probe is equipped with a 
mechanical wiper that makes it ideal for unattended applications. The wiper can be activated in real-time 
during discrete sampling operations or will function automatically just before each sample is taken during 
long term unattended monitoring studies. The number of wiper movements and the frequency of the 
cleaning cycle for the unattended mode can be set in the sonde firmware.  Generally, one wiper movement 
is sufficient for most environmental applications, but in media with particularly heavy fouling, additional 
cleaning cycles may be necessary. 
 
 
LIMITATIONS OF ACCURACY FOR THE BGA-PC SENSOR 
 
As mentioned above, the measurement of PC-containing BGA from in vivo fluorescence measurements 
will almost always be less accurate than determinations made using either cell counting or 
spectrofluorometric quantitation of molecular phycocyanin after its extraction from cells.  Some of the 
reasons for this accuracy limitation with in vivo BGA-PC measurement include the following: 
 

• Interferences from other microbiological species such as chlorophyll-containing phytoplankton 
• Interference from sample turbidity. 
• Differences in the general fluorescence intensity of different PC-containing BGA species 
• Differences in the effect of temperature on the fluorescence intensity of different PC-containing 

BGA species 
• Effect of the variation in ambient light conditions on BGA fluorescence and differences in this 

effect between different PC-containing BGA species. 
 

In addition, when present in high concentrations, colonies of BGA can often be seen with the naked eye 
and may resemble fine grass cutting or take the form of small irregular clumps or pinhead-sized spheres.   
When BGA colonize into these forms, the sensitivity of the YSI sensor in terms of the fluorescence per cell 
of BGA is reduced because it has been designed to detect microscopic, free-floating cells and not large, 
macroscopic floating particles.   Thus, the sensor is likely to underestimate the total amount of BGA 
present in the water when clumps are present. 
 
Users should take careful note that these limitations mean that any in vivo sensors such as BGA-PC and 
chlorophyll will be significantly less quantitative than any of the other sensors offered for use with YSI 6-
series sondes and make it impossible for YSI to provide an actual accuracy specification in cells/mL for the 
6131 Phycocyanin Probe. 
 
 
ESTIMATION OF THE BGA-PC RANGE IN CELLS/ML 
 
As noted in the above section, the use of in vivo phycocyanin fluorescence to estimate the cell content of 
PC-containing algae has significant limitations.   These limitations also make the designation of a range (or 
full scale sensor reading) for any PC-BGA sensor less than quantitative.   The range estimate for the YSI 
6131 sensor is based on the fact that its reading in an empirical sample of PC-containing algae is about 40% 
less than that of the industry standard fluorometer from Turner Designs which is configured for PC-BGA.   
In the estimation experiment, a Turner Cyclops sensor was fixed on its middle range and then its voltage 
reading in a PC-BGA culture (Microcystis aeruginosa) was determined.   The YSI 6131 sensor was placed 
in the same culture and its sensitivity found to be about 40% less in terms of the percent of full scale 
deflection relative to the Turner sensor on its middle range.   Since Turner Designs has designated the 
middle range of its sensor as 0-200,000 cells/mL, the YSI sensor is estimated to have a range of about 40% 
more or 280,000 cells/mL.   Naturally, this range is only an estimation for both the YSI and Turner sensors 
because of the general limitations of in vivo fluorescence measurements described above.    
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5.17  PHYCOERYTHRIN-CONTAINING BLUE-
GREEN ALGAE 
 

 
Introduction 

Blue-green algae (BGA), also known as cyanobacteria, are common forms of photosynthetic bacteria 
present in most freshwater and marine systems.  BGA contain a unique set of accessory pigments of the 
phycobiliprotein family that serve a variety of roles for the organism. The primary phycobilin pigments are 
phycocyanin (PC) and phycoerythrin (PE) and both happen to have strong fluorescent signatures that do not 
interfere significantly with the fluorescence of the chlorophylls. This allows for the in vivo detection of 
BGA with minimal interference from other groups of algae.   BGA with the PC phycobilin pigment can be 
found in both fresh and brackish water environments while BGA with the PE phycobilin pigment is usually 
found only in brackish or marine environments.  
 
The monitoring of BGA is of growing interest in a number of research and monitoring fields and of 
particular interest is the monitoring of BGA as a public health risk in coastal areas and as an important 
primary producer is some oceanic environments.  As the rates of eutrophication accelerate due to human 
impacts on aquatic ecosystems, harmful algal blooms (HABs) are becoming a more common problem.  In 
the case of cyanobacterial blooms, some species can produce toxins generally referred to as cyanotoxins 
that can cause health risks to humans and animals.    
 
The YSI 6132 sensor, when used in conjunction with YSI 6-series multiparameter sondes, is designed to 
detect and monitor the presence of PE-containing BGA in order provide an early warning system for 
potentially hazardous conditions as well as thoroughly characterize aquatic environments where PE-
containing BGA exist.  
   
The determination of BGA as an indicator of water quality has historically been carried out using either (a) 
extraction of BGA samples followed by analysis of the extracts by fluorometry, HPLC, or a combination of 
the two techniques or (b) the automated or manual counting of actual BGA cells in the known volume of 
sample water.   While accurate, these types of analytical techniques usually are done as part of a “spot 
sampling” protocol and almost never yield continuous data with regard to BGA content.   The methods are 
time-consuming and usually require an experienced, efficient analyst to generate consistently accurate and 
reproducible results.  Most importantly, the methods do not lend themselves readily to continuous 
monitoring of PE-containing BGA, since the analysis of a collection of samples taken at reasonable time 
intervals, e.g., every hour, would be extremely tedious.    
 
YSI has developed the YSI 6132 sensor for the determination of PE-containing BGA in spot sampling and 
continuous monitoring applications.  It is based on an alternative method for the measurement of BGA in 
general which overcomes the disadvantages of discrete laboratory methods outlined above, albeit with the 
potential loss of accuracy.  In this procedure, PE-containing BGA are measured in vivo, i.e., without either 
disrupting the cells as in the laboratory extractive analysis procedure or using cell counting techniques as 
described above.  The YSI 6132 sensor is designed for these in vivo applications and its use allows the 
facile collection of large quantities of data in either spot sampling or continuous monitoring applications.  It 
is important to remember, however, that the results of in vivo analysis will almost certainly not be as 
accurate as those from the certified extractive analytical or cell counting procedures. 
 
The limitations of the in vivo method are outlined below and should be carefully considered before making 
BGA determinations with your YSI sonde and sensor.  Some of the sources of inaccuracy can be 
minimized by combining the data from the YSI 6132 with data from standard laboratory analysis of a few 
samples acquired during a sampling or monitoring study.   However, the in vivo studies will never replace 
the standard procedure.  Rather, the estimates of BGA concentration from the easy-to-use YSI PE Probe are 
designed to complement the more accurate (but more difficult to obtain) results from more traditional 
methods of BGA determination. The YSI 6132 sensor is ideally suited for the monitoring the relative 
changes (temporally or spatially) in the PE-containing BGA population. 
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Measurement of PE-containing BGA In Vivo 

One key characteristic of phycoerythrin-containing BGA is that the cells fluoresce

 

, that is, when irradiated 
with light of a particular wavelength, they emit light of a higher wavelength (or lower energy).   The ability 
of PE to fluoresce while present in whole BGA cells is the basis for all commercial fluorometers capable of 
measuring the analyte in vivo.  These instruments induce PE to fluoresce by shining a beam of light of the 
proper wavelength into the sample, and then measuring the longer wavelength light which is emitted as a 
result of the fluorescence process.   The YSI 6132 PE Probe uses a green light emitting diode (LED) for the 
excitation process.  On irradiation with this green light, PE molecules resident in whole cells emit light in 
the 565-610 nm region of the spectrum. To quantify the fluorescence, the system detector is usually a 
photodiode of high sensitivity that is screened by an optical filter that restricts the detected light.  The filter 
prevents the green exciting light from being detected when it is backscattered off of particles in the water.  
Without the filter, turbid (cloudy) water would appear to contain significant amounts of PE-containing 
BGA, even though none were present.  The following diagram can be used to better understand the 
principles of the YSI system. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The unique YSI 6132 BGA system consists of a probe which is compatible with the optical probe ports of 
all YSI 6-series sondes.   The output of the sensor is automatically processed via the sonde firmware to 
provide readings in either generic fluorescence units (RFU) or cells/mL of PE-containing BGA.   Like all 
YSI optical probes, the 6132 is equipped with a mechanical wiper to periodically clean the optical face 
either by manual or automatic activation.   With this feature, the YSI 6132 sensor can be deployed in 
environmental water for several weeks without the need for service and is ideal for providing continuous

 

 
monitoring of potentially-hazardous PE-containing BGA. 
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CALIBRATION METHODS 
 
For calibration of the YSI BGA-PE Probe, only one type of standard will assure the best possible accuracy 
for field readings: a suspension of known PE-containing BGA cells

 

. The BGA concentration of this 
suspension should be determined by either cell counting or a pigment extraction of PE.   However, most users 
may not have cultures of BGA available prior to field studies for use in the 2-point calibration protocol 
resident in the sonde firmware and thus the best “calibration” method usually comprises the following steps: 

8. Prior to use in the field, place the sensor in clean water and perform a 1-point calibration at 0 cells/mL 
9. Immerse the sonde in a dye standard (see below) and record the reading.  Note that you are not 

“calibrating” to the dye reading, only checking its value relative to the default sensitivity of the sensor. 
10. While making your field readings (sampling or unattended studies), collect a few grab samples and 

record the date/time and location where they were acquired. 
11. Collect and transport your field sample according to Standard Methods to ensure the BGA cells contained 

in the sample are not damaged or significantly changed since the time of collection.  
12. On return to the laboratory, analyze the grab samples for the amount of PE-containing BGA and record 

the results for later use. 
13. After the study is complete, place your YSI BGA-PE data in the column of a spreadsheet and place your 

laboratory data in an adjacent column for comparison.   Calculate ratios of field to laboratory results for 
each grab sample point and then average the results to produce a ratio for adjustment (or 
‘postcalibration”) of your field results into more accurate values. 

14. Use the calculating power of the spreadsheet to multiply all of your field readings by the correction ratio 
to obtain the best possible accuracy for your 6132 data. 

 
A variation of this method is to perform a 2-point calibration prior to deployment using a clear water and a 
dye standard, setting the apparent PE-containing BGA equivalent of the dye standard to the value shown in 
the table in the next section .  However, it must be emphasized that this technique does not increase the 
accuracy of the PE sensor significantly over the simple 1-point calibration recommended above – the user still 
must collect grab samples and perform laboratory analysis to be assured of meaningful BGA-PE values.   The 
primary utility of the dye is to check for sensor drift during deployment by reanalyzing the dye solution after 
sonde recovery.  The use of the 2-point dye calibration procedure may make it easier to quantify the 
predeployment dye value and, if so, may be preferable.   Remember, however, that no real enhancement of 
sensor accuracy is attained by using the dye as a calibrant.

 
  

 
PREPARATION OF  RHODAMINE WT SOLUTIONS FOR CHECKING 
SENSOR DRIFT 
 
 
CAUTION: Before using concentrated Rhodamine WT solution to prepare standards, be certain to 
read the safety instructions provided by the supplier with this chemical.  Remember that only trained 
personnel should handle chemicals. 
 
Use the following procedure to prepare an 8 ug/L solution that can be used to “calibrate” your YSI 6132 PE 
Probe for field use: 
 
1. We recommend that Rhodamine WT concentrate be purchased from Keystone Aniline Corporation, 2501 

W. Fulton Street, Chicago, IL 60612 (Telephone: 312-666-2015) under the name KEYACID 
RHODAMINE WT LIQUID (Part # 70301027).  As purchased, the solution is approximately 20 % 
Rhodamine WT by weight, i.e., 200 g/L.  
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2. Accurately weigh 0.500 g of the 20 % Rhodamine concentrate, quantitatively transfer the viscous liquid 
to a 1000-mL volumetric flask and fill the flask to the top graduation.  Mix well.   This solution contains 
100 mg of Rhodamine WT per 1000 mL of water. 

 
3. Accurately transfer 80 uL of the solution prepared in the above step to a 1000 mL volumetric and then fill 

the flask to the top graduation with purified water.   Mix well to obtain a solution that is 8 ug/L (0.008 
mg/L) in water.  

 
4. Store the concentrated standard solution in a darkened glass bottle in a refrigerator to retard 

decomposition.  The dilute standard prepared in the previous step should be used within 5 days of its 
preparation. 

 
When Rhodamine WT standards are required in the future, perform another dilution of the concentrated dye 
solution after warming it to ambient temperature.  Our experience has indicated that the concentrated solution 
that has been kept at cold temperatures is much more stable than the dilute solution stored at room 
temperature. 
 
It is well known that the intensity of the fluorescence of many dyes shows an inverse relationship with 
temperature.  The effect must also be accounted for when “calibrating” the YSI BGA-PE sensor with 
Rhodamine WT. Enter the calibration value from the table below corresponding to the temperature of the 
standard.    
 
WARNING: The “PE tempco” factor in the Advanced|Sensor menu MUST BE SET TO ZERO, 
when calibrating with Rhodamine WT.  
 
Table. Approximate PE-containing equivalent of 8 ug/L Rhodamine WT as a function of temperature. 
 
T, C Cells/mL to Enter T, 

C 
Cells/mL to Enter 

30 156,000 18 210,000 
28 164,000 16 220,000 
26 174,000 14 230,000 
24 181,000 12 240,000 
22 189,000 10 247,000 
20 200,000 8 254,000 
 
REMEMBER: The use of Rhodamine WT for “calibration” of the PE Probe is only an approximation.   
To assure the maximum accuracy for the 6132 sensor, the user must relate the field fluorescence 
readings to data from actual BGA samples as described above. YSI does not provide an accuracy 
specification for the sensor due to the limitations described above and below. 
 
 

EFFECT OF TURBIDITY ON BGA-PE READINGS 
 
As described above, the filters in front of the photodiode in the YSI 6132 PE Probe prevent most of the 
orange light which is used to excite the Rhodamine molecules from reaching the detector after being 
backscattered off of non-fluorescent particles (turbidity) in environmental water.  However, the filter 
system is not perfect and a minor interference on PE-containing BGA readings from suspended solids will 
result.  Laboratory experiments indicate that a YSI 6132 sensor will have a turbidity interference 
characterized by a factor of about 140 cells/mL of PC-containing BGA per NTU of turbidity.  For example, 
at a turbidity of 100 NTU, a PE-containing BGA reading of 14000 cell/mL will be observed over and above 
the reading actually due to the presence of BGA.   Users may wish to use the independently-determined 
turbidity value and the above compensation factor to correct measured PE-containing BGA values using, 
for example, a spreadsheet.   
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EFFECT OF CHLOROPHYLL ON BGA-PE READINGS 
 
While the orange LED used in the 6132 PE Probe is not ideal for excitation of the chlorophyll in non-BGA 
phytoplankton, some fluorescence of environmental chlorophyll will always be induced by the `PE Probe.   
Because the filter system for the 6132 photodiode is not perfect in excluding chlorophyll fluorescence, a 
minor interference on PE-containing BGA readings from chlorophyll-containing phytoplankton will result.  
Laboratory experiments indicate that a suspension of phytoplankton from Scenedesmus quadricauda which 
had its chlorophyll content measured with a YSI 6025 sensor will have chlorophyll interference 
characterized by a factor of about 20 cells/mL of PC-containing BGA per ug/L of chlorophyll.  For 
example, at a chlorophyll value of 30 ug/L from Scenedesmus quadricauda, a PC-containing BGA reading 
of 600 cells/mL will be observed over and above the reading actually due to the presence of BGA.    Note, 
however, that the chlorophyll interferences from other algae species are likely to be significantly different 
from that used in the test, and so the quoted value of 20 cells/mL per ug/L of chlorophyll is only a gross 
approximation.   
 
 

EFFECT OF TEMPERATURE ON BGA-PE READINGS 
 
YSI experiments have indicated that the fluorescence of phytoplankton suspensions can show significant 
temperature dependence, both due to a change in BGA fluorescence and to a change in probe output.  In the 
absence of compensation, this effect would obviously result in errors in field PE-containing BGA readings 
if the site temperature were significantly different from the calibration temperature.   This temperature error 
can be reduced by employing a PE temperature compensation routine (“PE tempco”) resident in the sonde 
firmware under the Advanced|Sensor menu where the factor in “% per degree C” can be input by the user. 
  
The value of this factor can be estimated as follows using a single suspension of PE-containing BGA under 
laboratory conditions.   In the experiment, the cells/mL value of the suspension is measured at both ambient 
temperature and then at a much colder temperature by cooling the suspension in a refrigerator. 
 
Change in Temperature = 21 C at ambient temperature – 2 C in refrigerator = 19 C temperature change 
Change in Fluorescence = 100,000 cells/mL at 21 C – 120,000 cells/ml at 2 C = 20,000 cells/mL change 
% Change in Fluorescence = (20,000/100,000) x 100 = 20% 
PE Tempco Factor =  20%/19 C = 1.05 % per degree °C 
 
CAUTION: This example is hypothetical only.   Actual tempco factor values must be determined by 
the user. 
 
Note that the use of this empirically derived compensation does not guarantee accurate field readings since 
each species of PE-containing BGA is likely to be unique with regard to the temperature dependence of its 
fluorescence.  Changes in fluorescence with temperature are a key limitation of the in vivo fluorometric 
method (see below) which can only be reduced, not eliminated, by this compensation.  In general, the best 
way to minimize errors is to calibrate with standards of known BGA composition that are as close as 
possible in temperature to that of the environmental water under investigation. 
 
 

EFFECT OF FOULING ON BGA-PE READINGS 
 
Field optical measurements are particularly susceptible to fouling, not only from long term build up of 
biological and chemical debris, but also to shorter term formation of bubbles from outgassing of the 
environmental water. These bubbles can sometimes be removed in short term sampling applications by 
simply agitating the sonde or by manually activating the wiper. For studies longer than a few hours where 
the user is not present at the site, the quality of the PE data obtained with a fluorescence sensor that has no 
capability of mechanical cleaning is likely to be compromised.  The YSI 6132 probe is equipped with a 
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mechanical wiper that makes it ideal for unattended applications. The wiper can be activated in real-time 
during discrete sampling operations or will function automatically just before each sample is taken during 
long term unattended monitoring studies. The number of wiper movements and the frequency of the 
cleaning cycle for the unattended mode can be set in the sonde firmware.  Generally, one wiper movement 
is sufficient for most environmental applications, but in media with particularly heavy fouling, additional 
cleaning cycles may be necessary. 
 
 

LIMITATIONS OF ACCURACY FOR THE BGA-PE SENSOR 
 
As mentioned above, the measurement of PE-containing BGA from in vivo fluorescence measurements will 
almost always be less accurate than determinations made using either cell counting or spectrofluorometric 
quantitation of molecular PE after its extraction from cells.  Some of the reasons for this accuracy 
limitation with in vivo BGA-PE measurement include the following: 
 

• Interferences from other microbiological species such as chlorophyll-containing phytoplankton 
• Interference from sample turbidity. 
• Differences in the general fluorescence intensity of different PE-containing BGA species 
• Differences in the effect of temperature on the fluorescence intensity of different PE-containing 

BGA species 
• Effect of the variation in ambient light conditions on BGA fluorescence and differences in this 

effect between different PE-containing BGA species.   
 
In addition, when present in high concentrations, colonies of BGA can often be seen with the naked eye 
and may resemble fine grass cutting or take the form of small irregular clumps or pinhead-sized spheres.   
When BGA colonize into these forms, the sensitivity of the YSI sensor in terms of the fluorescence per cell 
of BGA is reduced because it has been designed to detect microscopic, free-floating cells and not large, 
macroscopic floating particles.   Thus, the sensor is likely to underestimate the total amount of BGA 
present in the water when clumps are present. 
 
Users should take careful note that these limitations mean that any in vivo sensors such as BGA-PE and 
chlorophyll will be significantly less quantitative than any of the other sensors offered for use with YSI 
sondes and make it impossible for YSI to provide an actual accuracy specification in cells/mL for the 6132 
PE Probe. 
 
 
ESTIMATION OF THE BGA-PE RANGE IN CELLS/ML 
 
As noted in the above section, the use of in vivo phycoerythrin fluorescence to estimate the cell content of 
PE-containing algae has significant limitations.   These limitations also make the designation of a range (or 
full scale sensor reading) for any BGA-PE sensor less than quantitative.   The range estimate for the YSI 
6132 sensor is based on the fact that its reading in an empirical sample of PE-containing algae is very 
similar to that of the industry standard fluorometer from Turner Designs which is configured for BGA-PE.   
In the estimation experiment, the Turner Cyclops was fixed on its middle range and then its voltage reading 
in a BGA-PE culture (a Synechococcus sp.) was determined.   The YSI 6132 sensor was placed in the same 
culture and its sensitivity adjusted to show the same percent of full scale deflection as the Turner sensor on 
its middle range.   Since Turner Designs has designated the middle range of its sensor as 0-200,000 
cells/mL, the YSI sensor is estimated to have the same range.   Naturally, this range is only an estimation 
for both the YSI and Turner sensors because of the general limitations of in vivo fluorescence 
measurements described above.    
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5.18  FLOW 
 
Flow is a calculated value.  Whenever there is a one to one relationship between the level of water in an 
open channel and the flow of water through it, then flow can be calculated from a level measurement. YSI 
sondes that are equipped with shallow vented level can calculate flow based on several different methods. 
 
Flow is only available in the Sensors menu on those sondes that have shallow vented level.  The Flow 
Setup menu only appears when Flow is enabled in the Sensors menu. 
 
Note: In this manual we describe how to use our sondes to calculate flow from vented level.  While weirs, 
flumes and the Manning equation are described briefly in this manual, it is not a complete treatment of the 
subject.  We make no claims on the accuracy or appropriateness of any of these techniques for any 
particular application.     
 
WEIR AND FLUME 
 
Many devices have been designed for the determination of flow in an open channel.  For example, a weir is 
a dam of specific geometry that restricts the flow of water while giving a very repeatable and accurate 
relationship between level and flow.  There are several varieties of weirs; each designed for a specific 
application.  Similarly, a flume also restricts flow producing a repeatable and accurate flow/level curve by 
forcing the flow not over a dam, but through a narrower portion of the channel.  The flow is gradually 
narrowed, passed through a throat in the channel, and then gradually expanded back to the original channel 
width.  As with weirs, there are several varieties of flumes, each designed for a specific application. 
 
The weir or flume is referred to as the primary measuring device, and the level meter is referred to as the 
secondary measurement device.  There are commonly 3 types of weirs and 7 types of flumes.  Most of 
these are available in a number of sizes.   Flow/level curves for common types and sizes are already 
programmed in the sonde so that it is only necessary to describe the primary measuring device to get flow 
readings.  If you have a primary measuring device that is not already programmed, you have the option of 
entering either an equation or a table that defines the flow/level curve for your device.  The table can also 
be used to calculate the flow of water in stream for which the flow/level data is available. 
 
MANNING EQUATION 
 
YSI sondes with shallow vented level can be used with the Manning equation. In an open channel without 
any restriction built explicitly for measuring flow, the Manning Equation can sometimes be used to 
calculate flow. Under the right conditions the channel itself is the primary measurement device and flow 
can be calculated from the level of water in the channel.  Careful use of the Manning equation under ideal 
conditions can be accurate to 10%.  Less careful use under worse conditions can give errors of 50% or 
more. The formula is: 
 

 
Where:  Q = Flow rate 

     A = Cross sectional area of flow 
        R = Hydraulic radius 
        S = slope 
     n = Manning coefficient of roughness 

     K = constant dependent on units 
 
The Manning roughness coefficient n is an index of the frictional resistance to flow on the surface of the 
channel.  Values of n are published for different materials.  However, in the field, determination of n is 
perhaps the largest source of error.  For example, n for a concrete channel can vary from 0.011 to 0.020 
depending upon how the surface of the concrete was finished during construction.  Occasional debris or 

2
1

3
2

S•R•A•K=Q  
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vegetation in the channel also affects the value of n, and in most applications the value changes depending 
upon the depth of water in the channel.   
 
Other uncertainties can also make the measurement inaccurate.  Best results are obtained at the end of a 
straight channel 1000 feet (300 meters) long.  However, in reality it is difficult to find channels that are 
very long, and very straight, and with constant slope, and with uniform roughness. 
 
Even with all these uncertainties, the Manning equation can yield useful results as long as the user is aware 
of its limitations. 
 
 
 
EQUATION 
 
The YSI sondes that are equipped with shallow vented level can also calculate flow based on an equation.  
The equation must be of the form: 

 
 
 
 

This allows the use of primary measuring devices other than the standard ones already programmed.  Users 
may enter values for K1, P1, K2, and P2 and the sonde will calculate flow.  Note: if you do not need the 
second term in the equation, simply enter 0 for K2. 
 
 
TABLE 
 
YSI sondes that are equipped with shallow vented level can also calculate flow based on a table.  Users can 
enter up to 50 pairs of (level, flow) data.   The sonde will then calculate flow from the resulting table, 
linearly interpolating between points when necessary.  This feature can be used with non-standard primary 
measuring devices for which there is a table rather than an equation.  This data is often available for rivers 
and streams so that flow can be calculated from the level in a river at the proper location. 
 
See Appendix F, Flow for additional practical information on the calculation of flow with a sonde. 
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SECTION 6 TROUBLESHOOTING   
 
This section contains troubleshooting tables that will be helpful to identify the causes of the most common 
difficulties that may occur while operating the YSI 6-Series Sondes. The Symptom column describes the 
type of difficulty that you might experience. The Possible cause column describes the conditions that 
might cause the stated symptom. The Action column provides simple steps that can be followed to correct 
for the "possible cause" and cure the "symptom" being experienced. The column entitled Ref is the number 
of the reference section and subsection in the manual where you may find additional information. 
 
Troubleshooting problems have been categorized into four general areas. 
 
• Calibration Error Messages  
• Sonde Communication 
• Sensor Performance 
 
If you need assistance that this Troubleshooting section can not provide, please contact YSI Technical 
Support. 
 
 

6.1 CALIBRATION ERRORS 
 
There are three main Calibration Error messages that are possible and are listed below, instead of in the 
troubleshooting table.  Only two of the error messages are related to sensor performance. 
 
High DO Charge: This message indicates a malfunction in the Rapid Pulse DO sensor that is generally due 
to the roughness of the electrodes on the surface of the probe face.  The charge associated with the DO 
sensor must be below 75 or the error message will appear when calibration is attempted.  If this error 
message is encountered, remove the DO probe from the sonde and resurface it according to the instructions 
in Section 2.10, Care, Maintenance and Storage.  After resurfacing the probe, activate the DO charge 
parameter in the Report setup section of the sonde software and confirm that the value is within the 
acceptable range of 50 ± 25.   After resurfacing, allow the sensor to pulse in the Run mode for at least 5 
minutes, during which time the DO charge may be expected to drop in value if the sensor is still functional.  
If resurfacing according to the instructions in Section 2.10, Care, Maintenance and Storage does not 
result in a lowering of the charge, contact YSI Technical Support for additional help. 
 
Out of Range: This message indicates that the output of the sensor being calibrated does not conform to 
the normal range for this parameter.  This problem could be due to either a malfunctioning sensor or to a 
calibration solution that is out of specification.  If this error message is encountered, first insure that your 
standards for pH, ORP, ammonium, nitrate, chloride, conductivity, and turbidity have not been 
contaminated and that your DO sensor is in air (DO % Cal) or in a solution of known dissolved oxygen 
concentration (DO mg/L).  Also be certain that you have entered the correct value for the calibration 
solution.  If the calibration error message continues to occur, contact YSI Technical Support to determine 
whether the sensor in question needs to be factory-serviced or replaced. 
 
Bad Input: This message simply indicates that your keyboard input does not conform to the accepted 
format for this parameter.  For example, you may have entered the “letter O” instead of “zero” for a 
calibration value.  Return to the desired parameter in the Calibrate menu and repeat the calibration entry 
being certain to enter only numbers. 
 
The following troubleshooting tables can help you if you encounter problems with software, 
communication protocol, or sensor malfunctions other than calibration errors. 
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6.2 SONDE COMMUNICATION PROBLEMS 
 
SYMPTOM POSSIBLE CAUSE ACTION REF 
Cannot communicate 
with sonde 

Sonde not powered Check 12 vdc source 2.3.3 
Cable connection is loose Check both ends of cable; secure 

connectors 
2.3.4 

Damaged connectors Check pins at both ends; insure 
they are straight, dry and clean. 

 

Com port not selected Change to other com port, other 
peripheral on the same port 
(Internal mouse). Try other PC, 
650 display/logger or dumb 
terminal 

2.4.3 

Scrambled data                  
 

Unmatched baud rate between 
host and sonde  
 

Match the baud rate  2.4.3 

Host is too slow Use faster computer  
Interface cable failure Check cable for damage. If 

necessary, return for service 
2.3.4 

Internal failure Return sonde for service 9 
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6.3 SENSOR PERFORMANCE PROBLEMS 
 
SYMPTOMS POSSIBLE CAUSE ACTION REF 
Rapid Pulse dissolved 
Oxygen reading  
unstable or inaccurate 

Probe not properly calibrated Follow DO cal procedures 2.6.1 
Membrane not properly installed or 
may be punctured 

Follow 6562 setup procedure 2.3.1 

DO probe electrodes require 
cleaning 

Follow DO cleaning procedure. 
Use 6035 maint. kit 

2.10.2 

Water in probe connector Dry connector; reinstall probe 2.3.2 
Algae or other contaminant 
clinging to DO probe 

Rinse DO probe with clean water 2.10.2 

Barometric pressure entry is 
incorrect 

Repeat DO cal procedure 2.6.1 

Cal at extreme temperature Recal at (or near) sample 
temperature 

2.6.1 

DO Charge too high ( >75) 
1. Anodes polarized  (tarnished) 
2. Probe left on continuously 

Enable DO charge parameter in 
the Sonde report menu. Run 
sonde, if charge is over 100, 
recondition probe with 6035 
Maintenance Kit.  Follow DO 
cleaning procedure. 

 
2.10.2 

DO Charge too low  (<25) 
 Insufficient electrolyte.       

Replace electrolyte and 
membrane. 

2.3.1 

DO probe has been damaged Replace 6562 probe 9 
Internal failure Return sonde for service 9 

ROX dissolved Oxygen 
reading  unstable or 
inaccurate 

Probe not properly calibrated Follow DO cal procedures 2.6.1 

 Membrane assembly not properly 
installed or may be punctured 

Follow instructions for proper 
membrane assembly replacement 

2.10.2 

Water in probe connector Dry connector; reinstall probe 2.3.2 
Algae or other contaminant 
clinging to DO probe 

Rinse DO probe with clean water 2.10.2 

Barometric pressure entry is 
incorrect 

Repeat DO cal procedure 2.6.1 

Membrane assembly is more than 
1 year old 

Replace membrane assembly 
(6155 Optical DO Membrane 
Replacement Kit) 

9 

Wiper is not parking correctly Make certain that setscrew is 
tight.  If problem persists, return 
probe for service. 

9 

DO probe has been damaged Replace 6150 probe 9 
pH, ORP, chloride, 
ammonium, or nitrate 
readings are unstable or 
inaccurate.  Error 
messages appear during 
calibration. 

Probe requires cleaning, Follow  probe cleaning procedure 2.10.2 

 Probe requires calibration Follow  cal procedures 2.6.1 
 

 pH probe reference junction has 
dried out from improper storage. 

Soak probe in tap water or buffer 
until readings become stable 

2.10.2 
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 Water in probe connector Dry connector; reinstall probe 2.3.2 
 Probe has been damaged Replace probe 9 
 Calibration solutions out of spec or  

contaminated with other solution 
Use new calibration solutions C 

 ORP fails Zobell check Take into account temperature 
dependence of Zobell solution 
readings 

5.4 

 Internal failure Return sonde for service 9 
 
Depth unstable or 
inaccurate 

Depth sensor has not been zeroed Follow depth zero procedure 2.6.1 
Depth sensor access hole is 
obstructed 

Follow depth cleaning procedure 2.10.2 

Depth sensor has been damaged Return sonde for service 9 
Internal failure Return sonde for service 9 

Conductivity unstable 
or inaccurate. Error 
messages appear during 
calibration. 

Conductivity improperly 
calibrated. 
 
 

Follow cal procedure 2.6.1 

Conductivity probe requires 
cleaning 

Follow cleaning procedure 2.10.2 

Conductivity probe damaged Replace probe 9 
Calibration solution out of spec or 
contaminated 

Use new calibration solution C 

Internal failure Return sonde for service 8 
Calibration solution or sample 
does not cover entire sensor. 

Immerse sensor fully. 2.6.1 

Installed probe has no 
reading 

The sensor has been disabled Enable sensor 2.9.7 
Water in probe connector Dry connector; reinstall probe 2.3.2 
Probe has been damaged Replace the 6560 probe 9 
Report output improperly set up Set up report output 2.9.6 
Internal failure Return sonde for service. 9 

Temperature, unstable 
or inaccurate 

Water in connector Dry connector; reinstall probe 2.3.2 
Probe has been damaged Replace the 6560 probe 9 

Optical probe (turbidity, 
chlorophyll, rhodamine 
WT, BGA-PC, or BGA-
PE) unstable or 
inaccurate. Error 
messages appear during 
calibration 

Probe requires cleaning. Follow  probe cleaning procedure 2.10.2 
Probe requires calibration Follow  cal procedures 2.6.1 
Probe has been damaged Replace probe 9 
Water in probe connector Dry connector; reinstall probe 2.3.2 
Calibration solutions out of spec Use new calibration solutions C 
Wiper is not turning or is not 
synchronized. 

Activate wiper. Assure rotation.  
Make sure setscrew is tight. 

2.10.2 

Wiper is fouled or damaged. Clean or replace wiper. 2.10.2 
Internal failure. Return probe for service. 9 
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SECTION 7 COMMUNICATION 
 
This section describes the communication protocols that the Sondes use to communicate with the host 
system.  Section 7.1 gives a brief overview of the communication ability of the Sondes.  The remaining 
sections describe available hardware and software features. 
 

7.1 OVERVIEW 
 
The sondes communicate via a serial port that can be configured as either a SDI-12, or a 3-wire 
RS-232 interface.  The normal mode of operation for the sonde is RS-232, with the following 
configurations: 
 
Baud rate: 300, 600, 1200, 2400, 4800, 9600 
Data Bit: 8 
Parity:  None 
Handshake: None 
 
For further detail into the sondes RS-232 and SDI-12 implementations, see Sections 7.3 and 7.4 
respectively. 
 
With these configurations, the Sonde is capable of interfacing to a variety of devices from a 
“dumb” terminal to numerous data collection platforms.  

 
7.2 HARDWARE INTERFACE 
 
Connection from the Sonde to the host computer is provided using the YSI 6095B MS-8 to DB-9 female 
adapter.  This 6095B then connects to the standard DB-9 male connector on the host computer.  The Sonde 
PC interface cable is wired for direct connection to a DTE device.  The following table defines the interface 
circuits.  The signals and their directions are defined with respect to use of the Sonde with the 6095B 
adapter. 
 
Wire 
Color 

Pin 
Description 

DB-9 MS-4 MS-8 

     
Yellow RS232 TX 2 ---- C 
Orange RS232 RX 3 ---- D 
Green Alarm ---- ---- E 
Grey RTS ---- ---- G 
Blue CTS ---- ---- H 
Red + 12V DC 9 A A 
Black GND 5 C B 
Purple SDI-12 ---- B F 
Bare Shield ---- ---- B 
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7.3 RS-232 INTERFACE 
 
The sonde has an auto-baud feature that allows the instrument to automatically adjust to the terminal baud 
rate.  If the sonde is set to a baud rate of 4800 and a 9600 baud terminal is attached to it, after a few 
carriage returns are entered, the sonde will recognize the communication mismatch and attempt to change 
its own internal baud rate to match the terminals. 
 

7.4 SDI-12 INTERFACE 
 
SDI-12 is an industry-standard serial digital interface bus.  The bus was designed to allow compatibility 
between data collection devices and sensors of various manufacturers.  The description below applies 
specifically to the Sonde implementation of SDI-12 interface.  For complete SDI-12 technical 
specifications please contact: 
 
 Campbell Scientific, Inc. 
 P.O. Box 551 
 Logan, Utah 84321  USA 
 (801) 753-2342 
 
SDI-12 is a single master multi-drop bus and command protocol.  As many as 10 sensors can be connected 
to the bus at a time.  Each sensor is pre-assigned a unique address from 0 to 9.  Each Sonde is factory-set to 
address 0.  The address can be changed in the System menu, see Section 2.9.5, System menu for details. 
 
Running the sonde in SDI-12 mode requires it to be connected to a SDI-12 master device.  An example of 
such a device is the YSI 6200 or units from Campbell Scientific or Handar Instruments.  These instruments 
provide the commands necessary to communicate with the sonde in SDI-12 mode.  In addition, the sonde 
also supports the following commands which are entered from the command line at the # prompt
 

: 

SDI12  
 
This command activates SDI-12 mode.  This is the only mode in which the Sonde will respond to any 
SDI-12 command.  To exit to command line, press any key from the terminal connected to the RS-232 port. 
 
The Sonde implements the basic SDI-12 command set.  Below are the descriptions of each command and 
their responses. 
 
The following notations are used: 
 
a   Sonde SDI-12 address (ASCII '0' to '9') 
 
[CR]   Carriage return (ASCII 13) 
 
[LF]   Line feed (ASCII 10) 
 
Master   Any SDI-12 compatible data collection device 
 
 
Master:   aM!   Initiate a measurement. 
 
Sonde:  atttn[CR][LF] 
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ttt - Maximum time in seconds the Sonde will take to complete the measurement.   
 
n - Number of data that will be available when the measurement is completed.  This number is the same as 
the number of output parameters set in the Report menu, as described in Section 2.9.6, Report.   For ten or 
more parameters, the sonde returns ":", ";", "<", "=", ">", "?", "@", "A", "B",…etc.  
 
After finishing the measurement, the Sonde will usually send a service request "a[CR][LF]" to the bus 
master.  The bus master can then retrieve the measurement result by "D0" to "D9" commands (see below).  
If the Sonde does not send a service request within the specified maximum time, the measurement is 
canceled.  The bus master can then restart with another "M" command.  
 
Master:   aI!   Send identification. 
 
Sonde:  allccccccccmmmmmmvvvxxx...xxx[CR][LF] 
 
l - 2 character SDI-12 level number.   
 
c - 8 character manufacturer identification.  This field always contains "YSIIWQSG" (YSI Inc.,  
     Water Quality Systems Group). 
 
m - 6 character model number.  This field always contains "EM600_" or "EM 6920" (Environmental 

Monitoring System Sonde) depending on the sonde. 
 
v - 3 character version number.  This field holds the sonde’s software version number ("100" for  
     version 1.00). 
Master:   aD0! to aD9!    
Retrieve measurement/verifying data 
 
Sonde:  a<values>[CR][LF] 
 
<values>-  33 characters or less.  This field holds one or more values resulting from a measurement or 
verifying sequence.  A value contains between 1 to 7 digits with an optional radix mark (period '.' or 
comma ',').  Each value must be preceded by its sign (either '+' or '-' ) since the sign is also used to delimit 
multiple values. 
 
If the number of values returned by the "D0" command is less than the number specified in the previous 
response to "M" commands, the rest of the data can be retrieved by using "D1" to "D9" commands.  The 
"D" commands are non-destructive.  Thus if the same "D" command is issued multiple times before the 
next "M" command, it will return the same data.  If the response to the "D0" command is "a[CR][LF]" then 
either no "M" command was received before the first "D" command or the "M" command was canceled. 
 
Example:  Here is an example SDI-12 transaction.  Here SDI-12 master will issue an Identify command 
followed by a Measure command.  The sonde is configured with a report output of Temperature, Specific 
conductance, DO %, DO mg/L, pH (ISE1), ORP (ISE2), and Depth, a DO warm up time of 60 seconds, and 
an SDI-12 address of 1. 
 
Master:  1I! 
 
Sonde:  110YSIIWQSGEM600_107[CR][LF] 
 
The bus master asked for identification and the Sonde returned data showing the following. 
 
  SDI-12 level:   1.0 
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  Manufacturer:   YSIIWQSG 
  Model:    EMS600_ 
  Version:   1.07 
 
Master:  1M! 
 
Sonde:  10617[CR][LF] 
 
The bus master sent a measurement command.  The Sonde will take a maximum of 61 seconds to finish the 
measurement.  Upon completion, it will have 7 sensor data available. 
  
Sonde:  1[CR][LF] 
 
Master:  1D0! 
 
Sonde:  1+17.5+12.05+98.7+8.25+6.45[CR][LF] 
 
Master:  1D1! 
 
Sonde:  1-325+10[CR][LF] 
 
After finishing the measurement, the Sonde sent a service request to indicate completion.  The bus master 
then sent the "D0" command to retrieve the data.  There were 5 data returned.  Since 7 readings should be 
available, the master continued with "D1" command and received the remaining data.  The responses from 
"D0" and "D1" commands are: 
 
  Temperature:     17.5 
 Specific conductance:  12.05 
  DO %:     98.7 
  DO mg/L:    8.25 
  pH (ISE1):     6.45 
  ORP (ISE2):     -325 
  Depth:     10 
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SECTION 8 UPGRADING SONDE FIRMWARE    
 
YSI periodically makes changes in the firmware which is resident in the sonde and controls its functions.  
These changes can be made to allow the use of new sensors, to improve the overall capability of the 
instrument, or to fix problems which have arisen in the existing firmware. New versions of 6-series 
firmware can easily be installed in the sonde without returning the instrument to the factory. Upgrades are 
performed from the YSI Website and should be carried according to the following instructions.   
 
• Connect your sonde to the serial port of a PC with access to the Internet using the proper cable as 

described in Section 2 of the manual. 
 
• Make sure that the sonde is powered with either internal batteries or a suitable power supply. 
 
• Access the YSI Environmental Software Downloads page at www.ysi.com/edownloads or go to main 

page at www.ysi.com and click on Support button in green bar. 
 
• Log in, or if a first time user, fill out the registration form and wait for a login password via return E-mail. 
 
• Click on the Software folder under the Software Downloads section. 
 
• Inside the folder, click on the file 6-Series & 556MPS Code Updater, M-DD-YYYY and save the file to 

a temporary directory on your computer. 
 
• After the download is complete, run the file that you just downloaded and follow the on-screen 

instructions to install the YSI Code Updater on your computer.  If you encounter difficulties, contact 
YSI Technical Support for advice. 

 
• Run the YSI Code Updater software that you just installed on your computer. The following window 

will be displayed: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
• Set the Comm port number to match the port to which you connected the sonde cable and make sure 

that the “This is an ADV6600” selection is NOT checked.  Next, select the language (English, French, 
or German) which will be used in the menus of your sonde.    

 
NOTE CAREFULLY: With versions of 6-series sonde firmware greater than 3.00, you will 
NOT be able to switch languages in the System Menu of your sonde as in past versions.  If 
you decide to use your sonde with the menus in a different language than that selected at the 
time of the sonde upgrade, you MUST rerun the YSI Code Updater Software and select the 
language via the Updater.   
 

