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COUNTY OF LAKE
PUBLIC WORKS DEPARTMENT
Courthouse - 255 N. Forbes Street
Lakeport, California 95453
Telephone 707/263-2341
Fax 707/26317748

May 1, 2001

Joe Karkoski
303(d) List Update Coordinator
California Regional Water Quality Control Board
Central Valley Region
3443 Routier Road, Suite A
Sacramento, CA 95827 - 3003

G. R. Shaul
Public Works Director

SUBJECT:

Dear Mr. Karkoski,

Public Solicitation of Water Quality Information

Enclosed is a list of pertinent information as per your request for water quality information for
Lake County after July 1997.

There is a lot of information that is being collected by other agencies, tribal environmental
groups and local CRMP groups. One of the current activities of the Lake County Coordinated
Resource Management Committee (RMC) is to compile this information into a centralized GIS
data base for water quality activities within Lake County. This is a huge task and will take
considerable time and effort.

If you may have any questions I may be reached at (707) 263-2341.

Sincerely,

Alex Straessle
Water Resources Specialist
alex_s@co.lake.ca.us
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( Name:

LIST OF 'NATER QUALITY RELATED INFORMATION
LAKE COUNTY, CA

Clear LakEl Sampling Data

Description: Clear LakEl water quality parameter and lakebed sediment sampling performed
ten times per year by DWR.

Data: Physical Water Quality Parameters collected by DWR

Mineral Data collected by DWR

Minor Element Data collected by DWR

Nutrient Data collected by DWR

Lakebed sediment data (samples collected by DWR. analysis by UC Davis,
Hopland Research Station (units are ugP/gr. of sediment)
Sediment depth in sample (em) I NH4CII NaOH I HCII"Residual" P ITotal P I
OfoH201

Location: Clear Lake Sampling site's CL1, CL3, CL4

Dates: Ongoing samples taken monthly, partial records begin in 1969.

Contact 1: Scott McReynolds
California Dept. of Water Resources- Red Bluff Office

Contact 2: Alex Straessle, Water Resources Specialist
Lake County Dept. of Public Works- Water Resources Division
255 North Forbes Street
Lakeport, CA 95453
(707) 263-2341

Comments: The lakebEld sediments collected by DWR have been analyzed by UC Davis,
Hopland since 1991. Analysis results are maintained by Lake County Public
Works within Microsoft Access.

The entire lakebed sediment data maintained by the County of Lake is included
up to the date of last input into the database.

X. Name: Creek Water Quality Samples

Description: Stream water quality sampling performed by the County of Lake on a flow event
basis, sampling locations are correlated with stream gauges.

Data: Temperature ( C ) I pH I Stage ITotal Dissolved Solids (mgll) I Total Suspended
Solids (mgll) I Total Solids (mgll) I P04 (mgll)1 Total P (mgll)
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Location:

Dates:

Contact:

Middle Creek, Scotts Creek, Kelsey Creek are currently monitored on a storm
event basis. Other retired stream sampling stations are also included (these
streams are not correlated with stream gauges)

Stream sampling started in January of 1992 and is continually being performed
on a storm event basis.

Alex Straessle, Water Resources Specialist
Lake County Dept of Public Works· Water Resources Division
255 North Forbes Street
Lakeport, CA 95453
(707) 263-2341

Comments: The analysis for total phosphorous is performed by UC Davis at Hopland. All
other data is collected by the County of Lake. Analysis results are maintained by
Lake County Public Works within Microsoft Access.

The entire water quality database maintained by the County of Lake is included
up to the date of last input into the database.

~ Name: Mercury TMDL

Description: Clear Lake TMDL for Mercury Numeric Target Report-- Preliminary Draft

Location: Clear Lake, Lake County., CA

Dates: August 2000

Source: US EPA, Regional Water Quality Control Board- Central Valley Region

'< Name: Clear Lake Basin Watershed Analysis (205j)

Description: The objective of this project has been to assess erosion sources and develop
management recommendations. Other pertinent products are the establishment
of aGIS data base to assist in identifying land uses and sites of high erosion
potential, a Quality Assurance Project Plan (QAPP) for sediment and water
quality testing, selection of demonstration sites to educate the public and
encourage better land management practices and expanding public outreach
through workshops and public information materials.

Data: Phosphorous loading' total Phosphate and Orthophosphate and suspended
solids in tons per year. Raw data is from the creek water quality samples
mentioned previously.

Location: Clear Lake Basin



Dates: Dates cov(:!red in this report for water quality information are 1982 through 1998.

\

Contact: Alex Straessle, Water Resources Specialist
Lake County Dept of Public Works- Water Resources Division
255 North Forbes Street
Lakeport, CA 95453
(707) 263-:2341

Comments: Report submitted to Joanne Cox, Contract Manager- State Water Resources
Control Board on March 24, 1999

f Name: Scotts Creek Watershed Project (319h)

Description: The goal ,of the Scotts Creek Watershed project was to demonstrate that a
cooperativEl erosion control program can help mitigate water quality impacts to
Clear lake. This goal has been met through the completion of each of the project's
objectives.

1. Enhancing public understanding of the causes and solutions for erosion of sediments into
Clear Lake: This objective has been met through numerous public workshops, extensive
information outreach, BMP pamplets, a video on erosion in the Clear Lake Basin,
participation of local schools in the nursery project, and several erosion control
demonstration projects.

2. Working with local land owners to develop erosion control demonstration projects: This
objective has been met through the inclusion of affected land owners on the technical
advisory committee, the BlM stream-crossing project, the Scotts Creek stream bank
rehabilitation projects, the vegetated levees, floodplain fanning, and Tule lake Basin
demonstration projects.

3. Development of a watershed inventory for watershed-scale analysis of erosion in the Scotts
Creek Basin: This objective has been met through the completion of the watershed
inventory and erosion modeling program.

4. Demonstrate a watershed-wide management approach for Scotts Creek leading to
integrated management of the Clear Lake Basin: The objective has been met through the
completion of the upper watershed erosion management plan, the carrying-out of
demonstration projects throughout the watershed, and the Scotts Creek long term recovery
plan.

5. Monitoring the water quality of Scotts Creek and the effectiveness of erosion control work:
This objective has been met through the completion of the Scotts Creek and Clear Lake
water monitoring programs, and by the photopoint monitoring and physical monitoring of
pre and post project sites.

6. Production of a fimll report documenting all aspects of the project: This objective has been
met through the submittal of the final report.



Data:

Location:

Dates:

Contact:

Water quality data results for stream sampling sites:
Total Solids (ppm) & (Kg/s) I Dissolved Solids (ppm) & (Kg/s) I P04 (ppm) &
(g/s) I Total Phosphorous (ppm) & (g/s) I

15 sampling sites within the Scotts Creek, Kelsey Creek and Middle Creek
Watersheds.

Dates of record for the Scotts Creek Watershed Project are 1992 to 1997

Alex Straessle, Water Resources Specialist
Lake County Dept of Public Works- Water Resources Division
255 North Forbes Street
Lakeport, CA 95453
(707) 263-2341

~ Name:

Comments: This report, submitted in fulfillment of SWRCB No. 4-036-255-0 by the Lake
County Flood Control and Water Conservation District under the sponsership of
the State Water Resources Control Board, was completed as of June 30,1997.

Watershed Analysis Report, Upper Lake Watershed (In cooperation with the
Mendocino National Forest)

Description: A federal watershed analysis report for the Upper Lake Watershed

Data: This report uses the creek water quality sampling results mentioned previously
for Middle Creek and correlates this information with flow records dating back to
1962. The resultant water quality data is annual sediment loading (tons/year) in
Middle Creek at the Rancheria Road.

