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A4
PROJECT TASK / ORGANIZATION AND RESPONSIBILITIES

The director and principal investigator of this project will be Dr. Thomas Meixner. Barry Hibbs will assist in field sampling and data analysis and will have responsibility for the groundwater portion of this study.  Stephen Hollinger, Staff Research Associate, will oversee and coordinate field and laboratory efforts. Pete Clark, Staff Research Associate, will assist in field sampling and measurements. I-Ching Zhang, Research Scientist, will assist with selenium analysis and conduct the speciation work.  Graduate students and undergraduate lab assistants will assist in field sampling and laboratory analyses.

A5
PROBLEM DEFINITION AND BACKGROUND

Upper Newport Bay is an estuary in Southern California providing water contact and non-contact recreational opportunities for residents of Orange County and tourists from elsewhere. It also serves as warm-water habitat for a variety of terrestrial and aquatic species.

Section 303 (d) of the Clean Water Act requires the State to identify surface waterbodies that do not or are not expected to meet water quality standards (including beneficial uses, water quality objectives, and anti-degradation policy). The Santa Ana Regional Water Quality Control Board (Regional Board) has listed Upper Newport Bay and its main tributary, San Diego Creek, as "impaired" due to excessive nutrients (nitrogen and phosphorus), and selenium. The Regional Board is required to develop a Total Maximum Daily Load (TMDL) for each of these pollutants.

The Regional Board has initiated the efforts in developing a nutrient and selenium TMDL for Upper Newport Bay and San Diego Creek by convening a group of interested stakeholders and by conducting analysis of existing water quality data. Analyses of the existing data indicate that three sources of selenium, arsenic, and nutrients are not well quantified: atmospheric deposition, groundwater, and open space within the watershed. In order to quantify these three sources, it is necessary to conduct detailed studies of these three sources of selenium, arsenic and nutrients to Upper Newport Bay and San Diego Creek.

The overall objective of this study is to quantify these three unquantified loadings of nutrients, selenium and arsenic to San Diego Creek and Upper Newport Bay and to develop simple tools to investigate the impact of possible management approaches to control selenium, arsenic and nutrient loading to the bay.  This information will be used to develop the nutrient and Se TMDL’s and the implementation plan. Specific study objectives include:

i. Quantify the loading of nutrients to the bay and creek from atmospheric deposition;

ii. Delineate the historical extent of the Marsh of the Frogs, thought to be source of nutrients and Se to shallow groundwater in the watershed. 

iii. Quantify flux of water, Se, As and nutrients to surface waters from the groundwater.

iv. Determine source of shallow groundwater – is it meteoric water or irrigation water?

v.  Determine if near stream and in-stream losses are an important sink of Se, As, and nutrients.  Is this sink permanent or temporary?

vi. Quantify impact of dewatering operations on short and long terms loadings of Se, As and nutrients to surface waters.

vii. Quantify open space contributions to surface waters.
A6
PROJECT TASK / DESCRIPTION


A series of field and laboratory studies will quantify the concentrations, forms and fluxes of nutrients from atmospheric deposition, groundwater and open space in the Upper Newport Bay watershed.  The results of these measurements will then be used to look at management scenarios using mass balance models. 


Atmospheric deposition of nutrients will be quantified using an Aerochemetrics 300 wet and dry bucket collector.  The collector will be located at the University of California Irvine San Joaquin Marsh reserve.  Samples will be collected each Tuesday by replacing each bucket with new clean buckets.  The wet bucket will only be open to the atmosphere when it is raining and these samples will represent meteoric water.  The dry bucket will be filled with 1 liter of ultrapure deionized water each Tuesday when the new dry bucket is put in place.  Additionally a narrow necked rain collector will be placed at the marsh.  Rain samples will also be used to determine isotopic composition of rainfall in the basin.


Quantifying groundwater sources of Se, As and nutrients will be the most extensive portion of this study.  Existing testhole and sediment analysis data will be used to the fullest extent possible to determine the lateral and vertical extent of the historical marsh sediments, and mass fractions of Se, As, and nutrients in shallow sediments.  Existing data include test hole logs and sediment analysis are available from numerous hydrogeological and geotechnical studies of the shallow water bearing sediments in the study area.  Existing data sources include: (1) records from test hole drilling and sediment analyses at the former Marine Corps Air Stations at Tustin and El Toro; (2) test hole data from shallow water well construction at gas stations, bridge underpasses, and groundwater dewatering sites;  and (3) geophysical logs from deeper hydrogeological studies in the study area.  These records will be examined for evidence of deposition of sediments in marshes, fluvial systems, or alluvial fans.  We will attempt to develop spatial (horizontal and vertical) correlations between the various sediment deposits and lithofacies to improve our understanding of the shallow hydrostratigraphy. 


Some of the existing test hole data will include sediment chemical analyses for nutrients, trace elements, and other pertinent chemical parameters.  These data will be compared to the various land regions from which they were obtained.  We will then try to develop correlations between sediment chemical parameters and land regions, such as historic marshes or agricultural lands.


Once these data are evaluated, we will identify gaps in the data base in order to identify sites for new test holes and sediment sampling.  Chemical analysis for trace elements, nutrients, and soil physical properties will be performed on the new test hole samples. 