• Then click on the Start Code Update button.   An indicator bar will show the progress of the upgrade as 
shown below. 

 

http://www.ysi.com/�
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• When the update is finished (indicated on the PC screen as shown below), close the YSI Code Updater 

window (on the PC) by clicking on the "X" in the upper right corner of the window. 
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SECTION 9  WARRANTY AND SERVICE 
INFORMATION 
 
The sondes are warranted for two years and the 650 MDS for three years against defects in 
workmanship and materials when used for their intended purposes and maintained according to 
instructions.  All cables are warranted for one year.  The warranty periods for probes are as follows: 

• All ROX DO optical probes manufactured on or after April 2006 are covered under the “2-
3” plan; 2 year warranty plus reduced repair costs for years 3 through 5.  ROX membrane 
assembly is warranted for 1 year. † 

• All non-DO (Turbidity, Chlorophyll, Rhodamine WT, Blue-green Algae – Phycocyanin, 
and Blue-green Algae – Phycoerythrin) optical probes manufactured on or after August 
2006 are covered under the “2-3” plan; 2 year warranty plus reduced repair costs for years 3 
through 5. † 

• Depth, Rapid Pulse dissolved oxygen, temperature/conductivity, pH, pH/ORP, and chloride 
probes are warranted for 1 year. Ammonium and nitrate probes are warranted for six 
months.   

 
 

† Due to the dynamic nature of the shaft seal used on the optical probes, they must 
be returned to a YSI repair center on an annual basis for the warranty to be valid 
and honored if a failure were to occur. 

 
 
This warranty does not include batteries or damage resulting from defective batteries.  As 
documented in the Care and Maintenance Section of this manual, batteries should be removed from 
all sondes and the 650 MDS when the product is not in use.   Since many battery manufacturers will 
repair or replace any equipment that has been damaged by their batteries, it is essential that leaky or 
defective batteries be retained with the damaged product until the manufacturer has evaluated the 
claim.   Please contact the YSI Technical Support Group if you have any questions.   
 
Damage due to accidents, misuse, tampering, or failure to perform prescribed maintenance is not 
covered.  The warranty period for chemicals and reagents is determined by the expiration date 
printed on their labels.  Within the warranty period, YSI will repair or replace, at its sole discretion, 
free of charge, any product that YSI determines to be covered by this warranty. 
 
 
To exercise this warranty, write or call your local YSI representative, or contact YSI Technical 
Support in Yellow Springs, Ohio. Send the product and proof of purchase, transportation prepaid, to 
the Authorized Service Center selected by YSI. Repair or replacement will be made and the product 
returned transportation prepaid. Repaired or replaced products are warranted for the balance of the 
original warranty period, or at least 90 days from date of repair or replacement. 
 

9.1 LIMITATION OF WARRANTY 
 

This Warranty does not apply to any YSI product damage or failure caused by (i) failure to install, 
operate or use the product in accordance with YSI’s written instructions, (ii) abuse or misuse of the 
product, (iii) failure to maintain the product in accordance with YSI’s written instructions or 
standard industry procedure, (iv) any improper repairs to the product, (v) use by you of defective or 
improper components or parts in servicing or repairing the product, or (vi) modification of the 
product in any way not expressly authorized by YSI. 
 
THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED OR IMPLIED, 
INCLUDING ANY WARRANTY OF MERCHANTABILITY OR FITNESS FOR A 
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PARTICULAR PURPOSE.  YSI’s LIABILITY UNDER THIS WARRANTY IS LIMITED TO 
REPAIR OR REPLACEMENT OF THE PRODUCT, AND THIS SHALL BE YOUR SOLE AND 
EXCLUSIVE REMEDY FOR ANY DEFECTIVE PRODUCT COVERED BY THIS 
WARRANTY.   IN NO EVENT SHALL YSI BE LIABLE FOR ANY SPECIAL, INDIRECT, 
INCIDENTAL OR CONSEQUENTIAL DAMAGES RESULTING FROM ANY DEFECTIVE 
PRODUCT COVERED BY THIS WARRANTY. 
 

9.2 AUTHORIZED SERVICE CENTERS 
 
YSI has several authorized Service Centers in the United States and around the world.   Please refer 
to the YSI website (ysi.com) for you nearest authorized Service Center. 
 
 

9.3 CLEANING INSTRUCTIONS 
 
NOTE: Before they can be serviced, equipment exposed to biological, radioactive, or toxic materials 
must be cleaned and disinfected. Biological contamination is presumed for any instrument, probe, or 
other device that has been used with body fluids or tissues, or with wastewater. Radioactive 
contamination is presumed for any instrument, probe or other device that has been used near any 
radioactive source. 
 
If an instrument, probe, or other part is returned or presented for service without a Cleaning 
Certificate, and if in our opinion it represents a potential biological or radioactive hazard, our service 
personnel reserve the right to withhold service until appropriate cleaning, decontamination, and 
certification has been completed. We will contact the sender for instructions as to the disposition of 
the equipment. Disposition costs will be the responsibility of the sender. 
 
When service is required, either at the user's facility or at YSI, the following steps must be taken to 
insure the safety of our service personnel. 
 
 In a manner appropriate to each device, decontaminate all exposed surfaces, including any 

containers. 70% isopropyl alcohol or a solution of 1/4 cup bleach to 1-gallon tap water are 
suitable for most disinfecting. Instruments used with wastewater may be disinfected with .5% 
Lysol if this is more convenient to the user. 

 
 The user shall take normal precautions to prevent radioactive contamination and must use 

appropriate decontamination procedures should exposure occur. 
 
 If exposure has occurred, the customer must certify that decontamination has been accomplished 

and that no radioactivity is detectable by survey equipment. 
 
 Any product being returned to the YSI Repair Center should be packed securely to prevent 

damage. 
 
 Cleaning must be completed and certified on any product before returning it to YSI. 

 
9.4 PACKING INSTRUCTIONS 
  
 Clean and decontaminate items to insure the safety of the handler.  
 Complete and include the Product Return Form which is on the next page of this section.  
 Place the product in a plastic bag to keep out dirt and packing material. 
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 Use a large carton, preferably the original, and surround the product completely with packing 
material.  

 Insure for the replacement value of the product. 
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9.5 PRODUCT RETURN FORM 
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APPENDIX A HEALTH AND SAFETY 
 
NOTE: For additional health, safety, and disposal information about YSI reagents, download the MSDS 
documents for the chemical in question from the YSI webpage (ysi.com). 
 

 
 
INGREDIENTS:  
θ Iodine 
θ Potassium Chloride 
θ Water 
 

Inhalation of mist or splashes of iodine solution can cause severe irritation, with potential 
destruction of  respiratory tissues, spasms, and edema (choking) in throat and lungs, 
depending on frequency and degree of  exposure. Other reported potential effects are 
coughing, burning sensation, laryngitis, headache, and nausea. 

Inhalation: 

 
Use a NIOSH approved respirator for liquid mists and/or splashes. Get supplier 

recommendations.  Provide adequate ventilation. Avoid conditions that cause misting or 
splashing. 

 
Remove to fresh air. Give artificial respiration and get medical attention as needed. 
 

May cause irritation with repeated exposure. 
Skin: 

Wear water-resistant gloves as needed.  
Wash exposed areas with soap and water for 15 minutes.  Remove contaminated clothing, and 
wash before re-using. 
 

Can cause irritation and potential eye damage with repeated exposure. 
Eyes: 

Wear splash-proof water-resistant goggles. Have convenient eyewash stations. 
Flush with water for 15 minutes.  
 

Can cause irritation of mouth, throat, and an upset stomach.  
Ingestion 

Wear a mouth cover or face shield when there is splashing. 
Do not swallow. Rinse mouth. If swallowed, do not induce vomiting. Get prompt medical 
attention. 
 
(No chronic effects reported) 
 

 
IN ALL CASES: GET MEDICAL ATTENTION IF EFFECTS PERSIST. 

Most likely routes of entry: skin, eyes, ingestion. 
 
 

 
 YSI Conductivity solutions: 3161, 3163, 3165, 3167, 3168, and 3169 
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pH 4 INGREDIENTS:  
θ Potassium Hydrogen Phthalate 
θ Formaldehyde 
θ Water 
 
pH 7 INGREDIENTS: 
θ Sodium Phosphate, Dibasic 
θ Potassium Phosphate, Monobasic 
θ Water 
 
pH 10 INGREDIENTS: 
θ Potassium Borate, Tetra 
θ Potassium Carbonate 
θ Potassium Hydroxide 
θ Sodium (di) Ethylenediamine Tetraacetate 
θ Water 
 
CAUTION - AVOID INHALATION, SKIN CONTACT, EYE CONTACT OR INGESTION. 
MAY AFFECT MUCOUS MEMBRANES.  
 
Inhalation may cause severe irritation and be harmful.  Skin contact may cause irritation; prolonged 
or repeated exposure may cause Dermatitis.  Eye contact may cause irritation or conjunctivitis. 
Ingestion may cause nausea, vomiting and diarrhea.  
 

 
FIRST AID: 
 
INHALATION: Remove victim from exposure area. Keep victim warm and at rest. In severe cases 
seek medical attention. 
 
SKIN CONTACT: Remove contaminated clothing immediately.  Wash affected area thoroughly 
with large amounts of water.  In severe cases seek medical attention. 
 
EYE CONTACT: Wash eyes immediately with large amounts of water, (approx. 10 minutes).  Seek 
medical attention immediately.  
 
INGESTION: Wash out mouth thoroughly with large quantities of water.  Do not induce vomiting.  
Seek medical attention immediately.  
 

 
 YSI pH 4.00, 7.00, and 10.00 Buffer Solutions: 3821, 3822, 3823  
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INGREDIENTS:  
θ Potassium Chloride 
θ Potassium Ferrocyanide Trihydrate 
θ Potassium Ferricyanide 
 
 
CAUTION - AVOID INHALATION, SKIN CONTACT, EYE CONTACT OR INGESTION. 
MAY AFFECT MUCOUS MEMBRANES.  
 
May be harmful by inhalation, ingestion, or skin absorption.  Causes eye and skin irritation.  Material 
is irritating to mucous membranes and upper respiratory tract.  The chemical, physical, and 
toxicological properties have not been thoroughly investigated.   
 
Ingestion of large quantities can cause weakness, gastrointestinal irritation and circulatory 
disturbances. 
 
 

 
FIRST AID:  
 
INHALATION - Remove victim from exposure area to fresh air immediately.  If breathing has 
stopped, give artificial respiration.  Keep victim warm and at rest. Seek medical attention 
immediately.  
 
SKIN CONTACT - Remove contaminated clothing immediately.  Wash affected area with soap or 
mild detergent and large amounts of water (approx. 15-20 minutes).  Seek medical attention 
immediately.  
 
EYE CONTACT - Wash eyes immediately with large amounts of water (approx. 15-20 minutes), 
occasionally lifting upper and lower lids. Seek medical attention immediately.  
 
INGESTION - If victim is conscious, immediately give 2 to 4 glasses of water and induce vomiting 
by touching finger to back of throat.  Seek medical attention immediately.    
 

 
 YSI Zobell Solution: 3682 
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INGREDIENTS:  
θ Ammonium Chloride 
θ Lithium Acetate Dihydrate 
θ Sodium Azide (trace) 
θ Hydrochloric acid 
 
CAUTION - AVOID INHALATION, SKIN CONTACT, EYE CONTACT OR INGESTION. 
MAY AFFECT MUCOUS MEMBRANES.  
 
May be harmful by ingestion or skin absorption.  May cause eye and skin irritation.   The chemical, 
physical, and toxicological properties have not been thoroughly investigated.   
 
Ingestion of large quantities of lithium salts can affect the central nervous system producing 
symptoms ranging from dizziness to collapse.  It may also cause kidney damage, nausea, and 
anorexia.  Note that the ingestion of harmful quantities form the solutions is considered unlikely 
given the low concentration of lithium and the volumes likely to be handled.  
 
 

 
FIRST AID: 
 
INHALATION - Remove victim from exposure area to fresh air immediately.  If breathing has 
stopped, give artificial respiration.  Keep victim warm and at rest. Seek medical attention 
immediately.  
 
SKIN CONTACT - Remove contaminated clothing immediately.  Wash affected area with soap or 
mild detergent and large amounts of water (approx. 15-20 minutes).  Seek medical attention 
immediately.  
 
EYE CONTACT - Wash eyes immediately with large amounts of water (approx. 15-20 minutes), 
occasionally lifting upper and lower lids.  Seek medical attention immediately.  
 
INGESTION - If victim is conscious, immediately give 2 to 4 glasses of water and induce vomiting 
by touching finger to back of throat.   Seek medical attention immediately.    
 

 
 YSI Ammonium Standard Solutions: 3841, 3842, and 3843 
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INGREDIENTS 
 
θ Potassium Nitrate 
θ Magnesium Sulfate 
θ Gentamycin Sulfate (Trace) 
 
CAUTION - AVOID INHALATION, SKIN CONTACT, EYE CONTACT OR INGESTION.  
 
May be harmful by ingestion or skin absorption.  May cause eye and skin irritation.  The chemical, 
physical, and toxicological properties have not been thoroughly investigated.     
 

 
FIRST AID: 
 
INHALATION - Remove to fresh air.  If not breathing, give artificial respiration.  If breathing is 
difficult, give oxygen.  Call a physician. 
 
SKIN CONTACT - Remove contaminated clothing immediately.  Wash affected area with soap or 
mild detergent and large amounts of water (approx. 15-20 minutes).   
 
EYE CONTACT - Wash eyes immediately with large amounts of water (approx. 15-20 minutes), 
occasionally lifting upper and lower lids. Seek medical attention immediately.  
 
INGESTION - Immediately rinse out mouth with large quantities of water.  If reagent was 
swallowed, give 2 glasses of water and seek medical attention immediately.    
 

 
 YSI Nitrate Standard Solutions: 3885, 3886, and 3887 
 

 
FIRST AID: 
 
INHALATION - Remove to fresh air.  If not breathing, give artificial respiration.  If breathing is 
difficult, give oxygen.  Call a physician. 
 
SKIN CONTACT - Remove contaminated clothing immediately.   Wash affected area with soap or 
mild detergent and large amounts of water (approx. 15-20 minutes).   
 
EYE CONTACT - Wash eyes immediately with large amounts of water (approx. 15-20 minutes), 
occasionally lifting upper and lower lids.   Seek medical attention immediately.  
 
INGESTION - Immediately rinse out mouth with large quantities of water.  If irritation occurs or 
reagent was swallowed, seek medical attention immediately.    
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INGREDIENTS 
 
θ Styrene divinylbenzene copolymer spheres 
 
The material is not volatile and has no known ill effects on skin, eyes, or on ingestion.  Therefore, no 
special precautions are required when using the standards.  General precautions should be adopted as 
required with all materials to minimize unnecessary contact.   Note, however, that the chemical, 
physical, and toxicological properties have not been thoroughly investigated.     
 

 

 
INGREDIENTS 
 
θ Calcium Sulfate and Calcium Chloride 
 
CAUTION - AVOID INHALATION, SKIN CONTACT, EYE CONTACT OR INGESTION. 
MAY AFFECT MUCOUS MEMBRANES.  
 

 
 YSI Turbidity Standard: 6073 
 

 
FIRST AID: 
 
SKIN CONTACT - Remove contaminated clothing.  Wash affected area with soap or mild detergent 
and water.   
 
EYE CONTACT - Wash eyes immediately with large amounts of water (approx. 15-20 minutes), 
occasionally lifting upper and lower lids.  If irritation occurs, seek medical attention immediately.  
 
INGESTION - Rinse out mouth with large quantities of water.  If irritation occurs or reagent was 
swallowed, seek medical attention as a precaution.    
 

 
 YSI Replacement Desiccant 065802 
 

 
FIRST AID: 
 
SKIN CONTACT - Flush with water.   
 
EYE CONTACT - Flush with water.  If irritation continues, obtain medical attention. 
 
INGESTION - If patient is conscious, induce vomiting.  Obtain medical attention.    
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APPENDIX B  REQUIRED NOTICE 
 
The Federal Communications Commission defines this product as a computing device and requires 
the following notice. 
 
This equipment generates and uses radio frequency energy and if not installed and used properly, 
may cause interference to radio and television reception. It has been type tested and found to comply 
with the limits for a Class A or Class B computing device in accordance with the specification in 
Subpart J of Part 15 of FCC Rules, which are designed to provide reasonable protection against such 
interference in a residential installation. However, there is no guarantee that interference will not 
occur in a particular installation. If this equipment does cause interference to radio or television 
reception, which can be determined by turning the equipment off and on, the user is encouraged to 
try to correct the interference by one or more of the following measures: 
 
θ Reorient the receiving antenna 
 
θ Relocate the computer with respect to the receiver 
 
θ Move the computer away from the receiver 
 
θ Plug the computer into a different outlet so that the computer and receiver are on different branch 

circuits. 
 
If necessary, the user should consult the dealer or an experienced radio/television technician for 
additional suggestions. The user may find the following booklet, prepared by the Federal 
Communications Commission, helpful: "How to Identify and Resolve Radio-TV Interference 
Problems". This booklet is available from the U.S. Government Printing Office, Washington, D.C. 
20402, Stock No.0004-000-00345-4. 
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APPENDIX C ACCESSORIES AND 
CALIBRATION STANDARDS 
 
STANDARD EQUIPMENT WITH YSI SONDES  
 
θ 600R, 600QS, 600XL, 600XLM, 600 OMS V2-1, 600LS, 6820V2-1, 6820V2-2, 6920V2-1, 

6920V2-2, 6600V2-2,  6600EDS V2-2, and 6600V2-4 Sondes with Calibration Cup and Probe 
Guard 

θ EcoWatch for Windows Software 
θ Operations Manual 
θ Guard for Probe Compartment 
θ 6570 Maintenance Kit (all sondes except 600R and 600QS) 
θ 6583 Maintenance Kit (600R and 600QS)  
θ 6560 Conductivity/Temperature Probe ( not supplied with the 600R, 600QS, 600LS, or 600 

OMSV2-1 because of integral conductivity sensors) 
 
PROBES FOR THE SONDES  

(See Appendix M, Sonde Specifications for the probes that your sonde supports) 
θ 6560 Conductivity/Temperature Probe 
θ 6561 pH Probe 
θ 6561FG Flat Glass pH Probe 
θ 6562 Rapid Pulse DO Probe 
θ 6150 ROX Optical DO Probe 
θ 6565 Combination pH/ORP Probe 
θ 6565FG Flat Glass Combination pH/ORP Probe 
θ 6566 Combination pH/ORP Probe, Fouling Resistant 
θ 6025 Chlorophyll Probe, wiped 
θ 6130 Rhodamine WT Probe, wiped 
θ 6131 Phycocyanin Probe, wiped 
θ 6132 Phycoerythrin Probe, wiped 
θ 6136 Turbidity Probe, wiped 
θ 6882 Chloride Probe 
θ 6883 Ammonium Probe 
θ 6884 Nitrate Probe 
θ 6580 Reference Electrode Replacement for 600R Sonde 
 
OPTIONAL ACCESSORIES FOR THE SONDES 
 
θ 062781 PC6000 Software (Available at no cost) 
θ 655423 Spare Probe Installation Tool 
θ 6155 Replacement Membrane Kit for ROX Optical DO Probe 
θ 6627 Turbidity Wiper Kit, White 
θ 6624 Chlorophyll and Rhodamine WT Fluorescent Wiper Kit for 6025 and 6130, Orange 
θ 6625 ROX Optical DO and BGA Wiper Kit for 6150, 6131, and 6132, Black  
θ 6144 Optical Wiper Pad Kit for 6027, 6627, 6024, and 6624 Wiper Assemblies 
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θ 6628 Wiper Kit for 6600EDS V2-2 Sonde, White 
θ 6630 Wiper Kit for 6600EDS V2-2 Sonde, Black 
θ 6035 Probe Reconditioning Kit for 6562 Dissolved Oxygen Probe 
θ 6038 12 VDC Power Supply with 110 VAC input 
θ 6651 12 VDC Power Supply with 90 to 264 VAC input 
θ 6100 External Power Connector, attaches to 6095B Field Cable 
θ 6101 Power Pack, 12 VDC, MS-4 
θ 6570 Maintenance Kit  
θ 5775 Membrane Kit 
θ 690 Replacement Sonde Weight for 600 series sondes, Small 
θ 691 Replacement Sonde Weight for 600 series sondes, Large 
θ 6885 Sonde Weight Kit for 6820 and 6920 series sondes 
θ 6044 Sonde Weight for 6600 series sondes 
θ 6182 Zinc Anode Kit 
θ 6108 Desiccant Cartridge Kit 
θ 6109 Desiccant Canister Kit 
θ 065802 Replacement Desiccant 
θ 6120 6-Series Operations Manual, Spanish 
θ 6121 6-Series Operations Manual, German 
θ 116275 Extended Length Calibration Cup Assembly for 6600V2-2, 6600EDS V2-2, and 

6600V2-4 Sondes 
θ 655488 Extended Length Calibration Cup Sleeve for 6820V2-1, 6820V2-2, 6920V2-1, and 

6920V2-2 Sondes 
θ 066267 Decreased Length Calibration Cup Sleeve for 6600V2-4 Sonde 
 
FLOW CELLS FOR THE SONDES 
 
θ 6601 Flow Cell for 6600V2-2 Sonde 
θ 131041460 (Endeco Part #)  Flow Cell for 6600EDS V2-2 and 6600V2-4 Sondes 
θ 5083 Flow Cell for 600XL and 600XLM 
θ 6160 Flow Cell for 6820V2-1, 6820V2-2 , 6920V2-1, and 6920V2-2 Sondes 
θ 696 Flow Cell for 600R 
 
 
CABLES FOR THE SONDES 
  
θ 6093 Field Cable, 100 ft (30 m) 
θ 6092 Field Cable, 50 ft (15 m) 
θ 6091 Field Cable, 25 ft (7.5 m) 
θ 6090 Field Cable, 8 ft (2.4 m) 
θ 6191 Field Cable, Vented, 25 ft (7.5 m) 
θ 6192 Field Cable, Vented, 50 ft (15 m) 
θ 6067 Low Cost Calibration Cable, Dry use only; 10 ft (3m) 
θ 6077 CE Calibration Cable, 10 ft. (3m) 
θ SP6093-L Special field cables available in 25 ft(7.6 m) increments; Maximum 1000 ft (305m) 
θ 6096 MS-8 to Flying Lead (wire) adapter, 15 ft (5m) 
θ 6095 Field Cable to Female DB-9 (PC Serial with Power Connector) 
θ 6103 MS-8 Dust Cover (caps connector when not in use) 
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CONDUCTIVITY REAGENTS 
  
θ 3161 Calibrator Solution, 1,000 uS/cm (quart) 
θ 3163 Calibrator Solution, 10,000 uS/cm (quart) 
θ 3165 Calibrator Solution, 100,000 uS/cm (quart) 
θ 3167 Calibrator Solution, 1,000 uS/cm (box of 8 pints) 
θ 3168 Calibrator Solution, 10,000 uS/cm (box of 8 pints) 
θ 3169 Calibrator Solution, 50,000 uS/cm (box of 8 pints) 
 
pH REAGENTS 
  
θ 3821 pH 4 Buffer (box of 6 pints) 
θ 3822 pH 7 Buffer (box of 6 pints) 
θ 3823 pH 10 Buffer (box of 6 pints) 
θ 3824 Assorted Buffers (2 bottles of pH 4, pH7, and pH 10 Buffers) 
 
ORP REAGENTS 
 
θ 3682 Zobell Solution (125 ml) 
 
AMMONIUM REAGENTS 
 
θ 3841 1 mg/L ammonium-nitrogen standard solution 
θ 3842 10 mg/L ammonium-nitrogen standard solution 
θ 3843 100 mg/L ammonium-nitrogen standard solution 
 
NITRATE REAGENTS 
 
θ 3885 1 mg/L nitrate-nitrogen standard solution 
θ 3886 10 mg/L nitrate-nitrogen standard solution 
θ 3887 100 mg/L nitrate-nitrogen standard solution 
 
TURBIDITY REAGENTS 
 
θ 6073 126 NTU standard suspension, 1 pint 
θ 6073G 126 NTU standard suspension, 1 gallon 
θ 6072 12.7 NTU standard suspension, 1 gallon 
θ 6074 1000 NTU standard suspension, 1 gallon 
θ 6080 0 NTU turbidity-free water, 1 gallon 
 
DISPLAYS, LOGGERS, AND ACCESSORIES 
 
θ 650-01 – Low memory with no barometer 
θ 650-02 – High memory with no barometer 
θ 650-03 – Low memory with barometer 
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θ 650-04 – High memory with barometer 
θ 6112 PC Interface Cable.  PC to 650 MDS. 
θ 6113 Rechargeable Battery Pack Kit with 6116 charger adapter cable, 6114 110 volt wall 

charger, and 6117 battery pack included 
θ 6126 Rechargeable Battery Pack Kit with 6116 charger adapter cable, 6123 universal charger, 

European power cable, British power cable, and 6117 battery pack included 
θ 6127 Rechargeable Battery Pack Kit with 6116 charger adapter cable, 6123 universal charger, 

China/Australia power cord, and 6117 battery pack included 
θ 4654 Tripod 
θ 614 Ultra Clamp 
θ 5085 Hands Free Harness 
θ 5065 Form-fitting Case 
θ 6930 Hard-sided Case 
θ 6655 Soft-sided Case 
θ 6124 Backpack 
θ 6117 Extra Rechargeable Battery Pack for 650 MDS 
θ 6115 GPS Cable for interface with user-supplied GPS unit 
θ 616 Cigarette Lighter Charger 
 
LOGGER/TELEMETRY 
 
θ 6200 Data Acquisition System (6200 DAS) and Accessories.  Contact YSI Massachusetts (1-

800-363-3269) for options and ordering information. 
 
SOFTWARE 
 
θ 6075   EcoWatch for Windows for use with 6-series applications; also available at no cost 

from the ysi.com website. 
θ Software upgrades for sondes and 650 – See ysi.com website 
 
ANTI-FOULING  
 
θ 6145-AF Sonde Guard Kit, 6600 
θ 6151-AF Port Plug Kit, Large  
θ 6161-AF Port Plug Kit, Small 
θ 6171-AF Port Plug Kit, ISE 
θ 6176-AF Sonde Guard Kit, 6820/6920 
θ 6189-AF Copper Tape Kit 
θ 6445-AF Wiper Brush Kit, 6600V2 
θ 6625-AF Wiper Kit, Optical 
θ 6630-AF Wiper Brush Kit, EDS 
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APPENDIX D SOLUBILITY AND 
PRESSURE/ALTITUDE TABLES  
 
Table 1: Solubility of Oxygen (mg/L) in Water Exposed to Water-Saturated Air at 760 mm Hg Pressure. 
 
Salinity = Measure of quantity of dissolved salts in water. 
Chlorinity = Measure of chloride content, by mass, of water. 
S(0/00) = 1.80655 x Chlorinity (0/00) ) 

 

Temp 
oC 

Chlorinity 0 
Salinity:     0 

 5.0 ppt 
 9.0 ppt 

 10.0 ppt 
 18.1 ppt 

 15.0 ppt 
 27.1 ppt 

 20.0 ppt 
 36.1 ppt 

 25.0 ppt 
 45.2 ppt 

     0.0  14.62  13.73  12.89  12.10  11.36  10.66 

 1.0  14.22  13.36 12.55  11.78  11.07  10.39 

 2.0  13.83  13.00  12.22  11.48  10.79  10.14 

 3.0  13.46  12.66  11.91  11.20  10.53  9.90 

 4.0  13.11  12.34  11.61  10.92  10.27  9.66 

 5.0  12.77  12.02  11.32  10.66  10.03  9.44 

 6.0  12.45  11.73  11.05  10.40  9.80  9.23 

 7.0  12.14  11.44  10.78  10.16  9.58  9.02 

 8.0  11.84  11.17  10.53  9.93  9.36  8.83 

 9.0  11.56  10.91  10.29  9.71  9.16  8.64 

 10.0  11.29  10.66  10.06  9.49  8.96  8.45 

 11.0  11.03  10.42  9.84  9.29  8.77  8.28 

 12.0  10.78  10.18  9.62  9.09  8.59  8.11 

 13.0  10.54  9.96  9.42  8.90  8.41  7.95 

 14.0  10.31  9.75  9.22  8.72  8.24  7.79 

 15.0  10.08  9.54  9.03  8.54  8.08  7.64 

 16.0  9.87  9.34  8.84  8.37  7.92  7.50 

 17.0  9.67  9.15  8.67  8.21  7.77  7.36 

 18.0  9.47  8.97  8.50  8.05  7.62  7.22 

τ      τ 
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τ      τ 

 19.0  9.28  8.79  8.33  7.90  7.48  7.09 

 20.0  9.09  8.62  8.17  7.75  7.35  6.96 

 21.0  8.92  8.46  8.02  7.61  7.21  6.84 

 22.0  8.74  8.30  7.87  7.47  7.09  6.72 

 23.0  8.58  8.14  7.73  7.34  6.96  6.61 

 24.0  8.42  7.99  7.59  7.21  6.84  6.50 

 25.0  8.26  7.85  7.46  7.08  6.72  6.39 

 26.0  8.11  7.71  7.33  6.96  6.62  6.28 

 27.0  7.97  7.58  7.20  6.85  6.51  6.18 

 28.0  7.83  7.44  7.08  6.73  6.40  6.09 

 29.0  7.69  7.32  6.96  6.62  6.30  5.99 

 30.0  7.56  7.19  6.85  6.51  6.20  5.90 

 31.0  7.43  7.07  6.73  6.41  6.10  5.81 

 32.0  7.31  6.96  6.62  6.31  6.01  5.72 

 33.0  7.18  6.84  6.52  6.21  5.91  5.63 

 34.0  7.07  6.73  6.42  6.11  5.82  5.55 

 35.0  6.95  6.62  6.31  6.02  5.73  5.46 

 36.0  6.84  3.52  6.22  5.93  5.65  5.38 

 37.0  6.73  6.42  6.12  5.84  5.56  5.31 

 38.0  6.62  6.32  6.03  5.75  5.48  5.23 

 39.0  6.52  6.22  5.98  5.66  5.40  5.15 

 40.0  6.41  6.12  5.84  5.58  5.32  5.08 

 41.0  6.31  6.03  5.75  5.49  5.24  5.01 

 42.0  6.21  5.93  5.67  5.41  5.17  4.93 

 43.0  6.12  5.84  5.58  5.33  5.09  4.86 

 44.0  6.02  5.75  5.50  5.25  5.02  4.79 

 45.0  5.93  5.67  5.41  5.17  4.94  4.72 
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Table 2: Calibration Values for Various Atmospheric Pressures and Altitudes 
                                 
                                                                    

 PRESSURE  ALTITUDE  CALIBRATION 
VALUE 

Inches Hg mm Hg Millibars Feet Meters Percent Saturation 
30.23 768 1023 -276 -84 101 
29.92 760 1013 0 0 100 
29.61 752     1003 278 85 99 
29.33 745      993 558 170 98 
29.02 737   983 841 256 97 
28.74 730        973 1126 343 96 
28.43 722      963 1413 431 95 
28.11 714 952 1703 519 94 
27.83 707 942 1995 608 93 
27.52 699 932 2290 698 92 
27.24 692 922 2587 789 91 
26.93 684 912 2887 880 90 
26.61 676 902 3190 972 89 
26.34 669 892 3496 1066 88 
26.02 661 882 3804 1160 87 
25.75 654 871 4115 1254 86 
25.43 646 861 4430 1350 85 
25.12 638 851 4747 1447 84 
24.84 631 841 5067 1544 83 
24.53 623 831 5391 1643 82 
24.25 616 821 5717 1743 81 
23.94 608 811 6047 1843 80 
23.62 600 800 6381 1945 79 
23.35 593 790 6717 2047 78 
23.03 585 780 7058 2151 77 
22.76 578 770 7401 2256 76 
22.44 570 760 7749 2362 75 
22.13 562 750 8100 2469 74 
21.85 555 740 8455 2577 73 
21.54 547 730 8815 2687 72 
21.26 540 719 9178 2797 71 
20.94 532 709 9545 2909 70 
20.63 524 699 9917 3023 69 
20.35 517 689 10293 3137 68 
20.04 509 679 10673 3253 67 
19.76 502 669 11058 3371 66 
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Table 3. Conversion Factors for Feet/Meters, Celsius/Fahrenheit, mg/L/ppm 
 

 TO CONVERT FROM  TO  EQUATION 
Feet Meters Multiply by 0.305 
Meters Feet Multiply by 3.28 
Degrees Celsius Degrees Fahrenheit 5/9×(oF-32) 
Degrees Fahrenheit Degrees Celsius 9/5×(oC)+32 
Milligrams per liter (mg/L) Parts per million (ppm) Multiply by 1 

 
 
 
Table 4. Conversion Factors for Common Units of Pressure 
 
 kilo Pascals mm Hg millibars inches H20 PSI inches Hg 
1 atm 101.325 760.000 1013.25 406.795 14.6960 29.921 
1 kiloPascal 1.00000 7.50062 10.0000 4.01475 0.145038 0.2953 
1 mmHg 0.133322 1.00000 1.33322 0.535257 0.0193368 0.03937 
1 millibar 0.100000 0.750062 1.00000 0.401475 0.0145038 0.02953 
1 inch H20 0.249081 1.86826 2.49081 1.00000 .0361 0.07355 
1 PSI 6.89473 51.7148 68.9473 27.6807 1.00000 2.0360 
1 inch Hg 3.38642 25.4002 33.8642 13.5956 0.49116 1.00000 
1 hectoPascal 0.100000 0.75006 1.00000 0.401475 0.0145038 0.02953 
1 cm H20 0.09806 0.7355 9.8 x 10-7 0.3937 0.014223 0.02896 
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APPENDIX E TURBIDITY MEASUREMENTS  
 
This appendix is in the format of “frequently asked questions, is designed to allow users to optimize the 
performance and trouble-shooting problems for your YSI 6136 turbidity probe by supplementing the 
discussion of turbidity that is provided in the other sections of this manual (Getting Started, Basic 
Operation, Principles of Operation, and Maintenance). 
 
 
Where should I get my turbidity standards? 
 
To properly calibrate YSI turbidity sensors, you MUST use standards that have been prepared according to 
details in Standard Methods for the Treatment of Water and Wastewater (Section 2130 B).    Acceptable 
standards include (a) formazin prepared according to Standard Methods; (b) dilutions of 4000 NTU 
formazin concentrate purchased from Hach; (c) Hach StabCalTM standards in various NTU denominations; 
and (d) AMCO-AEPA standards prepared specifically for the 6136 by either YSI or an approved YSI 
vendor as listed on YSI website (www.ysi.com).   STANDARDS FROM OTHER VENDORS OTHER 
THAN HACH, YSI, OR YSI-APPROVED ARE NOT ACCEPTABLE FOR USE WITH THE YSI 
TURBIDITY SYSTEM AND THEIR USE WILL LIKELY RESULT IN BOTH CALIBRATION 
ERRORS AND INCORRECT FIELD READINGS. 
 
For the best combination of accuracy and ease of use, we recommend that you use standards that have been 
prepared from AMCO-AEPA polymer beads by either YSI or a YSI-approved vendor.  This material is 
listed as a secondary turbidity standard by Standard Methods for the Examination of Water and Wastewater. 
These standards have been certified to be the proper value in NTUs by comparison of their turbidity outputs 
with those of freshly prepared formazin, the latter being the most accepted primary standard for turbidity.  The 
polymer standards can be linearly diluted with turbidity free water to generate standards that are lower in 
value and which can then also be used as calibrants.  For example, diluting 50 mL of 100 NTU standard to 
a total volume of 500 mL will yield a 10 NTU standard. 
 
You can also use formazin as your source for turbidity standards.  The formazin can be generated by the 
procedure found in Standard Methods for the Examination of Water and Wastewater, or it can be purchased 
from Hach as a 4000 NTU suspension that can be linearly diluted to form lower NTU standards.   In addition, 
Hach offers formazin turbidity standards in a variety of NTU values under the StablCalTM designation and 
these standards may prove useful for the calibration of your YSI turbidity sensor.  The advantage of the use of 
formazin is its cost; the primary disadvantage is that it is a somewhat hazardous reagent for which care must 
be taken in handling and disposal.  In addition, formazin settles out much more rapidly than the AMCO-
AEPA polymer and may be less stable to degradation in dilute form.  If you use formazin, we recommend that 
you purchase from Hach either the 4000 NTU concentrate and dilute it or the StablCalTM standards in the 
proper turbidity concentrations for your application, rather than generating the reagent from the chemical 
reaction described in Standard Methods for the Examination of Water and Wastewater. Whatever your source 
of formazin, be very safety conscious if you use it and be sure to follow the manufacturer’s instructions with 
regard to its handling and disposal. 
 
Remember that is imperative that you do NOT use standards that are based on suspended materials other than 
formazin or AMCO-AEPA polymer or have been prepared by vendors other than YSI, YSI-approved 
suppliers, or Hach.   These standards will NOT read correctly when measured with the YSI turbidity systems.   
If you have any doubts about the composition of your standards, consult your supplier and be certain that they 
are based on either formazin or AMCO-AEPA materials and were prepared by the proper method. 
 
 
Do I have to buy turbidity-free water for the 0 NTU calibration? 
 
For most applications, purified water of any kind (distilled, deionized or filtered) will be acceptable for the 0 
NTU standard.  This water can be obtained from a laboratory or can be purchased at a local supermarket.  It is 
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not recommend that you use tap water as the 0 NTU standard.  For maximum accuracy at very low NTU 
values (below the specification of the instrument), you may want to purchase turbidity-free water from YSI or 
another vendor. 
 
 
Should I carry out a 1-point, 2-point, or 3-point turbidity calibration, and what values should I use? 
 
Even though the default calibration value in your sonde is reasonably appropriate for the “average” 6136 
sensor, you need to carry out some multi-point calibration (2- or 3-point) prior to your first usage. This will 
make certain that your system meets the YSI accuracy specifications provided in the operations manual.  
For the accuracy required in most environmental applications, a 2-point calibration is sufficient, and it is 
recommended that the two points be 0 and approximately 100 NTU – YSI offers a 126 NTU standard.  
Only if you desire extreme accuracy in, for example, the 100-1000 NTU range, should you carry out a 3-
point calibration at 0, ca. 100, and ca. 1000 NTU.  Note, however, that the effect on accuracy may be too 
small to overcome the inconvenience of using the 3-point routine and the cost of the 1000 NTU standard. 
 
Once the initial multi-point calibration of the 6136 sensor has been carried out, we recommend that the 
accuracy of the sensor at low NTU be checked (or reset) by performing a 1-point calibration at 0 NTU 
before each usage. 
 
 
How often should I perform additional multi-point calibrations? 
 
Your frequency of calibration will depend on the conditions under which your sonde is used and on the 
degree of accuracy required in your application.  Periodic calibration also confirms that the sensor is 
performing properly with regard to its sensitivity and general function. 
 
Our empirical testing has indicated that the optical system of the 6136 probe is very stable and likely to 
require only infrequent calibration.    However, you should initially confirm the stability of the sensor for 
your typical sampling or monitoring application by frequently checking the sensor reading in a standard 
other than 0 NTU prior to increasing the time between multi-point calibrations. 
 
 
What color wiper should be used with my 6136 turbidity sensor? 
 
The optimal wiper color for the 6136 depends on the software which is installed in the sonde.   For versions 
of 6-series software prior to 3.00, a white wiper should be used.   For versions of software after 3.00, a 
black wiper should be used.   The difference exists due to an improvement in the wiper parking algorithm 
which was implemented with Version 3.00 of software.   If your sonde software version is pre-3.00, YSI 
strongly recommends that you upgrade the software via the YSI Website and then use black wipers. 
 
 
How do I purchase new wipers for the 6136 turbidity sensor? 
 
Entire wiper assemblies, complete with installed pad, can be purchased from YSI in the 6627 Wiper 
Replacement Kit (White) or the 6625 Wiper Kit (Black).   If you wish to just change the pad on your old 
wiper assemblies, you can purchase the 6144 Wiper Pad Kit from YSI. 
 
 
What about data filter and spike rejection settings for processing turbidity data from the YSI 
turbidity system? 
 
As described in Section 5, Principles of Operation, some processing of raw turbidity data is usually 
beneficial in terms of outputting values that reflect the “average” turbidity at the site.   Filter options 
designed to optimize this data processing are located in the sonde menu structure under both the 3-Sensor 
and the 4-Data Filter selections in the 6-Advanced submenu.  



Turbidity Measurements  Appendix E 

YSI Incorporated Environmental Monitoring Systems Operations Manual E-3 

 
For most applications involving both spot sampling and monitoring, the following settings are 
recommended with regard to data processing: 
 
ο In 3-Sensor, activate the “Turb Spike Filter” 
 
ο In 4-Data Filter, “Enable” the filter. 
 
ο In 4-Data Filter, “Disable” the “Wait for Filter” selection. 
 
ο In 4-Data Filter for turbidity, set the Time Constant to 12 
 
ο In 4-Data Filter for turbidity, set the Threshold to 0.010 
 
These settings will normally produce data that is reflective of the “average” turbidity without having any 
significant effect on the response times of the other sensors.  Increasing the values of the time constant, 
threshold, or both can further smooth the turbidity values, but also are likely to increase the apparent 
response time of the sensor. 
 
 
How do I set up 6-series sondes for logging turbidity data to internal memory? 
 
First, as outlined above, set the data filter and turbidity spike filter settings as recommended in the previous 
question/answer.  Second, access 2-Setup in the Advanced submenu and make certain that the “Turb 
Wipes” entry is set to “1”.   Finally, in the same submenu, set the “Twipe Int” parameter (in minutes) to the 
same value as the sample interval for which data will be transmitted to the logging device.  For example, if 
Sample Interval is set to” 900 seconds” (15 minutes) in the Discrete Sample Run menu or “15 minutes” in 
the Unattended mode, set “Twipe Int” to “15”.   Under these conditions, the turbidity wiper will be 
activated in a single bi-directional cleaning motion every 15 minutes to clean bubbles and fouling from the 
optics of the probe and minimize the chance of corrupted readings due to these factors.   Note, however, 
that for Unattended applications with the sonde where data is being logged to internal sonde memory and 
“Autosleep RS232” is activated, it is only necessary that the value of Twipe Int be less than that of the 
sample interval selected for the Unattended study.   Thus, if Twipe Int is set to 5 minutes and the 
Unattended sample interval is set to 15 minutes, the sensor will only be cleaned every 15 minutes.  For this 
reason, if you use your sonde primarily for Unattended monitoring, it is recommended that you leave 
Twipe Int at the default setting of “5”, even though this is different from your sample interval.  As outlined 
in the manual, in sites where fouling is more prevalent, it may be necessary to set “Turb Wipes” to a higher 
value, but a setting of “1” will be adequate for most water. 
 
 
After sonde software setup is complete as outlined above, attach the sonde to a computer or a 650 MDS and 
calibrate all sensors (including turbidity).   Then set up an Unattended study at your desired sample interval 
and deploy the sonde without cable connections for later data upload and analysis.  
 