Location: Middle Creek at Rancheria Road

Dates: 1992 through 1997

Contact 1: For requested copies of the report
Vickie Stoll
Mendocino National Forest
825 N. Humboldt Ave.
Willows, CA 95988
(530) 934-7724

Contact 2: Alex Straessle, Water Resources Specialist
Lake County Dept of Public Works- Water Resources Division
255 North Forbes Street
Lakeport, CA 95453
(707) 263-2341

Comments: For copies of the report contact the Mendocino National Forest.
Two copies of the cover page, table of contents and pertinent water quality
information is enclosed for your information.



I have also included some preliminary GIS data that I have been working on. This GIS data is
locational information on stream and weather gauges and water quality sampling sites. Its in a
rough stage and still needs work (use with caution). See the attached metadata.
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CHAPTER 5 - WATER QUALITY IN CLEAR LAKE

5.0 Water Quality in CHear Lake

5.1 Issue State~ent

The quality of water in Clear Lake, especially the frequent algal blooms in the lake, is a major
concern for surrounding communities that depend upon lake water for domestic needs~ ,.It also has a
negative economic impa(~ on the entire county ofLake, because of its impact on recreation, tourism,
and the amenities which draw people to live in the vicinity of Clear Lake. Studies have pointed to
increased sedimentation; and the consequent increased phosphorous levels in the lake, as a primary
cause for this declining water quality. The Upper Lake watershed is amajor source of sedimentation
in the lake.

5.2 Current Conditions

Algal Blooms in Clear Lake

A recent study has detennined that the formation of blooms of noxious scum-forming blue-green
algae on the surface of Clear' Lake is primarily due to high phosphorus levels. The study further
found that the main source of this phosphorus is sediments from tributary streams, especially Middle
Creek, Scotts Creek, and Kelsey Creek. Together, these three streams account for one third to one
half of the total phosphorous input to the lake. According to this study, the risks posed to public
health as a result of bIUl~-green algae are negligible. However, algal blooms are a public nuisance
with negative impacts on aesthetics. These blooms can make swimming in the lake unpleasant, and
when the algae dies, the decaying mats 'create an odor that can drive people from their homes.
Understandably, this has negative economic impacts on tourism and home sales. The USDA Soil
Conservation Service estimated that the economic impact of lost tourism revenue alone due to algal
blooms in Clear Lake was about $7,000,000 per year in the early 1990s. (Richerson, et aI. 1994.)

The Extent to which thc~ Upper Lake Watershed Contributes to Phosphorous in Clear Lake

Figure 5-1 is a chart sho'Wing sediment transported down Middle Creek in short (2,000 lb.) tons per
year for the years 1967 through 1998. Average sediment load was 13,765 short tons (12,389 metric
tons) per year. Measured phosphorous averaged about 3 pounds' per ton of sediment, or
approximately 19 metric tons per year over this period. As can be observed from the chart, sediment
transport (and therefore phosphorous input, which is proportional) varies greatly from year to year.

The gage at Middle Creek does not measure the contribution of Clover or Gilbert Creeks to the total
phosphorous input from the Upper Lake watershed into Clear Lake. The Lake County Water
Resources Engineer estimates that the Upper Lake watershed' as a whole contributes an average of
approximately 40 short tons (36 metric tons) of phosphorous per year to Clear Lake, and that this
constitutes. approximately 25 percent of the total phosphorous load reaching the lake from all of the
surrounding watersheds (T. Smyth, pers. corom.)

5-1
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Figure 5-1. Annual sediment load in Middle Creek at the Rancheri~Road
, .

Because algal blooms in Clear Lake are, according to expert opinion, being caused by high
phosphorous levels from sedimentation into the lake, the major thrust ofthis chapter will be aimed at
identifying, and wherever possible quantifying, the factors that currently contribute to sedimentation
into Clear Lake from the Upper Lake Watershed. The source of sedimentation is, by definition, soil
erosion. Therefore, sources of erosion will be identified together with the factors that detennine how
much ofthis sedimentation reaches Clear Lake.

Factors Contributing to Erosion and Sedimentation from the Upper Lake Watershed

Precipitation and Soils

Erosion rates are greatly increased by heavy rains, and transport of sediment is greatly increased by
high water flows. See Chapter 4.2 for a discussion of water flows in Middle Creek: The nature of
the bedrock geology and soils in the watershed has not changed since before the reference period
began. To avoid redundancy, the basic erosion and sedimentation potential for the watershed is
discussed later in this chapter under reference conditions.

5-2
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Dei 2 2 1997

Mr. Kurt Stauffacher
County of Lake
Public Works Department
255 N. Forbes'Street
Lakeport, CA 95453

Dear Mr.. Stauffacher:

,'"','::' -''::' .; - -

Pcte Wilson
Governor

.; :.: .'

~ReCJ.'c1edPaper

APPROVAL OF THE QUALITY ASSURANCE (QA) PLAN FOR THE CLEAR
LAKE BASIN WATERSHED ASSESSMENT 205(j) PROJECT

The QA Plan for the subject project has been approved. I
have signed the signature page (enclosed) and I am returning
it to you for the ~emainde~ of the signatures. Please have
this page completed and returned to me for our official
records. Sampling may proceed.

If you have any questions, please telephone me at
(916) 657-1033.

Sincerely,

(~~~~.tC~
7'

Jan~M. Blake, Project Officer
Water Quality Pla~~ing Unit

Enclosure

cc: Carolee Weste~n, DWQ

Our mission is to preser.'e and enhance the quality of Cai(1"ornia 's water resources. and
ensure their proper allocation and efficient use for the beneJit ofpresent andfilture generations,



COUNTY OF LAKE
PUBLIC WORKS DEPARTMENT
Courthouse - 255 N. Forbes Street
Lakeport, California 95453
Telephone 7071263-2341
Fax i071263m48

Go R. Shaul
Public Works Director

November 5, 1997

Janet M. Blake
State Water Resources Control Board
Water Quality PI~ng Unit
P.O. Box 100
Sacramento, CA 95812-.0 100

Dear Ms. ~ lake,

I have enclosed the signature page with the required signatures for the Quality Assurance
Plan for the Clear Lake Basin Watershed Assessment 2050) Project. I am returning this
signature page to you for your official records.

Ifyou have any guestions, please telephone me at (707) 263-2731.

Thank YOU.

Si4?~
./

Kurt Stauffacher
Water Resources Specialist

Enclosure
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PROBLEM DEFINI770N
Algal blooms in Clear Lake are of concern. The odor and other aesthetic effects of
these blooms have a negative impact on tourism, boating, swimming, recreation, and
the locai economy and quality of life in general. In response to the local cammunitYs
concern for finding a remedy for the nuisance caused by these blooms, the County of
Lake with the University of California, Davis undertook a study completed in 1994. The
report, Causes and Control of Algal Blooms in Clear Lake, suggests that the single
most important method of reducing algal blooms in Clear Lake is the reduction of non­
point source sediment .loading from the watershed into Clear Lake. The report
recommends that this heavy sediment load carried by tributary streams can be reduced
significantly_by erosion maRBgement practices (Best Management Practices, BMPs) .
that keep sediment out of the lake. The report further recommends that a key element
in achieving successful BMPs is monitoring (the regular measuring of key stream and
lak~ water parameters). Measurement of these parameters is needed for several
reasons: 1) Analysis of this data is a potential indicator of primary sources of erosion.
2) This data will serve as the basis for choosing BMPs best suited for an identified
erosion source. 3) A baseline needs to be established against which to assess the
effectiveness of erosion control remedies once they are implemented.