Geochemical and isotopic mixing diagrams using major ion chemistry will be used to determine origins of groundwater observed to reach surface waters in San Diego Creek.  Rate of groundwater arrival at surface waters will be determined by measuring flow from observed seeps and piezometers and by quantifying upwelling to stream via differences in flow along select longitudinal reaches of the surface streams of the watershed.  Upwelling will also be quantified with strings of temperature sensors and plaster of Paris flow estimators.  Additionally quality of these observed inflows will be sampled and fluxes directly to the stream from direct seepage will be quantified using drive-point and dialysis sampling of near stream subsurface waters.  All samples of water will be analyzed for Se, As, and nutrient concentrations.  A limited subset of samples (~50) will be analyzed for Se speciation.  The impact of dewatering operations will be assessed by monitoring several known dewatering operations for flow volume and for quality.  The chemical composition of these samples will be compared to other known groundwater sources from this study to see if pumping contributes water of a different quality.  Additionally geochemical speciation modeling with PHREEQC will be conducted using the observed geochemistry to determine if redox conditions observed in the near stream area would impact water quality.  In coordination with OCPFRD we will quantify the groundwater contribution to Newport Bay by using mass flux measurements from groundwater and comparing to the total flux they observe at Campus Drive.


Open space fluxes to surface waters will be quantified in two ways.  Sediment retention basins in the watershed will be analyzed for Se, As, and nutrient concentrations.  Additionally 2 open space watersheds in the basin will be monitored during storm events during the two winters of this study.  Monitoring will include quantity and quality of water exiting these watersheds.

The time to completion of the project outlined above is 30 months and is proposed to run from January 1st, 2002 - June 30, 2004. The specific timeline for each research objective is provided in Table 1

A7
QUALITY OBJECTIVES AND CRITERIA FOR MEASUREMENT DATA

Precision as determined by the analysis of duplicates (collocated samples) will have a control limit of 15% relative percent difference. Accuracy as determined by spike recovery will have control limits of 80 to 120%. Accuracy will additionally be assessed by the analysis of reference materials. Confidence intervals supplied with reference samples will be used as control limits at the 95% confidence level. Required MDL’s are listed in Tables 2 and 3.

A8
SPECIAL TRAINING REQUIREMENTS

The research team is well suited for the proposed research. Dr. Meixner has teaching and research experience related to the chemistry of waters, biogeochemistry and surface and subsurface hydrology.

Dr. Meixner teaches undergraduate courses at U.C. Riverside in hydrology, and advanced graduate courses in watershed biogeochemistry and modeling of hydrologic systems. Dr. Meixner currently conducts research on the interaction of hydrologic and biogeochemical processes research sites throughout southern California.  This research focuses on the transport of water and its affect on the export of nitrogen from surface soils and from groundwaters and its fate and transport in surface waters.  
Dr. Barry Hibbs teaches undergraduate and graduate courses in hydrogeology at California State University, Los Angeles.  He has extensive experience in conducting hydrogeology studies in arid and semiarid settings.  He has also completed several previous studies on Se and nitrate export from groundwater in the San Diego Creek and Newport Bay watersheds and his participation is crucial to the success of this project.  Dr. Hibbs has also led EPA sponsored studies on stream/aquifer systems.  He has prepared Quality Assurance Project Plans for these studies. 

Mr. Stephen Hollinger, SRAII, has extensive experience as an analytical chemist working in several private environmental chemistry labs over the last 14 years.  He has previous experience in determining Se and As concentrations via hydride generation.  He also has extensive familiarity with rigorous laboratory QA protocols for the analysis of major and trace components in a diverse set of sample matrices.

Mr. Peter Clark is an experienced field technician who has extensive experience setting up and maintaining complex field operations.  He has worked on projects related to surface water quality, isotopes of nitrogen, soil-atmosphere gas exchange and plant pathogens in several crops.

A9
DOCUMENTATION AND RECORDS

All field log, general field procedures, chain-of-custody records, sample receipt forms, primary and secondary standard log books, samples receipt forms, raw data, recorder output, computer printouts, quality assessment records, corrective action reports, and client reports will be kept on file for a minimum of three years.  The reduced measurement data will be provided in the client reports. 

SECTION B: MEASUREMENT / DATA ACQUISTITION

B1
SAMPLING PROCESS DESIGN

Atmospheric Deposition

Atmospheric deposition samples will be collected using an Aerochemestrics 300 wet/dry bucket sampler.  The buckets will be replaced each Tuesday for the duration of the project when it has rained within the past week.  When no rainfall has been observed the buckets will be replaced every other week.  The wet bucket will be used to determine wet deposition flux rates to Newport Bay and San Diego Creek.  The dry bucket will be filled with 1 liter of deionized water and will serve as a surrogate surface for dry deposition to the same waterbodies.  Both wet and dry bucket samples will be analyzed for pH, alkalinity, nutrient concentrations, Se, As and major cations and anions.

Groundwater Study

The groundwater sampling project is designed to answer five questions:

1) What is the location and extent of the high Se and nutrient groundwater’s in the Newport Bay watershed?

2) What is the origin of the groundwater seeping to the surface in the watershed, irrigation water versus natural precipitation?

3) What is the origin and flux of the Se, As, and Nutrients contained in this groundwater?

4) Are there in channel losses of the dissolved Se, As and nutrients in these groundwaters coming to the surface?

5) What is the impact of dewatering operations in the basin?