 
How do I set up 6-series sondes with turbidity for use with a Data Collection Platform (DCP? 
 
If your 6-series sonde with a turbidity sensor will be attached to a data collection platform, you should 
calibrate the sensors (including turbidity) prior to DCP connection.   You should also make sure that the 
“SDI12/M” factor which is found in the Advanced|Sensor menu is set to a value of “1” to ensure proper 
wiping of the turbidity probe during deployment on the DCP.    Then connect the sonde to the data 
collection platform using the proper cable/adapter and begin sampling according to the instruction manual.   
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How do I manually activate the turbidity wiper on a 6136 turbidity probe when the sonde is sampling? 
 
If you are using the sonde with a 650, highlight the “Clean Optics” entry in the upper right logging box and 
press Enter to activate the wiper.  If the sonde is connected to a computer (sequential lines of data are 
present on the screen), press the “3” key to activate the wiper. 
 
 
What precautions should I take when using the sonde turbidity system with a 650 MDS 
display/logger in sampling applications where the user is present? 
 
Prior to observing or logging turbidity readings, you should always activate the wiper manually for the 650 
keypad to remove bubbles/and or fouling.   
 
 
What are the things most likely to give me problems when measuring turbidity with the 6136 probe 
and YSI 6-series sondes? 
 
The turbidity system has been designed to be easy to calibrate, easy to use in both sampling and 
deployment applications, and trouble-free in normal usage.  However, during our empirical testing, we 
have observed occasional problems in calibration and in field applications.  These difficulties are likely to 
be experienced only infrequently by users.  In fact, most of these problems are not due to any malfunction 
in the turbidity system itself, but instead occur because of contaminated calibration solutions or the 
presence of bubbles on the optics of the probe.  However, we have gained experience in separating 
problems which can be easily solved by the user from those which involve sensor malfunction and must be 
dealt with by YSI Technical Support and Product Repair.  This section is intended to pass this experience 
along to the user.   
 
You might see calibration errors.  This problem could be due to bubbles on the optical surface, 
contamination of your 0 NTU standard, or a higher calibration standard which has not been prepared 
properly or has been contaminated or diluted inadvertently.  The problem could also be due to an internal 
malfunction of the probe optical system.  To troubleshoot the problem, do not override the cal error, return 
to the Main menu and activate Discrete Sampling in the Run mode.  Remove the sonde guard and place 
your thumb or finger over the optics of the probe while observing the data display.  A high (>1000 NTU) 
reading should be observed if the probe is responding correctly from an optical standpoint.  If no response 
is noted, the probe must be returned to YSI Product Service for repair or replacement.  CAUTION: DO 
NOT ATTEMPT TO DISASSEMBLE THE PROBE YOURSELF.   If the probe is functioning properly, 
replace the probe guard and place the sonde back into 0 NTU water.  Activate the wiper manually and enter 
the calibration routine of choice (1-, 2-, or 3-point) from the Calibrate menu.  Observe the readings for the 
0 NTU standard.  If values higher than about 5 NTU are observed, it is possible that your 0 NTU standard 
has been contaminated from debris that was retained on the sonde and probes from the previous field usage.  
Discard the water, rinse the sonde, and replace in new 0 NTU standard.   After agitation, check the reading 
to see if it has been reduced.  If so, proceed with the second calibration point.  If not, contact YSI Technical 
Support for further assistance.  If a calibration error occurs on the second point, use a new source of 
standard and try again.  If an error still occurs, contact YSI Technical Support for further assistance. 
 
You might observe slightly negative readings in very clear water.   This effect is usually due to one of 
two causes:  
 
1. The “zero” turbidity standard which you have used is not really 0 NTU because of inadvertent 

contamination.  This contamination usually occurs when the fouling from a sonde just taken from the 
field contaminates the turbidity-free water used for the zero point.  To overcome the problem, be sure 
to clean the sonde as well as possible prior to recalibration of the turbidity sensor and then assure that 
the zero reading is as low as possible by changing the turbidity-free water until no further lowering of 
the reading is noted. 
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2. The probe is experiencing “interference” from the calibration cup bottom during the zero point 
calibration.   This “interference” can due to (a) improperly using a calibration cup with a gray (rather 
than black) bottom; (b) using a calibration cup with a black bottom which has been contaminated with 
impurities; or (c) having the probe too close to a the calibration cup bottom.  To overcome (a), be sure 
to use install the black bottom that came with your 6136 into your calibration cup.    To overcome (b) 
be sure that the black bottom of the calibration cup is clean before performing a calibration.  To 
overcome (c), make certain that you engage only ONE THREAD when screwing the calibration cup 
onto the sonde in order to keep the turbidity probe face as far as possible from the calibration cup 
bottom to avoid interference.   To completely overcome the “interference” problem, use the extended 
length calibration cup (#116275 for 6600-style sondes and #069310 for 6820/6920-style sondes).  
Note, however, the longer calibration cups will require larger volumes of calibration standard.  

 
You might observe readings during sampling which appear unreasonable from visual inspection of 
the water.  Bubbles on the optics of the sensor usually cause the problem.  Activate the wiper to remove 
the bubbles.  If the readings are still unreasonable, remove the sonde completely from the water and then 
replace in the water.  If problems are still evident, remove the sonde guard and check general probe 
function by placing your finger or thumb over the optics as described above.  If the probe does not respond, 
contact YSI Technical Support. 
 
You might see readings during sampling that you think are too jumpy.  If this occurs, the water may be 
non-homogeneous with regard to the size of the suspended particles.  The jumpiness that you are observing 
is probably real.  However, if you want to smooth it out, you can incrementally increase the Time Constant 
and Threshold settings in the Data Filter menu to obtain the noise level which you desire.  
 
You might observe single point spikes in data from deployment applications.  These high readings may 
be real turbidity events caused by large particles passing over the optical surface at the time of 
measurement.   As long as the spiking occurs only occasionally, there is no reason to believe that the 
turbidity system is malfunctioning.  Depending on the site, these spikes may be a normal occurrence. 
 
You might see a lot of unreasonable high spikes in data from deployment applications.  This symptom 
usually results from improper activation or parking of the wiper assembly.  If it occurs with a new wiper 
assembly, make certain that the wiper rotates and parks correctly (opposite the optical surface) in 0 NTU 
standard.  If the wiper does not rotate at all, be certain that the setscrew of the assembly is contacting the 
flat part of the shaft and that the screw is securely tightened using the small hex key that is supplied with 
the wiper assembly.  If the wiper still will not rotate on manual activation, contact YSI Technical Support.   
If the problem occurs with a wiper assembly which has been in the field for some time and is discolored or 
abraded, install a replacement wiper with a new pad, assure function and correct parking in 0 NTU 
standard, and redeploy.  If a high frequency of spikes still occurs in the deployment data, contact YSI 
Technical Support for further assistance.  
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APPENDIX F FLOW  
 
Flow is only available in the Sensors menu on sondes that have vented level.  The Flow Setup menu only 
appears when Flow is enabled in the Sensors menu. 
 
Note: In this manual we describe how to use YSI’s sondes to calculate flow from vented level.  While 
weirs, flumes and the Manning equation are described briefly here, this manual is not a complete treatment 
of the subject.  We make no claims on the accuracy or appropriateness of any of these techniques for any 
particular application.     
 
Flow is a calculated value.  Whenever there is a one to one relationship between the level of water in an 
open channel and the flow of water through it, then flow can be calculated from a level measurement.  
Many devices are designed to be placed in an open channel to improve the determination of flow.  For 
example, a weir is a dam of specific geometry that restricts the flow of water while giving a very repeatable 
and accurate relationship between level and flow.  There are several varieties of weirs, each designed for a 
specific application.  Similarly, a flume also restricts flow producing a repeatable and accurate flow/level 
curve by forcing the flow not over a dam, but through a narrower portion of the channel.  The flow is 
gradually narrowed, passed through a throat in the flume, and then gradually expanded back to the original 
channel width.  As with weirs, there are several varieties of flumes each designed for a specific application. 
 
The weir or flume is referred to as the primary measuring device, and the level meter is referred to as the 
secondary measurement device.  There are three common types of weirs and seven types of flumes.  Most 
of these are available in a number of sizes.   Flow/level curves for common types and sizes are already 
programmed in the sonde so that it is only necessary to describe the primary measuring device to get flow 
readings.  If you have a primary measuring device that is not already programmed, you have the option of 
entering either an equation or a table that defines the flow/level curve for your device.  The table can also 
be used to calculate the flow of water in stream for which the flow/level data is available. 
 
The Manning Equation is also available to calculate flow in an open channel without any restriction built 
explicitly for measuring flow.  In this case the channel itself is the primary measuring device. 
 

SETTING UP YOUR SONDE 
 
WEIR OR FLUME 
 
Getting your sonde ready to calculate flow for a weir or a flume can be summarized in the following simple 
steps. Using EcoWatch or a 650 MDS display/logger to communicate with the sonde: 
 
1. Enable Flow in the Sensors menu. 
2. Go to Flow Setup menu in the Advanced|Sensor menu. 
3. Choose a method (flume or weir), then a type (V-notch, rectangular, Parshall, etc.). 
4. Choose a size. 
5. Verify proper setup, choosing preferred units. 
6. Choose preferred units in the Report menu. 
 
The Flow Setup menu only appears when Flow is enabled in the Sensors menu.  Once in the Flow Setup 
menu you must define your primary measuring device by Method, Type, and Size.  Note that the menus 
change depending upon your selection.   
 
For example, after choosing Flume for your method, only types of flume are shown.  So it is important to 
choose first the method, then the type, and finally the size.   The following chart lists the primary devices 
that are programmed in the sonde. 
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Method Type Size  
Weir V-Notch 22½°, 30°, 45°, 60°, 90°, 120° 

 
Rectangular w/ End Contractions Any size 

 
Rectangular w/o End Contractions Any size 

 
Cipolletti Any size 

 
Flume Parshall 1”, 2”, 3”, 6”, 9” 12”, 18”, 2’, 3’, 4’, 5’, 6’, 8’, 10’, 12’ 

Palmer-Bowlus 4”, 6”, 8”, 10”, 12”, 15”, 18”, 21”, 24”, 27”, 30” 
 

Leopold-Lagco 4”, 6”, 8”, 10”, 12”, 15”, 18”, 21”, 24”, 30” 
 

Trapezoidal Large 60° V,   X-large 60° V,    2” 45° WSC,  
12” 45° SRCRC 

Hs 0.4ft, 0.6ft, 0.8ft, 1ft, 
 

H 0.5ft, 0.75ft, 1 ft, 1.5ft, 2ft, 2.5ft, 3 ft, 4.5 ft 
 

HL 4 ft 
 

 
 
After selecting the method, type and size of primary device, YSI strongly recommends that you verify that 
the sonde is set up properly.  Find a chart that lists head versus flow for your primary measuring device.  
From the Flow Setup menu choose Test Flow.  Then choose the units and flow units that are on your chart. 
Enter a few values for Test Head and compare the resulting Test Flow values against those found in the 
chart.  Note that there may be minor differences in the least significant digit between the published values 
and the values given by the sonde.  The difference is generally much less than the overall tolerance of the 
weir or flume being used. 
 
The final step is to return to the Report menu and choose the flow and volume units you wish to have in 
the report.  Note that the units in the report menu are independent of the units in the Flow Setup menu. 
 
 
MANNING EQUATION 
 
Once in the Flow Setup menu, choose Manning for the Method and then choose which type of channel the 
measurement is to be done in: closed pipe, U- channel, rectangular, or trapezoidal. Then choose the units 
for the equation. It is very important that the units chosen match the coefficients for the equation. Finally 
choose Setup Manning and define the width of the channel, its roughness and slope. Roughness is given in 
many fluid hydraulics texts and other engineering references as the Manning coefficient, n.  Empirical 
values for n are given in the same references for most commonly found materials used in open channel 
construction.  Slope is the ratio of rise to run. For example, if a channel drops one foot every one hundred 
feet, the value of the slope would be 0.01.  
 
After setting up the Manning Equation, we strongly recommend that you verify that the sonde is set up 
properly.  From the Flow Setup menu choose Test Flow.  Then choose the units and flow units that you 
prefer. Enter a few values for Test Head and judge whether the resulting Test Flow values are reasonable.  
You might even want to try doing the calculation yourself. 
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The final step is to return to the Report menu and choose the flow and volume units you wish to have in 
the report.  Note that the units in the report menu are independent of the units in the Flow Setup menu. 
 
EQUATION 
 
Equation is used to calculate flow with primary measuring devices other than the ones already 
programmed in the sonde. (Table is also sometimes useful for this purpose.) 
 
Once in the Flow Setup menu you must define the equation.  First choose the units for the equation.  It is 
very important that the units chosen match the coefficients for the equation.  The equation is of the form: 

21 P
2

P
1 H•K+H•K=Q  

Enter values for K1, P1, K2, and P2.  Note: if you do not need the second term in the equation, simply enter 
zero for K2. 
 
After setting up the Equation, we strongly recommend that you verify that the sonde is set up properly.  
From the Flow Setup menu choose Test Flow.  Then choose the units and flow units that you prefer. Enter 
a few values for Test Head and compare the resulting Test Flow values against values that you have 
calculated.   
 
The final step is to return to the Report menu and choose the flow and volume units you wish to have in 
the report.  Note that the units in the report menu are independent of the units in the Flow Setup menu. 
 
TABLE 
 
Table is used to calculate flow with primary measuring devices other than the ones already programmed in 
the sonde (Equation is also sometimes useful for this purpose). Table can also be used to calculate flow in 
streams for which there is data relating flow to level. 
 
Once in the Flow Setup menu you must define your Table.  Do this by entering up to 50 pairs of Head and 
Flow data points.  Choose Setup Table.  Be sure to choose the units that match the data in your table.  
Then enter each pair of points one by one.  It is not necessary to enter the points in order.  The software will 
put them in order.  There are items on the menu to edit the next point or the previous point, to enter a new 
point, to delete a point or to delete the entire table.  Later, when the sonde is measuring level and 
calculating flow, it will linearly interpolate between points in the table. 
 
After setting up the Table, we strongly recommend that you verify that the sonde is set up properly.  From 
the Flow Setup menu choose Test Flow.  Then choose the units and flow units used in the table. Enter a 
few values for Test Head and compare the resulting Test Flow values against values in the original table.   
 
The final step is to return to the Report menu and choose the flow and volume units you wish to have in 
the report.  Note that the units in the report menu are independent of the units in the Flow Setup menu. 
 

DEPLOYING YOUR SONDE 
 
WEIR 
 
Deployment of the sonde in a weir is normally very simple.   Generally the point of level measurement is 
recommended to be at a distance upstream of the weir equal to 3 to 4 times the maximum level expected; 
however, do not deploy the sonde without knowing the design measurement point for the weir you are 
using.  If flow is overly turbulent and readings are jumpy, then it may be necessary to install a stilling well 
for the sonde.  If other water quality measurements are of interest (DO, pH, etc,) then take care that the 
stilling well does not overly isolate the sonde from the water in the channel. 
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Deploy the sonde so that the pressure sensor on the side of the sonde is slightly below the lowest level 
expected. Be sure the sonde is installed so that it cannot move during measurement.   
 
Normally, a staff gauge is installed with a weir.  After the sonde is installed, calibrate depth to the value 
read off the staff gauge. 
 
Be sure also to follow the instructions printed in Appendix G, Using Vented Level. 
 
FLUME 
 
Generally there is a staff gauge installed in a flume at the point where the level should be measured.  Be 
certain that you know the location of the measurement for the flume you are using.   Some flumes are built 
with a stilling well outside of the flume.  Deploying the sonde in the stilling well will give accurate level 
readings, but readings of other parameters like DO and pH may not be equivalent to those in the main flow 
of the flume.  Also be aware that many flumes are not much bigger than the sonde.  Installing the sonde in 
the flume may change the way the flume behaves, thus causing errors in flow readings.  An ideal 
deployment would include a flume with a recess for the sonde that locates the pressure sensor properly, 
allows the other sensors to measure the water flowing through the flume, and does not significantly alter 
the geometry of the flume.  In a flume this means deploying the sonde horizontally.  If possible, deploy the 
sonde so that the pressure sensor on the side of the sonde is slightly below the lowest level expected.   Also 
be aware that the pressure sensor in the sonde is along the side of the sonde and not at its very tip.  If a 
sonde is deployed vertically in the flume, then it may not be able to make measurements when the water 
level is low. Be sure the sonde is installed so that it cannot move during measurement.   
 
Normally, a staff gauge is installed with a flume.  After the sonde is installed, calibrate depth to the value 
read off the staff gauge. 
 
Be sure to follow the instructions printed in Appendix G, Using Vented Level. 
 
USING THE MANNING EQUATION IN AN OPEN CHANNEL 
 
The channel should be large enough that the sonde does not significantly alter the flow of water.  Most 
deployments will require the sonde to be in the channel horizontally so that the pressure sensor remains 
submerged at all times.  Be sure that the sonde cannot move during the measurement.  After installation 
measure the depth of water in the channel with a ruler and use that measurement to calibrate depth on the 
sonde. 
 
Be sure to follow the instructions printed in Appendix G, Using Vented Level. 
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APPENDIX G USING VENTED LEVEL 
 
Sondes that are equipped with level

 

 sensors use vented cables.  The vented level option eliminates errors due 
to changes in barometric pressure.  This is accomplished by using a special sensor that has been vented to the 
outside atmosphere by way of a tube that runs up through the sonde and cable.  The tube must remain open 
and vented to the outside atmosphere to function.  All storage caps must be removed and no foreign matter 
can block the openings.  Never expose the sonde or the cable to the atmosphere for more than a few minutes 
without an active desiccant system in place.  This prevents moisture from entering the vent tube. 

Special field cables are used for the vented level.  These cables have a vent tube that runs up the middle of the 
cable.  Your sonde has a stainless steel connector on the top of it.  In the center of this connector is the vent 
hole.  When the cable is removed from the sonde, seal the sonde with the pressure cap provided with the 
sonde, to keep it clean and dry.  The field cable should also be stored in a sealed plastic bag with some 
desiccant to keep it dry. 
 
At the instrument end of every vented cable is a barbed fitting.  This is to provide an attachment for a 
desiccant system.  One of the two desiccant systems should always be attached to the sonde while exposed to 
the atmosphere to prevent moisture buildup in the vent tube.  When dry and active, the desiccant is a distinct 
blue color.  When exhausted it turns to a rose red or pink color.  The desiccant can be regenerated in an oven.  
See Section 2.10, Care, Maintenance and Storage for the proper procedure. 
 
Avoid bending the cables sharply to prevent the vent tube from kinking. 
 
Two desiccant systems are available, a cartridge kit (YSI 6108) and a canister kit (YSI 6109).  Either will 
keep moisture from entering the vent tube.  The desiccant cartridge kit mounts directly to the cable and is 
intended for short-term applications.  The desiccant canister contains a larger amount of desiccant and is 
intended for long term deployment.  The desiccant canister kit contains mounting brackets for mounting the 
canister to a nearby structure.  The length of time that the desiccant remains active depends on several factors 
including heat and humidity. 
 
When using vented level, you must enter altitude and latitude.  From the sonde Main menu, select Advanced, 
then 3-Sensor.  Enter the altitude in feet and the latitude in degrees of the measurement site.  These values 
need to be accurate within 500 feet and 1 degree, respectively.  
 
For best performance of depth measurements, users should ensure that the sonde’s orientation remains 
constant while taking readings. This is especially important for vented level measurements and for sondes 
with side mounted pressure sensors. 
 
 
INSTALLING THE CARTRIDGE KIT 
 

 

Barbed
Fitting

1/8” Tube
Adapter

Cartridge

1/4” Tube
Sleeve-web
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1. Place the short length of 1/4” tubing onto the 1/4” side of the 1/8” to 1/4” adapter fitting.  Seat 

firmly. 
 

2. Place the length of 1/8” tubing onto the 1/8” side of the adapter fitting.  Seat firmly. 
  
3. Remove one of the plugs from the end of the desiccant cartridge and place the open end of the 

short length of 1/4” tubing onto the open end of the desiccant cartridge.  Seat firmly. 
 
4. Remove the plug from the barbed fitting on the end of the cable and place the open end of the 1/8” 

tubing onto the cable fitting. Seat firmly. 
 
5. Slide the sleeve-web over the end of the cable and the bail.  Work the sleeve-web down the cable 

and over the cartridge taking care not to unplug the hose that connects the cartridge to the cable. 
 
Optional:  Using one of the tie-wraps, secure the hose to the cable taking care not to close off the hose. 
 
The vent end of the cartridge should remain plugged until the sonde is ready for use.  When putting the sonde 
into service, remove the plug to ensure that the sensor in the sonde is vented to the atmosphere. 
 
 
INSTALLING THE CANISTER KIT 
 
 
1. Remove the 1/8” NPT plugs from the stainless steel  

fittings on the canister. 
 
2. Install the 1/8” NPT to 1/8” hose fittings into the  

stainless steel fittings located on the side of the desiccant canister. 
CAUTION: Do not over-tighten! 

 
3. Place the plugs over the fittings on the canister until  

you are ready to use the canister. 
 
4. Using suitable screws fasten the canister mounting  

brackets to an appropriate support structure.  The spacing 
between the brackets must accommodate the length of the 
canister.  The canister must be located within a few feet of the 
cable end. 

 
5. Remove the plug from the top fitting of the canister.  Remove the plug from the barbed fitting on the end 

of the cable.  Using the tubing provided in the kit, connect the canister to the fitting on the end of the 
cable.  Remember to remove the remaining plug from the canister when ready to begin sampling.  When 
putting the sonde into service, remove the plug to ensure that the sensor in the sonde is vented to the 
atmosphere. 

 
 

Fitting

1/8”  Hose

Mounting
Brackets

Top View
Mounting
BracketFitting
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APPENDIX H EMC PERFORMANCE 
 
When using the YSI 6-Series sondes in a European Community (CE) country, please be aware that 
electromagnetic compatibility (EMC) performance issues may occur under certain conditions, such as when 
the sonde is exposed to certain radio frequency fields.  
 
If you are concerned with these issues, consult the Declaration of Conformity (page H-2). Specific 
conditions where temporary sensor problems may occur are listed in this document. 
 
If you are unable to locate the Declaration of Conformity that was shipped with your instrument, contact 
your local YSI representative, or YSI Technical Support in Yellow Springs, Ohio for a copy of the 
document. See Section 9, Warranty and Service Information for contact information. 
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APPENDIX I     CHLOROPHYLL MEASUREMENTS 
 
This is a question and answer guide that will help you optimize performance and trouble-shoot problems.  
While the YSI 6025 chlorophyll sensor provides a simple and convenient way to estimate phytoplankton 
concentration in the field, there are significant limitations associated with its use that the user should 
appreciate fully before beginning field studies.  In addition, the chlorophyll systems of YSI 6-series sondes 
are characterized by a great deal of flexibility from the point of view of the user.  Some examples are 
shown below. 
 
ο The data from the chlorophyll sensor can be processed via a sophisticated filtering algorithm that has 

variable parameters that are input by the user. 
 
ο The chlorophyll system can be used in spot sampling applications with a YSI 650 MDS display/logger 

or a portable computer. 
 
ο The chlorophyll system can be used on all sondes for long term deployment applications using cable 

attachment to a data collection platform. 
 
ο The chlorophyll system can be used for long-term deployment applications with the YSI 6-series 

sondes which contain internal batteries by logging readings directly to sonde memory since they 
contain ‘on board’ power. 

 
ο A number of calibration options are offered with the YSI chlorophyll system. 
 
This section is designed to help the user attain the maximum possible benefit from the YSI 6025 
chlorophyll system by supplementing the discussions of chlorophyll provided in other sections of this 
manual. (Section 2.1 --Getting Started, Section 5 - Principles of Operation, and Section 2.10 - Care, 
Maintenance and Storage). These are questions that may be asked by a typical user of 6-series sondes 
with the YSI 6025 chlorophyll sensors.  It does not deal with specific instructions for operation of the 
sondes at the level presented elsewhere in the manual.   
 
 
What is the YSI 6025 chlorophyll probe designed to measure? 
 
The YSI sensor is designed to estimate 

 

the phytoplankton content of environmental water.  Phytoplankton 
concentrations can be useful in predicting detrimental algal blooms and, indirectly, in determining nutrient 
loading in environmental applications.  The phytoplankton content is estimated by detecting the 
fluorescence from the chlorophyll in these species in vivo, i.e., without disrupting the living cells.  Note, 
however, that the sensor directly measures the fluorescence of all species in the water sample that occurs 
when they are irradiated with blue light (centered at about 470 nm).   Usually most of the fluorescence is 
due to the chlorophyll in the phytoplankton, but it is important to remember that any compounds which are 
present in the water sample (either in chemical or biological form), and fluoresce under the optical 
constraints of the sensor, will contribute to the readings. 

 
What level of accuracy can be expected in my chlorophyll determinations with the YSI 6025? 
 
YSI feels that the user will attain about the same accuracy with the YSI 6025 as with other commercial 
fluorometers that are designed to carry out in vivo determinations of environmental chlorophyll.  As for all 
measurements of this type, the accuracy will be less than that attained if the user collects water samples and 
analyzes them in the laboratory by disrupting cells and quantifying by spectrophotometric or HPLC 
analysis of the extracted molecular chlorophyll as described in Standard Methods.  The relative accuracy of 
the in vivo measurement will be completely dependent on the method of calibration which the user employs 
(see next question).  No matter what calibration technique is used, however, the readings from the YSI 
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6025 should approximately track the chlorophyll trends in the environmental water being analyzed.  For 
example, if the user deploys the sensor and acquires readings over time at a standard sampling interval 
(e.g., every 15 minutes), the changes in the chlorophyll data will usually reflect increases or decreases in 
the phytoplankton content at the site over a long period of time.  If the user makes horizontal or vertical 
profiling spot readings in the same body of water, then the sensor output will usually indicate the presence 
of more or less phytoplankton at the various sampling sites.   The figure below shows the tracking of the 
chlorophyll content at various sites by both the YSI 6025 and a good quality single parameter commercial 
fluorometer. 
 

 
 
 
It is important for the user to remember that, because of the limitations defined in this appendix and in 
Section 5, Principles of Operation, YSI is unable to quote an accuracy specification for the in vivo 
measurement of chlorophyll. 
 
 
What calibration methods are available for the YSI 6025? 
 
There is only one real method of calibration for the 6025 sensor if accuracy is to be assured versus the true 
chlorophyll content of the water: The sensor must be calibrated with a phytoplankton suspension for which 
the chlorophyll content is known from extractive analysis in the laboratory.

 

   This methodology requires the 
user to collect water samples of the environmental water in question during sampling or monitoring studies, 
analyze the samples in the laboratory after cell disruption, and use the chlorophyll values determined by 
this method to adjust the data acquired with the YSI 6025.   Discrete steps for this procedure are found in 
Section 5. Principles of Operation. 

Using this method, the field data must be adjusted, either manually or in a spreadsheet, according to the 
laboratory value.  For example, if the YSI 6025 value for a particular site is15.6 ug/L chlorophyll and the 
laboratory value is 10.8 ug/L, then all of the values for the study should be multiplied by .69 (10.8/15.6).  
This can easily be done in a spreadsheet, such as Excel, as shown below. 
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Note: Be sure to carry out1-point calibration of the sensor before the study, using deionized water to make 
certain that the sensor reads zero in chlorophyll-free water. 
 
 
If the sensor is post-calibrated using the values from laboratory analysis of grab samples, will my 
field data be totally accurate? 
 
No. They will only be as accurate as possible within the limitations of the fluorometry method.

 

  The 
limitations for all in vivo chlorophyll determinations described in Section 5, Principles of Operation will 
almost certainly compromise the accuracy of your data even if you employ the best calibration method 
possible.  For example, different phytoplankton species are likely to fluoresce differently in vivo even if the 
actual chlorophyll content is the same.  Thus, unless the biological species are perfectly homogeneous with 
regard to site in a sampling study and with regard to time in a monitoring study, inaccuracy will occur if 
only a single phytoplankton calibration is performed.  In addition, the fluorescence intensity of many 
phytoplankton types shows a diurnal cycle even though the same amount of material is present.  Under this 
limitation, the time of day at which calibration samples are taken would have to be identical to the time of 
field measurement for the chlorophyll values determined by the two methods to agree consistently.   This 
level of synchronization is usually not practical.  

The key point to remember is that in vivo chlorophyll determinations made with any fluorometer are likely 
to be less accurate than those measured by laboratory analysis of individual samples.  The advantages of 
the in vivo method are its convenience and ability to continuously track changes in relative phytoplankton 
values via indirect fluorescence readings 
 
 
Can I use a dye standard to calibrate my 6025 chlorophyll sensor to increase the accuracy? 
 
The use of the dye solutions described in the Principles of Operation section above will usually not 
significantly enhance the accuracy of your field readings relative to extractive analysis of grab samples.  
The primary utility of the dye is to check for sensor drift during deployment by reanalyzing the dye solution 
after sonde recovery.   The use of the 2-point dye calibration procedure may make it easier to quantify the 
predeployment dye value and, if so, may be preferable. Remember, however, that no real enhancement of 
sensor accuracy is attained by using the dye as a calibrant. 
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Will the chlorophyll values determined in vivo with the YSI 6025 be reportable for compliance 
purposes? 
 
Probably not.  Because of the limitations on the method outlined above and in the Section 5, Principles of 
Operation, there is always inaccuracy in the in vivo method.  It might be possible to work with a particular 
regulatory agency to develop specific correlation protocols between in vivo and laboratory-determined 
chlorophyll values for a particular site, but generation of this methodology is left to the user. 
 
 
I have seen molecular chlorophyll standards advertised.  Can these be used to calibrate the YSI 6025 
sensor? 
 
Probably not.  The standards are usually only soluble in organic solvents such as acetone that would cause 
serious damage to the materials used in the YSI 6025 probe.  Even if molecular chlorophyll standards that 
are soluble in aqueous media were available, their fluorescence is not likely to emulate in vivo chlorophyll 
fluorescence any better than the dye standard described above. 
 
Caution: Do not expose the YSI 6025 to calibrant solutions involving any solvent other than water or very 
dilute aqueous acid mixtures.  Damage to the sensor under these conditions will not be covered under 
warranty. 
 
 
The Standard Methods procedure generates values designated as “chlorophyll a”.  Is this species the 
reporting unit for the YSI 6025? 
 
No.  The different types of chlorophyll cannot be differentiated by the YSI 6025, or by virtually any in vivo 
fluorometer.  The values from the YSI 6025 should be reported either as relative fluorescence units or in 
ug/L of general chlorophyll as long as the method of determination (and its limitations) is specified. 
 
 
Is the YSI 6025 sensor linear with regard to changes in phytoplankton content? 
 
Yes.  The sensor is very linear as evidenced by the following plot that shows the results of a serial dilution 
of a laboratory algae sample.  This linearity on a particular algal species maximizes the ability of the sensor 
to track relative phytoplankton changes from site to site or during a monitoring study. 
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What Data Filter settings should I use to obtain the best possible field chlorophyll readings? 
 
As described in Section 5, Principles of Operation, some processing of raw chlorophyll data is usually 
beneficial in terms of outputting values that reflect the “average” chlorophyll at the site.   Filter options 
designed to optimize this data processing are located in the sonde menu structure under both the 3-Sensor 
and the 4-Data Filter selections in the Advanced submenu.  
 
For most applications involving both spot sampling and monitoring, the following settings are 
recommended with regard to data processing: 
 
ο In 3-Sensor, Disable the “Chl Spike Filter” if present 
 
ο In 4-Data Filter, “Enable” the filter. 
 
ο In 4-Data Filter, “Disable” the “Wait for Filter” selection. 
 
ο In 4-Data Filter for chlorophyll, set the Time Constant to 12 
 
ο In 4-Data Filter for chlorophyll, set the  Threshold to 1 
 
These default settings will normally produce data that is reflective of the “average” chlorophyll without 
significantly slowing the response time of the sensor for either sampling or monitoring applications.  
Increasing the values of the time constant, threshold, or both can further smooth the chlorophyll values. 
Variation in the default settings should be based on empirical data taken at your particular site.  
 
 
How often should I calibrate my YSI 6025 sensor? 
 
You should always perform a zero point calibration

 

 in deionized water before each use of the YSI 6025 
sensor. 

Testing at YSI has indicated that the overall sensitivity of the optical system of the YSI 6025 is very stable 
and is unlikely to show significant drift over time.  Thus, if you are using the dye “calibration” method 
(with its limitations), you may only have to carry out the routine very infrequently (Remember that it is 
basically only useful as a drift check anyway).  In general, you should perform periodic 2-point calibrations 
using a dye sample more frequently during your initial studies with the YSI 6025 to empirically determine 
its drift rate and use these results to set up your calibration frequency. 
 
If you are post-calibrating the sensor with phytoplankton suspensions to obtain accurate readings relative to 
chlorophyll as determined by laboratory extractive analysis, then you will effectively be performing a 2-
point calibration for every sampling or monitoring study.  
 
 
Are there precautions that I should take when acquiring samples for laboratory analysis? 
 
Yes.  The key is to obtain a sample which is representative of the water being measured by the YSI 6025 in 
vivo.  The mistake most often made is to simply immerse an open bottle in the environmental water.  Under 
these conditions, any macroscopic surface plant or algal matter (which also contains chlorophyll) will also 
be introduced into the sample even though it is not present in the subsurface zone where the probe is 
measuring fluorescence.  If this happens, your laboratory analysis will always be erroneously high relative 
to the in vivo chlorophyll data from the YSI 6025. 
 
For surface sampling you can minimize this effect greatly by placing the sealed bottle a foot or more below 
the water surface and only then removing the cap and allowing the container to fill.  The cap should then be 
reinstalled before removing the bottle from the water.  A better technique is to acquire commercially 
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available water sampling devices that are designed specifically to acquire a representative sample at a 
particular depth. 
 
You should also take precautions to stabilize your samples for transport back to the laboratory.  The 
samples should be kept cool and in the dark (e.g., in an ice chest) until the analytical procedure has begun.  
Some users prefer to filter the sample in the field and keep the filter pads on ice in the dark during 
transport. 
 
 
My environmental sites have a lot of visible floating algae, but my YSI 6025 chlorophyll sensor shows 
very low readings.  What is causing this paradox? 
 
The YSI 6025 is not designed to measure macroscopic algal or plant material that floats on the surface.  
Rather it measures the fluorescence from the microscopic phytoplankton that is suspended below the 
surface of the water.  It is fairly common to see mats of floating algae on environmental water that has low 
subsurface phytoplankton concentrations. 
 
 
What can I do to obtain the best possible data from my YSI 6025 sensor in sampling studies? 
 
Two factors are most important.  The first is to make certain that the readings are stable before manually 
recording them or logging them to a computer or YSI 650 MDS display/logger.  You should visually 
monitor the readings for at least 1-2 minutes to assure stability after the sonde is immersed.  The second 
factor is that you should always manually activate the mechanical wiper on the sensor after sonde 
immersion but before beginning the visual monitoring of the readings.  The cleaning cycle is necessary to 
remove bubbles from the optical face, which are certain to cause erroneous readings.  If the observed 
readings appear unusual after the first cleaning cycle, activate the wiper repeatedly to assure that all 
bubbles are removed.  Manual activation of the wiper mechanism is easily accomplished from the Run 
screen of the 650 MDS. 
 
You should also allow adequate time for the sonde to acclimate to the temperature of the water at the site.  
 
 
What sort of “noise” level is expected for unattended monitoring studies? 
 
All environmental water is somewhat heterogeneous with regard to phytoplankton content and this factor 
will cause some noise or jumpiness in long term monitoring studies for chlorophyll.  The extent of the noise 
will be dependent on your site.  The data from a typical 36-day deployment at a YSI test site (lake in 
southwestern Ohio) is shown in the figure below as a reference.   Note the diurnal cycle in the data which is 
likely due to the photoinhibition of chlorophyll fluorescence as discussed in Section 5, Principles of 
Operation. 
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Note also that your may observe less or more noise at your site with no compromise in sensor performance.  
Occasional spikes during a monitoring study are normal and usually simply indicate the transient passage 
of a large phytoplankton particle over the optical face during the time of sampling. 
 
If you consistently observe periods in your monitoring study where the data is clearly unreliable due to a 
large number of very high spikes, then you may have to take additional precautions to minimize the effect 
(see next question). 
 
 
My unattended monitoring data shows a large number of chlorophyll spikes that clearly do not 
reflect the average phytoplankton content of the water.  What is causing this effect and is there 
anything I can do to minimize it? 
 
This effect, shown in the initial chlorophyll readings in the figure below, can be caused by the presence of 
subsurface macroscopic filamentous algae.  
  

 
 
 
The flexible algal strands can become attached to the wiper arm and sometimes are resident on the probe 
optics even after a cleaning cycle.  The key to decreasing the spiking effect is to minimize the free algae, 
which is present in the probe compartment of the sonde.  This can sometimes be accomplished by encasing 
the sonde guard in standard fiberglass window screen wire which is available at most hardware stores and 
then anchoring the screen with rubber bands as shown in the picture below. 
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Note the significant improvement in the overall noise level of the readings after the screen was installed on 
4/2/99.   However, there is no guarantee that this solution will completely solve spiking problems caused by 
macro algal species.  In some applications, it may be necessary to clean the sonde and probes at a frequent 
interval to minimize the number of erroneous readings. 
 
CAUTION: If the installed screen becomes completely clogged with algal filaments, it can create an 
isolated environment within the probe compartment which does not accurately reflect the water quality 
readings of the overall water at the site.   Users should periodically remove the screen and check for 
immediate changes in parameters such as dissolved oxygen and pH.   If gross changes appear in the data 
after removal of the screen, then the screen is likely to be retarding water flow to the sensors and should be 
cleaned at more frequent intervals. 
 
Another factor that can contribute to repeated spikes in the user’s chlorophyll data is wiper malfunction so 
that the wiper assembly parks over the probe optics.  This problem is usually due to the edges of the 
fluorescent wiper becoming coated with nonfluorescent material such as sediment that, in turn, prevents the 
sonde software from detecting the wiper movement.    If the spikes are due to this factor, then the problem 
will be corrected by manually cleaning the wiper edges so that the fluorescent surface is restored.  
 
 
How often should I change my mechanical wiper? 
 
For sampling and monitoring studies, YSI recommends periodic inspection of the wiper to assure that it is 
not fouled with silt or biological material.  If any of these symptoms is noted, debris should be removed 
from the wiper, particularly the edges where the pad meets the wiper assembly.   If the wiper pad is abraded 
or damaged in anyway, the wiper assembly should be changed immediately.  YSI also recommends that the 
wiper be changed as a precaution prior to each long term monitoring study.  Spare wipers are available in 
the YSI 6024 Wiper Kit.  In addition, users who wish to replace only the pad of the wiper assembly can 
purchase the YSI 6144 Optical Wiper Pad Kit. 
 
Caution: When replacing the wiper, be sure that you do not rotate the wiper arm after it is tightened to the 
shaft.  This may damage the internal motor/gearbox mechanism and could void your warranty. 
 
 



Chlorophyll Measurements  Appendix I 

YSI Incorporated Environmental Monitoring Systems Operations Manual I-9 

Do I have to worry about the effect of variable temperature on my field readings? 
 
This factor is definitely a consideration depending on the level of reliability you require if the water at your 
site is at a significantly different temperature from that of calibration.  YSI studies show that, while the 
optics and electronics of the sensor show very little temperature effect, the fluorescence of phytoplankton 
samples does vary significantly with temperature.  Generally, the chlorophyll in biological samples shows 
increased fluorescence at lower temperatures with a factor of 1-2 % per degree Celsius.  In practice, this 
means that if, for example, the calibration temperature is 25 C and the water temperature at the site is 10 C, 
the observed chlorophyll readings will be erroneously high by 15-30 %.   The “Chl Tempco” factor in the 
Advanced|Sensor menu can be used to partially compensate for this error, if the user has some knowledge 
of the temperature effect on the particular phytoplankton at the site.  The factor can be empirically 
determined by bringing a sample of the environmental water to the laboratory and determining its 
fluorescence at ambient temperature and low temperature. (Simply cool the sample in a refrigerator for the 
latter reading.)  The calculated factor can then be entered into the sonde software.  See the example in 
Section 5, Principles of Operation. 
 
 
I suspect that my YSI 6025 chlorophyll sensor is not performing properly.  What should I do before 
contacting YSI Technical Support to facilitate resolving the problem? 
 
You should perform two diagnostic tests to help YSI personnel determine if the YSI 6025 is 
malfunctioning.   
 
First, determine whether the wiper system of the probe is working by interfacing the sonde containing the 
sensor to a computer on a 650 MDS display/logger, beginning a Discrete Sample study, and manually 
activating the wiper.  Determine if the wiper turns at all, and, if it does, whether it reverses direction and 
parks approximately 180 degrees from the optical face.   
 
Second, determine the sensitivity of the probe by measuring its sensitivity under factory default conditions 
in a dye solution prepared as described in Section 5, Principles of Operation.   Place the sonde containing 
the probe in question into the dye solution.  Enter the Calibrate menu and then the Chlorophyll submenu 
and choose a “1-point Chl ug/L” protocol.  Instead of entering a value at the prompt, type the work “uncal” 
and press Enter.  This returns the sonde software to the factory default sensitivity.   Begin a Discrete 
Sample study and record the chlorophyll ug/L reading displayed.  Finally, place the sonde in deionized 
water and record the chlorophyll ug/L reading displayed in Discrete Sample. 
 
Record the results of these two tests and report them, along with any other symptoms, to a YSI Technical 
Support Group representative.   
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APPENDIX J PERCENT AIR SATURATION 
 
The term “Percent Air Saturation” (abbreviated in many applications to “Percent Saturation”) is a common 
parameter for expressing the state of the oxygenation of environmental water and is widely used by YSI 
and other manufacturers during the calibration of oxygen sensors.   Basically the "Percent Saturation" value 
is simply a surrogate for the partial pressure of oxygen in the medium (air or water) being measured.  In 
this light, it is important to understand that, to our knowledge, all environmental oxygen sensors (either 
electrochemical or optical) directly measure the pressure of oxygen – not the concentration.   Thus, the 
“Percent Saturation” value from an environmental instrument reflects the directly measured parameter for 
the system, with the concentration in mg/L being easily calculated from known equations involving Percent 
Saturation, Temperature, and Salinity.   
 
Because the “Percent Saturation” parameter can be expressed by two different conventions, there can be 
confusion around the use of the term.  This section is designed to minimize that confusion by defining each 
of these conventions and to provide instructions for configuring your 6-series sonde so that you will have a 
choice as to which of the conventions is used.  It is very important to note, however, that no matter 
which of the conventions is employed (in YSI or competitive instrumentation), the values of dissolved 
oxygen in mg/L, the units usually reported, will be identical and unaffected by the choice of DO % 
convention.  
 
Note also that the discussion below applies equally to data obtained from both the YSI Rapid Pulse 
membrane-covered polarographic oxygen sensor and the YSI ROX optical dissolved oxygen sensor.  
 