PROJECT DESCRIPTION

Goal: Consistent with the above recommendation, a fundamental goal of this stUdy will
be the identification and quantification of the sources of sediment loading in general
and phosphorous loading in particular. This is accomplished by the regUlar systematic
sampling and analysis of creek water, lake water, lake sediment, and other field
measurement parameters. This acquired data will serve as a basis for identifying non­
point sediment sources, for choosing the most effective BMPs and for assessing and
monitoring their effectiveness.

Choosing parameters of interest and sample sites: The creek parameters will be
chosen based on the objective of quantifying sediment and phosphorous loading and
stream characteristics which may effect this loading. The creek sample sites wiil be
chosen to provide a linear profile of the creek and to potentially detect the impact of
various stream characteristics and remedial actions on these parameters. Hence,
sample sites will be chosen at such locations as above and below tributary
confluences, above and below nutrient retention sections such as Tule Lake, in the
vicinity of remedial actions such as the Scotts Creek Riparian Vegetation Rehabilitation
Project site, etc.

The Clear Lake parameters will be chosen based upon the two main objectives of
quantifying phosphorous loading into Clear Lake and assessing the cycling of
phosphorous between the water column and the sediments. Since Clear Lake has a
unique shape with three distinct geographical sections or parts, sample sites will be
chosen to measure parameters representative of each section and to identify potential
differences in measured parameters between them. Sample times for all Clear Lake

4
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parameters will be chosen to be on regular monthly intervals to detect potential
correlation's between seasonal changes in these parameters and the observed
seasonal algal bloom cycle.

QUALITY OBJECTIVE

Scope: This QA Plan is specific to the geographical area of Clear Lake and the
watersheds of its tributaries.

Time & Resource Constraints: The resource constraints are given in attachment A

Intended Uses Of Data: The data will be used to identify erosion sources in the Clear
Lake tributary watersheds and to quantify the sediment contributed the these tributaries
and to Clear Lake by these sources.

Decision Standards and Action Levels

Greek Sampling and Field Measurements: Individual rainstorm events will be
identified within the winter rainy season. Rainfall during each event will be
monitored. Events in which one inch or more of rainfall is received are considered
significant events. The time of peak creek flow will be estimated based on weather
forecasts, observed measured rainfall, and monitoring creek water level in Scotts
Creek and Kelsey -Greek. Creeks will be sampled during significant events as close
to peak flow as practicable.

Lake Sampling and Field Measurements: Lake water and sediment samples and
field measurements will be taken monthly and scheduled as close as possible to the
same time each mClnth as weather and lake naVigation conditions permit. The
maximum number of sediment samples per month (28) is determined by the capacity
of the contract analytical laboratory (University of California, Hopland Research and
Extension Center, 4070 University Road, Hopland, California 95449.

Population Parameters of Interest
Creek water:

.Sample Time

.Conductivity
-Temperature
-Instantaneous Di!:icharge
.Orthophosphates
-Total.Phosphates
-Dissolved Solids
-Total Solids
.Observed weather conditions are noted

r
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Lake Water:
-Sample Time
-Water Depth
-Clarity (Secci Disk)
-Dissolved Oxygen (Column Profile)
-Conductivity
epH
eOrthophosphates
-Total Phosphates
-Observed weather conditions are noted

Lake Sediment:
-Total Phosphates
eFe/AI Phosphate Fraction
eCa Phosphate Fraction
..Residual Phosphate

Precision and Accuracy

Precision: The sam~e standard deviation, s, is given by

n') x: -(.'" xts= ...... ~.
n(n-I)

where
n= number ofanalyses
x = individual values of analyses
s= standard deviation of the sample

The analytical precision is expressed in terms of the ratio of the standard deviation to
the arithmetic mean:

where
RSD =relative standard deviation

S =standard deviation of the results of replicate analysis
x =mean value of the replicate results

A relative standard deviation of 0.10 or less is acceptable; 0.10 to 0.20 is the warning
limit, and greater than 0.20 is unacceptable.
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Accuracy: Laboratory accuracy for Orthophosphates, Total Phosphates and
. Conductivity is assessed by measuring the recovery of known commercial standard
reference materials and is expressed in terms of the percent difference between the
measured and the nominal value of the known standard:

(m-n)a = n -lOa

Where
a = laboratory accuracy
m=measured valuE~ .
n =nominal value of the-krlown standard

Accuracy, therefore, is simply a quantification of the difference (bias) between the
measured value and t.he" true value.

Completeness: The completeness of data quality controls relies on how many
samples need to be taken to be able to use the information that is collected. For
example, if all of the water and sediment samples are taken at each of the four
sampling sites on the lake including duplicates, the completeness factor will have been
met for that sampling trip. However, if all the water and sediment samples are taken at
only two of the four sampling sites on the lake including duplicates, the percent
completeness would be only 50%. Percent completeness is the number of planned
measurements jUdged valid divided by the total number of measurements taken
multiplied by 100. If the completeness factor is not met, an explanation of the problems
or constraints will be provided with the field sheet provided to the project manager for
review.

PROJECT NARRATIVE

Creeks: The creek population parameters will be monitored to determine sediment
load, phosphorous content, and stream discharge. These parameters will be used to
estimate the phosphclrous load introduced into Clear Lake by the sp.ecific creeks and
by the watershed in general. This information will be assessed in terms of the
hypothesized phosphorous loading contribution to blue-green algae growth in Clear
Lake.

Clear Lake: The purpose of monitoring the population parameters of Clear Lake is
three-fold:

-Monitor seasonal phosphorous exchange between the sediment and the water
column.

-Quantify the sediment depth to which the phosphorous exchange takes place.

-Provide a basis for the investigation of possible correlations between phosphorous
exchange and other parameters.

7
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SPECIAL TRAINING / CERTlF1CA nON REQUIREMENTS

Analytical laboratory personnel (U.C.D. contract laboratory): Masters degree in a
field related to natural resources study. Extensive experience in analytical testing of
soils and water.

Field personnel: At least two years education related to environmental soil and water
analysis. At least one year experience in environmental soil and water sampling and
analysis. No certification is required.

DOCUMENTAnON & RECORDS

All field data will be logged into field data sheets (attached) and transferred to Microsoft
ExesI spreadsheets. Laboratory data is logged directly into and computed by Excel
spreadsheets. Fractional phosphate and total phosphate analysis will be
subcontracted to an outside laboratory. All related data will be Faxed to our office and
entered in Excel spreadsheets and converted to MSoft Access Database.

•

DATA ACQUISITION
SAMPUNG PROCESS DESIGN
The experimental design is based upon the conclusions and recommendations of
Causes and Control of Algal Blooms in Clear Lake which suggested that the single
most important method of reducing algal blooms in Clear Lake is the reduction of non­
point source sediment loading from the basin watersheds into Clear Lake. To better
understand and quantify this sediment loading, the report recommends improved
stream and in-lake monitoring. The monitoring is focused on sediment content and
particularty phosphorous, the key constituent of the sediment most directly associated
with the blooms.

Accordingly, Scotts Creek and Middle Creek, the two largest volume contributors to
Clear Lake, will be monitored as close as practicable to peak flow at six designated
sites during significant rain storm events as given in A6, choosing parameters of
interest and sample sites. Parameter magnitudes will be evaluated against
instantaneous discharge where available to quantify sediment and phosphorous .Ioad
contributed to Clear Lake by these sources. The selection of sample sites allows for
monitoring parameter gradient along the course of the creeks and assess the possible
effect of sediment retention segments.