To answer the first question we will attempt to determine the extent of the historic “Marsh of the Frogs” which is thought to be the source of the high nutrient and Se waters in the basin (Hibbs and Lee, 2000).  This will be done by using existing borehole records and geologic reports in the basin.  Also as needed we will drill our own new boreholes and characterize the sediments for nutrient, Se and As concentrations as well as particle size distribution, and bulk density. Additionally the Se, As, and nutrient concentrations gathered in the next section will be used to develop isoconcentration maps that will be used to illustrate areas in the watershed with particularly high, Se, As, and nutrient concentrations.  

We will determine the origin of the groundwater seeping to the surface in springs, and wells using hydraulic head, geochemical, and isotopic measurements.  We will monitor a minimum of 20 springs, weepholes and wells for As, Se, nutrients and major cations, major anions, and flow on a weekly basis during the wet season and monthly during the dry season.  A limited subset of samples will also be analyzed for isotopic composition of water, very low bromide concentrations and iodide concentrations.  These additional samples will be determined after sampling has commenced and on consultation with the SARWQCB.  Additionally wells will be sampled for hydraulic head and all springs and weepholes will have their elevation surveyed in.  These head measurements will be used to develop maps of hydraulic head that will help determine origin and geologic material that spring and weephole water is originating from.


The geochemical and isotopic data from above in conjunction with the geologic characterization in response to the first question will be used to determine the geologic or anthropogenic origins of the Se, As and nutrients observed in the springs, weepholes and surface waters of San Diego creek.  Additionally isotopic data on NO3- will be collected to determine the origin of nitrogen in this system as well as the possible redox conditions this nitrogen is apassing through (NO3- depleted in N14 is indicative of denitrification).

We will determine channel losses of nitrogen in two major ways.  First we will conduct intense longitudinal surveys in each summer of our study.  These surveys will have a maximum distance of 500 m between sampling points along the length of San Diego Creek and Peters Canyon wash.  Additionally all major tributaries will be sampled and gauged.  Sampling will consist of flow measurements, and water samples to be analyzed for the same list of analytes as the springs and weepholes previously analyzed.  Secondly, we will conduct regular sampling (in wet season weekly, in dry season, monthly) at the entrance and exit of the Peters canyon wash area previously identified by Hibbs and Lee (2000) as having particularly high Se and nutrient concentrations.  This regular sampling will also capture inflows from the denitrification plant and the Santa Fe and Como channels.  This weekly sampling will be supplemented by several 24 hour samplings that will use ISCO autosamplers.  Flow will not be continuously monitored for these 24 hour studies.  

To determine the impact of dewatering operations in the basin we will monitor several dewatering operations in the basin on a monthly basis over the course of this study.  Analysis for these sites will be for flow and the same chemical analyses as the groundwater, spring and weephole analyses discussed above.  

Additionally a minimum of 115 samples will be sent to Columbia Analytical Service (CAS) for low level Se analysis.  These low level analyses will focus on those sites where UCR’s lab has the greatest uncertainty as to the Se concentration.  These samples will also focus on groundwater, spring and weephole samples on the fringe of the high Se zone observed by Hibbs and Lee (2000).  Also a minimum of 19 samples will be sent to CAS for Hg analysis.  These samples will represent a cross section of sites in the Newport Bay watershed but some will focus on the Red Hill mine a suspected source of potential mercury pollution to surface waters.

Open Space

Two open space watersheds terminated by retention basins will be monitored for Se, As,  and nutrient concentrations during each winter season of this study.  This wet season sampling will capture a minimum of three storm events.  Analyses will be the same as for the groundwater section.  Flow will be monitored at these sites.  In addition to the storm event sampling, sediments in the retention basins will be analyzed for As, Se, and nutrient concentrations to determine if these sediments play a role in the contamination of Newport Bay.

Se Speciation

A minimum of 45 water and sediment samples will be analyzed for Se speciation as part of this study.  These samples will be chosen to represent the diversity of the water and sediment samples collected as part of this study.

B2
SAMPLING METHODS REQUIREMENTS

A variety of methods will be used to collect the samples from the diverse number of sites we will be investigating.  Most field samples will be collected via grab sampling in LDPE bottles.  These bottles will be soaked and triple rinsed in deionized water and inspected prior to field usage.  Additionally all bottles will be triple rinsed with the water being sampled in the field prior to filling.  All aquatic sampling sites will have field-filtered and unfiltered samples collected.  Filtered samples will be obtained using 0.45 micrometer or smaller filters.  Samples will be stored on ice until returned to the lab.  Sample preservation with acid will be done in the field for those samples requiring it.  All sites will also have conductivity, temperature, dissolved oxygen, and pH measured in the field using portable conductivity, DO and pH meters (YSI meters, or equivalent).  Meters will be calibrated according to manufacturers guidelines.  Additionally at several of the sites stream temperature will be logged on an hourly basis using TidBit temperature sensors.  These measurements will be useful in determining groundwater influence on surface waters.  