 
The “DOsat %” Convention 
 
In the first convention, used for many years in YSI handheld and laboratory instruments and in 6-series 
sondes, the "% saturation" value at the time of calibration in air reflects the value of the barometer that was 
input in the calibration protocol.    If the parameter “DOsat %” is active in your 6-series Report menu, then 
this convention is being used.  Effectively, this convention provides a value of water oxygenation that can 
be carried out by air exposure, with the value referenced to having the air at exactly 1 atmosphere (760 mm 
Hg or 101.3 kPa).   A “DOsat %” value of 89 means that the water contains 89 % of the oxygen that could 
be dissolved if the water was sparged with air that had a total pressure of 1 atm.  For example, for an air 
calibration in the mountains at a typical barometric pressure of 630 mm Hg, the YSI “DOsat %" value at 
calibration would read 82.9 % (630/760 * 100).   If the sensor did not drift electrochemically and the sonde 
was taken to a location where the atmospheric pressure was exactly 760 mm Hg (e.g., sea level), then the 
“DOsat %” reading in air (or air-saturated water) would change to 100 % (760/760 *100) because there is 
more total oxygen in the air at the lower elevation.  (Note that the ratio of oxygen to other gases in the air is 
effectively independent of the barometer or altitude, but the absolute amount of oxygen changes with 
barometer or altitude.)  If the water at both sites is assumed to have a temperature of 20 C (where water 
exposed to water-saturated air at exactly 760 mm Hg is 9.09 mg/L), then the mg/L value would be 7.54 
mg/L (0.829 * 9.09) in the mountains and 9.09 mg/L (1.00 * 9.09) at sea level.   Thus, to calculate mg/L 
values at any site after calibration using this convention, the observed “DOsat %” value is simply 
multiplied by the Standard Methods or ISO table values that correspond to 100 % at various temperatures 
and salinities. 
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The “DOsat %Local” Convention 
 
In the second convention, used for many years by other multiparameter instrument companies and by many 
European handheld instrument manufacturers, the "% saturation" value is always set to exactly 100 % at 
the time of calibration regardless of the barometer value that was input.   The software of the instrument 
“remembers” the barometric pressure input at the time of calibration for use in later calculation of the DO 
concentration in mg/L.   Effectively, this convention provides a value of water oxygenation that can be 
carried out by air exposure with the value referenced to the local air pressure.  The 100 % value at 
calibration for this convention basically reflects the fact that this is the most oxygen that can be dissolved in 
water for this location at the time of calibration.   In late 2001 (Version 2.13 of 6-series code), this 
dissolved oxygen convention was added to the YSI 6-series software through the use of the parameter 
“DOsat %Local”.  For example, for an air calibration in the mountains at a typical barometric pressure of 
630 mm Hg, the “DOsat %Local” value at calibration would read 100.0 % and the value of 630 mm would 
be stored in instrument memory.   If the sensor did not drift electrochemically and the sonde was taken to a 
location where the atmospheric pressure was exactly 760 mm Hg (e.g., sea level), then the “DOsat %Local” 
reading in air (or air-saturated water) would change to 120.6 % (760/630 * 100) because there is more total 
oxygen in the air at the lower elevation. 
 
The mg/L value for water saturated air or air-saturated water assuming a temperature of 20 C at both sites 
would change from 7.54 mg/L (1.00 * 630/760 * 9.09) in the mountains to 9.09 mg/L (1.206 * 630/760 * 
9.09) at sea level.  Thus, to calculate mg/L values at any site after calibration using this convention, the 
"DOsat %Local" value is multiplied by the ratio of the barometric pressure at calibration to 1 atm (table 
conditions) and then by the table value as shown above.  Note that the same mg/L values are obtained at 
both sites for the “DOsat %” and “DOsat %Local” conventions even though the "percent saturation" values 
are significantly different. 
 
It is important to note that the convention specified for "% saturation" by the British (and EU) standard 
REQUIRES that the local barometric pressure be read for every DO data point taken after calibration.   
Under this convention, a sensor should ALWAYS read 100 % saturation when in water-saturated air or air-
saturated water.  Since the software of most instruments does not “know” the barometer at any time after 
calibration, neither of the conventions described above complies with the British standard. 
 
 
Calibrating Using the mg/L Mode 
 
When the user performs a mg/L calibration, no barometer input will be required.  Instead, values of “DOsat 
%Local” reported after the calibration will be based on the barometer reading input by the user at the time 
of the last “DO %” calibration.  If the user requires the best possible accuracy for “DOsat %Local” values 
after calibration then a “DO %” calibration (with correct barometer input) should be performed 
immediately before the “DO mg/L” calibration.  If a “DO %” calibration has never been carried out, then 
the software will assume that the barometer at the last calibration was exactly 760 mm Hg. 
 
When the user performs a mg/L calibration, values of “DOsat %” will be calculated as they are in the 
current software, i.e., the input mg/L value will be divided by the theoretical mg/L value at 1 atmosphere 
(found in the Std. Methods Table) to yield the reported “DOsat %” value.    For example, if a value of 7 
mg/L is entered at a temperature value of 21 C (where 100 % saturation at 1 atmosphere is 8.915), the 
“DOsat %” value will be (7/8.915) or 78.5.  DO % readings for field readings are carried out in exactly the 
same way – find the Table value in mg/L which corresponds to the environmental salinity and temperature 
and divide the environmental DO mg/L by it. 
 
If the user performs a mg/L calibration and “DOsat %Local” is active in the Report, the software will, as 
noted in above, assume that the barometer reading at calibration is the same as that at the last “DOsat %” 
calibration.  Thus, after the calibration procedure is complete “DOsat %” values calculated as described 
above are then multiplied (in the software) by a factor of (760/BP) to yield the corresponding "DOsat 
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%Local” values.  For example, assume that the temperature of the calibration standard is 21 C (where air 
saturation at 760 mm Hg is 8.915 mg/L) and that the oxygen content of the solution has been determined to 
be 7 mg/L by Winkler titration.   Assume also that the local barometric pressure was entered as 700 mm at 
the last “DOsat %” calibration.  After the new “DO mg/L” calibration, the “DO mg/L” value will be set to 
7.00, the “DOsat %” value will be set to (7/8.915)*100 = 78.5, and the “DOsat %Local” will be set to 
(760/700)*78.5 = 85.2.  
 
NOTE: As pointed out above, it is important to realize that UNLESS THE BAROMETRIC PRESSURE IS 
KNOWN FOR EVERY DO READING AFTER CALIBRATION, the values of “DOsat %” and “DOsat 
%Local” will be incorrect if the barometric pressure has changed since calibration.   Thus, even if the 
barometer had been input at the time of a mg/L calibration (a method used by some instrument 
manufacturers, the values of “DOsat %Local” will still not be exactly accurate after calibration. 
 
 
Activation of the “DOsat %Local” or “ODOsat %Local” Parameter 
 
On receipt of your sonde or after upgrading your 6-series software to Version 2.13 or higher, the “DOsat 
%Local” or “ODOsat %Local” parameter will NOT appear in your Report menu.   To activate the 
parameter, it is necessary to exit the menu structure of the sonde software to the command line prompt 
(“#”).  The “#” sign appears after you press Esc from the Main menu and then answer “Y” to the question, 
“Exit menu (Y/N)”?  Once the “#” prompt is shown on the display, type “dolocal 1” as shown in the 
display below and press Enter.  The screen will show “OK” to indicate that the action was successful and 
return another “#” sign as shown.  Then type “menu” at the second “# sign and press Enter to return to the 
sonde software menu structure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
After taking the above action the parameter “DOsat %Local” or “ODOsat %Local”, depending on the type 
of DO sensor used in your sonde, will be present in your Report menu.  If you want to remove the 
parameter, return to the “#” prompt, type “dolocal 0”, and press Enter. 

 



 



PAR Sensor  Appendix K 

YSI Incorporated Environmental Monitoring Systems Operations Manual K-1 

APPENDIX K PAR SENSOR 
 
Some users of the YSI 6600-style sonde (6600V2-2, 6600EDS V2-2, and 6600V2-4) may wish to 
incorporate a photosynthetically active radiation (PAR) sensor into their field monitoring equipment.  This 
sensor can be added to the 6600 in the form of a special product engineered by Endeco/YSI.  This section is 
designed to give potential users of this type of system an idea of how it is configured and the steps 
necessary to acquire and log PAR data with the modified sonde. 
 
Li-Cor PAR sensors are required for the 6600 modification and these can either be supplied to Endeco/YSI 
by the user or can be purchased from Endeco/YSI as part of the system cost.   These sensors are then 
attached to “arms” which extend from the sonde and their output cables are connected to the sonde PCB 
through the top of the sonde as shown in the following picture.  The picture shows the installation of two 
sensors (one pointing up, the other pointing down), but it is also possible to use a single PAR sensor if the 
user prefers that configuration. 
 

 
 
Each Li-Cor PAR sensor can be individually configured by Endeco/YSI with an internal circuit to have 
variable sensitivities: high (usually employed for “upwell” or downward pointing sensors) or low (usually 
employed for “downwell” or upward pointing sensors).   After sensitivity configuration, the outputs of the 
sensors are fed into the main sonde PCB thorough ISE ports ISE3 and ISE4.  The ports can, in turn, be 
configured in the Sensor and Report menus to show the presence of the PAR sensors (PAR1 for ISE3) and 
PAR2 for ISE4), allowing the user to view or internally log their data during profiling or unattended 
monitoring studies. 
 
If the default settings of the sonde software are accepted, the PAR outputs will simply be in millivolts.  
However, it is also possible to enter the calibration constants provided by Li-Cor into the sonde software 
through the Advanced|Sensor menu.   If these constants are entered then the units viewed or logged from 
the PAR sensors will be shown as “Photosynthetic Photon Flux Density” with units of umoles/second/m2.  
A typical Certificate of Calibration as supplied by Li-Cor is shown below: 
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To set up your special PAR 6600-style sonde, follow the steps below in the sonde menu structure: 
 
Enter the Sensor menu and then press the proper number for ISE3.  Then choose PAR1 from the submenu 
and press Esc to return to the Sensor menu.  If you have two PAR sensors, repeat the process to activate 
PAR2 for the ISE4 port. 
 
 
 
 
 
 
 
 
 
 
 
 
 
After activating the sensors, enter the Report menu and make certain that the PAR selections are active as 
shown below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

------------Sensors enabled--------- 
1-(*)Time           7-( )ISE3 NONE      
2-(*)Temperature    8-( )ISE4 NONE      
3-(*)Conductivity   9-( )ISE5 NONE      
4-(*)Dissolved Oxy  A-(*)Turbidity      
5-(*)ISE1 pH        B-(*)Chlorophyll    
6-(*)ISE2 Orp       C-(*)Battery        
 
Select option (0 for previous menu): 7 
 

--------------Select type-------------
- 
1-( )ISE3 NH4+                          
2-( )ISE3 NO3-                          
3-( )ISE3 Cl-                           
4-( )ISE3 PAR1                          
 
Select option (0 for previous menu): 4 

 

-------------Report setup-------------- 
1-(*)Date           C-( )DOchrg         
2-(*)Time hh:mm:ss  D-(*)pH             
3-(*)Temp C         E-( )pH mV          
4-(*)SpCond uS/cm   F-(*)Orp mV         
5-( )Cond           G-(*)PAR1           
6-( )Resist         H-(*)PAR2           
7-( )TDS            I-(*)Turbid NTU     
8-(*)Sal ppt        J-(*)Chl ug/L       
9-(*)DOsat %        K-( )Fluor %FS      
A-( )DOsat %Local   L-(*)Battery volts  
B-( )DO mg/L                            
 
Select option (0 for previous menu): 0 
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Finally, if you want to present your PAR data in photon flux density (umoles/second/m2), enter the 
Advanced|Sensor menu as shown below and enter values for the PAR gain settings after consulting the 
Certificate of Calibration obtained from Li-Cor for each sensor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The number that should be entered is derived from the Calibration Multiplier in the Certificate of 
Calibration supplied with each sensor, but the exact entry requires some modification of the Certificate 
value.   First, the Calibration Multiplier “in water” should be selected.  Second, the negative sign should be 
dropped from the number prior to entry.  Finally, the number should be divided by either 100 (Low 
Sensitivity Hardware) or 1000 (High Sensitivity Hardware) prior to entry.  Thus, if the two identical 
sensors characterized by the above Certificate were present in the sonde, but were configured for both low 
sensitivity (PAR1) and high sensitivity (PAR2), the entered gain numbers should be 3.1578 for PAR1 and 
0.31578 for PAR2, with both numbers derived from the –315.78 value on the Certificate.  As noted above, 
once these entries are made, the viewed and logged PAR values will be in umoles/second/m2 of Photon 
Flux Density. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For additional information about modification of you 6600 to include a PAR sensor configuration, contact 
Endeco/YSI (1-800-363-3269). 

------------Advanced sensor------------ 
1-TDS constant=0.65                     
2-Pres psi=0                            
3-DO temp co %/C=1.1                    
4-DO warm up sec=40                     
5-( )Wait for DO                        
6-Wipes=1                               
7-Wipe interval=5                       
8-SDI12-M/wipe=1                        
9-Turb temp co %/C=0.3                  
A-(*)Turb spike filter                  
B-Chl temp co %/C=0                     
C-( )Chl spike filter                   
D-PAR1 gain= 3.1578                           
E-PAR2 gain=0.31578                           
 
Select option (0 for previous menu): 

------------Advanced sensor------------ 
1-TDS constant=0.65                     
2-Pres psi=0                            
3-DO temp co %/C=1.1                    
4-DO warm up sec=40                     
5-( )Wait for DO                        
6-Wipes=1                               
7-Wipe interval=5                       
8-SDI12-M/wipe=1                        
9-Turb temp co %/C=0.3                  
A-(*)Turb spike filter                  
B-Chl temp co %/C=0                     
C-( )Chl spike filter                   
D-PAR1 gain=1                           
E-PAR2 gain=1                           
 
Select option (0 for previous menu): 
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APPENDIX L PROTECTIVE ZINC ANODE 
 
Shipbuilders have used the concept of the “sacrificial anode” for decades to minimize corrosion damage to 
all metallic parts of ships.  Elemental zinc is commonly used as the sacrificial anode because it is more 
easily oxidized than most other metals.  Thus, a replaceable block of zinc is installed in electrical contact to 
other metals on the ship which are susceptible to salt water corrosion and the zinc is preferentially oxidized 
(or corroded), preventing damage to the ship hull and other metal components. 
 
The concept of the sacrificial anode can also be utilized for 6-series sondes which are deployed in corrosive 
media – particularly seawater or brackish estuarine water.   In this case, the zinc anode is used to prevent 
corrosion of the stainless steel connector found on the top of most 6-series sondes.  The instructions below 
outline the installation procedures for the zinc anode offered by YSI as Model 6182 Kit.  The anode 
enclosed in the kit is divided into two C-shaped sections as shown in Figure 1 below.  Note that each 
section has a flat on one end. 
 

 
Figure 1 
 
 
 
Installing the Zinc Anode on 600R, 600XL, 6820V2-1, and 6820V2-2  
Sondes 
 
NOTE: Before beginning the installation, be sure to clean the sonde connector of mud, sediment 
sediments, barnacles, etc.   It is important for the surface to be clean in order to make good electrical 
contact to the zinc anode. 

Figure 2                                                                                    Figure 3  



Protective Zinc Anode  Appendix L 

YSI Incorporated Environmental Monitoring Systems Operations Manual L-2 

 
1. Using a large regular blade screwdriver, bend the bracket outward to the angle shown in Figure 2.  
 
2. Position the zinc anode flat towards the bracket and squeeze together with pliers if necessary as shown 

in Figure 3. 
 
3. Use the screwdriver to bend the bracket back to vertical. 
 
4. Secure zinc halves with the cable tie. 
 
 
 
Installing the Zinc Anode on 6000upg, 6600V2-2, 6600EDS V2-2, 
6600V2-4, 6920V2-1, 6920V2-2, 600XLM, and 600 OMS V2-1 Sondes: 
 
NOTE: Before beginning the installation, be sure to clean the sonde connector of mud, sediment 
sediments, barnacles, etc.   It is important for the surface to be clean in order to make good electrical 
contact to the zinc anode. 
                             
 
 Figure 4                                                                       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For the 6600-style sondes, first remove the pressure-relief battery lid and set it aside for later installation.  
The position the zinc anode onto the sonde connector as shown in Figure 4 above, leaving a small gap 
between the bottom of the anode and the top of the sonde.   Make sure that the flat sides of the anode parts 
are next to the battery lid as shown. 
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                                                           Figure 5 
 
For 6920-style sondes,  make certain that fresh batteries have been installed and that the battery lid is in 
place.  Then position the zinc anode on the connector making certain that the flat is toward the bail 
hardware (Figure 5 above) and that the anode is installed below the threads on the connector. 
 

                                                           Figure 6 
 
For the 600XLM and 600 OMS V2-1 sondes, the user will be required to manually cut a second flat on the 
other end of the C-shaped anode sections.   Then make certain that fresh batteries have been installed in the 
sonde.  Finally, with the battery lid in place, install the anode sections on the connector being certain that 
the flats are on the sides where the bail attaches to the battery cover and that the assembly is below the 
threads of the connector.  The proper installation is shown in Figure 6 above. 
 
 
For all sondes, after the sections of the anode have been put in place, squeeze the halves together, using 
pliers if necessary for a tight fit.  
 
Finally secure the anode to the connector using a cable tie which is included in the Model 6182 kit. 
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NOTE: The zinc anode collar must be removed before you can replace the batteries for 600XLM, 600 
OMS V2-1, and 6920-style sondes.  A new plastic cable tie will be needed to re-secure the zinc.  

 
WARNING: The zinc anode must not interfere with the ability to properly attach of the pressure cap to the 
sonde connector – the cap MUST be threaded all the way down to prevent leaks into the connector.  
Therefore, the anode must also NOT be placed over the threads of the connector. 

  
 

    
 



ROX Optical DO Sensor  Appendix M 

YSI Incorporated Environmental Monitoring Systems Operations Manual M-1 

APPENDIX M  ROX OPTICAL DO SENSOR 
 
This appendix is in the format of “frequently asked questions”, is designed to allow users to optimize the 
performance and the trouble-shooting of problems for your YSI 6150 ROX Optical dissolved oxygen probe 
by supplementing the discussion of optical dissolved oxygen measurement that is provided in the other 
sections of this manual (Getting Started, Basic Operation, Principles of Operation, and Maintenance). 
 
 
How does the ROX Optical DO Sensor work? 
 
In general, optical dissolved oxygen sensors from a variety of manufacturers are based on the well-
documented principle that dissolved oxygen quenches both the intensity and the lifetime of the 
luminescence associated with carefully-chosen chemical dyes.   The 6150 sensor operates by shining a blue 
light of the proper wavelength on this luminescent dye which is immobilized in a matrix and formed into a 
disk about 0.5 inches in diameter.    This dye-containing disk will be evident on inspection of the sensor 
face.   The blue light causes the immobilized dye to luminesce and the lifetime of this dye luminescence is 
measured via a photodiode in the probe.   To increase the accuracy and stability of the technique, the dye is 
also irradiated with red light during part of the measurement cycle to act as a reference in the determination 
of the luminescence lifetime.   
 
When there is no oxygen present, the lifetime of the signal is maximal; as oxygen is introduced to the 
membrane surface of the sensor, the lifetime becomes shorter.   Thus, the lifetime of the luminescence is 
inversely proportional to the amount of oxygen present and the relationship between the oxygen pressure 
outside the sensor and the lifetime can be quantified by the Stern-Volmer equation.   For most lifetime-
based optical DO sensors (including the YSI 6150), this Stern-Volmer relationship (((Tzero/T) – 1)) versus 
O2 pressure) is not strictly linear (particularly at higher oxygen pressures) and the data must be processed 
using analysis by polynomial non-linear regression rather than the simple linear regression used for most 
polarographic oxygen sensors.   Fortunately, the non-linearity does not change significantly with time so 
that, as long as each sensor is characterized with regard to its response to changing oxygen pressure, the 
curvature in the relationship does not affect the ability of the sensor to accurately measure oxygen for an 
extended period of time.  
   
Each YSI sensor module (the assembly which is attached to the face of the probe by three screws) is 
factory-calibrated over a range of 0-100 percent oxygen to quantify the relationship of its luminescence 
lifetime as a function of oxygen pressure.   The Stern-Volmer parameters from this data are then fit to a 
third order regression equation (ax3 + bx2 + cx) and values of a, b, and c determined.   These coefficients, 
along with the luminescence lifetime at zero oxygen pressure (Tzero), are provided to the user in coded 
form with each sensor membrane module or probe/sensor module combination.   If you install a 
replacement sensor membrane assembly (YSI 6155) on your existing probe, you will be required to enter 
these coded constants into the sonde as described in the instructions which come with the 6155 prior to the 
use of the sensor.   If you have purchased a probe/membrane combination, i.e. a new 6150 Optical DO 
sensor, the constants are already stored in your probe and will automatically be transferred to your sonde 
when the sensor is installed. 
 
 
What are the key advantages of the ROX sensor over membrane-covered polarographic sensors? 
 
The ROX dissolved oxygen sensor has three key advantages over the YSI Rapid Pulse sensor: 
 

1. The set-up and maintenance of the ROX sensor is much easier since there is no membrane or 
electrolyte to be changed by the user. 

 
2. Testing indicates that the ROX sensor is significantly less susceptible to field drift. 
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3. The ROX sensor is automatically wiped during field studies to eliminate effects of fouling.   The 
Rapid Pulse sensor can be wiped, but only if a 6600EDS V2-2 sonde is used. 

 
In addition, the ROX DO sensor has NO flow dependence, giving it a large advantage over systems which 
utilize steady-state membrane covered polarographic oxygen sensors.   This advantage is minimal relative 
to the YSI Rapid Pulse technology which is effectively flow-independent in monitoring studies and shows 
only minimal flow dependence (ca. 3%) in continuous-on sampling studies. 
 
 
What is the warranty period for the ROX DO Sensor? 
 
The probe is warranted for 2 years and the sensor membrane assembly is warranted for 1 year.   See 
Section 9 of this manual for details of the YSI warranty policy. 
 
 
What sondes can use the ROX DO Sensor? 
 
The ROX Sensor can be used with any existing or new YSI 6-series sonde which contains an optical port.   
Currently available sondes which support the use of the ROX sensor are 600 OMS V2-1, 6820V2-1, 
6820V2-2, 6920V2-1, 6920V2-2, 6600V2-2, 6600EDS V2-2, and 6600V2-4 which were manufactured 
after June 1999.   If you have an older sonde with an optical port and want to determine whether it will 
support the use of the ROX sensor, contact YSI Technical Support.   They will be able to evaluate the 
compatibility of your sonde with the ROX sensor by giving you a few simple software commands to issue 
at the “#” sign of your sonde. 
 
 
If I want to use the new ROX DO Sensor with my existing sonde, what else do I have to do? 
 
In order to use the ROX technology on an existing YSI 6-series sonde, you must do the following: 
 

• Upgrade the firmware in your sonde from the YSI Website (ysi.com) to Version 3.00 or higher. 
 

• Upgrade your EcoWatch for Windows PC software from the YSI Website to Version 3.18 or 
higher. 

 
• Upgrade the firmware in your 650 MDS Display/Logger from the YSI Website to Version 1.18 or 

higher. 
 
Note if your sonde was manufactured after June 1999, there is no need to return your existing sonde to YSI.   
After carrying out the software upgrades described in detail in the instruction sheet shipped with the 6150 
Probe, you will be able to simply install the ROX sensor in your optical port and begin taking readings.   If 
your sonde was manufactured prior to June 1999, then you should contact YSI Technical Support to 
determine if it is compatible with the ROX sensor 
 
 
Can I measure dissolved oxygen with both ROX Optical and Rapid Pulse Polarographic sensors in 
the same sonde? 
 
No.   If you try to activate both the ROX and Rapid Pulse sensors in the sonde Sensor menu, only the last 
sensor activated will be functional. 
 
 
What are the key differences between the ROX Optical and Rapid Pulse DO sensors? 
 
The key differences between the sensors are as follows: 
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• The 6150 optical sensor has no flow dependence even in continuous operation during spot 
sampling studies while the 6562 polarographic sensor can exhibit up to 3% flow dependence. 

 
• For the 6562 polarographic sensor, users must calibrate the sensor by different methods for 

sampling (Discrete Sample) and monitoring (Unattended Sample) by activating or deactivating the 
“Autosleep RS-232” feature found in the Advanced|Setup menu.   The calibration of the 6150 
optical sensor is the same for both sampling and monitoring applications and no changes in the 
“Autosleep RS-232” feature are required. 

 
• It is possible to calibrate the 6562 polarographic sensor ONLY in oxygen-containing media at a 

single point.   The 6150 optical sensor can be calibrated at either a single point in oxygen-
containing media OR at two points, a zero-oxygen medium and an oxygen-containing medium.   
This allows users to maximize the accuracy of the 6150 sensor at low oxygen levels if they feel it 
to be necessary. 

 
 
Is the ROX DO Sensor calibrated at YSI prior to shipment to the customer? 
 
Yes.   Factory calibration is required because, unlike all other sensors for YSI 6-series sondes, the response 
of the ROX Optical DO sensor is not linear relative to the species being measured.   This non-linearity 
requires that the sensor be factory-calibrated at a number of oxygen values and the data fit to a third-order 
regression.   The three constants and the sensor value at zero dissolved oxygen which define this regression 
analysis are automatically stored in the sensor at the time of factory-calibration.   It is important to note that 
these constants are a function of the sensor membrane installed on the 6150 probe and NOT a function of 
the probe, i.e., the constants reflect the characteristics of the sensor membrane and NOT the probe.   When 
a 6150 probe is purchased from YSI, it already has a sensor membrane installed and the constants of that 
membrane are transferred automatically to the sonde PCB when the sensor is run for the first time.   After 
transfer, the constants can be viewed by accessing the Advanced|Cal Constants menu as described below 
in a separate question/answer. 
 
Note, however, that, even with the factory calibration, the user still should perform a calibration after 
receipt of the sensor as described below in order to assure that the typical accuracy specification is met. 
 
 
How do I calibrate my ROX DO sensor? 
 
The ROX DO sensor is typically calibrated in the same way as the YSI Rapid Pulse sensor – a single point 
calibration in either air-saturated water, water saturated air, or a solution whose oxygen content has been 
determined by Winkler titration.   Like the Rapid Pulse sensor, the ROX sensor can be calibrated in either 
the air-saturation mode (requiring a local barometer value input) or in concentration mode (requiring an 
input of oxygen content in mg/L).  
 
It is also possible to carry out a 2-point calibration of the ROX sensor with the other point being zero 
oxygen content.   NOTE, HOWEVER, THAT YSI DOES NOT RECOMMEND THE 2-POINT 
CALIBRATION UNLESS (A) YOU ARE CERTAIN THAT THE SENSOR DOES NOT MEET YOUR 
ACCURACY REQUIREMENTS AT LOW DO VALUES AND (B) YOU ARE OPERATING UNDER 
CONDITIONS WHERE  YOU ARE CERTAIN TO BE ABLE TO GENERATE A MEDIUM WHICH IS 
TRULY FREE OF OXYGEN. 
 
The calibration methods and recommendations for the ROX sensor are provided in detail in Section 2 of 
this manual and in the instruction sheet which you received with the ROX probe.   The key is to remember 
that the single point calibration option will provide data of acceptable accuracy for the vast majority of 
users and it should be used in most cases. 
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Should I calibrate my ROX sensor in water-saturated air or air-saturated water? 
 
Studies at YSI have shown that the sensor shows effectively the same reading in air-saturated water and 
water-saturated air.    Thus, if the calibration is carried out properly, either medium can be used with 
confidence.   The advantage of air-saturated water is the quick equilibration of the sonde sensors relative to 
thermal and humidity factors; the disadvantages are that you will require an aquarium pump, an air-stone, a 
large vessel to immerse the sonde in the air-saturated water, and you must sparge the water for at least 1 
hour prior to calibration to assure that it is air-saturated.   The advantage of using water-saturated air is that 
the calibration can be carried out in the cup supplied with the sonde and it can be done somewhat faster 
than the air-saturated water method.   Note, however, that if you use water-saturated air as the calibration 
method, you should still wait at least 15 minutes after placing the sensors in the calibration vessel to assure 
thermal equilibration between the temperature and ROX DO sensors. 
 
The bottom line is that either method will give good results as long as the considerations above are 
followed.   The air-saturated water method may be slightly preferable if you have the equipment because of 
the assured equilibration, but the advantage is slight.  
 
 
If I want to perform a 2-point calibration, how do I generate a zero-oxygen medium? 
 
Two methods are generally used to provide a zero-oxygen environment: 
 

1. Place the ROX sensor in a vessel which is filled with a flowing inert gas such as nitrogen gas 
 

2. Place the ROX sensor in an aqueous solution of sodium sulfite at a concentration of approximately 
2 g/L) 

 
The following qualifiers apply to the zero point calibration methods: 
 

• If you use nitrogen gas for the zero point calibration, you should make certain that the vessel you 
use has a SMALL exit port to prevent back diffusion of air and that you have completely purged 
the vessel before confirming the calibration. 

 
• If you use sodium sulfite solution for the zero point calibration, you should make up the solution 

at least 2 hours prior to use and keep it sealed in a bottle which does not allow diffusion of oxygen 
through the sides of the container.   You should also transfer the sodium sulfite solution rapidly 
from its container to the sonde calibration cup, fill the cup as full as possible with solution to 
minimize head space, and seal the calibration cup to the sonde to prevent diffusion of air into the 
vessel. 

 
Whichever method you use, it is very important that you wait at least 10-12 minutes and until the readings 
are stable for at least 2 minutes before confirming the zero point calibration entry. 
 
 
 
 
If I make a mistake in a 2-point calibration, will my sensor always be inaccurate? 
 
No.   You can either perform a new 2-point calibration with better control of the conditions or you can 
return to the factory default calibration by using the “uncal” command as described below. 
 

• Select Calibrate from the Main menu, then Optic T Dissolved Oxy, and then run any of the 
ODOsat % or ODO mg/L options. 
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• When prompted for the input of a barometer or a concentration value, type the word “uncal” and 
press Enter if your sonde is attached to a computer.   If your sonde is attached to a 650 MDS, 
when prompted for input, hold down the Enter key and press the Esc key.    

 
Either procedure will reset your 6150 calibration constants to the previously input values associated with 
your sensor membrane. 
 
 
How often should I calibrate my ROX sensor? 
 
Our experience is that, even though the drift of the ROX sensor is minimal, it is prudent to calibrate the 
sensor in air-saturated water or water-saturated air prior to each deployment or field sampling study.   The 
calibration takes very little time and should be carried out to (a) maintain the best possible accuracy for the 
sensor and (b) to assure that the sensor is working properly prior to proceeding to the field. 
 
 
I notice that, during Discrete Sample studies, there is a lag between when I begin the sampling and 
when ROX DO readings actually appear on the display.   What is causing this effect? 
 
The lag between starting the study and actually seeing data is due to the fact that the readings of all optical 
sensors, including ROX DO, are frozen during the sensor wiping sequence.   If the sonde has not been used 
for more than a minute, it will be in the “sleep” mode and, under these conditions, all optical sensors will 
automatically wipe the first time a Discrete Sample command is issued.   The extent of the lag varies 
depending on how many optical sensors are present in the sonde and will be about 15 seconds per optical 
sensor.   Thus, lag will be about 15 seconds for a sonde with two optical sensors and about 1 minute for a 
sonde with four optical sensors. 
 
 
How does the ROX sensor deal with fouling in field studies? 
 
The ROX sensor has a wiper similar to those used on all YSI optical sensors (turbidity, chlorophyll, 
rhodamine WT, and blue-green algae) which removes fouling from the sensor membrane.   The wiper 
activates just prior to each measurement point in a long term study.   In addition, the wiper can be activated 
manually from a PC keyboard or from a 650 MDS handheld logger to remove bubbles from the sensor 
membrane prior to spot sampling measurements. 
 
 
What color wiper should be used with the ROX DO sensor? 
 
Because the probe is digital, you can use any color wipers with the 6150 ROX sensor.   In fact, if you are 
using the ROX sensor in the “T” port of a 6600EDS V2-2 sonde, you should use the white EDS wiper for 
the application.    However, just to be consistent, YSI recommends that you use black wipers for the ROX 
sensor like those supplied with the probe for all 7non-EDS applications.  The wiper is a wear item and a 
spare is provided with each probe along with a 0.05” hex key to loosen/tighten the wiper set screw.   Black 
wiper packs, YSI 6625, can be ordered from YSI Technical Support or Customer Service.  Alternatively, 
users who choose to change only the wiper pad can purchase the YSI 6144 Optical Wiper Pad Kit. 
 
 
What is the response time of the ROX DO sensor? 
 
On transfer to field water, typically the ROX sensor will reach 90% of its final value in less than 30 
seconds – slightly faster than the YSI Rapid Pulse sensor.  Note, however, that the response time of the 
ROX probes varies slightly from sensor module to sensor module. 
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How often should I change my ROX sensor membrane assembly? 
 
YSI recommends that you change your membrane assembly every 12 months.   The membrane assembly is 
simple to install and can be purchased from YSI Technical Support as the YSI 6155 Optical DO Sensor 
Replacement Kit. 
 
 
Since the sensor is non-linear and the non-linearity is not identical for all sensors, how do I take this 
factor into account when I replace the sensor membrane assembly? 
 
As described in the instruction sheet for the 6155 Optical DO Sensor Replacement Kit, you will be required 
to enter coded constants which are provided with the new membrane assembly into the sonde software.   
The process takes only a few minutes as briefly described below. 
 
Locate the Calibration Code Label which is attached at the end of the instruction sheet provided and note 
the five numbers which are listed as K1 through K4 and C on the sticker.   These five numbers contain the 
calibration code for this particular sensor membrane. 
 
From the Main sonde menu, select Calibrate|Optic T- Dissolved Oxy and then select the “3-Enter Cal 
Sheet” entry.   You will be prompted to enter the K1 value from the sticker.   After carefully entering K1, 
press Enter to confirm the entry and then you will be prompted to enter the value of the next number.   
Values of K2-K4 and C should be entered in similar fashion to K1, pressing Enter to confirm each entry.  
If no error message is encountered after confirming the C value, then you have made all entries correctly 
and the proper constants will be transferred automatically into the sensor system for correct calculation of 
dissolved oxygen.   If an error message is displayed after entry of C, then you have made an error (or 
errors) in entering the code.   Following the error message you will be returned to the Calibrate menu from 
which you should again enter the K1-K4 and C numbers until the entries have been made correctly 

Note that it is good idea to place the instruction sheet which contains the calibration information IN A 
SAFE PLACE in the unlikely event that you need to reenter it later.  

 

How can I be sure that my calibration coefficients have been entered correctly and confirm that they 
are being read correctly by the sonde software? 
 
One of the five constants (C) which you entered in coded form is a check sum value associated with the 
values of K1-K4 and will prevent acceptance of the constants if typographical errors are made in their entry 
by the user.   Thus, it is not possible to make an incorrect entry of the coded constants. 
 
After entry of the coded constants in the Calibrate menu, the actual  constants associated with the 
regression fit of your particular membrane can be viewed by accessing the Advanced|Cal Constants menu 
as shown below – the regression constants are ODO K2-ODO K4 and the value at zero oxygen is K1 as 
shown below.   Note that these constants will not appear at this location until the sonde has been run for the 
first time with the 6150 ROX sensor installed. 
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How should I store my ROX sensor when it is not in use? 
 
When the 6150 sensor is not in field use, it MUST BE STORED IN A MOIST ENVIRONMENT, i.e., 
either in water or in water-saturated air with storage in water being preferable.   If the sensor membrane is 
allowed to dry out by exposure to ambient air, it is likely to drift slightly at the beginning of your next 
deployment unless it is rehydrated.   Thus, to make the use of the sensor as simple as possible, remember to 
store it WET whenever possible.   The easiest storage method is to use the protective plastic cap (and 
enclosed sponge) which was on the probe at receipt.   If you have retained this cap/sponge, then simply 
soak the sponge in water and replace the cap on the probe tip.   Inspect the sponge every 30 days to make 
sure it is still moist.   Alternatively, you can remove the probe from the sonde and place it directly in water 
(making sure that the water does not evaporate over time or leave the probe in the sonde and make certain 
that the calibration cup has an atmosphere which is water-saturated by placing approximately ½ inch of 
water in the bottom of the cup and then sealing it snugly to the sonde. 
 
 
If I have inadvertently allowed my ROX sensor membrane to dry out for several days, is it ruined? 
 
No.   The sensor membrane can easily be rehydrated using the following basic procedure: 
 

Place approximately 400 mL of water in a 600 mL beaker or other similar glass vessel – do NOT 
use plastic vessels – and heat the water on a thermostatted hotplate or in an oven so that a 
consistent temperature of 50+/- 5 C is realized.   Place the probe tip containing the sensor 
membrane in the warm water and leave it at the elevated temperature for approximately 24 hours.  
Cover the vessel if possible to minimize evaporation.  After rehydration is complete, store the 
probe in either water or water-saturated air prior to calibration and deployment. 

 
Once the rehydration has been performed, the sensor should be returned to its original performance 
specification. 
 
 
Can I use alcohol or other organic solvents to clean my sensor membrane? 
 
Absolutely NOT.   Alcohol will dissolve the outer paint layer of the membrane assembly and other organic 
solvents will likely dissolve the dye itself.   Under NO circumstances should you use organic solvents to 
clean your sensor membrane.   The best method of cleaning the membrane is just to gently wipe away any 
fouling with a piece of lens cleaning tissue which has been moistened with water only. 
 
 
I have a few pinholes in the outer paint layer of my sensor membrane so that I can see small spots of 
light from the probe.    Will this light leakage affect the performance of my ROX sensor? 
 
No.   A few small pinholes in the outer paint layer will have no discernable effect on sensor performance.   
However, if there are a lot of holes or if they are relatively large (1 mm or greater in diameter), then there 
might be a minor compromise of sensor accuracy relative to the factory calibration.   Under these latter 
conditions, YSI would recommend replacing the membrane assembly. 
 
 
Is there any effect of ambient light on the readings from the ROX DO sensor? 
 
Under all normal operating conditions, the ROX sensor is unaffected by ambient light, even if there are a 
few minor scrapes or pinholes in the protective paint layer of the sensor membrane.   These conditions 
include exposure to room lighting during calibration and set-up and deployments in all clarities of water as 
long as the ROX sensor is pointed down or on its side.   Our studies indicate that only if the ROX sensor is 
exposed directly to bright sunlight with the probe pointed upward will the readings be affected 
significantly.   Thus, there is no reason to worry about the effect of ambient light unless your deployment 
sight is very unusual and requires that the sensor be pointed directly upward in shallow water with no probe 
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guard.   It is also important to note that if the membrane is exposed to bright sunlight for extended periods, 
i.e., more than 60 minutes, the life of the membrane may be reduced due to photo-bleaching of the dye.   
Thus, make certain that you protect the membrane from bright sunlight during any storage and/or 
transportation to your deployment site. 
 
 
Is there any effect of wiping the sensor membrane on the ROX DO readings? 
 
Yes, there is a minor effect.   Typically the optical DO reading will drop by about 1.5 % immediately after 
a wipe which is activated during Discrete Sample studies.   After 12 seconds, the reading has typically 
returned to within 0.7 % of the final reading.   It takes about 30 seconds for complete recovery of the ROX 
optical DO reading after the sensor membrane is wiped.   This effect is due to the physical contact of the 
wiper pad with the membrane since it is not observed when the wiper assembly is removed and only the 
wiper shaft turns when a wipe command is issued. 
 
 
Will this wiping effect cause inaccuracy in my Unattended study readings with the ROX DO sensor 
since I will be calibrating without  wiping, but logging readings after the ROX sensor has been 
wiped? 
 
The error will be minor in any case, but will vary depending on what other optical probes you have 
installed in your sonde.   Since the effect is physical as described in the previous question, the longer it 
takes to log a reading after the ROX sensor has wiped, the less error there will be relative to the calibration.   
Under the worst case scenario, the user has ONLY a ROX sensor present with an ODO Time Constant 
setting of 12 seconds as set in Advanced|Data Filter.   This set-up means that readings will be logged 
internally 12 seconds after the wipe has terminated and, under these conditions, there will be a typical error 
of 0.7 % of the reading – within the sensor specification of 1 % of the reading.   This error will be further 
reduced if other optical probes are present since the time for them to be wiped plus their time constants will 
further increase the time between the wiping of the ROX sensor and the time a point is logged to internal 
memory.  (Note that the ROX sensor is ALWAYS WIPED FIRST, no matter what optical port it is 
installed in as long as you have Version 3.04 or later of firmware installed in your sonde.)   The extent of 
the error would thus be greatest with a 6920V2-1 running ROX DO only, less with a 6600-type or 6920V2-
2 sonde running ROX DO and turbidity, still less with a 6600-type sonde running ROX DO and 
chlorophyll or BGA (since the time constant these other optical sensors is 24 seconds) and least for a 
6600V2-4 sonde containing ROX DO and 3 other optical sensors.   Typical errors in Unattended readings 
from this wiping effect are 0.7% for a sonde with only a ROX sensor and 0.3% for a sonde with a ROX and 
one other optical sensor.   There is no discernible error for a 6600V2-4 sonde with a ROX and three other 
optical sensors. 
 
 
Can I reduce the small error from the wiping effect? 
 
Yes.   By increasing the Time Constant value for ODO in the Advanced|Data Filter menu, the error will 
definitely be reduced.   For example, with a ROX DO probe as its only optical sensor, typically your error 
would be reduced from 0.7% to 0.3% by increasing the ODO Time Constant from 12 to 24 seconds.   
Naturally, however, this will have an adverse effect on the battery life of your sonde for deployments so 
you should balance this factor relative to the small DO error which will be observed if you leave the Time 
Constant at 12 seconds. 
 
 
I will be installing a ROX sensor in my 6600EDS V2-2 sonde along with another optical probe.   Does 
it matter in which optical port I place the ROX sensor? 
  
Yes.   You should always install the ROX probe in the center (T) port of the 6600EDS V2-2 sonde and 
substitute the special EDS wiper for the black wiper that came with the ROX probe.   The other optical 
probe should be installed in the outer optical port (c) with a standard wiper assembly.   This installation 
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protocol will prevent the stiff EDS auxiliary brush which cleans the pH or pH/ORP sensor from abrading 
the outer paint layer of the ROX membrane.   There should be no problem with the EDS wiper parking 
correctly even though it is white (rather than the standard black wiper supplied with the probe) since an 
internal Hall Effect device controls the parking in the ROX sensor. 
 
 
How can I tell if my ROX sensor is not functioning is not functioning properly? 
 
There are two factors which would indicate that your sensor is not operating up to specifications.   The first 
is that you are observing software errors when you attempt to calibrate the ROX probe.   The second is that 
your data (either in Discrete Sample or Unattended Sample studies becomes jumpier than normal.   In 
addition, if your membrane surface has suffered major damage as evidenced by loss of more than 10% of 
the outer paint layer, then, even if the readings are stable and you do not see calibration errors, it is 
probably time to change your membrane assembly. 
 
 
What should I do if I don’t think that my ROX sensor is functioning properly? 
 