The magnitude of Clear Lake sediment and water parameters will be measured monthly
and assessed as a function of time to quantify the sediment I water column
phosphorous cycle, to monitor seasonal cycles of these parameters, and to identify
possible relationships among the parameters.
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SAMPUNG METHODS REQUIREMENTS
Creek Sampling
Creek Surface Water Sampling and Field Testing Procedure: Attachment J shows
creek sample site locations. The parameters of sample time, conductivity, temperature,
and surface elevation will be recorded in the field data sheet at the time of sampling.
Current weather conditions will be noted and recorded. Creek samples will be
collected at or near the horizontal flow-center approximately one foot below the surface
in a one-pint polyethyh3ne wide mouth sample container triple rinsed with native water
to achieve a representative sample. The sample is taken from the upstream side of the
sampler to minimize sample bias caused by wading disturbance of the stream water.
The sample sites will beland marked and remain constant. The sample will be
identified by labeling the sample bottle at the time of sampling with the date, time,
location and the sample collector. Field data will be entered in a creek field data sheet
(attachment B). A recc)rd of the collected sample is made in the field data sheet. The
stream water surface level will be measured to a designated constant physical
reference with a weighted fiberglass open reel tape. Conductivity and temperature will
be measured in the sample bottle immediately upon sampling.

Clear Lake Sampling
Clear Lake samples will be collected from four predesignated sites (attachment J)
which are representative of the three arms of the lake. They remain constant and are
fixed by referencing onshore land marks.

Clear Lake Water Sampling Procedure:
Surface- Surface samples will be collected approximately eight incl1es below 'the
surface in a one-pint polyethylene wide mouth sample container which is triple rinsed
with native water to achieve a representative sample. The sample will be identified by
labeling the sample b()ttle at the time of sampling with the date, time, location and the
sample collector. Field data will be entered in a lake field data sh~t (attachment C). A
record of the collected sample will be made in the field data sheet. Algal conditions will
be noted and recorded.
Bottom- Bottom samples will be collected approximately O.7M from the lake bottom
after measuring the water depth. Collection will be made with a 2.2L Van Dome trip­
sealing vertical sampling bottle. The collection depth will be determined by length
demarcations on the sample bottle retrieval line. The sample will be decanted into a
one-pint polypropylem3 wide mouth sample container triple rinsed with native water to
achieve a representative sample. The sample will be identified by labeling the sample
bottle at the time of sampling with the date, time, location and the sample collector.
Field data will be entered in a lake field data sheet (attachment C). A record of the
collected sample will tIe made in the field data sheet.

Clear Lake Sediment Sampling Procedure (Dredge): Dredge samples will be
collected with a 216 cu.in. Ekman Bottom Dredge. The analytical sample (approx.
200ml) will be decantE!d from the dredge with a 250 ml polypropylene beaker into a one
gallon sealed plastic t)ag. The sample will be identffied by labeling the sample bag with
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the date, time, collection site, collection type (Ekman) and sample collector. The
sample bags will be sealed, immediately chilled in an ice chest, and kept refrigerated at
sec until analyzed. Three independent analytical samples from three independent
dredge extractions will be collected from each site.

Clear Lake Sediment Sampling Procedure (Core): Two core samples will be
collected with a Wildco 2 in. diameter by 18 in length core sampler at each sample site
and are designated as "Core An and "Core Bn. Eight - one centimeter cross sections
will be collected from each core. From Core A, cross sections will be collected
representing sediment depth of 1,2,3.4,6,8,10 and 12 em. From Core B, cross sections
are collected representing sediment depths of 1, 4, 8, 12, 16, 20, 24, and 28 em.
These cross sections will be-collected from the core sample by incrementally extruding
the core sample from the core sampler to a measured distance corresponding to the
above values. The measured one em cross section is then shaved directly into a
safT}ple bag. The sample will be identified by labeling the sample bag with the date,
time, collection site, core, sediment depth and sample collector. The sample bags will
be sealed, immediately chilled in an ice chest, and kept refrigerated at SoC until
analyzed.

Ten percent of the samples will be taken in duplicate. Conductivity, which is an
unstable parameter, 'will be measured in the field. Orthophosphates will be measured
in the laboratory no later than two days after the sample is taken. Dissolved solids and
total solids will be measured within three days of sampling. Total P will be measured
within 30 days of sampling. All samples will be packed in ice for transportation
immediately after collection and refrigerated at 5QC until analyzed. On occasions when
sample analysis takes place after the standard storage period, deviations will be noted
in a lab data book and identified in database comments. Sample custody will be
tracked by comparison of field and lab data sheets.

SAMPLE CUSTODY REQUIREMENTS

Creek Water Samples: All water samples will be handled only by the technician
during field sampling. All sample containers will be labeled with the date, time, and
sample location. Samples will be returned by the technician via a County vehicle in
use to the Lake County Public Works Lab facility at: 420 2nd Street, Lakeport, CA
95453 where the samples will be stored in a refrigerator at 5° C until analysis and
transport. This laboratory facility is locked and secure. The field data sheet

. (attacnment 8) will be filled out by the technician and provided to the project manager
for approval of proper sample retrieval and storage.

Within the time ranges specified in the sampling methods of this report, the samples
will be transported by a member of the Lake County Flood and Lake Management
Division to the University of California Hopland Research and Extension Center, 4070
University Road, Hopland CA 95449. The project manager will approve the release of
a County vehicle to transport the samples. Samples will be transported in a cooler
packed with ice and hand delivered to the Hopland Research and Extension Center
where the samples will be stored and analyzed following procedures outlined in this

10
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report. Sample results will be faxed from the Hopland Research and Extension Center
to the Lake County FioCld and Lake Management Division. These results must contain
information indicating sample collection date, sample analysis date, and the·
corresponding parametm reading.

Lake Water and Sediment Samples: All water and sediment samples will be handled
only by the technician during field samt'ling. All sample containers will be labeled with
the date, time, and sample location. Samples will be stored in a cooler packed with ice
during sample collection. Samples will be returned by the technician via a County
vehicle in use to the Lake County Public Works Lab facility at: 420 2nd Street,
Lakeport, CA 95453 where..!be samples will be stored in a refrigerator at 5° C until
analysis and transport. This laboratory facility is locked and secure. The field data
sheet (attachment C) will be filled out by the technician and provided to the project
manager for approval of proper sample retrieval and storage.

•
Within the time ranges specified in the sampling methods of this report, the samples
will be transported by a member of the Lake County Flood and Lake Management
Division to the University of California Hopland Research and Extension Center, 4070
University Road, Hopland CA 95449. The project manager will approve the release of
a County vehicle to tr~!nsport the samples. Samples will be transported in a cooler
packed with ice and hand delivered to the Hopland Researc.'1 and Extension Center
where the samples' will be stored and analyzed following procedures outlined in this
report. Sample results will be faxed from the Hopland Research and Extension Center
to the Lake County Flood and Lake Management Division. These results must contain
information indicating sample collection date, sample analysis date, and the
corresponding parameter reading.

ANALYTICAL METHODS REQUIREMENTS

Total Solids: A well-mixed sample is evaporated in a weighed dish and dried to
constant weight in an oven at 103Q C to 105;)C. The increase in weight over that of the
empty dish represents the total solids.
A 57mm aluminum wei~lh dish is labeled and heated at 103°C for one hour. The dish is
cooled in a desiccator and weighed immediately before use. Approximately 30r:n1 of
well mixed sample is added to the preweighed dish and weighed. The dish is placed in
a 103°C to 105;)C oven and evaporated to constant weight. The dish with residue is
allowed to cool to balance temperature in a desiccator then weighed.