Surface water discharge measurements will be made using Marsh-McBirney Model 2000 portable flowmeters and top-setting wading rods.  When highly accurate measurements are needed, a straight stream reach with a relatively symmetrical channel cross section and shallow depth of flow will be chosen.  A cloth measuring tape strung across the stream perpendicular to the direction of flow will be used to divide the stream into uniform increments.  At the midpoint of each increment, the depth of water will be measured and the sensor on the flow meter placed at 0.6 times the depth of flow.  The velocity will be averaged by the flow meter at 40 second intervals.  The velocity will then multiplied by the width and depth of the increment to arrive at a value of stream discharge for that increments.  The sum of the incremental discharges (10 to 15 when stream width is  less than 4 feet and 20 when stream width is greater than 4 feet) will give the total stream discharge for the stream reach.  When rapid flow measurements are needed, the width and average depth of the stream will be recorded and the velocity will be measured at 3 or more segments of the channel to provide a “rough” estimate of discharge. 

Sediment samples will be collected using either hand auger or for deep samples a Giddings GSM truck mounted hollow stem auger.  Augering samples will be collected in properly identified (depth and location information) whirlpak bags.  For hollow stem bore hole samples will be kept intact in a plastic auger liner and stratigraphy will be preliminarily described in the field.  

At some of the aquatic sites ISCO or Sigma auto-samplers will be used to collect intensive temporal samples.  The bottles from these samplers will be cleaned and labeled to the same standards as grab samples.

All field sampling locations will be recorded using a Trimble GeoExplorer II GPS System. This will enable us to return to sampling locations for future sampling and also to develop the isoconcentration and hydraulic head maps described in B1.



Before sampling ground water from monitoring wells, the well will be purged and stabilized.  Well purging means the removal of a sufficient volume of ground water in the well casing so that a representative water sample from the aquifer can be collected.  When the well needs to be pumped, it will be necessary to set up a purge pump to extract stagnant water from the well bore.  This will be accomplished by setting up portable equipment and taking temperature, specific conductance, and pH readings at five minute intervals.  When the measurements stabilize, the wells can be sampled.  



Should a situation arise where the monitoring of pH, specific conductance, and temperature cannot be accomplished, or if a bailer must be used to collect the sample, the rule is to pump the well until at least three casing-volumes of water is purged prior to sampling.  The following formula can be used to estimate the quantity of water to be purged to ensure that sufficient well casing fluid volume has been removed:

0.0408 d2 (PS - WL) = gallons per casing volume

or

0.1631 r2 (PS - WL) = gallons per casing volume

Where, 

0.0408 = 0.25 x 0.00694 x 7.48 = 3.1416

0.25 converts diameter to radius

0.00694 converts square inches to square feet

7.48 converts cubic feet to gallons

d = inside diameter of casing, in inches 

PS = pump setting, bottom of completion interval, or depth of well (in that order of priority), in feet

WL = static water level, in feet



Caution should be taken so that a low yield well does not drawdown to such an extent that the well pumps “dry”.  The sample will be collected near the wellhead.  
 


B3
SAMPLE HANDLING AND CUSTODY REQUIREMENTS

Each sediment and water sample will be labeled with unique identification. Individual sample identifications will consist site description, location, date and time, upon receipt in the lab each sample will receive a lab identification code consisting of date and lab sample number received that day.  Identification numbers for field-duplicate samples will be appended with a letter "D".

Sample containers will be labeled at the time of collection.  A Field Log (see attached) will be completed during the collection of each sediment and water sample. Field Log entries will include the site name, date, time, sample number, duplicate number, pH, conductivity, temperature, dissolved oxygen, weather/site conditions, field observations/comments and the signature of the sampler. A Chain-of-Custody form will be completed for each group of samples collected on the same day, and be used to transfer samples to laboratory personnel. Chain-of-Custody entries will include the project name, field samplers, sample types, number of containers, comments and signatures relinquishing the samples. Examples of the Field Log and Chain-of-Custody forms to be used for this study are included at the end of this report.

Field documentation will be completed using indelible ink, with any corrections made by drawing a single line through the error, entering the correct value, and initialing the correction.

Samples will be delivered to the University of California, Riverside laboratory at the end of each day to initiate processing within 24 hours.

B4
ANALYTICAL METHODS REQUIREMENTS

The chemical and physical properties of water and sediment samples will be quantified using standard methods where available and state-of-the-art methods in other cases. The specific methods are listed in Tables 2 and 3 for water and sediment, respectively. Methodologies used are taken from  “Methods and Guidance for Analysis of Water”, version 2.0, June 1999, (EPA821-C-99-004) published by EPA, Standard Methods for the Examination of Water and Wastewater 20th Edition, published by American Public Health Association, American Water Works Association, and Water Pollution Control Federation, and Methods of Soil Analysis 2nd Edition published by American Society of Agronomy, Inc. and Soil Science Society of America, Inc. Applicable methods for water analyses are listed in Table 2, while methods for sediment analyses are listed in Table 3.

B5
QUALITY CONTROL REQUIREMENTS

Laboratory QC:  Detection limits, operating ranges, replicate types, container types, preservatives and holding times are listed in tables 2 and 3.  Blanks will be analyzed with each batch of samples. The control limit for blanks will be less than or equal to the MDL.

Care will be taken to ensure the collection of representative sediment and water samples. Collocated samples (field replicates) will be collected in duplicate and analyzed at a frequency of no less than one per 20 samples. These will be used to assess sampling and measurement precision. When most samples have less than measurable levels matrix spike duplicates will be used to assess analytical precision. The relative percent difference (RPD) of duplicates will be calculated as follows: RPD = (C1-C2)/((C1+C2)/2)*100 where C1, and C2 are concentrations of analyte in replicate samples 1 and 2. A control limit of 15% will be used for relative percent difference. 