The first step is to remove the membrane assembly from the probe face as shown in Section 2.10.2 of this 
manual and make certain that there is no moisture present under the membrane assembly.   If moisture is 
present, gently remove it with lens cleaning tissue and, if possible, by a compressed air stream.   Make 
certain that the O-ring which seals the membrane assembly to the probe face is in the groove and 
undamaged.   Then replace the membrane assembly and evaluate the probe performance.   If the 
performance has not improved, consult YSI Technical Support for advice on how to proceed next. 



 



NMEA Applications  Appendix N 

YSI Incorporated Environmental Monitoring Systems Operations Manual N-1 

APPENDIX N    NMEA APPLICATIONS 
 
6-series sondes can be configured to output NMEA formatted strings (National Marine Electronics 
Association).   Some equipment manufactures in the marine industry use this as their native method of 
communication.   This appendix is designed to help personnel who are already trained in NMEA 
applications implement this specialized protocol for their sondes. 
 
 
NMEA APPLICATIONS SET UP 
 
There are two ways to get NMEA strings from the sonde: 

1. Send the NMEA command from the command prompt. 
2. Enable start up to NMEA in the advanced setup menu. 

 
Once the sonde is outputting NMEA strings you can return to the command prompt by sending an <ESC> 
character. Note that if you enabled start up to NMEA, the sonde will revert back to outputting NMEA 
strings after you reset or power cycle the sonde. 
 
The format of the NEMA string is: 
 
$YSI,Code #1,Value #1,Code #2,Value #2,...*XX 
 
Code is the YSI defined parameter code. (See table below) 
Value is the value of the parameter. 
XX is a check computed by a bitwise “exclusive or” (xor) of all characters between $ and *, non inclusive. 
The XX value is sent as 2 hexadecimal nibbles, most significant nibble first. 
 
Here’s an example: 
 
$YSI,1,4.44,7,10,18,7.00*4E 
 
In this case we have: 
Temp C 4.44 
SpCond uS/cm 10 
pH 7.00 
 
 
PARAMETER CODES 
 
The list below shows all possible parameters that can be output from a 6-series sonde.  Note that depending 
on the sonde type you have, some parameters may not be available.   In addition, some parameters are for 
internal testing only and will not be available,  but are listed for completeness. 
 
Code Name and units 
---- -------------- 
 51, Date d/m/y    
 52, Date m/d/y    
 53, Date y/m/d    
153, Date 
 54, Time hh:mm:ss 
  1, Temp C 
  2, Temp F 
  3, Temp K 
  6, SpCond mS/cm 



NMEA Applications  Appendix N 

YSI Incorporated Environmental Monitoring Systems Operations Manual N-2 

  7, SpCond uS/cm 
  4, Cond mS/cm 
  5, Cond uS/cm 
  9, Resist MOhm*cm 
  8, Resist KOhm*cm 
 94, Resist Ohm*cm 
 10, TDS g/L 
 95, TDS Kg/L 
 12, Sal ppt 
 14, DOsat % 
200, DOsat %Local 
 15, DO mg/L 
 96, DOchrg 
209, Cl2 mg/L 
210, Cl2chrg 
 20, Press psia 
104, Press psir 
 21, Press psig 
111, Press psi 
 22, Depth meters 
 23, Depth feet 
118, Flow ft3/sec 
166, Flow ft3/min 
167, Flow ft3/hour 
168, Flow ft3/day 
164, Flow gal/sec 
119, Flow gal/min 
165, Flow gal/hour 
120, Flow Mgal/day 
121, Flow m3/sec 
169, Flow m3/min 
170, Flow m3/hour 
171, Flow m3/day 
122, Flow L/s 
172, Flow AF/day 
123, Volume ft3 
124, Volume gal 
173, Volume Mgal 
125, Volume m3 
126, Volume L 
174, Volume acre*ft 
 18, pH 
 17, pH mV 
 19, Orp mV 
 48, NH4+ N mg/L 
108, NH4+ N mV 
 47, NH3 N mg/L 
106, NO3- N mg/L 
101, NO3- N mV 
112, Cl- mg/L 
145, Cl- mV 
201, PAR1 
202, PAR2 
 37, Turbid NTU 
203, Turbid+ NTU 
193, Chl ug/L 
194, Chl RFU 
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204, Rhodamine ug/L 
211, ODOsat % 
214, ODOsat %Local 
212, ODO mg/L 
215, BGA-PC cells/mL 
216, BGA-PC RFU 
217, BGA-PE cells/mL 
218, BGA-PE RFU 
 98, Gnd Hz 
 99, Scale Hz 
100, Prescmp 
 32, Density kg/m3 
 28, Battery volts 
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APPENDIX O   SPECIFICATIONS 
 
 
SONDE SPECIFICATIONS 

 
6600V2-2 SONDE 
 
Available Sensors Temperature, Conductivity, Rapid Pulse Dissolved Oxygen, pH, ORP, 

Ammonium, Nitrate, Chloride, and Depth (shallow, medium, deep, shallow 
vented).  Two total optical sensors (ROX Optical DO, Turbidity, Chlorophyll, 
Rhodamine WT, BGA-PC, BGA-PE).   Note that Rapid Pulse and ROX DO 
sensors cannot be activated simultaneously. 

 
Operating Environment   Medium: fresh, sea, or polluted water 

Temperature: -5 to +50 °C for most sensors 
Depth: 0 to 656 feet (200 meters) 

 
Storage Temperature:  -40 to +60 °C for sonde and all sensors except pH , pH/ORP, ISE and optical 

sensors 
                -10 to +60 °C for pH, pH/ORP, ISE, and optical sensors 
 
Material:   PVC, Stainless Steel  
 
Diameter:   3.5 inches  (8.9 cm) 
Length:    19.6 inches  (49.8 cm) with no depth, 21.6 inches (54.9 cm) with depth 
Weight:   7 pounds (3.18 kg) with depth and batteries but no added bottom weight 
 
Computer Interface: RS-232C, SDI-12  
 
Internal logging  
memory size:  384 kilobytes (150,000 individual parameter readings) 
 
Power:   8 C-size Alkaline Batteries or External 12 VDC 
 
Battery Life: Approximately 75 days at 20 C at a 15 minute logging interval, and temperature, 

conductivity, pH/ORP, Rapid Pulse DO with a 60-second DO warm up time, and 
two optical probes other than ROX DO active.   Approximately 70 days at 20 C at 
a 15 minute logging interval, with temperature, conductivity, pH/ORP, ROX 
Optical DO, and one other optical probe active.   Battery life is heavily dependent 
on sensor configuration and is given above for a typical sensor ensemble.   If you 
have a different sensor configuration, set up your sonde for a deployment in the 
Run|Unattended menu and check the projected approximate battery life.  

  
 
6600EDS V2-2 SONDE 
 
Available Sensors Temperature, Conductivity, Rapid Pulse Dissolved Oxygen, pH, ORP, and Depth 

(shallow, medium, deep, shallow vented).  Two total optical sensors (ROX Optical 
DO, Turbidity, Chlorophyll, Rhodamine WT,  BGA-PC, and BGA-PE).  Note that 
Rapid Pulse and ROX DO sensors cannot be activated simultaneously. 

 
Operating Environment   Medium: fresh, sea, or polluted water 
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Temperature: -5 to +50  °C for most sensors 
Depth: 0 to 656 feet (200 meters) 

 
 
Storage Temperature:  -40 to +60 °C for sonde and all sensors except pH , pH/ORP, and optical sensors 
                -10 to +60 °C for pH, pH/ORP, and optical sensors 
 
Material:   PVC, Stainless Steel  
 
Diameter:   3.5 inches  (8.9 cm) 
Length:    19.6 inches  (49.8 cm) with no depth, 21.6 inches (54.9 cm) with depth 
Weight:  Approximately 7 pounds (3.18 kg) with depth and batteries but no added bottom 

weight 
 
Computer Interface: RS-232C, SDI-12  
 
Internal logging  
memory size:  384 kilobytes (150,000 individual parameter readings) 
 
Power:   8 C-size Alkaline Batteries or External 12 VDC 
 
Battery Life: Approximately 75 days at 20 C at a 15 minute logging interval, and temperature, 

conductivity, pH/ORP, Rapid Pulse DO with a 60-second DO warm up time, and 
two optical probes other than ROX Optical DO active.   Approximately 70 days at 
20 C at a 15 minute logging interval, with temperature, conductivity, pH/ORP, 
ROX Optical DO, and one other optical probe active.  Battery life is heavily 
dependent on sensor configuration and is given above for a typical sensor 
ensemble.   If you have a different sensor configuration, set up your sonde for a 
deployment in the Run|Unattended menu and check the projected approximate 
battery life.  

 
 
 
 
6600V2-4 SONDE 
 
Available Sensors Temperature, Conductivity, Dissolved Oxygen (ROX Optical), pH, ORP, and 

Depth (shallow, medium, deep, shallow vented).  Four total optical sensors (ROX 
Optical DO, Turbidity, Chlorophyll, Rhodamine WT,  BGA-PC, or BGA-PE). 

 
Operating Environment   Medium: fresh, sea, or polluted water 

Temperature: -5 to +50  °C for most sensors 
Depth: 0 to 656 feet (200 meters) 

 
Storage Temperature:  -40 to +60 °C for sonde and all sensors except pH , pH/ORP, and optical sensors 
                -10 to +60 °C for pH, pH/ORP, and optical  sensors 
 
Material:   PVC, Stainless Steel  
 
Diameter:   3.5 inches  (8.9 cm) 
Length:    19.6 inches  (49.8 cm) with no depth, 21.6 inches (54.9 cm) with depth 
Weight:  Approximately 7 pounds (3.18 kg) with depth and batteries but no added bottom 

weight 
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Computer Interface: RS-232C, SDI-12  
 
Internal logging  
memory size:  384 kilobytes (150,000 individual parameter readings) 
 
Power:   8 C-size Alkaline Batteries or External 12 VDC 
 
Battery Life: Approximately 55 days at 20 C at a 15 minute logging interval, and temperature, 

conductivity, pH/ORP, ROX Optical DO, Turbidity, Chlorophyll, and BGA-PC 
(or BGA-PE) sensors active.   Battery life is heavily dependent on sensor 
configuration and is given above for a typical sensor ensemble.   If you have a 
different sensor configuration, set up your sonde for a deployment in the 
Run|Unattended menu and check the projected approximate battery life.  

 
 
 
6920V2-1 SONDE 
 
Available Sensors Temperature, Conductivity, Rapid Pulse Dissolved Oxygen, pH, ORP, three ion 

selective electrodes (ammonium, nitrate, chloride), and Depth (shallow, medium, 
shallow vented).  One total optical sensor (ROX Optical DO, Turbidity, 
Chlorophyll, Rhodamine WT,  BGA-PC, or BGA-PE).  Note that Rapid Pulse and 
ROX DO sensors cannot be activated simultaneously. 

 
Operating Environment   Medium: fresh, sea, or polluted water 

Temperature: -5 to +50  °C for most sensors 
Depth: 0 to 200 feet (61 meters) 

 
Storage Temperature:  -40 to +60 °C for sonde and all sensors except pH , pH/ORP, ISE and optical 

sensors 
                -10 to +60 °C for pH, pH/ORP, ISE, and optical sensors 
 
Material:   Polyurethane, PVC, Stainless Steel  
 
Diameter:   2.9 inches  (7.4 cm) 
Length:  Approximately 18.25 inches  (46.4 cm) with no depth. 
 
Weight:   Approximately 3.74 pounds (1.7 kg). 
 
Computer Interface: RS-232C, SDI-12  
 
Internal logging  
memory size:  384 kilobytes (150,000 individual parameter readings) 
 
Power:   8 AA-size Alkaline Batteries or External 12 VDC 
 
Battery Life: Approximately 30 days at 20 °C at 15 minute logging interval with temperature, 

conductivity, pH/ORP, and Rapid Pulse DO with a 40-second DO warm up time,  
and one optical probe other than ROX optical DO active.   Battery life is heavily 
dependent on sensor configuration and is given above for a typical sensor 
ensemble.   If you have a different sensor configuration, set up your sonde for a 
deployment in the Run|Unattended menu and check the projected approximate 
battery life.  
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6920V2-2 SONDE 
 
Available Sensors Temperature, Conductivity, pH, ORP, one ion selective electrode (ammonium, 

nitrate, or chloride),  and Depth (shallow, medium, shallow vented).  Two total 
optical sensors (ROX Optical DO, Turbidity, Chlorophyll, Rhodamine WT, BGA-
PC, or BGA-PE). 

 
Operating Environment   Medium: fresh, sea, or polluted water 

Temperature: -5 to +50 °C for most sensors 
Depth: 0 to 200 feet (61 meters) 

 
 
Storage Temperature:  -40 to +60 °C for sonde and all sensors except pH , pH/ORP, ISE and optical 

sensors 
                -10 to +60 °C for pH, pH/ORP, ISE, and optical sensors 
 
Material:   Polyurethane, PVC, Stainless Steel  
 
Diameter:   2.9 inches  (7.4 cm) 
Length:  Approximately 18.25 inches  (46.4 cm) with no depth, 19.63 inches (49.9 cm) 

with depth 
 
Weight:   Approximately 3.74 pounds (1.7 kg)  
 
Computer Interface: RS-232C, SDI-12  
 
Internal logging  
memory size:  384 kilobytes (150,000 individual parameter readings) 
 
Power:   8 AA-size Alkaline Batteries or External 12 VDC 
 
Battery Life: Approximately 32 days at 20 C at a 15 minute logging interval with ROX Optical 

DO, another optical sensor (turbidity, chlorophyll,  Rhodamine WT, BGA-BC,  or 
BGA-PE), temperature, conductivity, and pH active.  Battery life is heavily 
dependent on sensor configuration and is given above for a typical sensor 
ensemble.   If you have a different sensor configuration, set up your sonde for a 
deployment in the Run|Unattended menu and check the projected approximate 
battery life.  

 
 
 
 
6820V2-1 SONDE 
 
Available Sensors Temperature, Conductivity, Rapid Pulse Dissolved Oxygen, pH, ORP, three ion 

selective electrodes (ammonium, nitrate, chloride), and Depth (shallow, medium, 
shallow vented).  One total optical sensor (ROX Optical DO, Turbidity, 
Chlorophyll, Rhodamine WT,  BGA-PC, or BGA-PE).  Note that Rapid Pulse and 
ROX DO sensors cannot be activated simultaneously. 

 
Operating Environment   Medium: fresh, sea, or polluted water 

Temperature: -5 to +50 °C for most sensors 
Depth: 0 to 200 feet (61 meters) 
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Storage Temperature:  -40 to +60 °C for sonde and all sensors except pH , pH/ORP, ISE and optical 

sensors 
                -10 to +60 °C for pH, pH/ORP, ISE, and optical sensors 
 
Material:   PVC, Stainless Steel  
 
Diameter:   2.9 inches  (7.4 cm) 
Length:  Approximately 16.82 inches  (42.7 cm) with no depth; 18.2 inches (46.2 cm) with 

depth 
Weight:    Approximately 3.4 pounds (1.5 kg) 
 
Internal logging  
memory size:  384 kilobytes (150,000 individual parameter readings) 
 
Computer Interface: RS-232C, SDI-12  
Power:   External 12 VDC (8 to 13.8 VDC) 

 
 
6820V2-2 SONDE 
 
Available Sensors             Temperature, Conductivity,  pH, ORP, one ion selective electrode (ammonium, 

nitrate, or chloride),  and Depth (shallow, medium, shallow vented).  Two total 
optical sensors (ROX Optical DO, Turbidity, Chlorophyll, Rhodamine WT, BGA-
PC, or BGA-PE). 

 
Operating Environment   Medium: fresh, sea, or polluted water 

Temperature: -5 to +50 °C for most sensors 
Depth: 0 to 200 feet (61 meters) 

 
Storage Temperature:  -40 to +60 °C for sonde and all sensors except pH , pH/ORP, ISE and optical 

sensors 
                -10 to +60 °C for pH, pH/ORP, ISE, and optical sensors 
 
Material:   Polyurethane, PVC, Stainless Steel  
 
Diameter:   Approximately 2.9 inches  (7.4 cm) 

2.9 inches  (7.4 cm) 
Length:  Approximately 16.82 inches  (42.7 cm) with no depth; 18.2 inches (46.2 cm) with 

depth 
Weight:    Approximately 3.4 pounds (1.5 kg). 
 
Computer Interface: RS-232C, SDI-12  
 
Internal logging  
memory size:  384 kilobytes (150,000 individual parameter readings) 
 
Power:   External 12 VDC (8 to 13.8 VDC) 
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600XLM SONDE 
 
Available Sensors Temperature, Conductivity, Dissolved Oxygen (Rapid Pulse Polarographic Only) 

pH, ORP, Depth (shallow, medium, shallow vented). 
 
Operating Environment   Medium: fresh, sea, or polluted water 

Temperature :-5 to +50 °C for most sensors 
Depth: 0 to 200 feet (61 meters) 

 
Storage Temperature:  -40 to +60 °C for sonde and all sensors except pH and pH/ORP 
                -10 to +60 °C for pH and pH/ORP sensors 
 
Material:   PVC, Stainless Steel  
 
Diameter:   1.65 inches  (4.2 cm) 
Length:   21.3 inches  (54.1 cm) with no depth; 23.3 inches (59.2 cm) with depth  
Weight:   1.48 pounds (0.67 kg) (with batteries, without bottom weight) 
 
Computer Interface: RS-232C, SDI-12  
 
Internal logging 
memory size:  384 kilobytes (150,000 individual parameter readings) 
 
Power:   4 AA-size Alkaline Batteries or External 12 VDC 
 
Battery Life: Approximately 30 days at 20 C at a 15 minute logging interval with temperature, 

conductivity, pH/ORP, and Rapid Pulse DO with a 60-second DO warm up time 
active.  Battery life is heavily dependent on sensor configuration and is given 
above for a typical sensor ensemble.   If you have a different sensor configuration, 
set up your sonde for a deployment in the Run|Unattended menu and check the 
projected approximate battery life.  

 
 
 
600XL SONDE 
 
Available Sensors Temperature, Conductivity, Dissolved Oxygen (Rapid Pulse Polarographic Only), 

pH, ORP, Depth (shallow, medium, shallow vented) 
 
Operating Environment   Medium: fresh, sea, or polluted water 

Temperature: -5 to +50 °C for most sensors 
Depth: 0 to 200 feet (61 meters) 

 
Storage Temperature:  -40 to +60 °C for sonde and all sensors except pH and pH/ORP 
   -10 to +60 °C for pH and pH/ORP sensors 
 
Material:   PVC, Stainless Steel  
 
Diameter:   1.65 inches  (4.2 cm) 
Length:  15.25 inches  (38.7 cm) from bottom of probe guard to top of connector with no 

depth and no weight.  Add 2 inches (5.1 cm) for depth; add 0.75 inches (1.9 cm) 
for bottom weight) 

Weight:  1.07 pounds (0.49 kg)  (without bottom weight) 
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Internal logging  
memory size:  384 kilobytes (150,000 individual parameter readings) 
 
Computer Interface: RS-232C, SDI-12  
 
Power:   External 12 VDC (8 to 13.8 VDC) 
 
 
 
 
600R SONDE 
 
Available Sensors Temperature, Conductivity, Dissolved Oxygen (Rapid Pulse Polarographic Only), 

pH, ORP 
 
Operating Environment   Medium: fresh, sea, or polluted water 

Temperature: -5 to +50 °C for most sensors 
Depth: 0 to 200 (61 meters) 

 
 
Storage Temperature: -40 to +60 °C (without pH installed) 

-10 to +60 ° C (with pH installed) 
 
Material:   PVC, Stainless Steel  
 
Diameter:   1.65 inches  (4.2 cm)  
 
Length:  14.75 inches  (37.5 cm) ) from bottom of probe guard to top of connector with no 

depth and no weight.  Add 2 inches (5.1 cm) for depth; add 0.75 inches (1.9 cm) 
for bottom weight) 

 
Weight:   1.1 pounds (0.50 kg) without weight 
 
Computer Interface: RS-232C, SDI-12  
 
Internal logging  
memory size:  384 kilobytes (150,000 individual parameter readings) 
 
Power:   External 12 VDC  (8 to 13.8 VDC) 
 
 
600QS SONDE 
 
Available Sensors Temperature, Conductivity, Dissolved Oxygen (Rapid Pulse Polarographic Only), 

pH, ORP, Depth (medium) 
 
Operating Environment   Medium: fresh, sea, or polluted water 

Temperature: -5 to +50 °C for most sensors 
Depth: 0 to 200 (61 meters) 

 
Storage Temperature: -40 to +60 °C (without pH installed) 

-10 to +60 ° C (with pH installed) 
 
Material:   PVC, Stainless Steel  
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Diameter:   1.65 inches  (4.2 cm) 
Length:  14.75 inches  (36.20 cm) from bottom of probe guard to top of connector with no 

depth.  Add 2 inches (5.1 cm) for depth; add 0.75 inches (1.9 cm) for bottom 
weight) 

 
Weight:   1.1 pounds (0.65 kg) without weight 
 
Computer Interface: RS-232C, SDI-12  
 
Internal logging  
memory size:  384 kilobytes (150,000 individual parameter readings) 
 
Power:   External 12 VDC  (8 to 13.8 VDC) 
 
 
600 OMS V2-1 SONDE 
 
Available Sensors Temperature, Conductivity, and Depth (shallow, medium, shallow vented).  One 

total optical sensor (ROX Optical DO, Turbidity, Chlorophyll, Rhodamine WT, 
BGA-PC, or BGA-PE) 

 
Operating Environment   Medium: fresh, sea, or polluted water 

Temperature: -5 to +50 °C for most sensors 
Depth: 0 to 200 feet (61 meters) 

 
Storage Temperature: -40 to +60 °C (without optical sensor installed) 
 -10 to +60 °C (with optical sensor installed) 
 
Material:   PVC, Stainless Steel  
 
Diameter:   1.65 inches  (4.2 cm) 
Length:  21.25 inches  (54.0 cm) from top of connector to bottom of probe guard without 

depth, bottom weight, and battery option.  Add 3.75 inches (9.5 cm) for battery 
option.  Add 2.0 inches (5.1 cm) for depth.  Add 0.75 inches (1.9 cm) for weight 

Weight:   1.78 pounds (0.81 kg) with depth and batteries but without bottom weight 
 
Computer Interface: RS-232C, SDI-12  
 
Internal logging  
memory size:  384 kilobytes (150,000 individual parameter readings) 
 
Power:   4 AA-size Alkaline Batteries or External 12 VDC 
 
Battery Life: Approximately 30 days at 20 C with a 15 minute logging interval and temperature, 

conductivity, and ROX Optical DO active.  Battery life is heavily dependent on 
sensor configuration and is given above for a typical sensor ensemble.   If you 
have a different sensor configuration, set up your sonde for a deployment in the 
Run|Unattended menu and check the projected approximate battery life.  
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600LS SONDE 
 
Available Sensors Temperature, Conductivity, and shallow vented depth.   
 
Operating Environment   Medium: fresh, sea, or polluted water 

Temperature: -5 to +50 °C  
Depth: 0 to 30 feet (15 meters) 

 
Storage Temperature: -40 to +60 °C  
 
Material:   PVC, Stainless Steel  
 
Diameter:   1.65 inches  (4.2 cm) 
 
Length:  Approximately 15 inches  (38.0 cm) from top of connector to bottom of probe 

guard, bottom weight, and battery option.  Add 0.75 inches (1.9 cm) for weight 
 
Weight:   Approximately1.10 pounds (0.50 kg) 
 
Computer Interface: RS-232C, SDI-12  
 
 
Internal logging  
memory size:  384 kilobytes (150,000 individual parameter readings) 
 
Power:   4 AA-size Alkaline Batteries or External 12 VDC 
 
Battery Life: Approximately 180 days at 20 C with a 30 minute sample interval.  Battery life is 

heavily dependent on sensor configuration and is given above for a typical sensor 
ensemble.   If you have a different sensor configuration, set up your sonde for a 
deployment in the Run|Unattended menu and check the projected approximate 
battery life.  

 
 
 
SENSOR SPECIFICATIONS 
The following are typical performance specifications for each sensor. 
 
Non-Vented Level – Deep 
Sensor Type...........Stainless steel strain gauge     
Range.....................0 to 656 feet (200 m) 
Accuracy................+/- 1 ft (0.3 m) 
Resolution..............0.001 ft (0.001 m) 
Temperature Range -5 to 45 C 
 
 
Non-Vented Level - Medium 
Sensor Type...........Stainless steel strain gauge     
Range.....................0 to 200 ft (61 m) 
Accuracy................+/- 0.4 ft (0.12 m) 
Resolution..............0.001 ft (0.001 m) 
Temperature Range -5 to 45 C 
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Non-Vented Level - Shallow 
Sensor Type..............Stainless steel strain gauge 
Range........................0 to 30 ft (9.1 m) 
Accuracy ................ +/- 0.06 ft (0.018 m) 
Resolution.................0.001 ft (0.001 m) 
Temperature Range -5 to 45 C 
 
 
Vented Level - Shallow 
Sensor Type..............Stainless steel strain gauge 
Range........................0 to 30 ft (9.1 m) 
Accuracy, 0-30ft ......+/- 0.01 ft (0.003 m) 
Resolution.................0.001 ft (0.001 m) 
Temperature Range -5 to 45 C 
 
Temperature  
Sensor Type...........Thermistor 
Range.....................-5 to 50 °C  
Accuracy................+/- 0.15 °C  
Resolution..............0.01 °C 
Depth……………200 meters 
 
Rapid Pulse Dissolved Oxygen, % saturation 
Sensor Type...........Rapid Pulse - Clark type, polarographic  
Range.....................0 to 500 % air saturation  
Accuracy................0-200 % air saturation, +/- 2 % of the reading or 2 % air saturation, whichever is greater  
                               200-500 % air saturation, +/- 6 % of reading 
Resolution..............0.1 % air saturation 
Temperature Range -5 to 50 C 
Depth……………200 meters 
 
Rapid Pulse Dissolved Oxygen, mg/L (Calculated from % air saturation, temperature and salinity) 
Sensor Type.......... Rapid Pulse - Clark type, polarographic 
Range.....................0 to 50 mg/L  
Accuracy................0 to 20 mg/L, +/- 2 % of the reading or 0.2 mg/L, whichever is greater 
      20 to 50 mg/L, +/- 6 % of the reading 
Resolution..............0.01 mg/L 
Temperature Range -5 to 50 C 
Depth……………200 meters 
 
ROX Optical Dissolved Oxygen, % saturation 
Sensor Type...........Optical, Luminescence Lifetime 
Range.....................0 to 500 % air saturation  
Accuracy ...............0-200 % air saturation, +/- 1 % of the reading or 1 % air saturation, whichever is greater 
                                200-500 % air saturation, +/- 15 % of reading; Relative to Calibration Gases. 
Resolution..............0.1 % air saturation  
Temperature Range -5 to 50 C 
Depth…………… 61 meters 
 
ROX Optical Dissolved Oxygen, mg/L (Calculated from % air saturation, temperature and salinity) 
Sensor Type.......... Optical, Luminescence Lifetime 
Range.....................0 to 50 mg/L  
Accuracy................0 to 20 mg/L, +/- 1 % of the reading or 0.1 mg/L, whichever is greater 
     20 to 50 mg/L, +/- 15 % of the reading; Relative to Calibration Gases. 
Resolution..............0.01 mg/L 
Temperature Range -5 to 50 C 



Specifications  Appendix O 

YSI Incorporated Environmental Monitoring Systems Operations Manual O-11 

Depth…………… 61 meters 
 
pH 
Sensor Type...........Glass combination electrode 
Range.....................0 to 14 units 
Accuracy................+/- 0.2 units 
Resolution..............0.01 units 
Temperature Range -5 to 50 C 
Depth……………200 meters 
 
ORP 
Sensor type............ Platinum button 
Range.....................-999 to +999 mV 
Accuracy................+/-20 mV in redox standard solutions 
Resolution...............0.1 mV 
Temperature Range -5 to 60 C 
Depth……………200 meters 
 
Turbidity 
Sensor type............ Optical, 90 ° scatter, with mechanical cleaning  
Range..................... 0 to 1000 NTU 
Accuracy................+/- 2% of the reading or 0.3 NTU (whichever is greater), in YSI AMCO-AEPA standards 
Resolution...............0.1 NTU 
Temperature Range -5 to 50 C 
Depth……………  61 meters 
 
Chlorophyll 
Sensor type............ Optical, fluorescence, with mechanical cleaning  
Range..................... Approximately 0 to 400 µg/L Chl; 0-100 Relative Fluorescence Units (RFU) 
Accuracy................ No specification provided 
Linearity................  R2 > 0.9999 for serial dilution of Rhodamine WT solution from 0 to 500 ug/L 
Detection Limit…..Approximately 0.1 ug/L Chl (determined using cultures of Isochrysis sp. and chlorophyll a 

   concentration determined through extractions). 
Resolution...............0.1 µg/L Chl; 0.1 RFU 
Temperature Range -5 to 50 C 
Depth…………… 61 meters 
 
Phycocyanin-Blue-green Algae (BGA-PC) 
Sensor type............ Optical, fluorescence, with mechanical cleaning   
Range..................... Approximately 0 to 280,000 cells/mL of BGA (See Principles of Operation section for 
                                 explanation of estimate); 0-100 Relative Fluorescence Units (RFU) 
Accuracy................ No specification provided. 
Linearity................  R2 > 0.9999 for serial dilution of Rhodamine WT solution from 0 to 400 ug/L 
Detection Limit...... Approximately 220 cells/mL.  Estimated from cultures of Microcystis aeruginosa 
Resolution...............1 cell/mL; 0.1 RFU 
Temperature Range -5 to 50 C 
Depth……………  61 meters 
 
Phycoerythrin-Blue-green Algae (BGA-PE) 
Sensor type............ Optical, fluorescence, with mechanical cleaning   
Range..................... Approximately 0 to 200,000 cells/mL of BGA (See Principles of Operation section for 
                                 explanation of estimate); 0-100 Relative Fluorescence Units (RFU) 
Accuracy................ No specification provided. 
Linearity................  R2 > 0.9999 for serial dilution of Rhodamine WT solution from 0 to 8 ug/L 
Detection Limit...... Approximately 450 cells/mL.  Estimated from cultures of a Synechococcus species. 
Resolution...............1 cell/mL; 0.1 RFU 
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Temperature Range -5 to 50 C 
Depth……………  61 meters 
 
Rhodamine WT 
Sensor type............ Optical, fluorescence, with mechanical cleaning  
Range..................... 0 to 200 µg/L Rhodamine WT 
Accuracy................ +/- 5 % of the reading or 1 ug/L, whichever is greater 
Resolution...............0.1 µg/L Rhodamine WT 
Temperature Range -5 to 50C 
Depth……………  61 meters 
 
Conductivity*

Sensor Type...........4 electrode cell with autoranging 
  

Range.....................0 to 100 mS/cm 
Accuracy................+/- 0.5% of reading + 0.001 mS/cm 
Resolution..............0.001 mS/cm to 0.1 mS/cm (range dependent) 
Temperature Range -5 to 60 C 
Depth……………200 meters 
 
Salinity 
Sensor Type............Calculated from conductivity and temperature 
Range......................0 to 70 ppt  
Accuracy.................+/- 1.0% of reading or 0.1 ppt,  whichever is greater 
Resolution...............0.01 ppt 
Temperature Range -5 to 50 C 
Depth……………...200 meters 
 
Nitrate-Nitrogen 
Sensor Type...........Ion-selective electrode 
Range.....................0-200 mg/L-N 
Accuracy................+/- 10% of reading or 2 mg/L (whichever is greater) 
Resolution..............0.001 mg/L-N to 1 mg/L-N (range dependent) 
Temperature Range -5 to 50 C 
Depth……………15 meters 
 
Ammonium-Nitrogen 
Sensor Type...........Ion-selective electrode 
Range.....................0-200 mg/L-N 
Accuracy................+/- 10% of reading or 2 mg/L (whichever is greater) 
Resolution..............0.001 mg/L-N to 1 mg/L-N (range dependent) 
Temperature Range -5 to 50 C 
Depth……………15 meters 
 

                                                           
* Report outputs of specific conductance (conductivity corrected to 25 C), resistivity, and total dissolved solids are also 
provided.  These values are automatically calculated from conductivity according to algorithms found in Standard 
Methods for the Examination of Water and Wastewater (Ed 1989). 
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Ammonia-Nitrogen 
Sensor Type...........Calculated from ammonium, pH and temperature 
Range.....................0-200 mg/L-N 
Accuracy................+/- 10% of reading or 2 mg/L (whichever is greater) 
Resolution..............0.001 mg/L-N to 1 mg/L-N (range dependent) 
Temperature Range -5 to 50 C 
Depth……………15 meters 
 
Chloride 
Sensor Type...........Solid state ion-selective electrode 
Range.....................0-1000 mg/L 
Accuracy................+/- 15% of reading or 5 mg/L (whichever is greater) 
Resolution..............0.001 mg/L to 1 mg/L (range dependent) 
Temperature Range -5 to 50 C 
Depth……………15 meters 
 
 
 
SOFTWARE SPECIFICATIONS 
 
EcoWatch for Windows (included) 

IBM PC compatible computer with CD ROM drive and with a 386 processor (or better) running 
Windows software.  Compatible with Windows 3.1, Windows 95, Windows 98, Windows ME, 
Windows NT, Windows 2000, and Windows XP.   Minimum RAM requirement: 4 megabytes 



Item # 069300 
Drawing # A69300 

Revision F 
September 2009 
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Outputs

Display
31¦2 Digit

Signal Output Connector (Optional)
Analog 0.1 V = 1 ft/sec or 1 m/sec
2 V = Full Scale

Materials

Sensor
Polyurethane

Cable
Polyurethane jacket

Electronic Case
High Impact Molded Plastic

Weight

3 lb 9 oz with case and 20 ft of cable

2 lb 10 oz without sensor and cable

Temperature

Open-Channel-Velocity Sensor
32° F to 160° F (0° C to 72° C)

Full-Pipe Sensor (S/S Insertion Tube)
32° F to 160° F (0° C to 72° C) @ 250 psi

Electronics
32° F to 122° F (0° C to 50° C)

SPECIFICATIONS

Velocity Measurement

Method
Electromagnetic

Zero Stability
± 0.05 ft/sec

Accuracy

± 2% of reading + zero stability

Range
-0.5 to +19.99 ft/sec
-0.15 m/sec to +6 m/sec

Power Requirements

Batteries
Two D Cells

Battery Life Continuous ON hours
Alkaline 25-30
NiCad 10-15 per charge

External Power Supply (Optional)
120 V, 1 W or  220 V, 1 W

Water Resistant Electronic Case

Submersible
One Foot for 30 Seconds

iii
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GENERAL DESCRIPTION

The Marsh-McBirney Model 2000 Flo-Mate is a portable flowmeter designed for use in both the field
and the laboratory. The unit uses an electromagnetic sensor to measure the velocity in a conductive
liquid such as water. The velocity is in one direction and displayed on a digital display as feet per
second (ft/s) or meters per second (m/s).

A watertight case protects the electronics from wet weather and accidential submersions. The unit is
powered by two D-size batteries in the bottom of the case. A shoulder strap and 20 feet of sensor cable
are standard. Excess sensor cable is coiled and secured to the shoulder strap by the sensor cable re-
tainer.

Figure 1. Model 2000 Flo-Mate
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THEORY OF OPERATION

The Flo-Mate measures flow using the Faraday law of electromagnetic induction. This law states that
as a conductor moves through a magnetic field, a voltage is produced. The magnitude of this voltage is
directly proportional to the velocity at which the conductor moves through the magnetic field.

When the flow approaches the sensor from directly in front, then the direction of the flow, the mag-
netic field, and the sensed voltage are mutually perpendicular to each other. Hence, the voltage output
will represent the velocity of the flow at the electrodes.

The sensor is equipped with an electromagnetic coil that produces the magnetic field. A pair of carbon
electrodes measure the voltage produced by the velocity of the conductor, which in this case is the
flowing liquid. The measured voltage is processed by the electronics and output as a linear measure-
ment of velocity.

Figure 2. Theory of Operation
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DESIGN FEATURES

The Model 2000 design features are as follows:

• Lightweight (3 lb 9 oz with sensor and 20 ft of cable), water resistant, and rugged. The case is
made of a high impact molded material which protects the electronics from wet environments and
accidental submersions.

• Digital filtering. The sensor electronics uses digital filtering. This does a better job than analog
filtering in rejecting electrical noise that may be present in the flow.

• Noise flag. If there is enough electrical noise present in the flow to interfere with normal operation,
the display will blank out and the noise flag is displayed.

• Conductivity lost detection. A conductivity lost flag is displayed and the velocity readings are
blanked out when conductivity lost is detected. Conductivity lost is usually caused by the sensor
being out of the water.

• Dry sensor power down. The unit stops driving the sensor five seconds after conductivity lost is
detected. This results in a 66% reduction in power consumption, which conserves battery life. If
the sensor is dry for more than 5 minutes, the unit will turn itself OFF.

• Automatic shut off. After five minutes of conductivity lost, the unit will shut itself off thus con-
serving battery life.

• Low battery flag. A low battery flag is displayed when the battery voltage drops below a certain
value. The amount of time the batteries will last after the flag is displayed can vary from an hour
(alkaline) to 15 minutes (nicads).  The unit will shut itself off if the voltage drops too low.

• Clear display function. The clear display function clears the display and restarts the filtering.

• Data storage and recall ability. There are 19 memory locations in which to store and recall velocity
measurements.

• Unit of measurement selection. The meter can be switched between English (ft/s) and metric (m/s)
units of measurement.

• Selectable filtering modes for display output. Fluid dynamics near the sensor electrodes may cause
slightly noisy readings. The output can be stabilized by averaging the velocities over a fixed time
period or by a software algorithm that mimics an RC time constant.
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OPERATION

The Model 2000 has two operating modes: Real-Time and Recall. In the Real-Time operating mode,
Real-Time velocities from the sensor are displayed. In the Recall operating mode, velocities from
memory are displayed.

Comment

In the Recall mode, the time bar will be stationary.

Real-Time Operating Mode

The unit will always power up in the real-time operating mode. From the real-time mode you can
change the filter value, store readings in memory, turn the beeper on or off, alternate between feet per
second (ft/s) and meters per second (m/s), alternate between fixed point averaging and time constant
filtering, and switch to the recall operating mode.

Display ON Sequence

When the unit is turned ON, the display output sequence is as follows:

• Software version number. This is the Model 2000 operating software that was burned into the
electronics at the factory.

• Display segment test. The unit will light all display segments.

• Velocity output. The first few readings are not filtered; however, they are accurate.
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Units of Measurement/Beeper

The Model 2000 can output velocity in ft/s or m/s. When the beeper symbol is shown, the beeper is
active. Press down on the ON/C and OFF keys simultaneously to cycle between:

• FT/S no beeper

• M/S no beeper

• F/S with beeper

• M/S with beeper

Fixed Point Average/Time Constant Filtering

The fluid dynamics around the sensor electrodes may cause the  readings to bounce around. To stabi-
lize the readings, the output to the display is dampened. The display can be dampened by Fixed Point
Averaging (FPA) or by time constant filtering (rC).

Fixed Point Averaging is an average of velocities over a fixed period of time. Time constant filtering is
a software algorithm that mimics an RC analog circuit. Press the 5  and  6  keys simultaneously to
alternate between the FPA and rC displays.

FPA

The display will show the letters FPA when you first switch to the FPA display. Except for the first
period, the display is updated at the end of each averaging period. For example, if the FPA is set to 10
seconds, the display is updated once every ten seconds. The FPA display will have a horizontal time
bar under the velocity output. The time bar provides an indication as to the amount of time left until the
display is updated.
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rC

The display will show the letters rC when you first switch to the time constant mode. The display will
start with unfiltered full scale velocities. These readings are accurate but may bounce around slightly.
As the filtering takes effect, the readings will settle out. It takes five time constants to get to maximum
filtering. There is no time bar on the rC display because the display is continually up-
dated.

FPA/rC Time

The FPA and rC time is specified in seconds. The 5  key increments time and the 6 key decrements
time. The display will show the FPA/rC length in seconds. After you have reached the desired setting,
wait and the display will automatically switch to velocity.

Comment:

Limits are 2-120 seconds for FPA and 2-30 seconds for rC.Changing FPA and rC time restarts the
filtering.
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Clearing the Display

The clear function will clear the  display and restart the filtering. To clear the display, press the ON/C
key. The display will blank out for a second and then restart to output velocity  readings.

Storing Velocity Readings

There are 19 memory locations in which velocity readings can be stored. To store a reading, press the
STO key when the desired velocity is displayed. The unit will store the reading and automatically
increment to the next empty location. The memory location shown on the display is where the present
reading will be stored. No memory locations are shown until after the first reading has been stored.

Comment:

Except for the beeper symbol, the STO function will store the display as you see it. Turning the unit off
or changing batteries will not affect the memory.

If you want to measure a prior location again, you need to switch to the recall mode with the RCL
key. Go back to the prior location with the 5 key. Switch to the real-time mode with the RCL key and
when you get a good velocity reading store it with the STO key. The reading is stored, and the unit
advances to the next empty memory location.
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Recall Operating Mode

The recall operating mode outputs the velocity readings that have been stored in memory. The recall
mode is indicated by a blinking memory location number and always starts at location one. To switch
to the recall mode, press the RCL key. The memory location and the velocity stored in that location is
shown on the display. Increment and decrement through the locations with the 5 and 6 keys respec-
tively. With the exception of the first empty location, only the locations that have stored readings can
be recalled.

To clear memory, press the  ON/C and STO keys simultaneously. Memory can be cleared from both
the the Recall and Real-Time operating modes.

ZERO ADJUST

Zero Check

First clean the sensor (Page 12) because a thin film of oil on the electrodes can cause noisy readings.
Then place the sensor in a five gallon plastic bucket of water. Keep it at least three inches away from
the sides and bottom of the bucket. To make sure the water is not moving, wait 10 or 15 minutes after
you have positioned the sensor before taking any zero readings. Use a filter value of 5 seconds. Zero
stability is ± 0.05 ft/sec.

Zero Adjust

>
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• Position the sensor as described in the zero check procedure.

• To initiate the zero start sequence, press the STO and RCL keys at the same time. You will see the
number 3 on the display.

• Decrement to zero with the 6 key.

• The number 32 will be displayed.

• The unit will decrement itself to zero and turn off. The unit is now zeroed.

Comment:

Each key in the zero adjust sequence must be pressed within 5 seconds of the previous key. If the time
between key entries is longer than 5 seconds or if a wrong key is pressed, the unit will display an ERR
3. Turn the unit OFF then back ON and try again.
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ERRORS

The purpose of displaying errors is to alert the user of possible problems with either the unit or applica-
tion. Errors can be displayed as messages or numerical codes. There are three error messages and five
numerical codes.

Comment:

With the exception of Err 2, error codes freeze the display. Turn the unit OFF then back ON to clear
the display. If after corrective action the error still exists, call the factory.

Error Messages

Low Bat Indicates low batteries (Page 13).
Replace the batteries (Page 12).

Noise Indicates excessive electrical noise is
present in the flow which will interfere
with normal operation. This will cause
the display to blank out.