(A - B) x 1000
mg total solids L =

sample vo/ume.m/

where
A = weight of dried residue + dish, mg
.B =weight of dish,mg

11
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Total Dissolved Solids
A well-mixed sample is filtered through an ash/ess filter, and the filtrate is evaporated to
dryness in a weighed dish and dried to constant weight at 180°C, The increase in dish
weight represents the total dissolved solids.

A 57mm aluminum weigh dish is labeled and heated at 103°C for one hour. The dish is
cooled in a desiccator and weighed immediately before use. The sample is centrifuged
@ 3600 rpm for one minute. The sup~mate is gravity filtered through a Whatman 42
ashless cone filter. Approximately 30ml of the filtrate is added to the preweighed dish
and weighed. The dish is placed in an oven at 18DOC ± 2°C and evaporated to
constant weight. The dish with residue is allowed to cOol to balance temperature in a
desiccator then weighed.

(A -B) x 1000
mg totai dissolved solids .. L =

samplevolume,ml

where
A =weight of dried residue + dish, mg
8 =weight of dish, mg

Total P: Total Phosphorous measurement is conducted using the method of Murphy &
Riley 1962; EPA 365.2 (Attachment D): Separate sediment subsamples are analyzed
for total P using a per~~loricJnitric acid (1/3 v:v) digestion. The nitric acid oxidizes the
organic matter in the sediments. The equivalent of about 0.5g of air-dried, sieved
(O.5mm) sediments are mixed with 8 mlof the acid in Folin - Wu blood tubes. The
mixture is digested at a temperature of a few degrees below the boiling point in an
aluminum block until the dark color due to organic matter disappears. The digestion is
then continued at a boiling temperature until heavy white fumes of HCL04 appear and
the insolubles tum chalky-white.

Phosphate Fractions (Fe/AI & Cal: The Fe/AI and Ca fractions of phosphorous are
measured Hielijes and Lijklema procedure, 1980'(Attachment E). Within 48 hours of
sampling, wet sediments containing the equivalent of 0.5g dry sediment are first
extracted with 40 ml. of 1M ammonium chloride adjusted to pH. 7. These' are
mechanically shaken for 2 hours, decanted, and an additional 40 ml added for another
2 hours of shaking. This step removes the loosely bound available phosphates.
Secondly, samples are extracted by 40 ml. of 0.1 N sodium hydroxide and shaken for
17 hours to remove iron and aluminum-bound phosphates. Finally 40 ml. of DAN
hydrochloric acid are added and the samples are shaken for 24 hours to remove the
calcium - bound phosphates.

Residual Phosphorous
Residual phosphorous is given by the arithmetic difference between measured total
phosphorous and the sum of the measured phosphorous fractions.
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Reactive Phosphorous (Orthophosphat~)

Orthophosphate is mec3sured by the EPA approved Ascorbic Acid method using a Hach
DR/1 A colorimeter and the Hach Company Portable Colorimeter Procedures Manual
Method .(Attachment F). C%r development time is constant at 4 minutes for all
samples. The instrument is calibrated using the Hach Company Portable Colorimeter
Procedures Manual Standard Additions Method Check prior to each sample batch run.

Field Measurements Requireme-nts (Creeks)
Instantaneous Dischtarge (Creeks): The main limiting factor is the limited number of
mechanically operated stream gages. Instantaneous flows are available from the
following stream gaug(=s: DWR Scotts Creek, DWR Middle Creek, DWR Kelsey Creek,
and USGS Kelsey CrE~ek. The solution therefore is to tie all calculations of discharge
throughout the watershed to .the stream gage measurements.

• Flood Insurance Stu~

A Flood Insurance Study was performed by the Army Corps of Engineers in
cooperation with Lake County which was revised in 1992. This study used the HEC-1
and HEC-2 models to. calculate the mean velocity (fils) of discharge for a 100 yr. event
at a series of points along many of the streams draining into Clear Lake. The
associated cross sectional area (ft"2) was also recorded so that one could calculate a
discharge in cfs (veloc:ity '* area) for each point along the streams included in the Flood
Insurance study.

For a particular watershed the calculated 100 year discharge from the Flood Insurance
Study was recorded fC:lr the location of the stream gage. The next step was to record
the 100 yr. discharges from the Flood Insurance Study for the location of each
sampling site. Finally, the relative 100 yr. discharge compared to 100 yr. discharge at
the stream gage was calculated. For example: Assume the calculated 100 year
discharge of the south fork of Scotts Creek is 3000 cfs and the calculated 100 yr.
discharge at the streclm gage at Eickhoff road is 1000 cfs. This would show that the
discharge of the soUttl fork of Scotts creek is 3 times the discharge at the stream gage.
The rational used here is that once we obtain the recorded discharge data from the
stream gage we can then estimate the instantaneous discharge of the south fork by
simply multiplying the discharge of the stream gage by a factor of 3.

This method was used to obtain relative discharges to stream gages for each of our
sampling sites occurring within the Flood Insurance study. The Department of Water
Resources supplies 15 minute interval discharge data for their stream gages.
Therefore, using the exact time our grab sample was taken we could obtain a fairly
accurate estimate of the discharge at the associated stream gage. Finally, using the
relative discharge factor, we could estimate the instantaneous discharges at each
sampling site.

13
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Creek Surface Elevation
For sites sampled from a bridge or overpass, the distance fram a fixed point on the
bridge to the water level was recorded in meters. This information ;s useful in a
qualitative sense, allowing us to know which events caused a higher runoff (lower
bridge height).

This surface elevation data was combined with the instantaneous flow data described
above to explore the possibility of creating rating curves for each bridge, This would
allow a simple bridge height measurement to determine the approximate discharge in
cfs. These rating curves were created by plotting the calculated instantaneous
discharges vs. the measuredDridge height and a curve was fit to the data.

Field Measurements Requirements (Clear Lake)
•

Clarity (Clear Lake): Water clarity will be measured at each sample site with a Secci
disk. The disk is lowered over the shady side of the water craft to minimize surface
glare. The disk is lowered to a depth just past the threshold of visibility. It is then
raised slowly to the visibility threshold. The depth reading is then taken from
demarcations on the disk line.

Water Depth: (Clear Lake): A single measurement af water depth will be taken at
each sample site with a weighted fiberglass open reel tape.

Dissolved Oxygen (Clear Lake): A Yellow Springs Instrument 51 B dissolved oxygen
meter will be used for this measurement. The concentration of dissolved oxygen in
lake water will be measured in situ at each sample site to construct a water column
D.O. profile from the lake bottom to the surface. The probe is placed in the Jake to the
desired depth per the probe cable demarcations. D.O. is measured at the surface (one
meter) and at 0.5 meters from the bottom after measuring water depth. Measurements
will be then taken at .successive ascending one meter increments. The D.O.
measurement, along with its associated meter temperature value, will be immediately
entered into the lake field data sheet (attachment C).

pH (Clear Lake): The pH of all water samples will be measured in the sample bottle
immediately upon sample collection with a Fisher Scientific Accumet pH meter Model
955. The meter is calibrated using commercial pH buffers of 7.0 and 10.0. The meter
is internally compensated for temperature. The field standardization procedure will
begin with inspecting the meter and probe for damage. The electrode is rinsed with pH

7 buffer, then the instrument is calibrated to pH 7. The electrode is double rinsed with
distilled water, rinsed with pH 10 buffer, then calibrated by slope adjustment to pH 10.
The electrode is then rinsed in native water and the sample pH is measured and read
when the meter stabilizes and the value will be immediately recorded in the field data
sheet.
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Conductivity (Creeks and Clear Lake): Conductivity will be measured in the field
immediately upon sample collection using a Coming model Check Mate 90 conductivity
J temperature meter. This meter is internally temperature compensated to 25° C. The
meter and electrode will be inspected for damage immediately prior to each sample
batc.'1 run. The instrument will be then standardized using a calibration sequence
which is intemallyprogrammedintotheinstrument.lnthesequence.itis standardized
to zero in air, then to 1314 IJS using Coming commercial 1413 IJS standard. The
electrode is then triple rinsed in native water, the sample conductivity value is taken
after the meter has stabilized, and the value will be entered into the field data sheet.