Accuracy of analytical data will be evaluated by analyzing reference materials and spiked samples. Reference materials and spikes will be run with each batch of samples during laboratory analyses. Confidence intervals supplied with reference samples will be used as control limits at the 95% confidence level. The relative percent error (RPE) of standards will be calculated as follows:

RPE = (C1 -Co)/Co*100

where C1 is the concentration analyzed in the sample and Co is the mean concentration. Spiked samples will be used to assess the recovery of various analytes. Spikes will contain analytes at the level present in the sample, or at the concentration of the mid​range calibration standard, whichever is higher. Percent spike recovery (%SR) will be calculated as follows:

%SR = [(spiked sample conc – contribution from sample) / (amount of spike added)][100]

the contribution from the sample = 

(sample conc)(mL sample in spiked sample / mL final volume)

Control limits of 80 to 120% will be used for percent spike recovery. The control limit for accuracy of field pH measurements will be 0.1 unit. The control limit for accuracy of field temperature measurements will be 0.3oC. 

As laboratory analyses are completed, the analyst will check data for quality. Corrective action will be taken by the analyst whenever control limits are exceeded. 

Thomas Meixner will review all laboratory data approximately every week and will require additional re-analysis as warranted.



Water level measurements: Static water-levels in water wells will be measured three times.  If results are within 0.01 foot, the measurements are confirmed.  If measurements are not within 0.01 foot, the measurement sequence is repeated until three measurements are within this limit.



Well purging parameters: well purging is to be performed until index parameters “stabilize.”  After purging has been accomplished, an additional three measurements of index parameters are taken at 30 second intervals.  Except in exceptional circumstances that may be dictated by the field setting, the three specific conductance values should agree within 25 umhos/cm.  The three temperature measurements should agree within 0.5 degrees C, and the three pH measurements should agree within 0.05 pH units.


Alkalinity: Alkalinity is determined once in the field and once in the laboratory.  Although alkalinity may change slightly before it gets to the lab, the change is usually not great.  A comparison between the two alkalinity values will provide guidelines on reliability of the two measurements.  Any large discrepancy between field and laboratory alkalinity values may require that samples be recollected at the well head.

B6
INSTRUMENT/ EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE REQUIREMENTS



Field instruments, equipment, and other sampling appurtenances and apparatus will be checked by field staff and by field supervisors during readiness review.   All standard expiration dates will be checked during readiness review to ensure that materials used for equipment calibration are in useable condition. 



Many field instruments require calibration before sampling trips, and several instruments require repetitive calibration in the field.  All field instrumentation that require calibration will be checked and calibrated prior to mobilization of field staff to ensure that the equipment is in good working order.  Instruments that calibrate according to manufacturers guidelines will be considered in good working order.  A checklist will be placed in the QA files that documents performance of field instrumentation during calibration checks in readiness review. 



Resolution of deficiencies when acceptance criteria are not met:  All field instrumentation will be maintained according to manufacturers guidelines, and parts that require replacement due to accidents or normal wear-and-tear, such as pH probes, will be replaced  on schedule, or as needed.  A record of maintenance will be maintained in the QA files along with a copy of the manufacturers maintenance guidelines.   Field staff are responsible for maintaining and submitting maintenance records to the QA officer on a timely basis.  Non-conformance problems are not anticipated, but surveillance and audits of QA files will detect any that could occur.  When non-conformance problems are detected, the field supervisors will work with the field staff and project manager to ensure that maintenance, repair, or replacement are undertaken before the instrument is used again in the field.  After repair or maintenance, the instrument will be tested for calibration and proper working condition.



The field supervisor will work with the field staff and project officer to ensure that critical spare parts are available that may require replacement in the field (e.g., batteries, expendable apparatus such as moisture absorbents).  The field supervisor will query field staff well ahead of sampling trips to ensure that all sampling kits are complete and that critical spare parts are available.  After the field staff return from the field, an equipment audit and inspection will be performed by the field staff and field supervisor to ensure that the sampling kit is in good condition for the next sampling run.   

B7
INSTRUMENT CALIBRATION AND FREQUENCY

Temperature sensors will be checked for accuracy before and after use or at three month intervals (whichever is greater) against a certified NIST traceable thermometer. Field pH and conductivity meters will be calibrated before use and checked after use at a minimum of two points bracketing the measurement range. The Trimble GeoExplorer II GPS System will be checked for accuracy and precision before use.

Standardization schedules will be established for all laboratory instruments, with calibration records maintained in the laboratory logbooks kept with each instrument. Instrument standardization will be traceable to standards via primary and secondary standard log books. Standardization will be validated or repeated with each analytical batch. Information related to instrumentation maintenance will also be recorded in the logbook kept with each instrument. The Department of Environmental Sciences has a number of service contracts with various vendors and department instruments are serviced on a regular schedule.

B8
INSPECTION / ACCEPTANCE REQUIREMENTS FOR SUPPLIES AND CONSUMABLES

Sample containers will be washed and inspected before use. All sampling containers and laboratory glassware will washed using the appropriate detergents, followed by rinsing with tap water, acid wash where appropriate, and final rinses with distilled water followed by deionized water. Chemical calibrations and standardizations are made using standards prepared from materials of known purity using accepted analytical techniques. The accuracy of standards will be checked against a second source. Purity of reagents and filters will be checked with the analysis of method blanks.