Comment:

The noise flag usually comes on for few a seconds
after the sensor is submerged even though there is
no noise present. This is normal.

Con Lost Indicates that either the sensor elec-
trodes are out of the water or they have
become coated with oil or grease. After
5 minutes, the unit will turn itself OFF.
If the electrodes are coated, clean them
(Page 12).
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Error Codes

Error #1 Problem with sensor drive circuit.
Check sensor disconnect.

Error #2 Memory full error. Memory must be
cleared before another reading can
be stored.

Error #3 Incorrect zero-adjust-start sequence. Reinitiate zero-adjust-start sequence.

Error #4 Zero offset is greater than the zero adjust range. Repeat the zero-adjust procedure. If the
error is still displayed, the unit needs servicing.

Error #5 Conductivity lost or noise detected during zero adjust. Usually caused by the sensor
being out of the water.

KEY FUNCTION SUMMARY

One-Key Functions

- Turns Unit ON. Clears the display and restarts the meter.

- Turns Unit OFF.

- Increments FPA, TC, and Memory Location.

- Decrements FPA, TC, and Memory Location.

- Alternates Between Recall and Real-Time Operating Modes.

- Stores Values In Memory.

Two-Key Functions

- Change Units, Turns Beeper ON/OFF.

- Alternates Between FPA and rC Filtering.

- Clears Memory.

- Initiates zero adjust sequence. Zero stability is ± 0.05 ft/sec.
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Figure 3. Battery Compartment

MAINTENANCE

Routine maintenance of the unit is confined to cleaning the sensor and changing the batteries.

Cleaning the Sensor

Nonconductive coatings (oil and grease) can cause noisy readings or conductivity lost errors. Clean
the sensor with soap and water. If a problem still persists, clean the electrodes with a very fine grit
(600) sandpaper. Do not use hydrocarbon solvents.

Changing Batteries

A low battery flag is displayed when a low battery voltage is detected. Check the battery change guide
(Page 13) for battery-life estimates.

The battery compartment (Figure 3) is located in the bottom of the meter. To change the batteries,
unscrew the three captive screws on the bottom cover. Remove cover and replace the batteries (two D
size). Reinstall the bottom cover.
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BATTERY LIFE

The battery life will vary from unit to unit because of different battery types, different ambient tempera-
tures and different applications. The battery change guide below will help you to determine when to
change the batteries until you gain experience in using your flowmeter in your application.

Battery Change Guide

The hours shown in the battery life table are estimates based upon a continuous ON at an ambient
temperature of 72° F (22° C).

Typically the flowmeter is not continuously on and the ambient temperature varies from application to
application. The effect this will have on battery life is as follows.

• Alkaline-battery life will be increased by as much as 30% when cycled on and off.

• At 32° F (0° C) alkaline-battery life will be reduced by 20%.

• At 110° F (40° C) alkaline-battery life is increased by 10%.

Comment:

The power-in-signal-out option is required for charging the NiCad batteries in the battery
compartment. See Caution on Page 14 before using NiCad batteries.

Self Discharge in Storage

Alkaline batteries will lose approximately 5% to 10% of their charge per year. NiCad batteries will lose
about 1% to 2% of their charge per day. Therefore, NiCad batteries should be charged shortly before
use.

Low Battery Flag

A low battery flag is displayed when the battery voltage drops below a certain value. The amount of
time the batteries will last after the flag is displayed can vary from an hour (alkaline) to 15 minutes
(NiCad batteries). The unit will shut itself off if the voltage drops too low.

BATTERY TYPE HOURS OF CONTINUOUS ON

Alkaline 25 - 30
Carbon Zinc 5 (Not Recommended)
NiCad* 10 - 15 (Per Charge)

* Sanyo KR4400-D

Battery Life Table
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Figure 4. Sensor disconnect

OPTIONS

Sensor Disconnect

The sensor cable can be disconnected from the flowmeter
with the sensor disconnect option. To disconnect the
sensor, pull the latch release (Figure 4) toward the sensor
cable.

To connect the cable, align the latch alignment marks and
push the connector together.

Comment:

If you change sensors, check the zero (Page 9).

Power-In-Signal-Out Connector

Except for being smaller in size, the power-in-signal-out
connector (Figure 4) operates the same as the sensor
disconnect. The connection to the output signal is made on
a terminal strip that is attached to the AC power adapter.

The signal can be output to external recording devices.
Output impedance = 1.1 Ký
Output signal is 0.1 V = 1 ft/sec or 0.1 V = 1 m/sec.
Maximum scale is 2 volts.

[CAUTION]

Only use the NiCad batteries that are supplied with the AC power
option. If batteries other than 4.4 Ah nicads are used, they may rupture
and damage the unit or present a hazard to the operator.

The flowmeter is shipped with 2 D-Size Sanyo KR4000-D
NiCad batteries installed that should be left in the unit when
external power is being used. They serve as a filter and provide
backup power if the main power fails. A well isolated AC
power adapter (Figure 5) serves as a battery charger and
external power source. The NiCads take about 14 hours to
charge.  Power requirements are 300 mA, 3 V for wet sensor;
100 mA, 3 V for dry sensor.

Figure 5. AC Power Adapter
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Figure 6. Carrying Case

Figure 7. Open-Channel-Velocity
Sensor

Carrying Case

The carrying case for the Model 2000 (Figure 6)
is a padded nylon case with two compartments
and a shoulder strap. The back compartment is for
the meter, and the front compartment is for the
sensor and cable. The sensor compartment is
made of nylon mesh which lets air circulate
through the sensor compartment.

SENSORS

The Model 2000 can be configured with an open-channel-velocity sensor, a one-inch full-pipe-
velocity sensor, or a two-inch full-pipe-velocity sensor. The open-channel-velocity sensor is the
standard configuration.

Open-Channel-Velocity Sensor

The front of the open-channel-velocity sensor is
round with three electrodes. A mounting hole is in
back, and a thumbscrew is on top (Figure 7). The
front of the sensor must be pointed upstream and the
electrodes must be in contact with the flow to get
good readings.

Comment:

The electrodes on all sensors must be kept free from
nonconductive coatings such oil and grease.

The open-channel-velocity sensor shape produces a
cosine response which greatly reduces errors due to
sensor positioning. For example, if the front of the
sensor is pointed away from the flow at a 10° angle,
the cosine of 10° is 0.98480. This is only 1.5%
lower than the actual velocity.
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Full-Pipe-Velocity Sensor

The Model 2000 can be configured with either a one-inch
full-pipe-velocity sensor or a two-inch full-pipe-velocity sensor
(Figure 8). The installation instructions for the full-pipe sensors
are contained in the manuals titled “One-Inch Full-Pipe Sensor
Installation” and “Two-Inch Full-Pipe Sensor Installation. The
sensor disconnect is required when the unit is configured with a
full-pipe sensor.

SENSOR MOUNTING CONFIGURATIONS

Universal-Sensor Mount

The sensor can be attached to different size poles
with the universal-sensor mount (Figure 9).
Mounting instructions are as follows:

• Insert the mounting shaft on the universal
mount into the hole at the back of the sensor.
The thumbscrew needs to be seated in the
groove, so make sure the shaft is completely
inserted into the hole.

• Hand tighten the thumbscrew.

• Slide a pole one inch or less in diameter
through the clamp and tighten.

[CAUTION]

Do not over tighten the thumbscrew on the sensor. Excessive force on
the thumbscrew could damage the sensor.

Figure 9. Universal Sensor Mount

Velocity
Electrodes

Ground Button

Figure 8. Full-Pipe Velocity Sensor
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Standard Wading Rod

Both the metric and English standard wading rods have a
base, a bottom section, a double end hanger, and three
intermediate sections (Figure 10). Each intermediate
section is two feet in length (English), or one half meter in
length (metric). The bottom section is shorter; but when it
is screwed to the base, the overall length is equal to the
intermediate sections. Each section is divided into 0.10
foot (single marks), 0.50 foot (double marks) and 1.0 foot
(triple marks) increments (English), or 5 cm (single marks)
and 10 cm (double marks) increments (metric).

D o u b l e - End
Hanger

The sensor is mounted to the standard wading rod with a double-end hanger (Figure 11). Slide the
wading rod through the hole in the hanger and hand tighten the locking screw on the side. Insert the
mounting shaft on the hanger into the hole in back of the sensor. Then hand tighten the thumbscrew
on top of the sensor. The thumbscrew must be seated in the groove on the shaft so make sure the
mounting shaft is completely inserted into the hole on the sensor.

Figure 10. Standard Wading Rod Figure 11. Double-End Hanger
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Top-Setting-Wading Rod

Two accepted methods for determining mean velocities of flows are as follows:

1. Measure the velocity at 60% of the depth (from the top) and use this as the mean.

2. Measure the velocity at 20% and 80% of the depth (from the top). Use the average of these
velocities as the mean.

The purpose of the top setting wading rod (Figure 12) is to conveniently set the sensor at 20%, 60%,
or 80% of total depth. The total depth can be measured with the depth gauge rod. Each single mark
represents 0.10 foot, each double mark represents 0.50 foot, and each triple mark represents 1.00 foot.

To set the sensor at 60% of the depth, line up the foot scale on the sliding rod with the tenth scale on
the top of the depth gauge rod. If, for example, the total depth is 2.7 feet, then line up the 2 on the foot
scale with the 7 on the tenth scale.

To set the sensor at 20% of the depth, multiply the total depth by two and repeat the above procedure.
In the above example this would be 5.4 feet. Line up the 5 on the foot scale with 4 on the tenth scale.

To set the sensor at 80% of the depth, divide the total depth by two and repeat the above procedure. In
the above example, this would be 1.35 feet. Line the 1 on the foot scale with 0.35 on the tenth scale.
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Figure 12. Top-Setting-Wading  Rod
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Suspension Cable

The suspension cable (Figure 13) makes it possible for the sensor to be lowered into the water from
boats or bridges. To attach the sensor to the suspension cable, insert the mounting shaft on the sensor
mount into the hole at the  back of the sensor. The thumbscrew needs to be seated in the groove on the
shaft, so make sure the shaft is completely inserted into the hole.  Hand tighten the thumbscrew.

Figure 13. Suspension Cable
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OPEN CHANNEL PROFILING

SCOPE

This handbook contains the instructions on how to measure the velocity profile and calculate the
flow of open channels. The velocity profile is measured using a handheld velocity meter. Flow is
calculated with the continuity equation (Q =     x A) where Q is flow,     is mean velocity and A is
cross-sectional area.

Section I describes mean velocity, cross-sectional area, site selection, profiling and methods of
determining the mean velocity. Section II describes methods of calculating the instantaneous flow
rate. Section III is a case study with the MMI Model 2000 being used to determine    .
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SECTION I PROFILING

MEAN VELOCITY (    ) DEFINITION

A particle of water near the conduit wall will not move as fast as a particle toward the center. To
understand this, we need to look at the molecules of moving liquids. The first layer of molecules
stick to the wall of the conduit. The next layer will move by sliding across the first layer. This
happens throughout the flow with each successive layer moving at a faster velocity. The change in
velocity is greater near the conduit wall than it is toward the center. If velocity measurements of
each layer could be taken, a velocity profile similar to the one in Figure 1-1 would be produced.
Notice that the velocity decreases near the surface. Since most flows fit this profile, this is called the
typical profile. There are, however, situations which will cause other profile shapes and it is usually
more difficult to calculate flow with these shapes.

To calculate flow, an average or mean of all the varying velocities must be determined. Since it is
not practical to measure the velocity of each layer of molecules, methods have been developed by
which a mean velocity (    ) can be determined from velocity measurements taken at a number of
positions in the flow.

CROSS-SECTIONAL AREA

The cross-sectional area of the flow is determined from a level measurement and the channel shape.
It is important that the mean velocity measurement and the level measurement is done at the same
location in the channel.

U

U
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D
E
P
T
H

Figure 1-1. Typical Profile
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SITE SELECTION

A site that produces the typical profile shape will give the most accurate results. In a majority of the
cases, problem sites can be identified by a visual inspection. Site inspection guidelines are as fol-
lows:

• The channel should have as much straight run as possible. Where the length of straight run is
limited, the length upstream from the profile should be twice the downstream length.

• The channel should be free of flow disturbances. Look for protruding pipe joints, sudden changes
in diameter, contributing sidestreams, outgoing sidestreams, or obstructions. Clean any rocks,
sediment, or other debris that might be on the bottom of the pipe.

• The flow should be free of swirls, eddies, vortices, backward flow, or dead zones. Avoid areas
that have visible swirls on the surface.

• Avoid areas immediately downstream from sharp bends or obstructions.

• Avoid converging or diverging flow (approach to a flume) and vertical drops.

• Avoid areas immediately downstream from a sluice gate or where the channel empties into a
body of stationary water.

Choosing the Method

All profiling methods can be used in a site that produces a typical profile and has sufficient level to
measure three point velocities. If you cannot avoid sites with nontypical profiles or low flows, the
following guidelines will help in choosing a method that will give the best results. Keep in mind that
choosing the method will become easier as you gain experience in profiling.

Low flows - The 0.9 x Umax method is recommended in flows of less than two
inches.

Rapidly Changing Flows - A flow that is changing more than 10% in three minutes or less can be
classified as rapidly changing. The 0.9 x Umax or 0.4 methods take the
least amount of time. However, these methods usually require a typical
profile shape for accurate results.

Comment:

Check the level several times during the profiling procedure. If the level has changed, but the change
is less than 10%, average the level measurements and use the average in the flow calculation.

Asymmetrical flow - The 2-D method is recommended for asymmetrical flows. An asym-
metrical flow will have a difference of 30% or more between the right
and left side velocities.
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Vertical drop (outfalls)  - The 2-D method is recommended for outfalls. Remember to measure
the level on the same plane as the velocity profile. Outfalls should be
avoided wherever possible.

Nontypical profile shape  - If you suspect a profile shape may not be typical, use the 2-D method.

PROFILING CHECKS

For best possible results, you should:

• Check the inside diameter of the conduit. Also, measure the horizontal and vertical diameters. If
there is a difference, then average the diameters.

• Check for symmetry of flow.

• Check level several times during the procedure.

• Check the invert for rocks, sediment, and other debris.

CALCULATING    
PROFILING METHODS

0.9 x Umax Method

• Take a series of point velocity measurements throughout the entire flow.

• Identify the fastest velocity.  In most cases, this is usually located in the center just beneath the
surface.

• Multiply the fastest velocity by 0.9 for    .

2, .4, .8 of Depth Method

• Measure depth of flow (Page 1-5).

• Calculate the positions on the centerline by:

0.2 x depth
0.4 x depth
0.8 x depth

• At the .2, .4, and .8 positions, measure and record the
velocities (Figure 1-2).

Comment:

In manmade channels, measure the .2, .4, and .8
positions from the bottom.

• Average .2 and .8 velocities.

• Average the .4 velocity with the .2 and .8 average for the    .

Figure 1-2. (.2, .4, .8) Velocity
Positions

U

U

U
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.4 Method

A simplified version of the .2, .4, .8 method is to measure the velocity at the .4 position and use this
as    . This method is probably the least accurate because it uses only one data point and assumes
that a logarithmic profile exists. This is also called the 60% of depth method.

2-D Method

• Locate the center line of the flow.

• Locate vertical  velocity lines (VVL) halfway between the
center line and the side walls of the conduit. This is measured
at the widest part of the flow.

• Take at least seven velocity measurements at different depths
along the center line.

• Take velocity readings at different depths on the VVL. The
distance between these depths should be the same as those on
the center line.

• Take final point velocity readings at the right and left corners of the flow.

• Check the data for any outliers. If a best fit curve of the velocity profile were plotted, an outlier
would lie outside the best fit curve region. See Figure 3-1 on Page 3-2.

• Average all measurements except outliers for    . Remember to include the corner measurements.

2-D Method Alternate

Another way to do the 2-D profile is with the FPA (fixed point
average) feature of the Model 2000 Flo-Mate. The Flo-Mate
sensor is moved at a constant velocity in a pattern across the flow
that covers the cross-sectional area. The velocity displayed by the
Flo-Mate at the end of the FPA period is the mean velocity.

Comment:

It may take several attempts to get the FPA time set so that the end
of the FPA period coincides with the end of the sensor motion.

• Set the FPA time to the appropriate number of seconds.

• Place the sensor at the start position and wait for a few sec-
onds.

• Press <ON/C> and start moving the sensor.

U

START
FINISH

START
FINISH

Figure 1-3. 2-D Velocity
Positions

Figure 1-4. 2-D Method
Alternate

U
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VPT Method

The Velocity Profiling Technique (VPT) was first described by N. T. Debevoise and R. B.
Fernandez in the November 1984 issue of the WPCF Journal. With this method, a series of point
velocity measurements are taken at different depths along the centerline of the flow. These measure-
ments along with level are input into a VPT computer program which calculates the flow. This is one
example of the more advanced profile integration techniques which are possible.

MEASURING LEVEL

Circular Conduits

• Measure the inside diameter of the conduit.

• Measure distance D (Figure 1-4).

• Subtract D from the inside diameter of the
conduit for the depth of flow. This eliminates
the problem of the ruler interfering with the
liquid.

Comment:

The level measurement and the velocity profile
must be on the same plane for proper
application of the continuity equation. Figure 1-5. Level Measurement

D

Figure 1-6. Location of Level Measurement
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SECTION II CALCULATING FLOW
CIRCULAR CONDUITS

To calculate flow in circular conduits you need:

• The mean velocity     from Section I.

• The depth of flow at the time of profile.

• The inside diameter of the conduit.

Outline

Calculating flow is outlined as follows:

• Calculate the level to diameter ratio (L/D).

• Identify the flow unit multiplier (K) (Table I, Pages 2-3 and 2-4).

• Square the diameter in feet.

• Calculate flow.

Calculate the Level/Diameter Ratio (L/D)

Ratio = L ÷ D

Where:

L is depth of flow in inches at time of profile.

D is inside diameter in inches.

L/D is the level/diameter ratio.

Identify Flow Unit Multiplier K

K 4 L/D Ratio in Table I on Pages 2-3 and 2-4.

Where:

K is the flow unit multiplier.

Find the appropriate L/D ratio in the L/D column and move to the right to the desired units column to
get the proper flow unit multiplier.

Comment:

The flow unit multiplier in Table I is only for circular conduits measured in feet. The multiplier was
derived using a one foot per second flow in a one foot diameter conduit as the model.

U
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Convert the Diameter to Feet and Square

D2 = (Diameter in inches ÷ 12)2

Where:

D2 is in feet diameter squared. The diameter needs to be converted to feet because
the velocity is in feet per second.

Calculate the Flow

K x D2 x    = flow

Example:

What is the flow in millions of gallons per day (MGD) of a 10-inch diameter conduit with a 6-inch
level?  The  U  has been calculated to be 1.5 ft/sec.

Calculate Level/Diameter Ratio L/D

Level ratio L/D = 6 inches/10  inches = 0.6

Identify K

K = 0.6  4 0.3180 from Table I

Calculate D2

D2 = (10 in ÷ 12)2 = (0.833 ft)2 = 0.694 ft2

Calculate flow

K x D2 x    = MGD = 0.3180 x 0.694 ft2 x 1.5 ft/sec = 0.331 MGD

U

U
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Table I Flow Unit Multiplier

L/D MGD GPM CFS CMM CMD LPM

.01 .0009 .5966 .0013 .0023 3.2522 2.2585

.02 .0024 1.6824 .0037 .0063 9.1709 6.3687

.03 .0044 3.0814 .0069 .0117 16.7986 11.6644

.04 .0068 4.7296 .0105 .0179 25.7811 17.9036

.05 .0095 6.5894 .0147 .0249 35.9190 24.9438

.06 .0124 8.6351 .0192 .0327 47.0701 32.6876

.07 .0156 10.8475 .0242 .0411 59.1295 41.0621

.08 .0190 13.2113 .0294 .0500 72.0148 50.0103

.09 .0226 15.7143 .0350 .0595 85.6585 59.4851

.10 .0264 18.3460 .0409 .0694 100.0039 69.4471

.11 .0304 21.0975 .0470 .0799 115.0022 79.8627

.12 .0345 23.9609 .0534 .0907 130.6108 90.7020

.13 .0388 26.9294 .0600 .1019 146.7919 101.9388

.14 .0432 29.9967 .0668 .1135 163.5116 113.5497

.15 .0477 33.1571 .0739 .1255 180.7393 125.5134

.16 .0524 36.4056 .0811 .1378 198.4467 137.8102

.17 .0572 39.7374 .0885 .1504 216.6081 150.4223

.18 .0621 43.1480 .0961 .1633 235.1995 163.3330

.19 .0672 46.6334 .1039 .1765 254.1985 176.5267

.20 .0723 50.1898 .1118 .1900 273.5844 189.9892

.21 .0775 53.8135 .1199 .2037 293.3373 203.7064

.22 .0828 57.5012 .1281 .2177 313.4387 217.6657

.23 .0882 61.2496 .1365 .2319 333.8710 231.8548

.24 .0937 65.0555 .1449 .2463 354.6172 246.2619

.25 .0992 68.9161 .1535 .2609 375.6613 260.8759

.26 .1049 72.8286 .1623 .2757 396.9880 275.6861

.27 .1106 76.7901 .1711 .2907 418.5825 290.9823

.28 .1163 80.7982 .1800 .3059 440.4305 305.8545

.29 .1222 84.8503 .1890 .3212 462.5182 321.1932

.30 .1281 88.9439 .1982 .3367 484.8325 336.3892

.31 .1340 93.0767 .2074 .3523 507.3605 352.3337

.32 .1400 97.2464 .2167 .3681 530.0894 368.1176

.33 .1461 101.4507 .2260 .3840 553.0071 384.0327

.34 .1522 105.6875 .2355 .4001 576.1017 400.0706

.35 .1583 109.9546 .2450 .4162 599.3618 416.2234

.36 .1645 114.2500 .2545 .4325 622.7757 432.4831

.37 .1707 118.5715 .2642 .4488 646.3325 448.8419

.38 .1770 122.9172 .2739 .4653 670.0208 465.2922

.39 .1833 127.2851 .2836 .4818 693.8301 481.8265

.40 .1896 131.6733 .2934 .4984 717.7501 498.4375

.41 .1960 136.0797 .3032 .5151 741.7607 515.1178

.42 .2023 140.5026 .3130 .5319 765.8788 531.8603

.43 .2087 144.9400 .3229 .5487 790.0673 548.6578

.44 .2151 149.3902 .3328 .5655 814.3250 565.5034

.45 .2215 153.8512 .3428 .5824 838.6420 582.3902

.46 .2280 158.3212 .3527 .5993 863.0080 599.3111

.47 .2344 162.7985 .3627 .6163 887.4133 616.2592

.48 .2409 167.2811 .3727 .6332 911.8480 633.2277

.49 .2473 171.7673 .3827 .6502 936.3024 650.2100

.50 .2538 176.2553 .3927 .6672 960.7664 667.1989

K (Flow Unit Mulitiplier)
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Table I Continued
K (Flow Unit Mulitiplier)

L/D MGD GPM CFS CMM CMD LPM

.51 .2603 180.7433 .4027 .6842 985.2306 684.1879

.52 .2667 185.2295 .4127 .7012 1009.6850 701.1701

.53 .2732 189.7121 .4227 .7181 1043.1200 718.1385

.54 .2796 194.1894 .4327 .7351 1058.5250 735.0869

.55 .2861 198.6594 .4426 .7520 1082.8910 752.0076

.56 .2925 203.1204 .4526 .7689 1107.1080 768.8945

.57 .2989 207.5706 .4635 .7857 1131.4660 785.7401

.58 .3053 212.0080 .4724 .8025 1155.6540 802.5377

.59 .3117 216.4309 .4822 .8193 1179.7630 819.2801

.60 .3180 220.8374 .4920 .8360 1203.7830 835.9605

.61 .3243 225.2255 .5018 .8526 1227.7030 852.5715

.62 .3306 229.5934 .5115 .8691 1251.5120 869.1057

.63 .3369 233.9392 .5212 .8856 1275.2010 885.5560

.64 .3431 238.2607 .5308 .9019 1298.7580 901.9149

.65 .3493 242.5560 .5404 .9182 1322.1710 918.1745

.66 .3554 246.8232 .5499 .9343 1345.4320 934.3275

.67 .3615 251.0600 .5594 .9504 1368.5260 950.3654

.68 .3676 255.2643 .5687 .9663 1391.4440 966.2805

.69 .3736 259.4340 .5780 .9821 1414.1730 982.0645

.70 .3795 263.5668 .5872 .9977 1436.7010 997.7090

.71 .3854 267.6604 .5963 1.0132 1459.0150 1013.2050

.72 .3913 271.7125 .6054 1.0285 1481.1030 1028.5440

.73 .3970 275.7206 .6143 1.0437 1502.9510 1043.7160

.74 .4027 279.6822 .6231 1.0579 1524.5460 1058.7120

.75 .4084 283.5946 .6319 1.0735 1545.8720 1073.5220

.76 .4139 287.4553 .6405 1.0881 1566.9170 1088.1370

.77 .4194 291.2612 .6489 1.1025 1587.6630 1102.5440

.78 .4248 295.0096 .6573 1.1167 1608.0950 1116.7330

.79 .4301 298.6972 .6655 1.1307 1628.1970 1130.6920

.80 .4353 302.3210 .6736 1.1444 1647.9500 1144.4090

.81 .4405 305.8774 .6815 1.1579 1667.3360 1157.8720

.82 .4455 309.3629 .6893 1.1711 1686.3350 1171.0660

.83 .4505 312.7735 .6969 1.1840 1704.9260 1183.9760

.84 .4552 316.1053 .7043 1.1966 1723.0880 1196.5890

.85 .4599 319.3538 .7115 1.2089 1740.7950 1208.8860

.86 .4644 322.5143 .7186 1.2208 1758.0230 1220.8490

.87 .4688 325.5815 .7254 1.2325 1774.7430 1232.4600

.88 .4731 328.5500 .7320 1.2437 1790.9240 1243.6970

.89 .4772 331.4135 .7384 1.2545 1806.5330 1254.5360

.90 .4812 334.1650 .7445 1.2650 1821.5310 1264.9520

.91 .4850 336.7967 .7504 1.2749 1835.8760 1274.9140

.92 .4886 339.2997 .7560 1.2844 1849.5200 1284.3890

.93 .4920 341.6636 .7612 1.2933 1862.4060 1293.3370

.94 .4952 343.8759 .7662 1.3017 1874.4650 1301.7120

.95 .4981 345.9216 .7707 1.3095 1885.6160 1309.4560

.96 .5008 347.7815 .7749 1.3165 1895.7540 1316.4960

.97 .5032 349.4297 .7785 1.3277 1904.7390 1322.7350

.98 .5052 350.8287 .7816 1.3280 1912.3650 1328.0310

.99 .5068 351.9145 .7841 1.3321 1918.2840 1332.1410
1.00 .5076 352.5112 .7854 1.3344 1921.5360 1334.4000
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RECTANGULAR CHANNELS

Flow in rectangular channels is calculated by the following:

• Determine     with the .2, .4, .8 method as described on Page 1-3. For channel widths of six feet or
larger, use the .2, .6, .8 method as described on Page 2-6 for rivers and streams. Velocity units
must be in ft/sec.

• Calculate the cross-sectional area in ft2 by:
[(Depth of Flow) in. ÷ 12] x [(Channel Width) in. ÷ 12]

• Calculate flow by:
    x (Cross-sectional Area)

The result should be a flow rate in ft3/sec (CFS). You can convert this to other flow units with the flow
unit conversion multipliers in Table III on page 2-7.

Example:

What is the flow in a channel 24 inches wide with a 10-inch deep flow?

Solution:

• Velocity measured at

.2 = 1.5 ft/sec

.4 = 1.7 ft/sec

.8 = 1.8 ft/sec

• (1.5 + 1.8) ÷ 2 = 1.65 ft/sec

•     = (1.65 + 1.7) ÷ 2 = 1.67 ft/sec

• From Table II on Page 2-5, 10 in = 0.83 ft

• Area = 0.83 ft x 2 ft = 1.66 ft2

• Flow = 1.67 ft2/sec x 1.66 ft = 2.77 ft3/sec

From Table III on Page 2-7.

.64632 x 2.77ft3/sec = 1.7903 MGD

Table II Inch to Feet Conversion

IN 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00
FT 0.04 0.08 0.13 0.17 0.21 0.25 0.29 0.33

IN  4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
FT 0.37 0.42 0.46 0.50 0.54 0.58 0.62 0.67

IN 8.50 9.00 9.50 10.00 10.50 11.00 11.50 12.00
FT 0.71 0.75 0.79 0.83 0.87 0.92 0.96 1.00

U

U

U
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RIVERS AND STREAMS

You will need to divide the width of the
channel into equal segments (Figure 2–1).
Then do a velocity profile and calculate the
flow for each segment. Sum the segment
flows for the total flow.  The procedure for
calculating flows in rivers and streams is as
follows:

Comment:

The smaller the segment the better the result. If you find that the difference in mean velocity between
two adjacent segments is greater than 10%, the segments should be smaller.

• Divide the channel width into segments of equal length (d) (Figure 2-1).

• Locate the center line of each segment at 1¦
2
d (Figure 2-2).

• Measure segment depth on the segment center line.

Comment:

The .2, .6, and .8 positions for rivers and streams are measured from the
surface. All depth and velocity measurements must be on the same plane.

• Calculate the .2, .6, .8 velocity positions on the segment centerline by:

.2 x Depth

.6 x Depth

.8 x Depth

• Measure the velocity at the .2, .6, and .8 positions.

• Average the .2 and .8 velocities.

• Average the .6 velocity with the average of the .2 and .8
velocities for    .

• Calculate segment areas (Figure 2-4).

• Calculate the flow of each segment by:
Segment Area x    .

• Sum the flow of the segments for total flow.

0.2

0.6
0.8

Figure 2-3. Velocity ProfileU

1
2 d 1

2 d

Figure 2-2. Segment
Centerline

U

d1 d2 d4 d5d3

Figure 2-1. Segment Length
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CFS MGD GPM CMD CMM

CFS 1 0.64632 448.831 2446.576 1.69901

MGD 1.54723 1 694.44 3785.412 2.62876

GPM 0.002228 0.00144 1 5.45099 0.0037854

CMD 0.000408 0.0002642 0.18345 1 0.0006944

CMM 0.5885 0.380408 264.172 1440 1

NEW UNITS

U
N
I
T
S

E
X
I
S
T
I
N
G

MGD - Millions of Gallons per Day
GPM - Gallons per Minute
CFS - Cubic Feet per Second

CMM - Cubic Meters per Minute
CMD - Cubic Meters per Day
LPM - Liters per Minute

d

h

d x h = A
RECTANGLE

Flow Unit Conversion

To convert flow units, locate the appropriate flow unit conversion factor in Table III. Then multiply
the existing unit's conversion factor to get the new unit's.

Table III Flow Unit Conversion Factors

Example:
Convert 20 ft3/sec (CFS) to millions of gallons per day (MGD).

Solution:
From: Table III, conversion factor = 0.64632

Then: 20 ft3/sec x 0.64632 = 12.9264 MGD

Table IV Flow Units

Figure 2-4. Segment Area

d

a

[(a + b) ÷ 2] x d = A

TRAPEZOID

b
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SECTION III
A PROFILING EXAMPLE

USING THE MMI MODEL 2000

This section illustrates how to collect and analyze data from circular conduits and achieve the best
possible accuracy. The data shown in this section is actual field data that  was collected with a MMI
Model 2000 in a normal flow.

Comment:

A 2-D profile is used  to collect the field data since this method provides the most point velocity
measurements. A centerline profile is plotted and a best fit curve is drawn. This permits all profiling
methods described in Section I to be utilized with one set of velocity measurements.

Collecting Field Data With the Model 2000

The 2-D Method

We start the 2-D profile  on the vertical center line at the invert or bottom of the conduit. The first
velocity measurement with the Model 2000 is at 0.75 inches or 1.9 cm from the invert. This is
because the electrodes, which measure the point velocity, are 0.75 inches from the bottom of the
sensor. If the sensor is moved up 0.25 inches for the second velocity measurement, this will put the
electrodes one inch from the invert. The sensor can then be moved at even-inch or half-inch incre-
ments. Five to ten velocity measurements between the bottom and the surface are recommended.
After the vertical center line is profiled, the level is measured and recorded.

Next the right and left vertical velocity lines are profiled and recorded. Then the right and left corner
velocity measurements are taken and recorded. Finally the level is measured and recorded. We now
have the necessary data to calculate flow.

Comment:

If there is a sudden drop in velocity at any position, check the sensor for debris.
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FIELD DATA

CONDUIT DIAMETER = 24.25 INCHES

Figure 3-1. Best Fit Curve

Comment:

The 4.3 ft/sec velocity at the 3-inch position is outside the best fit curve region and is ignored. This is
called an outlier

LEVEL DURING PROFILE
7 INCHES
6 7¦8 INCHES
7 1¦8 INCHES

AVERAGE LEVEL
7 INCHES

RIGHT CORNER VEL
4.0 FT/SEC

LEFT CORNER VEL
4.8 FT/SEC

POSITION AS MEASURED CENTERLINE RIGHT VVL LEFT VVL
FROM THE INVERT FT/SEC FT/SEC FT/SEC

0.75 5.2 5.2 4.9
1.0 5.4 5.5 5.2
2.0 5.4 5.5 5.5
3.0 4.3 5.5 5.5
4.0 5.5 5.1 5.2
5.0 5.4 4.2 4.8
6.0 5.2 4.0 4.2
6.5 4.0

OUTLIER

BEST FIT
CURVE
REGION

7

6

5

4

3

2

1

0
0 1 2 3 4 5 6

VELOCITY FT/SEC

L
E
V
E
L
I
N
C
H
E
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The .2, .4, .8 Method

(5.4 + 5.35) ÷ 2 = 5.37 ft/sec
    = (5.37 +5.5) ÷ 2 = 5.44 ft/sec

 The .4 Method

The velocity at the .4 position = 5.5 ft/sec.
    = 5.5 ft/sec.

The 0.9 x Vmax Method

Vmax = 5.5 ft/sec.
    =  0.9 x 5.5 = 4.95 ft/sec

The 2-D Method

Average all velocity measurements. Remember to include the two corner measurements and discard
any outliers.

    = 4.8 ft/sec

The VPT Method

This method requires a computer program. If you have this program, enter the velocity measure-
ments from the center line profile. Discard any outliers.

    from VPT program = 5.32 ft/sec

Average   

An overall     can be calculated by averaging the values from the different methods.

(5.44 + 5.5 + 4.95 + 5.0 + 5.32) ÷ 5 = 5.24 ft/sec

Comment:

If the profile is not symmetrical, then the results from the .9 x Vmax and 2-D methods may vary
greatly from the VPT; .2, .4, .8; and .4 methods.

POSITION VELOCITY

.2 x 7" = 1.4" . 5.4 ft/sec

.4 x 7" = 2.8" . 5.5 ft/sec

.8 x 7" = 5.35" . 5.35 ft/sec

U

U

U

U

U

U

U
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% OF DEVIATION

We calculate the % of deviation between the average and high    , and the average and low    . We
discard any     that has a deviation greater than 10% from the average    .

% of Deviation Between High     (5.5 ft/sec) and Average

% deviation =  x 100 = 5.7%

% of Deviation Between Low     (4.8 ft/sec) and Average

% deviation = x 100 = 7.7%

Since the no deviation is greater than 10% from the average    , all the values are useable.

(5.5 - 5.2)

5.24

(5.2 - 4.8)

5.2

UU

U U

UU

U U

U
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HOBO® U20 Water Level Logger 
(Part # U20-001-01-Ti) 

© 2005, 2006 Onset Computer Corporation 
Part #: MAN-U20-001-01-Ti, Doc #: 10189-D 

Inside this package: 

• HOBO U20 Water Level Logger 

• Calibration certificate  

 

Doc #10189-D, MAN-U20-001-01-Ti 
Onset Computer Corporation 

Thank you for purchasing a HOBO data logger. With 
proper care, it will give you years of accurate and 
reliable measurements. 

The HOBO Water Level Logger is designed to measure water level in wells, 
rivers, streams, lakes, estuaries, and tidal areas. The logger uses a 
maintenance-free absolute pressure sensor and features a durable titanium 
housing and ceramic pressure sensor. The logger uses precision electronics to 
measure pressure and temperature. Using a reference water level, the 
HOBOware® software automatically converts the pressure readings into 
water level readings. Furthermore, the software supports compensation for 
temperature, fluid density, and barometric pressure. The logger has enough 
memory to record over 21,700 combined pressure and temperature 
measurements.  

The logger uses an optical USB communications interface (USB-Optic Base 
Station, Part # BASE-U-4, with COUPLER2-B) for launching and reading 
out the logger. The optical interface allows the logger to be offloaded without 
breaking the integrity of the seals. The USB compatibility allows for easy 
setup and fast downloads. 

HOBOware software is also required for logger operation. Visit 
www.eiccontrol.com for compatible software. 

 
 

Specifications 
Pressure Sensor 

Operation range  0 to 207 kPa (0 to 30 psia); approximately 0 to 9 m (0 to 30 ft) of water depth at sea level, or 0 to 12 m (0 to 40 ft) of 
water at 3,000 m (10,000 ft) of altitude 

Factory calibrated range 69 to 207 kPa (10 to 30 psia), 0° to 40°C (32° to 104°F) 
Burst pressure 310 kPa (45 psia) or 18 m (60 ft) depth 

Water level accuracy* Typical error - 0.05% FS, 0.5 cm (0.015 ft) water  
Maximum error - 0.1% FS, 1.0 cm (0.03 ft) water 

Raw pressure accuracy** 0.3% FS, 0.62 kPa (0.09 psi) maximum error 
Resolution < 0.02 kPa (0.003 psi), 0.21 cm (0.007 ft) water 
Pressure response time 90% < 1 second 
Thermal response time (90%)† Approximately 10 minutes in water to achieve full temperature compensation of the pressure sensor 
* With accurate reference water level measurement and Barometric Compensation Assistant data 
** Absolute pressure sensor accuracy includes all pressure drift, temperature, and hysteresis-induced errors  
† Maximum error due to rapid thermal changes is approximately 0.5% 
Temperature Sensor 
Operation range -20° to 50°C (-4° to 122°F) 
Accuracy 0.37°C at 20°C (0.67°F at 68°F), see Plot A 
Resolution 0.1°C at 20°C (0.18°F at 68°F) (10-bit), see Plot A 
Response time (90%) 3.5 minutes in water (typical) 
Stability (drift) 0.1°C (0.18°F) per year 
Logger 
Real-time clock ± 1 minute per month 0° to 50°C (32° to 122°F) 
Battery 2/3 AA, 3.6 Volt Lithium, factory-replaceable 
Battery life (typical use) 5 years with 1 minute or greater logging interval 

Memory (non-volatile) 64K bytes memory (approx. 21,700 pressure and temperature 
samples) 

Dimensions 2.46 cm (0.97 inches) diameter, 15 cm (5.9 inches) length; 
mounting hole 6.3 mm (0.25 inches) diameter 

Weight Approximately 140 g (4.8 oz) 
Wetted materials Titanium, Viton® o-rings, acetyl cap, ceramic sensor 
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Plot A 

Shock/drop Logger is sensitive to shocks. Handle with care and avoid any impact. Always use proper packaging when shipping the logger. 

Logging interval Fixed-rate or multiple logging intervals, with up to 8 user-defined logging intervals and durations; logging intervals from 1 
second to 18 hours. Refer to HOBOware software manual. 

Launch modes Immediate start and delayed start 
Offload modes Offload while logging; stop and offload 
Battery indication Battery voltage can be viewed in status screen and optionally logged in datafile. Low battery indication in datafile. 

 The CE Marking identifies this product as complying with the relevant directives in the European Union (EU). 
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Connecting the logger 
The HOBO Water Level Logger requires a coupler (Part # 
COUPLER2-B) and USB Optic Base Station (Part # BASE-U-4) or 
HOBO Waterproof Shuttle (Part # U-DTW-1) to connect to the 
computer. 

1. Install the logger software on your computer before proceeding. 

2. Follow the instructions that came with your base station or shuttle 
to attach the base station or shuttle to a USB port on the computer. 

3. Unscrew the black plastic end cap from the logger by turning it 
counter-clockwise. 

4. Attach the coupler to the base station or shuttle, then insert the 
logger into the coupler with the flat on the logger aligned with the 
arrow on the coupler label. Gently twist the logger to be sure that it 
is properly seated in the coupler (it should not turn). 

 
5. If you are using the HOBO Waterproof Shuttle, briefly press the 

coupler lever to put the shuttle into base station mode.  

6. If the logger has never been connected to the computer before, it 
may take a few seconds for the new hardware to be detected by the 
computer. 

7. Use the logger software to launch the logger.  

8. You can check the logger’s status, read out the logger while it 
continues to log, stop it manually with the software, or let it record 
data until the memory is full.  

Refer to the software user’s guide for complete details on launching, 
reading out, and viewing data from the logger, including multiple 
logging intervals and barometric compensation. 

Important: USB communications may not function properly at 
temperatures below 0°C (32°F) or above 50°C (122°F). 

Note: The logger consumes significantly more power when it is 
“awake” and connected to a base station or shuttle. To conserve 
power, the logger will go into a low-power (sleep) mode if there has 
been no communication with your computer for 30 minutes. To wake 
up the logger, remove the logger from the coupler, wait a moment, 
then re-insert the logger. 

Note: The first time you launch the logger, the deployment number 
will be greater than zero. Onset launches the loggers to test them prior 
to shipping. 

Protecting the logger 
• Important! Do not attempt to open the logger housing! 

Unscrewing the titanium nose cone of the logger will cause serious 
damage to the pressure sensor and logger electronics. There are no 

user serviceable parts inside the case. Contact Onset technical 
support if your logger requires servicing. 

• This logger can be damaged by shock. Always handle the logger 
with care. The logger may lose its calibrated accuracy or be 
damaged if it is dropped. Use proper packaging when transporting 
or shipping the logger.  

• Biofouling and excessive marine growth on the logger will 
compromise accuracy. Organisms that grow inside the sensor nose 
cone and on the sensor itself can interfere with the sensor’s 
operation and eventually make the sensor unusable. If the 
deployment area is prone to biofouling, check the logger 
periodically for marine growth. 

• Check a materials-compatibility chart before deploying the logger 
in locations where untested solvents are present: 

− The logger is shipped with Viton O-rings installed. Viton has an 
excellent resistance to most solvents and is suitable for 
deployments in water that contain a mixture of most fuels, 
solvents and lubricants. However, the Viton O-rings are sensitive 
to polar solvents (acetone, ketone), ammonia, and brake fluids.  

− The black acetyl cap is provided to help protect the 
communications window. Acetyl is resistant to most solvents, 
fuels, and lubricants.  

− The polycarbonate communications window is sealed as an 
additional barrier to water and dirt entering the logger housing. 