Temperature (Creeks and 'Clear Lake): Temperature of all water samples will be
measured in the sample bottle immediately upon sample collection with a Coming
conductivity I temperature meter. The meter will be standardized with ice water prior to
each measurement run.

QUAUTY CONTROL I?EQUIREMENTS

Instruments: InstrumElnt calibration against standard reference and blank samples will
be an integral part of rClutine analytical procedure.

Blank Samples: Distilled water samples will be processed in a identical manner with
Held samples to confirm the absence of contamination via sample processing. If such
blanks exceed detection limits, subsamples will be taken from blanks between
processing stages to determine the specific contamination source. The contamination
source will be rectified before further analysis is conducted. Data obtaine<;i subsequent
to the most recent previous blank will be reexamined for contamination error.

Replicate Samples: At least 10 percent of the samples will be duplicated at the
sample source. Parameter measurement value spread between replicate samples will
be evaluated against identified precisian limits (see page 6, Precision). If these limits
are exceeded, the source of the spread will be rectified before further analysis is
conducted. Increased sample holding times resulting from interrupted analysis will be
identified with the corrE~sponding data.

Sample holding times: On occasions when sample analysis takes place after the
standard storage period, deviations will be noted in a lab data book and identified in
database comments.

INSTRUMENT TESTING, INSPECTION, AND MAINTENANCE REQUIREMENTS

All instruments and measuring equipment used to measure water quality parameters
will be maintained and operated according to manufacturer's manual instructions and
procedures. All instruments will be inspected and calibrated prior to each sample run
with standard solutions. Each calibration will be logged with the respective data.

INSTRUMENT CAUBRATlON

Dissolved oxygen: A Yellow Springs Instrument 518 dissolved oxygen meter will be
used for this measurement. Calibration procedures will begin by determining the
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condition of the probe and meter, If the probe membrane appears damaged, or if
bubbles are observed, the membrane and electrolyte solution will be replaced. The
meter is turned on at least one hour prior to use in order to allow stabilization of the
probe. After stabilization, the zero and maximum settings are adjusted. The or
calibration chamber is dipped in the water source and removed. The barometric
pressure and water temperature are used to determine the value for DO saturation.
The meter is then adjusted to this value. The probe is then placed in the lake to the
desired depth per the probe demarcatipns. Manual stirring is affected by continuous
reciprocation of the probe. The reading is taken after the meter indication has
stabilized.

pH: A Fisher Scientific ..Model 955 Accumet pH meter will be used for pH
measurements. Two commercial buffers, pH 7 and pH 10, will be used to calibrate the
meter. .The meter is internally temperature-compensated. The standard field
proqedure will be to initially inspect the meter and electrode for damage. The electrode
must be clean and properly maintained. The electrode is rinsed with deionized water.
The electrodes is rinsed with pH 7 buffer, then placed in pH 7 buffer. The instrument is
then calibrated to pH 7,

Analytical Balance:· Analytical weight measurements will be taken using an Ohaus
Model AP 11 OS analytical balance. The balance will be inspected for level and
calibrated before each usage using the balance's internal calibration procedure
(attac.'1ment G),

Conductivity Meter. The conductivity meter will be calibrated before each sample run
and will be standardized using a calibration sequence which is intemally programmed
into the instrument. In the sequence, it is standardized to zero in air, then to 1314 ~S

using Coming commercial 1413 ~S standard. This will be performed prier to each
sample run.

Colorimeter. Orthophosphates will be measured with a Model Hach Colorimeter

DATA ACQU/SmON REQUIREMENTS (NON-DIRECT MEASUREMENTS;
Historical climatological data for the Clear Lake Basin region will be obtained from the
University of California, Davis, Division of Agriculture and Natural Resources Statewide
Integrated Pest Management Project computer data base (see Attachment I). It is
certified as an official publication of the National Oceanic and Atmospheric
Administration (NOAA). It will be compiled using information from weather observing
sites supervised by NOAA/National Weather Service and received at the National
Climatic Data Center (NCDC), Ashville, North Carolina 28801. Further information
regarding data quality and reliability may be directed to Joyce Strand of UCDIPM at
(916)707-752-8350 or via e-mail at ipmig@ucdavis.edu.
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DATA MANAGEMENT
The status of all datel will be maintained and tracked using a Data Ubrary Index
(attachment H) which will be evaluated at least monthly or more frequently as required.
Random sample checks will be made from original measurements to final data to check
the accuracy of data processing.

Clear Lake: Core totHI P and P fractions, Ekman total P and P fractions, lake water
total P and Ortho-P, water column D.O. and Temp. profiles will be graphed and trends
evaluated monthly. Anomalies and apparent spurious readings will be reexamined for
possible sources of error. Unexpected trends will be examined for possible causes.

Creeks: Total solids, total dissolved solids, total P, Ortho-P, conductivity, and
temperature will be graphed and trends evaluated monthly. Anomalies and apparent
spurious readings will be examined for possible sources of error.

•
ASSESSMENT I OVERSIGHT
ASSESSMENTS and RESPONSE ACTIONS
The Technical Review Committee will conduct periodic reviews of the status and
progress of the project and the Project Director will implement TAC recommendations
as appropriate.

REPORTS to MANAGEMENT
Quarterly progress reports: Q.P.R.'s will be submitted to the Contract Manager by
the 10th of the month follOWing the end of each calendar quarter. The report will
describe activities undertaken and accomplishments of each task during the quarter,
milestones achieved, and problems encountered in the performance of the contract
work. The report will describe the progress of each task in sufficient detail to provide a
basis for payment of invoices and to determine task completion percentage.

Submission of data to STORET: A report of all water quality related data will be
submitted to the Statl3 Water Board for input into the STORET system prior to the
submission of the Final Project Report. Data will be submitted on computer diskette. A
copy of this data report which has been retrieved from STORET after submission will
be compared to original data to verify correctness.

Watershed inventory list: An inventory of the subwatershed groups. Complete one
subwatershed group Hach quarter over the first year and report on progress in each
quarterly report. Include for each milestone or inventory a list and description of:
priority erosion sources, landowner/stakeholder information, potential BMP
prescriptions, and erosion and BMP improvement estimates.

Draft action plan: Make recommendations for the use of BMP's and the restoration
work required to reduce erosion from high priority areas and practices. Draft action
plans with stakeholders and partners for implementing the recommendations, including
cost estimates and cost share opportunities, stakeholder responsibilities and
incentives, financial and institutional responsibilities, together with a time line.
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Implementation pJan: An institutional and financial plan for implementation of actions
recommended by the project. This report will identify the affected agencies,
stakeholders, estimated costs, and funding sources for development and management
of the actions recommended by the project. It identifies institutional constraints and
outlines a proposed schedule for the implementation of recommended actions. It
includes a list of stakeholder actions necessary for restoring priority creek banks,
incorporating BMP's in the management and development of land, roads and creeks,
public outreach and monitoring resultal!t water quality improvements.