B9
Non-Direct Measurements
Data on nutrient inputs from external sources (e.g., river inputs, atmospheric deposition) will be used for nutrient budget calculations. Results from Regional Board sponsored research and other peer-reviewed studies will be used where available. Other sources will be reviewed prior to utilization of their data.



Non-measurement sources include existing surface and ground-water data bases, literature sources, and data to be developed from processing software.  Existing data may include GIS coverages from government and private sources, such as digital elevation models, well location files, coverages of roads, railways, city boundaries, and other digital infrastructure files; well location files; agricultural activity files; and meteorological files.  These data will come from entities that are known for developing and maintaining high-caliber data bases, including the USGS, USDA, EPA, SARWQB, IRWD, and OCPRFD.  Data from many of these sources are in the public domain and are considered acceptable for the purposes of this investigation.



Existing data from state and municipal entities will require quality analysis.  Existing GIS coverages will be compared with hard copy maps to ensure that digitizing is of an acceptable quality to include in the GIS data base.  Occasional errors or inaccuracies may not necessarily exclude the coverage from inclusion in the GIS data base.  Quality of coverages will be evaluated in the Metadata descriptions.



Other types of existing data, such as standard water-quality analysis will be checked by cation/anion balances and will be excluded if they do not satisfy reasonable criteria.  Published literature that has received scientific peer review, either from the external scientific community or from rigorous internal peer review will be considered acceptable for citation and/or use of tabulated data, provided that commentaries, discussion, or later work have not undermined the conclusions.  



Any software that is used to develop data will be validated when possible by running the test data set and comparing with the model test output listed in the model documentation.  This procedure will verify that codes have been compiled successfully.  Results of the comparison will be placed in the QA files.   

B10
DATA MANAGEMENT

B10.1
Purpose/Background: Data sources will be field and lab measurements and databases. The following measures will assure the accurate recording, validation, transformation, transmittal, reduction, analysis, management, storage and retrieval of data.

B10.1
Data Recording: When possible data will be generated and recorded using instruments directly interfaced with computers, avoiding human error. In cases where data are recorded manually, data will be checked and independently verified.

B10.3 Data Validation: Data will be validated and verified as mentioned in section D.

B10.4
Data Transformation: Raw data will be transformed using computer software and manually. Transformations using a computer will use reliable and tested software. Manual transformations will be recorded on paper and checked for accuracy.

B10.5
Data Transmittal: Both manual and electronic transfers of data will be checked for possible errors.

B10.6
Data Reduction: Manual data reduction will be recorded on paper showing all steps and checked for possible errors. Electronic data reduction will be manually verified initially as a check of accuracy. 

B10.7
Data Analysis: Modeling and analysis is covered in element A6.

B10.8
Data Tracking: Data will be tracked from the original source to the final reports to the client by references to the previous source.

B10.9
Data Storage and Retrieval: Electronic data from external databases and laboratory and field measurements will be stored in a single computer folder. This data will be available for later use in modeling and reports. Copies of reports will also be stored in this folder. Access to the computer will be limited by a password. Te computer will be located in a lockable room with an alarm system. Data will be backed-up to a removable magnetic disk weekly and to an optical disk monthly.

SECTION C: ASSESSMENT / OVERSIGHT

C1
ASSESSMENTS AND RESPONSE ACTIONS

Project assessment will include regular observation of field sampling, sample handling, sample preparation, sample analysis, data evaluation and verification of quality control. Thomas Meixner will be responsible for periodic monitoring of field and lab activities and assuring that all personnel are adequately trained for the sampling method requirements. Deviations from sampling and analytical protocols will be addressed by the project manager, Terri Reeder.

In addition to internal assessment activities, Terri Reeder, the Project and Quality Assurance Officer for the Regional Board, will visit the laboratory and field site at least once per year.

C2
REPORTS TO MANAGEMENT



Monthly progress reports will be prepared by each of the key personnel participating in the study area.  The monthly reports will be provided to the UC-Riverside project manager and will be kept in the QA files.  From the monthly personnel reports, the project manager will prepare quarterly progress reports for submission to the project officer of the SARWQB.  The UC-Riverside project manager will be  responsible for overseeing technical, cartographic, and support staff in the preparation of the technical report.  A minimum of 4 bound copies of the final report will be provided to the SARWQB.   



The project manager will submit a final QA report through the other project coordinator to the SARWQB.  The QA report will be included with the final report to the SARWQB.  The QA report will address the accuracy, precision, and completeness of field data and laboratory analysis.  Problems that are encountered during the study will be addressed in the QA report.  

SECTION D: DATA VALIDATION AND USABILITY

D1
DATA REVIEW, VALIDATION, AND VERIFICATION REQUIREMENTS

D1.1 
Data will be reviewed, validated and verified according to the flow scheme in element D2. The following will allow the review of and assure the usability of the data. 

D1.2
Sampling design: This is covered in element B1.

D1.3 
Sample Collection Procedure: Samples will be collected according to the procedures in element B2. Any deviation from the procedure will be mentioned in the field log.

D1.4 Sample Handling: The review of sample handling will be facilitated by the field log, chain-of-custody and sample receipt forms.