Operation 
A light (LED) in the communications window of the logger confirms 
logger operation. The following table explains when the logger blinks 
during logger operation: 

When: The light: 
The logger is logging Blinks once every one to four seconds (the 

shorter the logging interval, the faster the 
light blinks); blinks when logging a 
sample 

The logger is awaiting a start 
because it was launched in 
Start At Interval or Delayed 
Start mode 

Blinks once every eight seconds until 
logging begins 

Sample and event logging 
The logger can record two types of data: samples and events. Samples 
are the sensor measurements recorded at each logging interval (for 
example, the pressure every minute). Events are independent 
occurrences triggered by a logger activity, such as Bad Battery or Host 
Connected. Events help you determine what was happening while the 
logger was logging. 

The logger stores 64K of data, and can record over 21,700 samples of 
pressure and temperature. 

Barometric Compensation 
The HOBO Water Level Logger records absolute pressure, which is 
later converted to water level readings by the software. In this 
application, absolute pressure includes atmospheric pressure and water 
head. Atmospheric pressure is nominally 100 kPa (14.5 psi) at sea 
level, but changes with weather and altitude.  

Left uncompensated, barometric variations could result in errors of 
0.6 m (2 ft) or more. To compensate for barometric pressure changes, 
you can use another HOBO Water Level Logger as a barometric 
reference. The 0-9m (0-30 ft) HOBO Water Level Logger 
(U20-001-01) is a good barometric reference due to its smaller range, 
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temperature-compensated accuracy, and rugged stainless steel case. 
The barometric reference is typically deployed in the same well or at 
the same location as the water level of interest, but rather than being 
placed in the water column, it is deployed above the water in air.  

Fortunately, barometric pressure readings are consistent across a 
region (except during fast-moving weather events), so you can 
generally use barometric pressure readings that are taken within 15 km 
(10 miles) of the logger or more, without significantly degrading the 
accuracy of the compensation. 

Deploying the Logger 
• The HOBO Water Level Logger is designed to be easy to deploy in 

many environments. The logger uses an absolute pressure sensor, so 
no vent tube is required. The small size of the logger is convenient 
for use in small wells and allows the logger to be mounted and/or 
hidden in the field. 

 

• The pressure sensor is temperature compensated over the range of 
0° to 40°C (32° to 104°F). To obtain the highest level of accuracy, 
the logger should be allowed to come to full temperature 
equilibrium (approximately 30 minutes) before any reference levels 
are recorded. In addition, sudden temperature changes should be 
avoided. When deploying a HOBO Level Logger as a barometer, 
some consideration should be made to minimize the rate of 
temperature fluctuations. Ideally, the logger should be hung several 
feet below ground level in an observation well so that ground 
temperatures are stable. If that is not possible (or if a well is not 
used), try to put the logger in a location where it will not be subject 
to rapid daily temperature cycles. 

• When deploying a HOBO Water Level logger in a well, make sure 
the well is vented to the atmosphere. Typically, a small hole can be 
drilled in the well cap to ensure that the pressure inside and outside 
the well is at equilibrium. If this is not possible, the barometric 
reference should be used inside the same well. 

• Use a no-stretch wire to hang the water level logger. Any change in 
length of the wire will result in a 1-to-1 corresponding error in the 
depth measurement. Always pull-test a cable prior to deploying a 
logger in a well to be sure that it is up to the job. 

• If possible, when deploying the logger in rivers, streams and ponds, 
use a stilling well. A simple stilling well can be constructed with 
PVC or ABS pipe. A properly constructed stilling well helps to 
protect the logger from currents, wave action, and debris. 

• Periodically inspect the logger for fouling. Biological growth on the 
face of the pressure sensor will throw off the pressure sensor’s 
accuracy.  

• Be very careful not to exceed the burst pressure for the logger. The 
pressure sensor will burst if the maximum depth is exceeded (see 
specifications table). The logger should be positioned at a depth 
where the logger will remain in the water for the duration of the 
deployment, but not exceed the rated bursting depth. 

Logger Calibration 
The pressure sensor in each HOBO Water Logger is individually 
calibrated. During calibration, raw pressure sensor data is collected at 
multiple pressures and temperatures over the calibrated range of the 
logger (see the specifications table). This data is used to generate 
calibration coefficients that are stored in the logger’s non-volatile 
memory. The calibration coefficients are then checked to be sure that 
the logger meets its stated accuracy over the calibrated range.  

The pressure sensor can be used at pressures and temperatures that are 
outside of the calibrated range, but the accuracy can not be 
guaranteed. Important: Never exceed the burst pressure of the 
sensor! 

Recalibration 
All pressure sensors drift over time. The drift for the pressure sensor 
and electronics in the HOBO Water Level logger is less than 0.3% FS 
(worst case) per year. In most applications, drift is not a significant 
source of error, because the offset created by any drift is zeroed out 
when you take a manual reference level measurement and use the 
logger software to automatically calculate the level readings relative to 
the reference measurement. In effect, you are re-zeroing the sensor 
each time you apply a reference reading to the data file. 

Pressure sensor drift matters only when absolute pressure values are 
needed, or if there are no recent reference level or depth measurements 
available. For example, if the logger is deployed for one year and no 
new reference level readings are taken during the deployment, it is 
possible that the sensor could have drifted as much as 0.3% FS by the 
end of the deployment. It is possible to determine the actual amount of 
drift during a deployment if a reference level is taken at the beginning 
and the end of a long-term deployment. The results of applying the 
two different reference levels (once at the beginning of the datafile, 
and again at the end of the data file) can be compared. Any difference 
between the files indicates the amount of sensor drift (assuming 
accurate reference levels). 

You can check the differential accuracy of your loggers for water level 
measurements by deploying the loggers at two depths and comparing 
the difference in level readings. When verifying the accuracy this way, 
be sure to allow the loggers’ temperature to stabilize at each depth. 
Use the logger software to convert the readings from pressure to level. 
The level readings should be taken close enough together that the 
barometric pressure does not change.  

You can check the absolute pressure accuracy of your HOBO Water 
Level Logger by comparing its ambient pressure readings to a second 
HOBO logger. Their readings should be within each other’s specified 
accuracy. Alternatively, you can check the pressure reading against an 
accurate local barometer. If you use a non-local source of barometric 
information, such as the NOAA website, adjust for altitude.  
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Inside this package: 

• HOBO Pendant 
Temperature Data Logger 
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Thank you for purchasing a HOBO data logger. With proper care, it will 
give you years of accurate and reliable measurements. 

The HOBO Pendant Temperature Data Logger is a waterproof, 
one-channel logger with 10-bit resolution and can record up to 
approximately 6,500 (8K model) or 52,000 (64K model) measurements or 
internal logger events. The logger uses a coupler and optical base station 
with USB interface for launching and data readout by a computer.  

A base station, coupler, and HOBOware® software are required for logger 
operation. Visit www.onsetcomp.com for compatibility information. 

 

Specifications 
Measurement 
range -20° to 70°C (-4° to 158°F) 

Alarms 
High and low alarms can be configured for total amount of contiguous 
or non-contiguous time outside of user-defined limits between -20° and 
70°C (-4° to 158°F) 

Accuracy ± 0.47°C at 25°C (± 0.85°F at 77°F), see Plot A 
Resolution Temperature: 0.10°C at 25°C (0.18°F at 77°F), see Plot A 
Drift Less than 0.1°C/year (0.2°F/year) 

Response time Airflow of 2 m/s (4.4 mph): 10 minutes, typical to 90% 
Water: 5 minutes, typical to 90% 

Time accuracy ± 1 minute per month at 25°C (77°F), see Plot B 

Operating range In water/ice: -20° to 50°C (-4° to 122°F) 
In air: -20° to 70°C (-4° to 158°F) 

Water depth 
rating 

30 m from -20° to 20°C (100 ft from -4° to 68°F), see  
Plot C 

NIST traceable 
certification 

Available for temperature only at additional charge; temperature range 
-20° to 70°C (-4° to 158°F) 

Battery life 1 year typical use 

Memory 
UA-001-08: 8K bytes (approximately 6.5K sample and event readings) 
UA-001-64: 64K bytes (approximately 52K sample and event 
readings) 

Materials Polypropylene case; stainless steel screws; Buna-N o-ring 
Weight 18 g (0.6 oz) 
Dimensions 58 x 33 x 23 mm (2.3 x 1.3 x 0.9 inches) 

 
The CE Marking identifies this product as complying with the relevant 
directives in the European Union (EU). 
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Connecting the logger 
The HOBO Pendant logger requires either of the following to 
connect to the computer: 

• Pendant Optic USB Base Station & Coupler (part # BASE-U-1); 
HOBOware 2.1 or later 

OR 

• Optic USB Base Station (part # BASE-U-4) or HOBO 
Waterproof Shuttle (part # U-DTW-1); coupler (part # 
COUPLER2-A); HOBOware 2.2 or later 

If possible, avoid connecting at temperatures below 0°C (32°F) or 
above 50°C (122°F). 

1. Plug the USB connector on the base station into an available 
USB port on your computer.  

2. Insert the logger and the base station into the coupler, as shown 
in the following diagrams.  

 For BASE-U-1, make sure that the logger is inserted in the end 
of the coupler that has the magnet, and that the ridges on the 
base station and logger are aligned with the grooves in the 
coupler.  

 
 For BASE-U-4 or the HOBO Waterproof Shuttle, firmly insert 

the optical end of the base station into the D-shaped end of the 
coupler, and make sure that the ridge on the logger is aligned 
with the groove in the coupler.  

 
3. If you are using the HOBO Waterproof Shuttle, briefly press 

the coupler lever to put the shuttle into base station mode.  

4. If the logger has never been connected to the computer before, 
it may take a few seconds for the new hardware to be detected.  

5. Use the logger software to set up the alarms, launch, and read 
out the logger.  

You can read out the logger or check its status while it continues to 
log, stop it manually with the software, or let it record data until 
the memory is full. Refer to the software user’s guide for complete 
details on launching, reading out, and viewing data from the 
logger. 

Triggered start 
This logger can be configured to start at your command, using the 
magnet in the coupler to trigger a start. 

1. Use the logger software to launch the logger with Trigger Start 
selected. Remove the logger from the coupler.  

2. Bring the logger and an empty coupler or strong magnet to the 
deployment location. 

Important: Any magnet can trigger a start. This can be 
helpful, but it can also cause a premature start. Keep the 
logger away from strong magnetic fields until you are ready 
to begin logging. 

3. When you are ready for the logger to start logging, insert the 
logger into the empty coupler (or place it next to a strong 
magnet) and remove it after three seconds. Important: The 
logger will not launch if the base station is in the coupler. 

4. Verify that the logger’s light is blinking at least every four 
seconds.  

Sample and event logging 
The logger can record two types of data: samples and internal 
logger events. Samples are the measurements recorded at each 
logging interval (for example, temperature every minute). Events 
are independent occurrences triggered by a logger activity, such as 
Bad Battery or Host Connected. Events help you determine what 
was happening while the logger was logging. 

Operation 
Lights (LEDs) on the front of the logger confirm logger operation. 
The following table explains when the lights blink during logger 
operation. 

When: The lights: 
The logger is logging faster 
than four seconds 

Blinks at the logging interval: 
• Green LED if temperature is OK 
• Red LED if high alarm has been 

triggered 
• Blue LED if low alarm has been 

triggered 
The logger is logging at four 
seconds or slower 

Blinks every four seconds: 
• Green LED if temperature is OK 
• Red LED if high alarm has been 

triggered 
• Blue LED if low alarm has been 

triggered 
The logger is awaiting a start 
because it was launched in 
Start At Interval, Delayed 
Start, or Trigger Start mode 

Green light blinks once every eight 
seconds until launch begins 

 

LOGGER 

COUPLER2-A 

To BASE-U-4 or  
HOBO Waterproof Shuttle 

Coupler lever (for use with 
HOBO Waterproof Shuttle) 

Ridge side down 

LOGGER 

Magnet 

BASE-U-1 & COUPLER 

Ridge 
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Protecting the logger 
The logger can be damaged if the water depth rating is exceeded. 
The depth rating is approximately 30 m (100 ft) at temperatures 
below 20°C (68°F), but is less in warmer water. Refer to Plot C for 
details. 

Do not store the logger in the coupler. Remove the logger from the 
coupler when you are not using it. When the logger is in the 
coupler or near a magnet, it consumes more power and will drain 
the battery prematurely. 

Keep the logger away from magnets. Being near a magnet can 
cause false coupler events to be logged. It can also launch the 
logger prematurely if it was waiting for a trigger start. 

Periodically inspect the desiccant and dry it if it is not bright blue. 
The desiccant pack is located in the cap of the logger. To dry the 
desiccant, remove the desiccant pack from the cap and leave the 
pack in a warm, dry location until the bright blue color is restored. 
(Refer to the “Battery” section for instructions on removing and 
replacing the logger cap.) 

Temperature range Desiccant maintenance 
schedule 

Less than 30°C (86°F) Approximately once per year  
30° to 40°C (86° to 104°F) Approximately every six 

months 
Over 40°C (104°F) Approximately every three 

months 
 

Note! Static electricity may cause the logger to stop logging. To 
avoid electrostatic discharge, transport the logger in an anti-static 
bag, and ground yourself by touching an unpainted metal surface 
before handling the logger. For more information about 
electrostatic discharge, visit 
http://www.onsetcomp.com/support/support.html. 

Battery 
The logger requires one 3-Volt CR-2032 lithium battery. Battery 
life varies based on the temperature and the frequency at which the 
logger is recording data (the logging interval). A new battery 
typically lasts one year with logging intervals greater than one 
minute. Deployments in extremely cold or hot temperatures, or 
logging intervals faster than one minute, may significantly reduce 
battery life. Continuous logging at the fastest logging rate of one 
second will deplete the battery in as little as 
two weeks. 

To replace the battery: 

1. Remove the two screws that secure 
the end cap to the case and remove the 
cap. 

2. Examine the desiccant pack that is 
tucked into the cap. If the desiccant is 
not bright blue, put the desiccant pack 
in a warm, dry place until the blue 
color is restored. 

3. Gently tap the case to loosen the 
circuit board and remove it from the 
case. 

4. Carefully push the battery out of 
the holder with a small, 
nonmetallic blunt instrument. 

5. Insert a new battery, positive side 
facing up. 

6. Return the circuit board and label to 
the case, carefully aligning the 
circuit board with the grooves in the case so that the battery 
faces the ridged side of the case.  

7. Replace the end cap, ensuring that the desiccant pack is tucked 
into the cap, and the o-ring is seated in the groove, not pinched 
or twisted. Make sure no dirt or lint is trapped on the o-ring, as 
this could result in a leak. 

8. Re-fasten the screws. Do not over-tighten the screws. 

 WARNING: Do not cut open, incinerate, heat above 85°C 
(185°F), or recharge the lithium battery. The battery may 
explode if the logger is exposed to extreme heat or conditions 
that could damage or destroy the battery case. Do not dispose of 
the logger or battery in fire. Do not expose the contents of the 
battery to water. Dispose of the battery according to local 
regulations for lithium batteries. 
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Service and Support 
As part of Onset’s ongoing efforts to provide 100% customer satisfaction, 
our Continuing Engineering Group constantly monitors and evaluates all 
of our products and software. In the unlikely event any significant defect 
is found, Onset will notify you. If you find a defect, please e-mail us at 
loggerhelp@onsetcomp.com. 
HOBO products are easy to use and reliable. In the unlikely event that you 
have a problem with this instrument, contact the company where you 
bought the logger: Onset or an Onset Authorized Dealer. Before calling, 
you can evaluate and often solve the problem if you write down the events 
that led to the problem (are you doing anything differently?) and if you 
visit the Technical Support section of the Onset web site at 
www.onsetcomp.com/support.html. When contacting Onset, ask for 
technical support and be prepared to provide the product number and 
serial number for the logger and software version in question. Also 
completely describe the problem or question. The more information you 
provide, the faster and more accurately we will be able to respond. 
Onset Computer Corporation 
470 MacArthur Blvd., Bourne, MA 02532  
Mailing: PO Box 3450, Pocasset, MA 02559-3450  
Phone: 1-800-LOGGERS (1-800-564-4377) or 508-759-9500 
Fax: 508-759-9100 
E-mail: loggerhelp@onsetcomp.com 
Internet: www.onsetcomp.com 
Warranty 
Onset Computer Corporation (Onset) warrants to the original end-user 
purchaser for a period of one year from the date of original purchase that 
the HOBO® product(s) purchased will be free from defect in material and 
workmanship. During the warranty period Onset will, at its option, either 
repair or replace products that prove to be defective in material or 
workmanship. This warranty shall terminate and be of no further effect at 
the time the product is (1) damaged by extraneous cause such as fire, 
water, lightning, etc. or not maintained in accordance with the 
accompanying documentation; (2) modified; (3) improperly installed; (4) 
repaired by someone other than Onset; or (5) used in a manner or purpose 
for which the product was not intended. 
THERE ARE NO WARRANTIES BEYOND THE EXPRESSED 
WARRANTY ABOVE. IN NO EVENT SHALL ONSET BE LIABLE 
FOR LOSS OF PROFITS OR INDIRECT, CONSEQUENTIAL, 
INCIDENTAL, SPECIAL OR OTHER SIMILAR DAMAGES 
ARISING OUT OF ANY BREACH OF THIS CONTRACT OR 
OBLIGATIONS UNDER THIS CONTRACT, INCLUDING 
BREACH OF WARRANTY, NEGLIGENCE, STRICT LIABILITY, 
OR ANY OTHER LEGAL THEORY. 
Limitation of Liability. The Purchaser's sole remedy and the limit of 
Onset's liability for any loss whatsoever shall not exceed the Purchaser's 
price of the product(s). The determination of suitability of products to the 
specific needs of the Purchaser is solely the Purchaser's responsibility. 
THERE ARE NO WARRANTIES BEYOND THE EXPRESSED 
WARRANTY OFFERED WITH THIS PRODUCT. EXCEPT AS 
SPECIFICALLY PROVIDED IN THIS DOCUMENT, THERE ARE 
NO OTHER WARRANTIES EXPRESS OR IMPLIED, INCLUDING  

 
BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF 
MERCHANTIBILITY OR FITNESS FOR A PARTICULAR 
PURPOSE. NO INFORMATION OR ADVICE GIVEN BY ONSET, 
ITS AGENTS OR EMPLOYEES SHALL CREATE A WARRANTY 
OR IN ANY WAY INCREASE THE SCOPE OF THE EXPRESSED 
WARRANTY OFFERED WITH THIS PRODUCT. 
Indemnification. Products supplied by Onset are not designed, intended, 
or authorized for use as components intended for surgical implant or 
ingestion into the body or other applications involving life-support, or for 
any application in which the failure of the Onset-supplied product could 
create or contribute to a situation where personal injury or death may 
occur. Products supplied by Onset are not designed, intended, or 
authorized for use in or with any nuclear installation or activity. Products 
supplied by Onset are not designed, intended, or authorized for use in any 
aeronautical or related application. Should any Onset-supplied product or 
equipment be used in any application involving surgical implant or 
ingestion, life-support, or where failure of the product could lead to 
personal injury or death, or should any Onset-supplied product or 
equipment be used in or with any nuclear installation or activity, or in or 
with any aeronautical or related application or activity, Purchaser will 
indemnify Onset and hold Onset harmless from any liability or damage 
whatsoever arising out of the use of the product and/or equipment in such 
manner. 
Returns 
Please direct all warranty claims and repair requests to place of purchase. 
Before returning a failed unit directly to Onset, you must obtain a Return 
Merchandise Authorization (RMA) number from Onset. You must provide 
proof that you purchased the Onset product(s) directly from Onset 
(purchase order number or Onset invoice number). Onset will issue an 
RMA number that is valid for 30 days. You must ship the product(s), 
properly packaged against further damage, to Onset (at your expense) with 
the RMA number marked clearly on the outside of the package. Onset is 
not responsible for any package that is returned without a valid RMA 
number or for the loss of the package by any shipping company. Loggers 
must be clean before they are sent back to Onset or they may be returned 
to you. 
Repair Policy 
Products that are returned after the warranty period or are damaged by the 
customer as specified in the warranty provisions can be returned to Onset 
with a valid RMA number for evaluation. 
ASAP Repair Policy. For an additional charge, Onset will expedite the 
repair of a returned product. 
Data-back™ Service. HOBO data loggers store data in nonvolatile 
EEPROM memory. Onset will, if possible, recover your data. 
Tune Up Service. Onset will examine and retest any HOBO data logger. 
 
© 2005, 2006 Onset Computer Corporation. All rights reserved. 
Part #: MAN-UA-001, Doc #: 9531-D, Patent #: 6,826,664 
Onset, HOBO, and HOBOware are registered trademarks of Onset 
Computer Corporation. Other products and brand names may be 
trademarks or registered trademarks of their respective owners. 
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APPENDIX B.5: CONTINUOUS MONITORING FIELD METHODS 

B.5.1. INSTRUMENTATION/EQUIPMENT AND METHODS 

The following field equipment will be used for long-term continuous monitoring of water quality constituents, 
stream flow and air temperature: 
 
1. Water Quality  

a. The YSI 6920 V2-2 Sonde 
i. Optical Dissolved Oxygen Sensor (% Saturation and mg/L) 

ii. Conductivity 6560 Sensor 
iii. Temperature 6560 Sensor  
iv. pH 6561 Sensor 
v. Turbidity 6136 Sensor 

2. Stream Flow 
b. HOBO® Water Level Data Logger U20-001-01 (Onset Computer Corporation) 

i. Pressure Sensor 
ii. Temperature Sensor  

3. Air temperature 
c. HOBO® Temperature Pendant Data Logger UA-001-64 (Onset Computer Corporation) 

 
B.5.1.1 Water Quality  

The YSI 6920 V2-2 Sonde 
The YSI 6920 V2-2 Sonde will be used for long-term continuous monitoring at 15-minute intervals at each 
monitoring site. In-situ water quality monitoring will collect data on Water Temperature, pH, Specific Conductivity, 
Total Dissolved Solids (TDS), Turbidity and Dissolved Oxygen (DO). Specifications for the YSI 6920 V2-2 Sonde 
are presented in the YSI, Inc. 6-Series Multi-Parameter Water Quality Sondes User Manual (Appendix B.1).  

To minimize the frequency of maintenance and calibration, the sondes will be equipped with YSI’s ROX® 
luminescent-based DO sensor and Model 6136 turbidity sensor, both of which possess self-cleaning wiper systems 
to prevent fouling. The ROX® DO sensor utilizes puncture-proof membranes that are maintenance free for one year.  

The YSI 6920 sonde is capable of logging 150,000 readings (one reading includes all six parameters) into memory 
and has enough battery power to record readings at 30-minute intervals for approximately 64 days. As a result, 
monthly data downloads will need to occur to ensure adequate memory for 15-minute data collection. 

For downloading data and calibrating the sondes in the field the handheld, water-resistant, high memory YSI 650 
Multiparameter Display System (650MDS) will be utilized.  The 650 MDS comes with an integrated temperature-
compensated barometer which is used in DO calibration. The high memory option (1.5mB) will allow for 
downloading of data from over 20 sondes with data files of over 30 days at 30-minute sampling intervals. 
Specifications for the 650 MDS are presented in Table 1. 
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Table 1: Specifications for the YSI 650 Multiparameter Display System (650MDS) 

Temperature Operating 
Storage  

-10 to +60°C for visible display 
-20 to +70°C 

Waterproof Rating IP-67 for both the standard alkaline battery configuration and for the 
rechargeable battery pack option 

Connector MS-8; meets IP-67 specification 

Dimensions Width 
Length 
Weigh 

4.7 in, 11.9 cm 
9 in, 22.9 cm 
2.1 lbs, 0.91 kg (batteries 
installed) 

Display VGA; LCD with 320 by 240 pixels with backlight 

Power Standard 
Optional 

4 alkaline C-cells with detachable 
battery cover  
Ni metal hydride battery pack 
with attached battery cover and 
110/220 volt charging system 

Communications RS-232 to all sondes, for data transfer to PC, and for software updates 

Optional GPS NMEA 0183; requires user-supplied GPS and YSI 6115 Y-cable 

Backlight 4 LEDs illuminating LCD; user-selectable 

Keypad 20 keys, including instrument on/off, backlight on/off, enter, esc, 10 
number/letter entry keys, 2 vertical arrow keys, 2 horizontal arrow 
keys, period key, and minus key 

Warranty 3 Years 

Certifications CE, EU Battery compliance, FCC, IP-67, WEEE, and C-Tick 
Assembled in the USA 

 

 
B.5.1.2 Stream Flow 

HOBO® Water Level Data Logger U20-001-01 
For continuous water level monitoring a HOBO® Water Level Data Logger U20-001-01, manufactured by Onset 
Computer Corporation, will be installed within a fixed stilling well near each water quality monitoring site. The 
HOBO U20-001-01 supports measurements of barometric pressure, water level, and temperature. Specifications for 
the HOBO® Water Level Data Logger U20-001-01 are presented in the HOBO® Water Level Data Logger U20-
001-01 User Manual User Manual (Appendix B.3).  

The logger is factory calibrated and has no vent tubes or desiccants, ensuring easy deployment and little to no 
maintenance. The HOBO U20-001-01 has a battery life of five years (1-minute logging interval or greater) and a 
non-volatile memory of 64K bytes - approximately 75 days of 5-minute interval readings of both temperature and 
water level.  Data loggers calibrated to a depth range of 0-13 feet will be used in almost all instances for this project 
in order to obtain the highest quality data for typical stream flows. At sites where high flow depths exceeding 13 feet 
may occur, data loggers calibrated to a depth range of 0-30 feet will be used or 0-13 foot calibrated data loggers will 
be replaced with the higher depth range loggers prior to predicted extreme flow events. 

Since the HOBO U20-001-01 measures total pressure head, the data will have to be corrected for barometric 
pressure. To compensate for changes in barometric pressure either one or two reference data loggers calibrated to 
record atmospheric pressure will be installed within the study area. Onset Computer Corporation recommends one 
reference logger within 10 miles of a monitoring site. HOBOware Pro software will provide easy conversion to 
accurate water level readings. The software is fully compensated for barometric pressure, temperature and water 
density. 
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B.5.1.3 Air Temperature  

HOBO® Temperature Pendant Data Logger UA-001-64 
For continuous air temperature monitoring of microclimates near each water quality monitoring station a HOBO® 
Temperature Pendant Data Logger UA-001-64, manufactured by Onset Computer Corporation, will be installed near 
each water quality monitoring site (with an accompanying solar radiation shield where exposed to direct or reflected 
solar radiation). Specifications for the HOBO® Temperature Pendant Data Logger UA-001-64are presented in the 
HOBO® Temperature Pendant Data Logger UA-001-64 User Manual (Appendix B.4).  

The HOBO® Temperature Pendant Data Logger UA-001-64 has a battery life of approximately one year (1-minute 
logging interval or greater) and a non-volatile memory of 64K bytes with approximately 180 days of 5-minute 
interval temperature readings. 

B.5.2. INSTALLATION OF WATER QUALITY MONITORING METERS 

B.5.2.1 Water Quality  
The water quality monitoring multi-sondes installed at each monitoring site will be the YSI 6920 V2-2 Sonde. This 
instrument has been selected for its high-quality sensors, extended deployment capabilities and relatively low 
maintenance requirements. Cylindrical instruments measuring approximately 3x18 inches, each sonde will be 
inserted into a custom-made schedule 80 PVC protective enclosure that provides a snug, padded interior and ample 
flow-through circulation around the water quality sensors. In an effort to reduce visibility and theft, the PVC 
enclosures will be of a camouflage coloring and the mechanism of capping each end will utilize anti-theft hardware. 

Sondes will be installed in flowing water at each monitoring site, attached to a simple, rigid, and durable frame to 
allow for vertical repositioning of the sonde depending on stream discharge levels. At low stream flows the sonde 
may have to be as close to the stream bed as possible and as flows become greater the sonde may be raised off the 
stream bed to avoid turbulent flow and possible burial. As stream flow and stream bed conditions change throughout 
the seasons it may be necessary to slightly reposition the sonde within the general vicinity of the monitoring station. 
Installation or repositioning of each sonde will be in a strategic location that will ensure the longest period of 
submergence during low flows, and afford safe access during high flows. During periods of high flow, the sonde 
may be moved to protect its anchor frame from erosion or damage from direct path of large debris. 

Each sonde will be securely tethered to the stream bank by a thin stainless steel cable to protect aginst loss in the 
unlikely event that the sonde is pulled or knocked out of the stream bed during high flows.  This security method 
will largely ensure that no sonde will be lost downstream, baring the potential for a massive flood and unexpected 
scouring of stream banks. 

For efficient and safe download of data, each sonde will be equipped with a waterproof communication cable that is 
protected from damage by debris and animals by flexible electrical conduit and secured to the stream bed and bank 
to a point on top of the stream bank for field technicians to safely access. 

The few materials used to anchor and protect each sonde and its communication cable will be completely removed 
at the conclusion of monitoring and the site will be returned to its original condition. 

B.5.2.2 Stream Flow 
At each water quality monitoring station, the HOBO® Water Level Data Logger U20-001-01 will be installed to 
collect continuous stage data (one measurement every 15 minutes). Each HOBO® device will be installed inside of 
a stilling well which will be secured in a fixed location at each monitoring station. A staff gauge will be mounted on 
the side of each stilling well or to a nearby fixed structure. The staff gauges will be referenced to the stream bed 
grade and will be used to correlate the HOBO® data to actual stream depth. 

Stream Flow Rating Methods 
Periodic measurements of stage (water level) and flow rate will be made concurrent with continuous monitoring in 
association with each water quality monitoring station. Stream flow rate is determined by measuring stream velocity 
at representative points throughout the cross-section of the stream, and computing flow rate from the velocity data 
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and stream cross-sectional area at the time of measurement. These measurements will be taken several times 
throughout the monitoring period during periods of low, medium and high stream flows to ensure the most accurate 
stream ratings possible. Continuous stage recording at each water quality monitoring station will allow for the 
conversion of stage to flow based on the unique rating curve that will be developed for each site. 

All stream rating measurements taken over the monitoring period will be used to develop stream rating curves, 
which describe the correlation between stream stage and flow rate. When a reliable rating curve is developed for a 
stream, stream flow rate can be estimated from measurement of stream stage alone. Rating curves will be updated 
each time new stream flow measurements are collected. 

The process of taking flow measurements at low and medium stream flows requires Field Staff to set a transect line 
across the stream and wad through the stream with a Marsh McBirney Flow Mate™ Model 2000 Portable 
Flowmeter to take discrete measurements of depth and velocity. 

The procedure for taking flow measurements at high stream flows will require the use of a USGS Bridge Board - 
Model 4200 for gauging streams from bridges. This device is free-standing and will accommodate a USGS A-Pack 
sounding reel - Model 3210.  The bridge board has a four-foot boom and is adjustable to a variety of railing heights 
and walkway widths.  The Marshe McBirney Flow Mate™ Model 2000 Portable Flowmeter will be attached to a 
USGS Columbus-type or "C" type streamlined lead sounding weight for use at high stream flows. 

The collection of discharge data at each stream site will be based on a ‘velocity-area’ method that incorporates a 
fixed water level logger and a water velocity sensor. Flow is determined by measuring the cross-sectional area of a 
stream and the average velocity for that cross-section using the flow continuity equation: 

Stream Flow  =  (Total Average Cross-sectional Area of Stream) * (Average Velocity), or more accurately, 

 



n

1  i
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Where: 

Q = Total Flow  
Ai = Area of i-th Segment  
Vi = Average Velocity in i-th Segment 
 
The cross-sectional area of each stream will be determined by establishing a transect, and making sets of equally 
spaced depth measurements across the stream. Within each segment, a Stream-Stick will be used to hold the velocity 
sensor of a Marsh McBirney Flow Mate™ Model 2000 Portable Flowmeter into the oncoming stream. The Stream-
Stick is a graduated vertical mounting device that allows a crew member to determine the depth of the velocity 
sensor at a given stream location. At the midpoint of each of the transect segments, current speeds will be measured 
at depths that represent 20%, 60%, and 80% of the mid-point depth, as measured from the water surface. Average 
current speed within each segment is determined as follows: 

iii VVVVi 806020 25.50.25.  , 
 

Where:  

Vi = average current speed in the i-th segment 
V20i = current speed at 20% of the water depth in the i-th segment 
V60i = current speed at 60% of the water depth in the i-th segment 
V80i = current speed at 80% of the water depth in the i-th segment 
 
The products of cross-sectional area and average current speed is summed up over the transect segments to give a 
computed flow. A discharge rating curve can be calculated when this measurement is performed numerous times 
when the stream is at different discharge rates. Once a rating curve is established it is possible to calculate flow at 
any stage. 
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At locations where a stream is channelized through a circular culvert, a circular pipe method may be used to 
calculate flow. This method involves taking a single transect along the vertical axis of the pipe’s cross-section. 
Velocity measurement for this method are taken at 20%, 40% and 80% of the flow’s depth. 

A vertical datum benchmark will be established at each monitoring station as a reference point for the re-
establishment of a staff gauge should it become lost or damaged from high flow, stream debris or vandalism. This 
vertical benchmark will be a chisel mark or nail on a natural or constructed feature of the stream bank or a mark on a 
stake driven into the stream bed or bank. 

B.5.2.3 Air Temperature  
HOBO® Temperature Pendant Data Logger UA-001-64 will be installed with the YSI 6920 V2-2 Sondes at each 
site so as to accurately measure air temperatures at a microclimatological level. The loggers will be installed in 
perforated PVC pipes above the water surface.  

B.5.3. INSTRUMENT MAINTENANCE AND CALIBRATION 

B.5.3.1 Water Quality  
The YSI 6920 V2-2 sondes will be calibrated by the manufacturer or equipment distributer before initial 
deployment. On a monthly basis, each sonde will be retrieved from its respective stream site for cleaning and 
calibration. In the event that unexpected elevated stream flows prevents the retrieval of a sonde, then the cleaning 
and calibration will be postponed until the next available retrieval opportunity. To reduce the likelihood of this 
occurrence, each sonde will be reinstalled periodically throughout the monitoring term at a stream depth that 
facilitates retrieval. Following a general cleaning, pH, conductivity, and turbidity will be calibrated according to the 
manufacturer’s standard operating procedures using fresh calibration solutions. pH will be two-point calibrated 
using pH 7 and 10 buffer solutions; conductivity will be calibrated using a 10,000 milli-Seimens standard of 
AMCO-AEPA styrene divinylbenzene beads; DO will be calibrated to 100 percent saturated air; and turbidity will 
be three-point calibrated to 0, 100 and 1000 Nephalometric Turbidity Units (NTUs).  

Pre and post calibration readings will be taken and recorded to determine the degree of drift experienced by each 
sensor over the period of deployment.  These readings will be recorded as data files in YSI’s software program 
EcoWatch, as well as on calibration data sheets specific to the project.  

Logged data from each sonde will be downloaded from the 650 MDS to a PC equipped with the sonde interface 
software EcoWatch.  Plots of data for each parameter will be reviewed. If it is discovered that data logged by a 
particular probe is unusual or suspect or, in the pre- and post-calibration checks has drifted more than expected it 
will be inspected and troubleshooting of the problem will ensue according to the manufacturer’s recommendations. 

Each team that will be involved with the deployment, maintenance and calibration of the sondes will possess kits 
containing tools and spare parts such as o-rings, silicon grease, wiper “blades”, ROX DO membranes, etc. Because 
pH probes are the only sensor prone to irreversible damage if the sonde is exposed to dry air several hours and may 
be damaged if cleaned too aggressively, a number of spare pH probes will be available. 

B.5.3.2 Stream Flow 
The HOBO Water Level Data Logger U20-001-01 and Temperature Pendant Data Logger UA-001-64 are factory 
calibrated and virtually maintenance free. HOBO loggers will be downloaded and cleaned on a monthly basis, 
stream flows permitting. In the event that unexpected elevated stream flows prevent the retrieval of a HOBO, then 
the downloading of data and cleaning will be postponed until the next available retrieval opportunity. 

B.5.3.3 Air Temperature  
The HOBO Water Level Data Logger U20-001-01 and Temperature Pendant Data Logger UA-001-64 are factory 
calibrated and virtually maintenance free. HOBO loggers will be downloaded and cleaned on a monthly basis, 
stream flows permitting. In the event that unexpected elevated stream flows prevent the retrieval of a HOBO, then 
the downloading of data and cleaning will be postponed until the next available retrieval opportunity. 
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B.5.4. DATA ACQUISITION 

B.5.4.1 Water Quality  
Data will be downloaded from each sonde on a monthly basis. To facilitate data acquisition, a waterproof download 
cable will be connected to each sonde at the time of installation and affixed to an easily assessable location on the 
stream bank. This data cable will allow field crews to download data to a hand-held 650 MDS unit or portable 
computer without having to retrieve the sonde from the stream. For data security, downloaded electronic files will be 
backed up at the time of acquisition to a redundant data storage device that will be maintained in a separate physical 
location than the 650 MDS or portable computer. 

Raw data files downloaded to the 650 MDS in the field will be uploaded to an office PC using the YSI software, 
EcoWatch, and stored as original files. Copies of the original files will be used for data manipulation. Although 
EcoWatch is capable of handling 150,000 data sets, producing data plots and calculating statistics, a spreadsheet or 
database program (i.e., Microsoft Excel) will be used to clean up data records and perform calculations.  

B.5.4.2 Stream Flow 
For launching and reading out the Water Level logger in the field, a handheld device or laptop computer will be used 
with HOBOware Pro and an Onset Optic USB Base Station (BASE-U-4), with a coupler (COUPLER2-B) or the 
HOBO Waterproof Shuttle (U-DTW-1) with a coupler (COUPLER2-B).  

Data will be downloaded from the HOBO® Water Level Data Logger U20-001-01 using HOBOware Pro® 
software. Using a reference water level, HOBOware Pro automatically converts the pressure readings into water 
level readings. The files will then be used for data manipulation and processing in a spreadsheet or database 
program. HOBOware Pro also supports compensation for temperature, fluid density, and barometric pressure.  

B.5.4.3 Air Temperature  
As with the HOBO® Water Level Data Logger U20-001-01, launching and reading out the Water Level logger in 
the field will be done with a handheld device or laptop computer will be used with HOBOware Pro and an Onset 
Optic USB Base Station (BASE-U-4), with a coupler (COUPLER2-B) or the HOBO Waterproof Shuttle (U-DTW-
1) with a coupler (COUPLER2-B).  

Data will be downloaded from the HOBO® Temperature Pendant Data Logger UA-001-64 using HOBOware Pro® 
software. The files will be used for data manipulation and processing in a spreadsheet or database program. 
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1.0. INTRODUCTION/OBJECTIVE 
 
This Monitoring and Reporting Program (MRP) is issued pursuant to California Water 
Code (CWC) Section 13267(b) and requires the monitoring and assessment of waters 
of the State (wetlands, streams and riparian areas) and the submission of technical 
reports.  The objective of monitoring conducted under this monitoring program is to 
provide the California Department of Transportation (Caltrans) and the North Coast 
Regional Water Quality Control Board (Regional Water Board) with information 
concerning the conditions and quality of waters of the State and concentration trends 
within and adjacent to the proposed Highway 101 Willits Bypass Project (project) and 
the associated off-site mitigation lands.  The request for technical reports associated 
with this Order/MRP is related to Caltrans March 1, 2010, application for a Clean Water 
Act Section 401 Water Quality Certification/Waste Discharge Requirements.  The 
technical reports required within this MRP are necessary for the Regional Water Board 
to appropriately determine whether or not the project will adequately comply with the 
Basin Plan and provide the mitigation necessary to compensate for a net loss of 
approximately 30 acres of wetlands. 
 
This MRP is designed to collect data and provide reports that assess the biological, 
chemical, physical conditions of resources within the jurisdiction of the Regional Water 
Board for both the bypass footprint and the associated mitigation lands.  This MRP 
replaces the proposed Surface Water Monitoring and Reporting Plan as presented in 
Appendix G of the Caltrans-prepared Final Mitigation and Monitoring Proposal (Final 
MMP) dated, June 8, 2010.  
 
One purpose of the monitoring is to establish baseline conditions of surface waters for 
the bypass area and the mitigation lands.  The baseline data will be used to 
demonstrate that the bypass is in compliance with the Basin Plan and the United States 
Environmental Protection Agency (U.S. EPA) established sediment and temperature 
total maximum daily loads (TMDLs) for the Upper Main Eel River and tributaries 
(including Tomki Creek, Outlet Creek and Lake Pillsbury).  Pursuant to Regional Water 
Board Resolution R1-2004-0087, Total Maximum Daily Load Implementation Policy 
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Statement for Sediment-Impaired Receiving Waters within the North Coast Region 
(Sediment TMDL Implementation Policy), the Executive Officer is directed to “rely on the 
use of all available authorities, including existing regulatory standards, and permitting 
and enforcement tools to more effectively and efficaciously pursue compliance with 
sediment-related standards by all dischargers of sediment waste.”   
  
Another purpose of this MRP is to establish baseline conditions of surface waters to 
verify the establishment and enhancement of wetlands, riparian areas, and waters of 
the U.S. and State within the mitigation lands.   
 
The primary objectives of the MRP include, but are not limited to: 
 

A. Assessing the biological, chemical, physical impacts of the bypass and 
enhancement of the mitigation lands; 

B. Assessing the overall health and evaluating long-term trends in receiving 
water quality; 

C. Assessing compliance with water quality objectives and TMDLs; 
D. Identifying sources of pollutants; and 
E. Measuring and assessing the reductions or prevention in pollutant loads. 

 
The data collection and evaluation will be broken down into four separate phases (with 
multiple tasks per phase) that will necessitate revisions to the MRP as trends and 
comparisons can be drawn from the information gathered.  This MRP is intended to 
guide the collection and evaluation of data to supplement the Final MMP for the short 
term and long term mitigation plans as well as the associated monitoring and 
assessment approach.  Also see MRP Appendix 1 – Willits Bypass Flow Chart.  The 
requirements outlined in this Order are not subject to an expiration date, and remain in 
full effect and are enforceable. 
 
The four phases and associated tasks of this MRP will be:  
 
Phase I - Baseline Evaluation and Reporting (Bypass and Mitigation Lands) 
 Baseline Tasks 

a) Collect baseline water quality data for bypass and mitigation lands 
b) Collect baseline bioassessment data for bypass and mitigation lands 
c) Collect baseline wetland data for bypass and mitigation lands 
d) Prepare reports that evaluate data sets 
e) Incorporate data evaluation, revised success criteria, and revised 

management plans into MMP  
 

Phase II - Construction Compliance Monitoring and Reporting (Bypass and 
Mitigation Lands) 
 Construction Compliance Tasks 

a) Conduct water quality monitoring within the bypass  
b) Yearly reporting on construction compliance and mitigation progress  
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Phase III - Mitigation Land Enhancement (Mitigation Lands) and Repair Success 
(Bypass) – Evaluating and Measuring Success  
 Enhancement and Repair Monitoring Tasks 

a) Conduct water quality monitoring within the bypass and mitigation lands to 
verify repair and enhancement success  

b) Collect bioassessment data for bypass and mitigation lands to verify repair 
and enhancement success 

c) Collect wetland data for bypass and mitigation lands to verify repair and 
enhancement success 

d) Yearly reporting on compliance and mitigation progress 
e) Final Mitigation Report 

 
Phase IV - Long Term Total Maximum Daily Load (TMDL) compliance for the 
Bypass and the Mitigation Lands. 
 TMDL and Long Term Management Tasks 

a) Once success has been achieved for the on-site repair areas and the off-site 
mitigation lands, Caltrans shall develop TMDL Compliance Plan associated 
with the Long Term Management Plan.   