Implementation checklist: A brief checklist to allow annual post-project assessment
by the State Water Boa'rd. The checklist will identify key milestones in conformance
with the implementation schedule prepared for the management/implementation plan.
This will be submitted to the-sontract manager with the project final report.

D.raft report: The draft project report will include the results of.the task work completed
by the project including the watershed inventories, sediment modeling and water quality
monitoring, the review of the stakeholder practices and policies I the recommended
management strategies, the stakeholder plans, and the final implementation plan. The
report will include:

-A report abstract.

-An introduction including a discussion of the purpose and scope.

-A discussion of the data collection and sampling methods and the rationale for
applying those methods; a discussion , evaluation, and interpretation of the
collected data for each section of the report as appropriate.

-A list of references to the literature cited.

-Any additional information that is deemed appropriate by the Project Director.

Copies of the draft report will be distributed to the TAC team members, affected
agencies, interested parties, and the Contract Manager.

Final report: The final report will incorporate changes resulting from suggestions and
comments made by the Contract Manager, the TAC, and the public. Copies will be
distributed the Contract Manager, the TAC, and the Contract Manager.

DATA VALIDATION and USABILITY
DATA REVIEW, VAUDATJON AND VER1FiCATION REQUIREMENTS
The status of all data will be maintained and tracked using a Data Ubrary Index
(attachment H) which will be evaluated at least monthly or more frequently as required.
Random sample checks will be made from original measurements to final data to check
the accuracy of data processing.
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RECONCILJAnON WITH DATA QUAUTY OBJECTIVES
The·Project Director will reconcile data with quality objectives and direct any necessary
modifications of procedure to assure reconciliation.
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I,·;.... I I I.. Ii lI'a'l'I n'lIn'lI lIl11 illll~ til 11111111I"")' .li,1 1It11 kll.' I" III""! 1:11'1, I .·"llIlIf
.1.·",1"1'""'"1. ,\1 '"11n'II"lIlIllI~ III :,h""I! nr..1 I",: 1III1I1Iilll""~' I"~' 5" 11I1 ul ~"Inllllll.
1IIIIIIti.lit,· ,,11"'4k :lIItllll""" ,,,11 \\"11" lr"IIII·II.

'Ih" "".... l'li,J11I11" ... hllll"'·,,1 thl! l,hll"I,hllllltJl~·h.ll·lIIl1l1l.llII· '1II1111'111" Ihc I""~I'III:I!
"I IIIIIIIIIIIII\" I~ lit :11I1 11I/" TIll! I'hll'l'hlllll"l)'h.lclIlIlII hili.' )'h·"h·,1 It}. !!11I1I'f thl!
~1:1'"II11' ,1II",i.l,· III Ihe "",:ulh\c :II:ltl 1I11:lhllll h:l~ II, IIh:a1l1'1I1111 lIl:\xhllR III IIlWl'f
"a",11'111:1 h~ (!'i,:. II. '1 hl~ ~1I1l1l"!II',1 Ilml ontlmony 1lI11l1l1 he n COlIIllll"e,,1 01 Ihe

I'"" flI /I','
I'i"d'" .1" 1111 11111,,· ~":1 ,\1,1"1 ';IIl'I'''' in'" II ~" ml '·:lIiI ••.• I.·,II"'·\; ..• ,1·1 ~ 11I1.,111,,·

11I1 ...... ,1 "·II,:'·III.hllllllllill IIIl'a<IlI" ••lihn,' In ""1,,,,11' I\ith 11:11.·" :""III,i, "',·11 .\ .....
!!H~ ~!.~n ~'m!! !H !!!h! H!!·!1~!!H· !!u· ~!p!k:~! ~!:':~~!!y ~:! !!:-:& ~t~h~!:f::::H ~;l.: :::;: ~:"'!H;'::: !!l

III "II "1'1'"'1,,1:1'" h·IIl:lh. \).·...1111111I· II... "':11:""1 1,1:11\1: ill Ih,' ":1111" """""'1 11-"1\:
h"shll' ,1i~lillt-,III'''''·r.1':,lilll:llo, II", 11\1'1111,,1 II.i",! '. 2 ",,,I ·1 If!!. I'h"·I·I"''''·''-I'''''··
Jlha"; (tlll'~" 1I1111111nl~ 1111' "1'1'1\'1111:111' 'n. II IS nil ...·11). :1I\.I.III"k,· ".1' III. "1'1111";'
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("'s, Ih,," "::,1.

T'f'IIlIIr"' nl"tp.trlII,u
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ment phosphates. Tne: shortcomings of Chang and
JacXson's (195i) original procedure were dcnonstrated
by Williams et a..l.(l%i. 19i1a.. 1971b). 1"bc:::se authors
proposed a fradooatioD .sc.1cne (l9ila) that allows dis­
rinc:ion betwe=:l iron- and aluminum·bound phosphates
vs. calcium phosphates in calC31'eOUS lake se::lime:lts.
Th~.r method is widely used for the oarae:teriz3tion of
inorganic phosphates.

The te:sQrQ ::poned he:: is an investigation into the
feasibility of Williams' so.e:ne: and a me:b.od proposed
by Kunnies (lm) for the d1.araaeri:z:a.cion of inorpnic
phosphates. Narural sedimcts used in tltis project were
obtained from we Brielle, a sha.11ow tutrCpbic bard
water lue southwest of Rott=dam. the: Netherlands.
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ABSTRACT

AdIJirIMttU lnt:k% WOl"tb:: JRd.lmest lNIaqbUo.p~ em"X'

t:icML. .1«lIdGa oa C2Jcialll~

Hiettje. A. H: M•• :md L Wjkicma. 1980 Fna:iotWioa o( inorpnic
~e iDC.lc::uecus sedime:m:L J. cvtrcn.. QuaL 9:~....107.

'T1Ie Sldectrrity of C'U'ftDl fractloaadoa scbaDeI for~
~1Iates III 5lI:dlmaIa bas beea lested ow pan0Ha~R.esa!a
!JIdk:Ue lb! dfec:ztye rerDOT&I of c:sId1ll11 CIIrboaw~ J.III­

lIIOaiwlll ddoride atndiaa. i:I~ Ia OI"lies'to IIdDrre sa11si'ac­
tor1 d.ba'tlDi.aaao. benrea ira.. ~ Y'''ainJlft-boMMI ~btes
.... c::UC1lIII p~".u:s. A 3i.aI~ emx:tiotI PI ucedare baed _ UUs
iatonll8Uaa Us bees ll~piied to dw -U-lS of Lab Brieik.
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Physical and c.'1e:n.ical c.~a.rac:eriz3.tion of sedimcus is
important fcr the comprehension of the phosphate ex­
d:1ange proa:sses betwe=n bottom .sediments and overly­
ing waters. [n many lakes a signifiant fral:tion of the
annual phosphate loading aa::umulates in the: sediments.
Dcpc:nding upon environmenu.i conditions partial re­
lc:a.sc of these phosphates may 0Cl:W'. SolubilitY of phos­
phate in the inte:l"3titial water of a sediment under pre­
vailing conditions of pH. redox potential. and ionic
str'e%lIth is contrOlled by the c:hc:nial composition of
the phcspbatcs present and their interactions with other
minen.ls or amorphous mate:ia.U. The association of
phosphate with iron. aluminum. and calcium, and the
adsorptive properties of C3rbonates and days an of
e:specia! interest.