Field log: Samples will be labeled and recorded in a Field Log at the time of collection. Included in the field log will be the names of the persons conducting the activity, sample collection points, maps and diagrams, equipment/method used, climatic conditions, unusual observations, date and signature. 

Chain-of-custody: A Chain-of-Custody form will be used to transfer samples collected in the field to laboratory personnel. 

Sample receipt form: Upon receipt in the laboratory the temperatures of all coolers are measured and recorded. Each sample is examined for label identification, proper container (type and volume), chemical preservation when applicable, container condition, and chain-of-custody documentation consistency with sample labels. Discrepancies are noted on the Sample Receipt form and the chain of custody and discussed with field personnel. All data, quality assessment records, Field Log and Chain-of-Custody records will be kept on file for a minimum of three years. Examples of Field Log and Chain-of-Custody forms are included at the end of this report. 

D1.5
Analytical Procedures: As mentioned in element B5, analyses will be performed by the method listed in tables 2 and 3. Any deviation from these procedures must be pre-approved by Terri Reeder, the project manager, and will be noted in the analytical report.
D1.6
Quality Control: Quality control requirements are specified in section B5. All aspects will be documented and reviewed.

D1.7
Calibration: Calibrations will be done as mentioned in element B7. Calibrations will be documented and must pass the quality control criteria specified in element B5. Data generated will be traceable to a specific calibration.

D1.8
Data Reduction and Processing: Reported data will be checked for correctness by several methods: anion-cation balance, measured EC-calculated EC, re-calculating 10% of all manual calculations, and occasionally manually verifying computer calculations.

D2
Validation and Verification Methods
Sample and data flow, responsible personnel and data records for the project are summarized below:





D3
Reconciliation with Data Quality Objectives

Via quarterly reports and conversations with the project manager, Terri Reeder, and interested stake holders we will elicit feedback on the data collected to date for this project and on how the data and our project could be made more useful to the development of TMDL’s for the Newport Bay watershed.  This process will include brief presentation on the results to date and communication of where we see the biggest uncertainties occurring in the flux budgets and in points of origin of Se, As and nutrient concentrations.  
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Table 1 Timeline For Project

Commence Sampling 





April 2002

Schedule of sampling






Atmospheric Sampling Weekly




When it has rained

Atmospheric Sampling





When it has not rained

Weekly Sampling of Surface Waters



Nov. (2002,2003)-May (2003,2004)

Monthly Sampling Surface Waters



All Other Months

Groundwater, spring sampling  




Monthly

Survey of Existing Geologic Data




September 2002

Additional Geologic Cores





August/September 2002

Longitudinal Survey of San Diego Creek



August 2002, August 2003

Determine Retention Basin and Open Space Sites

June 2002

Sample retention Basin Sediments



July 2002

Establish sampling stations at open space sites


October 2002

Selenium Speciation Sampling




August 2002-May 2004

Mercury Sampling 






June 2002

Low Level Selenium Sampling




August 2002- May 2004

Table 2 Method detection limits, normal operating range, method, container, preservative and holding time for various analytes in water samples
	Measurement
	MDL
	Operating

Range
	Frequency of

Duplicates
	Method
	Container
	Preservative
	Holding

Time

	O-18
	N/A
	N/A
	1 in 20
	See ref.
	P
	None
	Stable

	Deuterium
	N/A
	N/A
	1 in 20
	See ref.
	P
	None
	Stable

	Isotopes of Nitrate
	N/A
	N/A
	1 in 20
	See ref.
	P
	None
	Stable

	pH1
	N/A
	0-14
	Single
	SM4500-H+ B
	N/A
	N/A
	N/A

	Conductivity2
	N/A
	0-500 mS/cm
	Single
	E120.1/SM2510B
	P
	Cool
	28 d

	CFC’s
	0.3 ppq
	*
	1 in 20
	See ref.
	G(S)
	None
	28 d

	Arsenic
	1 ug/L
	5-20 ug/L
	1 in 20
	SM3114C
	P(A)
	HNO3 pH < 2
	6 mo

	Selenium – Total
	1 ug/L
	5-20 ug/L
	1 in 20
	SM3114C
	P(A)
	HNO3 pH < 2
	6 mo

	Selenium – speciation
	1 ug/L
	5-20 ug/L
	1 in 20
	See ref.
	P
	Field filter 0.45u, cool
	28 d

	Calcium
	0.02
	0.1 - 100
	1 in 20
	SM3120B
	P(A)
	HNO3 pH < 2
	6 mo

	Magnesium
	0.02
	0.1 - 100
	1 in 20
	SM3120B
	P(A)
	HNO3 pH < 2
	6 mo

	Potassium
	0.02
	0.1 - 10
	1 in 20
	SM3120B
	P(A)
	HNO3 pH < 2
	6 mo

	Silica
	0.02
	0.1 - 100
	1 in 20
	SM3120B
	P(A)
	HNO3 pH < 2
	6 mo

	Sodium
	0.1
	0.1 - 100
	1 in 20
	SM3120B
	P(A)
	HNO3 pH < 2
	6 mo

	Strontium
	0.02
	0.1 - 1
	1 in 20
	SM3120B
	P(A)
	HNO3 pH < 2
	6 mo

	Chloride
	0.1 mg/L
	3-30 mg/L
	1 in 20
	SM4110B
	P
	None req.#
	28 d

	Sulfate
	0.5 mg/L
	15-150 mg/L
	1 in 20
	SM4110B
	P
	Cool
	28 d

	Phosphorus
	0.01 mg/L
	0.1-6.0 mg/L
	1 in 20
	SM4500-P B4,

SM4500-P H
	P
	Cool
	28 d

	Phosphate
	0.01 mg/L
	0.1-6.0 mg/L
	1 in 20
	SM4500-P H
	P
	Filter immediately, cool
	48 h