 
This MRP will detail Phases 1 and 2 to ensure the proper development and 
implementation of Phase 3 and 4, which are outlined in this order equally to the baseline 
approach (Appendix 1).  Under the authority of CWC Section 13267(b), Caltrans is 
required to comply with the following: 
 
 
2.0. SURFACE WATER MONITORING and REPORTING PROGRAM 
DEVELOPMENT 
 
Prior to implementing a monitoring and sampling program Caltrans shall develop the 
proper Quality Assurance Project Plan (QAPP) to ensure the data gathered will be 
reliable for statistical evaluation.  The validity of the data collected during the program 
hinges on the proper methods and procedures used to develop the project plan.    
 
2.1. Quality Assurance Project Plan 
 
Caltrans shall develop a QAPP for the bypass footprint (including onsite restoration 
areas) and the offsite mitigation lands.  The QAPP shall be submitted at least 15 days 
prior to conducting sampling and monitoring, for Executive Officer of the Regional Water 
Board for prior review and concurrence no later than July 30th, 2010.      
 
2.2. Bioassessment Protocols 
 
Pre-project bioassessments must be conducted prior to initiating any ground-disturbing 
activities or vegetation removal.  Post-project bioassessments shall be performed the 
following season after completion of the bypass.  In addition, for the mitigation lands 
post-project bioassessments shall be performed the season after the completion of the 
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mitigation actions at years five and ten of the mitigation monitoring period.  The stream 
bioassessments must be performed in accordance with the State Water Resources 
Control Board (SWRCB) Surface Water Ambient Monitoring Program (SWAMP) 
Standard Operating Procedures for Collecting Benthic Macroinvertebrate Samples and 
Associated Physical and Chemical Data for Ambient Bioassessments in California, 
dated February 2007, and associated standard operating procedure memo, dated 21 
May 2007, and guidance on quality assurance, dated 17 September 2008.  In addition, 
the Standard Operating Procedures for Collecting Stream Algae Samples and 
Associated Physical Habitat and Chemical Data for Ambient Bioassessments in 
California, dated June 2009, shall be used for the algae portion of the bioassessment. 
 
The bioassessment must be conducted in accordance with the “full” suite of physical 
habitat characterization measurements, using the “reachwide benthos (Multi-Habitat) 
procedure”, and for algae sampling.  The SWRCB SWAMP standard operating 
procedures, memos, and guidance documents can be found online at: 
http://swamp.mpsl.mlml.calstate.edu/resources-and-downloads/standard-operating-
procedures  
 
 
3.0. PHASE I - BASELINE MONITORING AND REPORTING  
 
The results of the monitoring requirements outlined below shall be used to develop 
performance standards and success criteria for the on-site restoration areas (bypass 
footprint) and the off-site mitigation lands.  Additionally, the data will be used to 
demonstrate the enhancement and protection of beneficial uses and long term TMDL 
implementation for the receiving waters with the Outlet Creek Hydrologic Sub-Area 
(HSA). 
 
3.1.  Baseline Bypass Monitoring 

 
The following water quality constituents will be measured as part of the baseline 
monitoring in the bypass footprint.  This baseline data shall be collect from August 1st, 
2010 to at least October 15th, 2011, if baseline conditions are not changed baseline 
monitoring shall continue.  
 

Constituent(s) Frequency 
Stream flow (cubic feet per second) Continuous  
pH Continuous 
Temperature (Air and Water) Continuous 
Total Dissolved Solids Continuous 
Turbidity Continuous 
Specific Conductance Continuous 
Dissolved Oxygen  Continuous 
Total Settleable Solids Monthly* 
Hardness Monthly* 
Total and Dissolved Metals (Cam 17) Monthly* 
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Oil and Grease Monthly* 
Methlylene Blue Activated Substances Event based* 
Bioassessment – BMI, Phab, & Algae One Baseline Survey in Summer 2010. 

(Reaches that are dry in 2010 shall be 
conducted in Spring 2011) 

California Rapid Assessment Method 
(CRAM) Score 

One survey to be determined per CRAM 
methodology (Spring 2011)  

* Additional precipitation event sampling to be conducted in conjunction with the 
“first flush1” event and the three subsequent storm events > 0.25 inches of 
precipitation in 24 hours and which generate visible runoff.  Precipitation events 
are separated by 48 hours of dry weather. 

 
In addition, monthly and precipitation event based monitoring will include visual 
observations of the appearance of the stream including color, presence of floating or 
suspended matter or debris; appearance of the receiving water at the station location 
(e.g., occurrence of erosion and scouring, solids deposition, unusual aquatic growth, 
algae); and observations about the receiving water, such as the presence of aquatic life.  
 
Wetland baseline assessments throughout the bypass footprint shall include: 

• Hydrology [i.e., ground water level fluctuation (discharge and recharge), 
inundation (depth, duration and frequency), soil saturation, drainage patterns, 
erosion and deposition]  

• Hydrology frequency every two weeks from November 1st - May 30th, 2010 
• Absolute percent coverage of wetland plants 
• Relative percent cover of native plant species 
• Species richness 
• Absolute percent coverage of invasive species 
• CRAM score. 

 
3.2. Baseline Bypass Monitoring Locations 
 
As described in Figure 1, Appendix G of the Final MMP, the number of monitoring 
locations will vary according to the status of bypass construction.  Baseline water quality 
data will be collected at the following 10 locations along the bypass alignment: 
 

• Upper Haehl Creek downstream of the Haehl Creek interchange construction 
footprint (WQ-3); 

• Middle Haehl Creek downstream of the Haehl Creek bridge construction footprint 
(WQ-5); 

• Lower Haehl Creek downstream of the viaduct construction footprint, but 
upstream of the Baechtel Creek confluence (WQ-9); 

                                                 
1 First flush is the initial surface runoff from a rainstorm after the dry season that causes a measurable 
increase of flow in surface waters. 
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• Baechtel Creek upstream of the Baechtel Creek retaining wall construction 
footprint (WQ-6), upstream of the Haehl Creek confluence (WQ-7), and upstream 
of the viaduct construction footprint (WQ-10); 

• Broaddus Creek upstream of the viaduct construction footprint (WQ-12); 
• Outlet Creek downstream of the viaduct construction footprint (WQ-11); 
• Mill Creek downstream of the viaduct construction footprint (WQ-14); and 
• Upp Creek downstream of the Quail Meadows interchange construction footprint 

(WQ-17). 
 
Bioassessment monitoring will occur at the following 13 locations along the bypass 
alignment (Figure 2, Appendix G of the Final MMP): 
 

• Upper Haehl Creek upstream of the Haehl Creek interchange (BA-1), within the 
Haehl Creek interchange creek restoration (BA-2), and downstream of the Haehl 
Creek interchange (BA-3); 

• Baechtel Creek below its confluence with Haehl Creek (BA-4), along the 
Category I riparian enhancement area parcels (BA-5), and below the riparian 
enhancement area (BA-6); 

• Outlet Creek downstream of the Baechtel-Broaddus Creek confluence but 
upstream of the Category I riparian enhancement area (BA-7); 

• Mill Creek upstream of the bypass footprint (BA-8), below the bypass footprint 
(BA-9), and downstream of the Category I riparian enhancement parcel (BA-10); 
and 

• Upp Creek upstream of the Quail Meadows interchange (BA-11), within the Quail 
Meadows interchange creek restoration (BA-12), and downstream of the Quail 
Meadows interchange (BA-13). 

 
Wetland baseline assessments throughout the bypass footprint shall be conducted in 
accordance with the following: 

• Plants surveys conducted in spring 2011 for 10-20% of total wetland acreage. 
 
3.3. Baseline Mitigation Monitoring 

 
The following water quality constituents will be measured as part of baseline monitoring 
in the mitigation lands.  This baseline data shall be collected from August 1st, 2010 to at 
least October 15th, 2011, if baseline conditions are not changed baseline monitoring 
shall continue. 
 

Constituent(s) Frequency 
Stream flow  Continuous  
pH Continuous 
Temperature (air and water) Continuous 
Total Dissolved Solids Continuous 
Turbidity Continuous 
Specific Conductance Continuous 



R1-2010-0066 MRP -7- 
Willits Bypass Project 
 
 

 
 

Dissolved Oxygen Continuous 
Total Settleable Solids Monthly* 
Total and Dissolved Metals (Cam 17) Monthly* 
Total Nitrogen Monthly* 
Ammonia Monthly* 
Nitrate and Nitrite Monthly* 
Total Kjeldahl Nitrogen  Monthly* 
Biological Oxygen Demand Monthly* 
Total and Dissolved Phosphorus Monthly* 
Hardness Monthly* 
Fecal Coliform Monthly* 
Enterococcus Monthly* 
Total Organic Carbon Monthly* 
Bioassessment – BMI, Phab, & Algae Two Baseline Surveys Summer 2010 

and Spring 2011 (April/May). 
CRAM Score One survey to be determined per CRAM 

methodology (Spring 2011)  
* Additional precipitation event sampling to be conducted in conjunction with the 
“first flush” event and the three subsequent storm events > 0.25 inches of 
precipitation in 24 hours and which generate visible runoff.  Precipitation events 
are separated by 48 hours of dry weather. 

 
In addition, monthly and precipitation event based monitoring will include visual 
observations of the appearance of the stream including color, presence of floating or 
suspended matter or debris; appearance of the receiving water at the station location 
(e.g., occurrence of erosion and scouring, solids deposition, unusual aquatic growth, 
algae); and observations about the receiving water, such as the presence of aquatic life.     
 
Wetland baseline assessments throughout the mitigation lands shall include: 
 

• Hydrology [i.e., ground water level fluctuation (discharge and recharge), 
inundation (depth, duration and frequency), soil saturation, drainage patterns, 
erosion and deposition] 

• Hydrology frequency every two weeks from November 1st - May 30th, 2010 
• Nutrient removal/transformation 
• Sediment/toxicant retention 
• Absolute percent coverage of wetland plants 
• Relative percent cover of native plant species 
• Species richness 
• Absolute percent coverage of invasive species 
• CRAM score 

 
3.4. Baseline Mitigation Land Monitoring Locations 
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As described in Figure 1, Appendix G of the Final MMP, the number of monitoring 
locations will vary according to the status of bypass construction.  Baseline water quality 
data will be collected at the following 10 locations along the bypass alignment: 
 
Water quality monitoring will occur at the following 10 locations at the offsite mitigation 
parcels (Figure 1): 

• Old Outlet Creek downstream of parcel 108-030-04 (WQ-20), west of parcel 108-
010-06 along the Category I riparian creation area (WQ-21), and west of parcel 
108-010-06 downstream of the Category II riparian creation site on lower Wild 
Oat Canyon Creek (WQ-22); 

• Outlet Creek downstream of parcels 108-030-05 (WQ-18) and 108-020-04\ (WQ-
19); 

• Davis Creek upstream of parcel 108-070-08 (WQ-23), downstream of parcel 108-
060-01 (WQ-24), and downstream of parcel 108-010-05 (WQ-25); and 

• Berry Creek upstream of Category I riparian creation on parcel 108-070-09 (WQ-
26), and downstream of parcel 108-060-02 (WQ-28). 

 
Bioassessment monitoring will occur at the following 10 locations at the offsite mitigation 
lands (Figure 2): 
 

• Outlet Creek downstream of parcels 108-030-05 (BA-14) and 108-020-04 (BA-
15); 

• Old Outlet Creek downstream of parcel 108-030-04 (BA-16), west of parcel 108-
010-06 along the Category I riparian creation area (BA-17), and west of parcel 
108-010-06 downstream of the Category II riparian creation site on lower Wild 
Oat Canyon Creek (BA-18); 

• Davis Creek upstream of parcel 108-070-08 (BA-19), downstream of parcel 108-
060-01 (BA-20), and downstream of parcel 108-010-05 (BA-21); and 

• Berry Creek upstream of Category I riparian creation on parcel 108-070-09 (BA-
22), and downstream of parcel 108-060-02 (BA-24). 

 
Wetland assessment for mitigation monitoring shall be collected in accordance with the 
following: 

• Plants surveys conducted in spring 2011 for 10-20% of total wetland acreage. 
 
3.4.0. Data Evaluation and Reporting 
 
Caltrans shall submit a report documenting the results of the baseline water quality 
surveys required by this MRP for the bypass and mitigation lands.  The report shall 
evaluate the data gathered and revise the performance standards and success criteria 
set for the bypass footprint restoration actions and the enhancement of the off-site 
mitigation lands.  The CRAM scores shall be entered into the CRAM database.    
 
3.4.1. Baseline Evaluation Reports and Revised MMP 
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Subsequent to the collection of the baseline data for Caltrans shall prepare baseline 
evaluation reports that will be incorporated into the final MMP.  The reports shall 
include, at a minimum, the following information: 

• Data collection procedures protocols 
• QA/QC for sample collection, handling and analysis 
• Data in narrative summaries and data analysis 
• Summaries and conclusions 
• Data Tables 
• Data Graphs 
• Maps 
• Images 

 
The reports shall correlate site observations, historical data, and baseline data to 
determine the baseline conditions and the proper functioning conditions (PFC) of the 
mitigation lands.  The PFC or desired conditions shall be correlated to the performance 
standards and success criteria for wetlands, streams, and riparian/buffer areas.  The 
baseline reports are due to the Regional Water Board by January 31, 2012.  The 
baseline reports shall be incorporated in the MMP and submitted to the Regional Water 
Board by April 30, 2012. 
 
3.4.2. Revised Performance Standards / Success Criteria 
 
The performance standards listed below shall be cumulatively assessed within each 
category to determine the success of the mitigation and repair actions.  Those 
performance standards and success criteria shall be incorporated in the MMP, which 
shall be submitted to the Regional Water Board by April 30, 2012. 
 
3.4.3. Riparian (Buffer) Establishment/Creation, Repair, and Enhancement Success 
Criteria 
 
Based on the baseline data gathered Caltrans shall include the following performance 
standards and success criteria: 

• Plant survival 
• Plant vigor 
• Percent vegetation cover (canopy) 
• Maximum site potential shade 
• Baseline percent canopy cover 
• Percent effective shade (shade on water) 
• Baseline and target temperature objectives 
• Physical Habitat Criteria per SWAMP protocols 
• Benthic Index of Biotic Integrity (B-IBI) for Wadeable Streams in Northern 

Coastal California.  
 
3.4.4. Wetland Establishment/Creation, Repair and Enhancement Success Criteria  
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Based on the baseline data gathered Caltrans shall include shall include the following 
performance standards and success criteria: 

• Hydrology [i.e., ground water level fluctuation (discharge and recharge), 
inundation (depth, duration and frequency), soil saturation, drainage patterns, 
erosion and deposition] 

• Nutrient removal/transformation 
• Sediment/toxicant retention 
• Absolute percent coverage of wetland plants 
• Relative percent cover of native plant species 
• Species richness 
• Absolute percent coverage of invasive species 
• CRAM score. 

 
3.4.5. Other Waters (streams) Enhancement Success Criteria 
 
Based on the baseline data gathered Caltrans shall include shall include the following 
performance standards and success criteria: 

• Geomorphic conditions (i.e., cross sectional water depth, wetted channel width, 
bankfull width, substrate characteristics, canopy cover, gradient, sinuosity, large 
woody debris, fish habitat characteristics and rating)  

• Physical Habitat Criteria per SWAMP protocols 
• IBI for BMI assessment including but not limited to (taxa richness, taxa 

composition, percent tolerant/intolerent organisms, functional feeding group 
analysis, and abundance) 

• B-IBI for Wadeable Streams in Northern Coastal California 
• CRAM Score. 

 
3.4.6. Work Plan / Short Term Management Plan  
 
Subsequent to evaluating the baseline data collected and revising the performance 
standards, Caltrans shall revise the work plan / short term mitigation plan for the bypass 
and mitigation lands to include: 

• Mitigation Specific Design Plans (e.g., riparian/buffer planting plans, erosion site 
restoration plans, exclusionary fence locations)  

• Repair Action Specific Design Plans (e.g., riparian/buffer planting plans) 
• Design and Construction Specifications  
• Implementation Schedule 

 
The revised work plan / short term management plan shall be incorporated in the MMP 
and submitted to the Regional Water Board by April 30, 2012. 
 
3.4.7. Grazing Management Plan 
 
Subsequent to evaluating the data collected from Phase I of the MRP Caltrans shall 
revise the grazing management plan (parcel or quadrant specific) to include monitoring 
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for the performance standards listed above that apply to streams, riparian areas, and 
wetlands.  The goal is to monitor and manage the PFC of the wetlands, riparian areas, 
and streams.  
 
The grazing management plan shall include the following goals and objectives: 

• The components (functioning conditions of the ecosystem and cattle) 
• What is to be accomplished (enhancement of the PCF) 
• The amount of change (success criteria increase from baseline) 
• The locations (parcel or quadrant specific) 
• A timeframe (schedule for success and reevaluation of management practices) 

 
The grazing management plan shall include the following specifics: 

• Parcel or quadrant prescription 
• Parcel or quadrant grazing schedule 
• A schedule and plan that clearly depicts the avoidance of grazing the same areas 

at the same times year after year;  
• A setback plan to prevent cattle from entering streams;  
• A schedule and plan that provides for plant development prior to or plant 

recovery following the grazing period each year; and 
• An inspection schedule to assess the condition of all riparian areas at a 

frequency adequate to enable (at least weekly during grazing), if necessary, 
prompt corrective management action to protect the health of the riparian area.  
The land manager shall make weekly inspections reports, keep a log of all 
reports and make them available at the Request of the Regional Water Board 
staff. 

 
The revised grazing management plan shall be incorporated in the MMP and 
submitted to the Regional Water Board by April 30, 2012. 

 
 
4.0. PHASE II - CONSTRUCTION COMPLIANCE MONITORING and REPORTING 
 
In order to demonstrate compliance with the applicable water quality objectives Caltrans 
shall conducting monitoring in accordance with this Order and the Water Quality 
Certification.  This order requires monitoring at static locations throughout the 
construction of the bypass.   
 
4.1. Water Quality Monitoring for the Bypass Footprint. 
 

Constituent(s) Frequency 
Stream flow  Continuous  
pH Continuous 
Temperature (Air and Water) Continuous 
Total Dissolved Solids Continuous 
Turbidity Continuous 
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Specific Conductance Continuous 
Dissolved Oxygen Continuous 
Total Settleable Solids Monthly* 
Total and Dissolved Metals (Cam 17) Monthly* 
Hardness Monthly* 
Oil and Grease Monthly* 
Methlylene Blue Activated Substances Monthly* 
* Additional precipitation event sampling to be conducted in conjunction with the 
“first flush” event and the three subsequent storm events > 0.25 inches of 
precipitation in 24 hours and which generate visible runoff.  Precipitation events 
are separated by 48 hours of dry weather. 

 
In addition, monthly and precipitation event based monitoring will include visual 
observations of the appearance of the stream including color, presence of floating or 
suspended matter or debris; appearance of the receiving water at the station location 
(e.g., occurrence of erosion and scouring, solids deposition, unusual aquatic growth, 
algae); and observations about the receiving water, such as the presence of aquatic life. 
 
Water quality data will be collected at the following 17 locations along the bypass 
alignment for construction compliance monitoring (Figure 1, Appendix G Final MMP): 
 

• Upper Haehl Creek upstream of the interchange construction footprint (WQ-1), 
within the construction foot print (WQ-2) and downstream of the Haehl Creek 
interchange (WQ-3); 

• Middle Haehl Creek bridge construction upstream of the project footprint (WQ-4) 
and downstream of the project footprint (WQ-5);  

• Baechtel Creek upstream of the Baechtel Creek retaining wall construction 
footprint (WQ-6), upstream of the Haehl Creek confluence (WQ-7), Lower Haehl 
Creek upstream of the bypass footprint (WQ-8); 

• Lower Haehl Creek downstream of the viaduct construction footprint, but 
upstream of the Baechtel Creek confluence (WQ-9); and upstream of the viaduct 
construction footprint (WQ-10); 

• Outlet Creek downstream of the viaduct construction footprint (WQ-11) and 
Broaddus Creek upstream of the viaduct construction footprint (WQ-12); 

• Mill Creek upstream of the viaduct construction footprint.(WQ-13) downstream of 
the viaduct construction footprint (WQ-14); and 

• Upp Creek upstream (WQ-15) and within (WQ-16) the Quail Meadows 
interchange construction footprint and downstream of the interchange 
construction footprint (WQ-17). 

 
4.2. Water Quality Objectives 
 

Water Quality Objectives 
Constituent  Concentrations 
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pH2 >6.5 or <8.5 
Temperature3 <0.5 degrees F  
Dissolved Oxygen4 >7.0 mg/L or (>9.0 mg/L) 
Total Dissolved Solids <2305 or <1256 
Turbidity <20% above background  
Specific Conductance7  <4005 or <2006 
Hardness Used to correlate metals concentrations 
Total and Dissolved Metals  Various aquatic criteria within the 

California Toxics Rule  
Total Suspended Solids Waters shall not contain substances in 

concentrations that causes nuisance or 
adversely affect beneficial uses. 

Oil and Grease 

 
4.3. Reporting  
 
Annual Status Reports: Caltrans shall provide the Regional Water Board with an Annual 
Status Report no later than January 31 of every year beginning with issuance of this 
Order and continuing until the Regional Water Board accepts the Final Mitigation 
Report.  Each annul report shall include, at a minimum: 1) a summary of all monitoring 
reports identified in this Order; 2) a general description of the status of the project site 
and project activities, including actual or projected completion dates, if known; 3) a 
summary of the annual mitigation monitoring reports and the current implementation 
status of each mitigation measure; 4) an assessment of the effectiveness of each 
completed or partially completed mitigation measure in minimizing and mitigating project 
impacts; 5) results and an evaluation of the data collected from this MRP; 6) Monthly 
Monitoring and Rainy Day Reports; and 7) A compliance table (spreadsheet) that 
presents each condition of this certification, time frame (yearly calendar), project 
milestones and achievements, all reported discharges, and all violations of this Order 
and each condition of the Water Quality Certification.   
 
 
5.0. PHASE III – EVALUATING SUCCESS FOR THE MITIGATION LAND 
ESTABLISHMENT/CREATION AND ENHACEMENT (MITIGATION LANDS) AND ON-
SITE REPAIR (BYPASS)  

                                                 
2 Changes in normal ambient pH levels shall not change 0.5 units within the range specified in fresh 
waters with designated COLD or WARM beneficial uses. 
3 The natural receiving water temperature of intrastate waters shall not be altered unless it can be 
demonstrated to the satisfaction of the Regional Water Board that such alteration in temperature does not 
adversely affect beneficial uses.  At no time or place shall the temperature of any COLD water be 
increased by more than 5°F above natural receiving water temperature. 
mg/L – milligrams per liter 
4 Waters designated SPWN during critical spawning and egg incubation periods is >9.0 mg/l 
5 90% or more of the yearly values must be less than or equal this limit. 
6 50% or more of the monthly means must be less than this limit. 
7 micromhos @ 77°F 
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As stated in Section 1.0., the purposes of the baseline monitoring is to establish the 
conditions of surface waters to verify the establishment, enhancement and repair of 
wetlands, riparian areas (buffers), and streams within the mitigation lands and bypass 
footprint, respectively.  Prior to Phase III the proper functioning conditions of the 
establishment, enhancement, and repair sites has been determined, and the data 
gathered during the baseline has been correlated with the performance standards and 
ultimate success criteria.  The following post construction monitoring will be 
implemented to track performance and determine success.  
 
5.1. Post-Construction Bypass Water Quality  
 
The following water quality monitoring program will be conducted for one calendar year 
(at years one, two, five and ten) as part of compliance monitoring in the bypass footprint 
subsequent to the completion bypass. 
 

Constituent(s) Frequency 
Stream flow  Continuous  
pH Continuous 
Temperature (Air and Water) Continuous 
Total Dissolved Solids Continuous 
Turbidity Continuous 
Specific Conductance Continuous 
Dissolved Oxygen Continuous 
Total Settleable Solids Monthly* 
Total and Dissolved Metals (Cam 17) Monthly* 
Hardness Monthly* 
Oil and Grease Monthly* 
Methlylene Blue Activated Substances Monthly* 
Bioassessment – BMI, Phab, & Algae Summer and Spring Surveys twice per 

year (July/August and April/May) at 
years one, two, five and ten 

CRAM Score To be determined per CRAM 
methodology (Spring)  

* Additional precipitation event sampling to be conducted in conjunction with the 
“first flush” event and the three subsequent storm events > 0.25 inches of 
precipitation in 24 hours and which generate visible runoff.  Precipitation events 
are separated by 48 hours of dry weather. 

 
Wetland Assessment for On-site Restoration shall include: 

• Hydrology [i.e., ground water level fluctuation (discharge and recharge), 
inundation (depth, duration and frequency), soil saturation, drainage patterns, 
erosion and deposition] 

• Absolute percent coverage of wetland plants 
• Relative percent cover of native plant species 
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• Species richness 
• Absolute percent coverage of invasive species 
• CRAM score. 

 
5.2. Bypass Monitoring Locations 
 
Water quality data will be collected at the following 17 locations along the bypass 
alignment (Figure 1, Appendix G, Final MMP): 
 

• Upper Haehl Creek upstream of the interchange construction footprint (WQ-1), 
within the construction foot print (WQ-2) and downstream of the Haehl Creek 
interchange (WQ-3); 

• Middle Haehl Creek bridge construction upstream of the project footprint (WQ-4) 
and downstream of the project footprint (WQ-5);  

• Baechtel Creek upstream of the Baechtel Creek retaining wall construction 
footprint (WQ-6), upstream of the Haehl Creek confluence (WQ-7), Lower Haehl 
Creek upstream of the bypass footprint (WQ-8); 

• Lower Haehl Creek downstream of the viaduct construction footprint, but 
upstream of the Baechtel Creek confluence (WQ-9); and upstream of the viaduct 
construction footprint (WQ-10); 

• Outlet Creek downstream of the viaduct construction footprint (WQ-11) and 
Broaddus Creek upstream of the viaduct construction footprint (WQ-12); 

• Mill Creek upstream of the viaduct construction footprint.(WQ-13) downstream of 
the viaduct construction footprint (WQ-14); and 

• Upp Creek upstream (WQ-15) and within (WQ-16) the Quail Meadows 
interchange construction footprint and downstream of the interchange 
construction footprint (WQ-17). 

 
Bioassessment monitoring will occur at the following 13 locations along the bypass 
alignment once per year at years two, five and ten subsequent to the completion of the 
bypass (as proposed in the Final MMP): 
 

• Upper Haehl Creek upstream of the Haehl Creek interchange (BA-1), within the 
Haehl Creek interchange creek restoration (BA-2), and downstream of the Haehl 
Creek interchange (BA-3); 

• Baechtel Creek below its confluence with Haehl Creek (BA-4), along the 
Category I riparian enhancement area parcels (BA-5), and below the riparian 
enhancement area (BA-6); 

• Outlet Creek downstream of the Baechtel-Broaddus Creek confluence but 
upstream of the Category I riparian enhancement area (BA-7); 

• Mill Creek upstream of the bypass footprint (BA-8), below the bypass footprint 
(BA-9), and downstream of the Category I riparian enhancement parcel (BA-10); 
and 
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• Upp Creek upstream of the Quail Meadows interchange (BA-11), within the Quail 
Meadows interchange creek restoration (BA-12), and downstream of the Quail 
Meadows interchange (BA-13). 

 
Wetland assessment for the bypass footprint shall be collected in accordance with the 
following: 

• Plants surveys conducted in spring 2011 for 10-20% of total wetland acreage. 
 
5.3. Mitigation Monitoring  

 
The following water quality monitoring program will be conducted for one calendar year 
(at years one, two, five and ten) as part of establish and enhancement monitoring in the 
mitigation lands subsequent to the completion of the mitigation actions.  The mitigation 
actions are defined as construction events (e.g., wetland creation, riparian creation, 
bank erosion stabilization), not management activities (e.g., grazing management). 
 

Constituent(s) Frequency 
Stream flow  Continuous  
pH Continuous 
Temperature (air and water) Continuous 
Total Dissolved Solids Continuous 
Turbidity Continuous 
Specific Conductance Continuous 
Dissolved Oxygen Continuous 
Total Settleable Solids Monthly* 
Total and Dissolved Metals (Cam 17) Monthly* 
Total Nitrogen Monthly* 
Ammonia Monthly* 
Nitrate and Nitrite Monthly* 
Total Kjeldahl Nitrogen  Monthly* 
Biological Oxygen Demand Monthly* 
Total and Dissolved Phosphorus Monthly* 
Hardness Monthly* 
Fecal Coliform Monthly* 
Enterococcus Monthly* 
Total Organic Carbon Monthly* 
Bioassessment – BMI, Phab, & Algae Twice per year (July/August and 

April/May) at years one, two, five and 
ten 

CRAM Score To be determined per CRAM 
methodology (Spring)  

* Additional precipitation event sampling to be conducted in conjunction with the 
“first flush” event and the three subsequent storm events > 0.25 inches of 
precipitation in 24 hours and which generate visible runoff.  Precipitation events 
are separated by 48 hours of dry weather. 
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In addition, monthly and precipitation event based monitoring will include visual 
observations of the appearance of the stream including color, presence of floating or 
suspended matter or debris; appearance of the receiving water at the station location 
(e.g., occurrence of erosion and scouring, solids deposition, unusual aquatic growth, 
algae); and observations about the receiving water, such as the presence of aquatic life.     
 
Wetland Assessment for Mitigation Monitoring: 
 

• Hydrology [i.e., ground water level fluctuation (discharge and recharge), 
inundation (depth, duration and frequency), soil saturation, drainage patterns, 
erosion and deposition] 

• Nutrient removal/transformation 
• Sediment/toxicant retention 
• Absolute percent coverage of wetland plants 
• Relative percent cover of native plant species 
• Species richness 
• Absolute percent coverage of invasive species 
• CRAM score 

 
5.4. Mitigation Land Monitoring Locations 
 
Bioassessment monitoring will occur at the following 10 locations at the offsite mitigation 
lands subsequent to the completion of the mitigation actions (Figure 2): 
 

• Outlet Creek downstream of parcels 108-030-05 (BA-14) and 108-020-04 (BA-
15); 

• Old Outlet Creek downstream of parcel 108-030-04 (BA-16), west of parcel 108-
010-06 along the Category I riparian creation area (BA-17), and west of parcel 
108-010-06 downstream of the Category II riparian creation site on lower Wild 
Oat Canyon Creek (BA-18); 

• Davis Creek upstream of parcel 108-070-08 (BA-19), downstream of parcel 108-
060-01 (BA-20), and downstream of parcel 108-010-05 (BA-21); and 

• Berry Creek upstream of Category I riparian creation on parcel 108-070-09 (BA-
22) and downstream of parcel 108-060-02 (BA-24). 

 
Wetland assessment for mitigation monitoring shall be collected in accordance with the 
following: 

• Plants surveys conducted in spring 2011 for 10-20% of total wetland acreage. 
 
5.5. Annual Status Reports 
 
Caltrans shall provide the Regional Water Board with an Annual Status Report no later 
than January 31 of every year beginning with issuance of this Order and continuing until 
the Regional Water Board accepts the Final Mitigation Report.  Each annul report shall 
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include, at a minimum: 1) a summary of all monitoring reports identified in this Order; 2) 
a general description of the status of the project site and project activities, including 
actual or projected completion dates, if known; 3) a summary of the annual mitigation 
monitoring reports and the current implementation status of each mitigation measure; 4) 
an assessment of the effectiveness of each completed or partially completed mitigation 
measure in minimizing and mitigating project impacts; 5) results and an evaluation of 
the data collected from this MRP; 6) Monthly Monitoring and Rainy Day Reports; and 7) 
A compliance table (spreadsheet) that presents each condition of this certification, time 
frame (yearly calendar), project milestones and achievements, all reported discharges, 
and all violations of this Order and each condition of the Water Quality Certification.   
 
5.6. Final Mitigation Report 
 
No later than 90 days after completion of the project, including completion of all 
mitigation measures, Caltrans shall provide the Regional Water Board with a Final 
Mitigation Report.  The Final Mitigation Report shall include, at a minimum: 1) a 
summary of all monthly monitoring reports and annual status reports; 2) copies of all 
mitigation monitoring reports documenting when success criteria for each of the 
mitigation measures were achieved; 3) all available information about mitigation 
measures, data collection for the MRP, and projects taken to implement the sediment 
and temperature TMDLs; 4) each yearly compliance calendar; 5) an assessment of the 
effectiveness of the required measures in minimizing and mitigating project impacts; 6) 
any recommendations on how mitigation measures might be changed to more 
effectively minimize impacts to water quality and mitigate the impacts of future projects; 
7) a final long term management plan; 8) revised PAR and endowment calculation 
approved by the long term manager; and 9) any other pertinent information. 
 
The long term management plan shall include the following actions: 
 

a) Water Quality Monitoring plans to verify habitat enhancement, compliance with 
the basin plan, and TMDL; 

b) Inspections of the erosion sites shall be conducted annually to assess the 
stability and condition of the restoration actions and for all the sites identified in 
Appendix J of the Final MMP; 

c) General inspections of the mitigation lands shall be conducted at least on a 
monthly basis; and 

d) All adaptive management plans and actions (e.g. stream channel or bank 
stabilization, vegetation management, and erosion control) for waters of the 
State (i.e., streams, riparian areas, and wetlands) shall be submitted to the 
Executive Officer of the Regional Water Board for prior review and concurrence. 

 
 
6.0. PHASE IV – TMDL COMPLIANCE BYPASS AND MITIGATION LANDS 
 
Once success has been achieved for the on-site repair areas and the off-site mitigation 
lands, Caltrans shall develop TMDL Compliance Plan associated with the Long Term 
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Management Plan.  All the previously gathered data shall be evaluated to determine the 
minimum amount of monitoring necessary to regularly evaluate if these lands are 
continuing to remain in compliance with the Basin Plan and applicable TMDLs or if they 
are contributing factors to degradation and impairments of water quality and beneficial 
uses.   
 
 
 
 
Ordered by _______________________________ 

Catherine Kuhlman 
Executive Officer 

 
August 15, 2010 

 
Willits mrp.doc 



 



APPENDIX 1 
WILLITS BYPASS MITIGATION FLOW CHART 

 

Mitigation Plan = Watershed Approach / 
Objective = Enhancement 

Gather Baseline (Chemical, Physical, Biological)  
• Wetlands  
• Streams 
• Riparian / Buffers 

 

Revise Performance Standards / Success Criteria 
• Wetlands 
• Streams 
• Riparian / Buffers 

 

Work Plan / Short Term 
Mitigation Plan 

• Designs 
• Specifics 
• Schedule 

Grazing Management Plan 
• Specifics 
• Prescription 
• Schedule 

Evaluate Data to Determine Proper Functioning 
Conditions (PFC) and Correlate to Objective of 
Enhancement “Functional Lift” 

Mitigation Success 
• Creation 
• Preservation 
• Enhancement

Revised Long Term Management Plan 
• TMDL (Temperature, Sediment, Nutrients) 
• Revised Grazing Management Plan 



 



Outlet Ck.

Old   Outlet  Ck.

Davis Ck.

Davis Ck.

Outlet Ck.

M
ill Ck.

Hearst Rd.

Valley Rd.Hearst Rd.

Center Valley Rd.

Center Valley Rd.

E. Hill Rd.

E. Commercial St.

Valley Rd.

H
ea

rs
t W

illits Rd.

Reynolds H
w

y.

Eastsid e Rd.

20

101

101

101

Sherwood Rd.

Willits

WQ-24 WQ-27

WQ-18

WQ-19

WQ-22

WQ-21

WQ-20WQ-17
WQ-16

WQ-15

WQ-10
WQ-12

WQ-13

WQ-7

WQ-3

WQ-11

WQ-5

WQ-4

WQ-1

WQ-2

WQ-6

WQ-9

WQ-8

WQ-14

WQ-26

WQ-23

WQ-25

Base Map: USGS 1:24,000 series Willits, CA and 
Laughlin Ridge, CA topographic quadrangles

Legend

 Bypass Project Footprint

 O�site Mitigation Parcels

 Water Quality Sampling Site

 Bypass Footprint Baseline 
 Sampling Site

 O�site Mitigation Baseline 
 Sampling Site

WQ-1

WQ-1

WQ-1

Figure 1
Project Overview and Location of Water Quality Sampling Sites



 



APPENDIX F:  SAMPLE FIELD FORMS 



 

 

APPENDIX F:  TABLE OF CONTENTS 

F.1 CHAIN-OF-CUSTODY FORMS 

F.2 SWAMP FIELD DATA SHEET 

  
 
 
 
 
 

 



F.1 CHAIN-OF-CUSTODY FORMS 



 



208 Mason Street, Ukiah, CA 95482 Chain of Custody Record
707-468-0401   Fax: 707-468-5267

Reports and Invoices will be delivered by email in .pdf format.

925-828-6226   Fax: 925-828-6309 Lab No.___________________________ Page______of______

Report to:
Company: Company: Sample 

Analyses Requested TAT Notes
Attn: Attn: (lab use only)

10 days
Address: Address:

Phone/Fax: Phone/Fax: deg. C

Email Address: Email Address:

Samplers Signature:

Print:  

Sample
Identification Date Time

Y   /   N

L
ab
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p

p
ro

va
l R

eq
u

ir
ed
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o

r 
R

u
sh

 T
A

T
s

Temperature:

Shipment
Method:

Custody Seals:

Sample Notes or

CDPH Source Numbers:2S
O

4

O
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er

oi
l

Invoice to (if different): Project Info for Report:

PO/Reference :

Sampled:

0m
l V

O
A

ol
y

Laboratory

& Corporate:

Service Center

& Micro Lab:

Other:

Project ID:

Project No:

5 days

6398 Dougherty Rd, Ste 35, Dublin, CA 94568

  ____days

48 hours

RUSH:
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e

O
th

er

C
L

N
O

3

 Container: Preservative: Matrix:
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Signature below authorizes work under terms stated on reverse side.

O
th

er

:T
o

ta
l 

N
u

m
b

er
 o

f 
C

o
n

ta
in

er
s

Identification Date Time

Relinquished by: Received by: No

State System Number:

Yes No

Global ID: Sampling Company Log Code:

EDF to (Email Address):

Sample Condition on Receipt: Mileage: Travel and Site Time: Mileage: Misc. Supplies:

Date: Time:

If "Y" please enter the Source Number(s) in the column above

CA Geotracker EDF Report? 

YesCDPH Write On EDT Transmission? 

CDPH Source Numbers:H
2
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t
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o
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o
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F.2 SWAMP FIELD DATA SHEET 

 

 

 

 

 

 

 



 



*GPS/DGPS

Target: STARTING BANK (facing downstream):   LB  /  RB  /  NA

*Actual:

None, Fog, Drizzle, Rain, Snow

None, Sulfides, Sewage, Petroleum, Mixed, Other______

DepthCollec Air Temp Water Temp
Specific 

Turbidity

Habitat Observations (CollectionMethod = Habitat_generic )

Clear, Partly Cloudy, Overcast, Fog, Smoky, Hazy

EVIDENCE OF FIRES:
3: (RB / LB / BB / US / DS / ##)

PRECIPITATION:
2: (RB / LB / BB / US / DS / ##)

NA, Dry Waterbody Bed, No Obs Flow, Isolated Pool, Trickle (<0.1cfs), 0.1-1cfs, 1-5cfs, 5-20cfs, 20-50cfs, 50-200cfs, >200cfs

Colorless, Green, Yellow, Brown

PRECIPITATION (last 24 hrs): Unknown, <1", >1", None

No, <1 year, <5 years

Field Measurements (SampleType = FieldMeasure; Method = Field)

SITE ODOR: None,Sulfides,Sewage,Petroleum,Smoke,Other_______

OBSERVED FLOW:

WATERCLARITY: Clear (see bottom), Cloudy (>4" vis), Murky (<4" vis)

WATERCOLOR:

WADEABILITY:  

Y /  N  / Unk

BEAUFORT 
SCALE (see 
attachment):

HYDROMODIFICATION:  None, Bridge, Pipes, ConcreteChannel, GradeControl, Culvert, 
AerialZipline, Other                                                         LOCATION (to sample):  US / DS / WI / 

Pg               of              Pgs

*Agency:

*Protocol:

STREAM WIDTH (m):

OCCUPATION METHOD:  Walk-in   Bridge   R/V __________ Other

Point of Sample (if Integrated, then -88 in dbase)

Entered in d-base (initial/date)

-

SWAMP Field Data Sheet (Water Chemistry & Discrete Probe) - EventType=WQ

GPS Device:

Datum:   NAD83 Accuracy ( ft / m ):

Lat (dd.ddddd)

*StationID:   ___ ___ ___ ___ ___ ___ ___ ___ ___

*Funding:   ___  ___  ___  ___  ___  ___  ___  ___ 

   /                      /*Date (mm/dd/yyyy): *Group: 

*Location:  Bank  Thalweg  Midchannel  OpenWater

*ProjectCode: 

*SampleTime (1st sample):

PHOTOS (RB & LB assigned when facing 
downstream; RENAME to 

StationCode_yyyy_mm_dd_uniquecode):

1: (RB / LB / BB / US / DS / ##)

-
DISTANCE 
FROM 
BANK (m): WATER DEPTH (m):

Long (ddd.ddddd)

SKY CODE: 
WIND 
DIRECTION 
(from):

Bedrock, Concrete, Cobble, Gravel, Sand, Mud, Unk, Other____________________

WATERODOR:

DOMINANTSUBSTRATE:

OTHERPRESENCE: Vascular,Nonvascular,OilySheen,Foam,Trash,Other____

*PurposeFailure:*Purpose (circle applicable):  WaterChem WaterTox Habitat FieldMeas*Personnel:

ArrivalTime: DepartureTime:

Modified 06/27/08

DepthCollec 
(m)

Velocity (fps)
Air Temp 

(°C)

Water Temp 
(°C)

pH O2 (mg/L) O2 (%)
p

Conductivity 
(uS/cm)

Salinity (ppt)
Turbidity 

(ntu)

SUBSURF/MID/ 
BOTTOM/REP

SUBSURF/MID/ 
BOTTOM/REP

SUBSURF/MID/ 
BOTTOM/REP

Instrument:

Calib. Date:

DepthCollec 
(m)

Inorganics Bacteria Chl a TSS / SSC TOC / DOC Total Hg
Dissolved 
Mercury

Total Metals
Dissolved 

Metals
Organi

cs
Toxicity VOAs

Sub/Surface

Sub/Surface
COMMENTS:

Indiv bottle (by hand, by pole, by bucket); Teflon tubing; Kemmer; Pole & Beaker; Other ___________________COLLECTION DEVICE:

Samples Taken (# of containers filled) - Method=Water_Grab

SAMPLE TYPE:   Grab  /  Integrated

Field Dup YES / NO: (SampleType = Grab / Integrated; LABEL_ID = FieldQA; create collection record upon data entry

Modified 06/27/08
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