	TKN
	0.1 mg/L
	0.5-10 mg/L
	1 in 20
	SM4500-Norg D
	P
	H2SO4 pH < 2, cool
	28 d

	Ammonia-N
	0.02 mg/L
	0.1-2.0 mg/L
	1 in 20
	SM4500-NH3 G
	P
	H2SO4 pH < 2, cool
	28 d

	Nitrate-N
	0.1 mg/L
	0.3-9.0 mg/L
	1 in 20
	SM4500-NO3- F
	P
	Cool
	48 h

	Mercury
	1 ng/L
	*
	1 in 20
	EPA1669/1631
	Teflon

(A)
	HNO3 pH < 2, cool
	28 d

	Temperature1
	N/A
	0-50oC
	Single
	SM2550B
	N/A
	N/A
	N/A

	Alkalinity
	10 mg/L
	50-300 mg/L
	1 in 20
	SM2320B
	P
	Cool
	14 d

	Oxygen, dissolved1
	N/A
	Nil to sat’d
	Single
	SM4500-O G
	N/A
	N/A
	N/A


Table 3 Method detection limits, normal operating range, method, container, preservative and holding time for various analytes in sediment samples
	Measurement
	MDL
	Operating

Range
	Frequency of

Duplicates
	Method
	Container
	Preservative
	Holding

Time

	Particle Size
	
	
	1 in 20
	See ref.
	P
	none
	6 mo

	Total Carbon
	0.1%
	
	1 in 20
	
	P
	none
	6 mo

	Total Nitrogen
	0.1%
	
	1 in 20
	
	P
	none
	6 mo

	Total Phosphorus
	1 mg/kg
	
	1 in 20
	SM4500-P B4,

SM4500-P H
	P
	Cool
	28 d

	Selenium Speciation
	10 ug/kg
	
	1 in 20
	See ref.
	P
	Cool
	28 d

	Total Selenium
	0.1 mg/kg
	
	1 in 20
	SM3114C
	P
	none
	6 mo

	Total Arsenic
	0.1mg/kg
	
	1 in 20
	SM3114C
	P
	none
	6 mo


Measurement: 1field test, 2lab or field test

Operating range: *sent to another lab

Container: P = plastic, A = acid rinsed container, G(S) = sealed glass ampoule

Preservative: Cool means stored at 4 +/- 2oC, # chloride will usually be analyzed with sulfate and so will be stored cool

Method: SM = Standard Methods for the Examination of Water and Wastewater, 20th Edition, published by American Public Health Association, American Water Works Association, and Water Pollution Control Federation; E = EPA methods available on the CD-ROM “Methods and Guidance for Analysis of Water”, version 2.0, June 1999, EPA821-C-99-004

O-18:
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Friedman, I., O’Neil, J.R. Fractionation factors of geochemical interest; Data of geochemistry. US Geological Survey Professional Paper 1977; 440-KK.

Hoefs, J., 1987. Stable Isotope Geochemistry, 3rd edition. Springer-Verlag, New York.

Deuterium:

Kelly, S.D., Heaton, K.D., Brereton, P. Deuterium/hydrogen isotope ratio measurement of water and organic samples by continuous-flow isotope ratio mass spectrometry using chromium as the reducing agent in an elemental analyzer. Rapid Communications in Mass Spectrometry 2001; 15: 1283-1286.

Isotopes of nitrate:

CFC’s:

Busenberg, Eurybiades, and Plummer, L.N. Use of chlorofluorocarbons (CCl3F and CCl2F2) as hydrologic tracers and age—dating tools: Example–The alluvium and terrace system of central Oklahoma. Water Resources Research 1992; 28: 2257–2284.
Selenium speciation:

Zhang, Y.Q., Frankenberger, W.T., Jr., Moore, J.N. Measurement of selenite in sediment extracts by using hydride generation atomic absorption spectrometry. The Science of the Total Environment 1999; 229:183-193.
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Particle size:
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Table 4 Data and Documentation Reports Timeline

Quarterly Report







April 2002

Quarterly Report







July 2002

Quarterly Report







October 2002

Quarterly Report







January 2003

Quarterly Report







April 2003

Quarterly Report







July 2003

Quarterly Report







October 2003

Quarterly Report







January 2004

Draft Report








April 2004

Final Report 








June 2004

Field data





Samples





Records





Field Logs





Chain of Custody Forms





Sample Receipt Forms





Analytical Reports, QA reports








Master Records,


Computer files








Quarterly and final reports














Personnel in Charge





Field- Surface Waters


Stephen Hollinger





Field Groundwaters


Barry Hibbs





Laboratory


Stephen Hollinger





Data Reporting


Thomas Meixner





Analysis and Data Integration


Thomas Meixner








Analysis and data integration





Data





Laboratory Analyses