Several exuac:ion scl1emes have 'oe::n developed for
the ducidation of the c.,emial natUre of soil md sedi-

'Ccswibutica of !be Qcopt. of 01emic:aJ E:t&incainc. Twente Univ.
of TedtaololY. P.O. Box ~17. E=.'1ede. The NClbc:rWx:ls. Recr:ived
19/110'1.19'7'9. .

I RcseardI~t md Assoc. Prof. o( E:!viroMlelnaJ EnlillCl:l"
in.. ~veiy.

MA.TElUALS AND METHODS

Sedime:ta (rom Ui:e Bridle -ee ~1lc::.=1 witb :ul im;lm'red
JenCD mud =I'lc::r. The "'UC' c!c:;'tb It me sam~ si= varied
benw:= 4 &Cd 10 tl1. Alter divisioa imo 2<::1 1a)"c:r3 aDd putial de­
w:uc:rinC lrf a~oa of N. prcmres a;l a:l 6 um. tbr: sccfurw':U
.s:am~ wen: stOrc:2 at ~.c. Water c:eatI:IlI YU e:ritnarrrf by dr'1i=I
du;liicue =1'Le:s at 110·C :&.ad~ t.be less oC wei&b:L Us all
emaa:icm o( aa:tUt2J sedil%'C!lts wu~ were ascd. R.csa.lt1 pre­
sc::c:z=i ben! wc:r-e obai%led with I.hc~ Iaort:r o( l.l:Ie sedi1:neu SymheX
raau:ria.Is used WC'e !\,.eIrc%y·a;:atite Ca.(POJ,OH (lUedd-dc Haas
A.Ci.: c:bcm.. i'\lRr. ak:i= pbot;Catc CaOO.h (Mad::: dw=t­
purer. aJum.inwn or-.ltc~e: AJPO•• HrO (BCH; diem. parer.
UIl:l a su~rioa o(~~~~""c.,qr:d
by SWIdinc or rnode'ue bc:ItiI:lc. ". frw:dmarioa~ uxd In
summarizI:d in T&blc 1. Uu. SEmd odla'wix CbI e=M:tioa
t=~ i.s ::o-c. Our IDCCiffic::aDoa of IlZnZIia' pr.......... caD­
sim al tbr: !DC 0 (NH..CIel.b.mcllll:ixrm"e ia:sa::Id of aD &k:DQoISe~
tioa o( Xc. Fihn.licu (O."~ lDCQ!nDt:) att=' ad1~ wU
pra::dcd by c:cmri!u.pCOCL

The Mur;lb., &.lid iUley a1t:thcd (1962) was uxd (or~
o( izIatp.ajc P in tb.e dar e:ttnc:.s. St.:oactT IibIine or aCe! JOha:OnS
W'C'e neutl"Jli%zd prior to uWys:is.~ was licu:l'miDcd by UQl%lic
absc~ sper::rtlI)hotCtDen"1 with I Variatl TcCl1ma 1100. The cu­
boIIIU CClUClU o( sedimcnu was measured tb.rcuch~ de­
tcrmizsatiaG o( the cal Ijbcnlcd by aQcl dic=Qca.

J. EaTiro.. Qal.. VoL ,. ao.. J.~ 4e5
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Table I-Fftc:WI_UoIl acbemea compared La UUa~ WI!( umpiell COIlcaiD.in~~ lDlJ at dry Mdimel:lt

~ ext.neUd ill eeciI~

.'f
.·1

F- - Al 17~ ....~ 60 aU D.1..v !ieOHJUl
!i.e:: ~5 =a'ao~: wt~SO lZIia{ a
lZISzl:anatO.jMN..c:iaosca.1I:N..
eHrMrrite aa:i 1M ~a.Hco.lc:lBI

1~WIth 60 aU ruN· He

12) K_ll9'7:1.~

i'wo~a-Gl:I"X:IDas.:: ~
wt~.lDIZDInat:a IZIlI...W NH.C
&!Xl~ m.i c.t.DDi: ;1M ai utrae"...an.t
acijunaiu7

17 baun W'ltA50 aUD.INNeOli

l"tra~t1~UU"Ac::OftS. :: bawo:s.
""~ so aU 1M NH.C'..: ;1M ol Q.

::nc:-.an, M1jUftaj., ~

Tabla~hOlllhateed c:s.lciom aUU'tiDl:llrolD
I..a.Iut Brie1J. aed!mut aamplea.

SamI*

2 3 ~ 5

4rdl'Y-u-
2SlI . :4 7 ~o

2::16 S.3 97 8-4.5

RESULTS AND D(5CUSS~ON

P~cs-pha.u: solubilitY of some r'e;lre:senwive pure
compounds in the major e:uract.allCS is shown in Table
~ .
.... The main conclusion from thee e::rpc:nments is the
unsuitabilitY of the NaOH/CDB combination for the
~aration of c:aldum-boun~ ph?sphat:=s ~d iron­
aluminum-phosl=lhate:s as outlined 1I1 Willi.ams seeme
(Table 1. method 1). The CDS extraction~ at solu­
bili.z:uion of the phosphate adsorbed on c:alcum. car­
bonate during the :--eaOH treatment and of phosphates
oc::iuded in iron-hydroxides. However. apparently ~ub­

.suntial amounts of calcium-bound phoshate is soIubil­
.ized by tbe CDB-rC3gent, for whic:.h the suongly com­
plc::ting citr2tc ion is res'POn.si~Ie. ~illiams et ai. (197'6)
demotmratcd that the solubilitY· of n.arural.1y oo:umng
~tite in th:is ~cnt is mue less.. Howevc-. X-ray
analysis did aot re'le:U the presenc:e of this mine:raJ in.
our sediments. Acru.a.Uy calcite and dolomite were the
only caleum-containing minerals that could be
detc:rn:tined. Hence. we c:a.n.not be sure t.ha..t any calcium­
bound P present in our sediments will be insoluble in the
CD.8-reqem. E.sped:illy in sediments l~w ~ alciun:­
bound P this will auseserious uncie:rc:nimatlon of this
frac:ion: Prevention of phQSllhatc a.dsorption on the
carbonat~ in calcareous Lake Sel:limexw during the
NaOH extra.e:rion an be ac.ltieved by complete removal
of theQrbo~ prior to tbc al.ka.line trC3tJl1ent.

Neutra.l.ized ammonium d1.loride solutio~ of 1.0 or
O.jM as used in the oriPnaJ procedure of C'hani and
JaWen (1957) and in Williams' et al. (196i) rim modi­
tica.tion o( this method are very effective in the rcnoval
of c:a.rbonau:s and loosely bound calcium ions. How­
ever. this re:3IC1t also dmolves some phosphate from
the c:ompouncis shawu in Table 2.

Tail. %-Pwe-& alert Sft 'IIbtA Cltt:rlCtAd trom dry.
po.__~pb "MtACI~b1

"""NqtIILL

----- ~ of P atne-..a -----

l.J{NH.C: IllH • ~ ~ """: $-1 4-1
f. <Ll.N N.oH - < 1.a < 1.a '.. 91.a

.-:'~ CtIB :11..1 33.' ~ -"-Ii"}"
1.. UNHC - I 100..4 9U ..J 911.& 10C),0

r 1'ocaI .AlI:IQJU,& 01 P iA _ ... .....naG '-_CI.. aJId~ lIIC for u. c...
~ aJ:Id ... aOatlC: t4. =c for \.he i1--..1ld alluni_ pho»
pftiac.. F'1ftT ns! fJII~c La -e:iIC&~ C::SO • ac:nc..dJLlIioN~

bicattIana~1_T.... Il.

'* J. E4YiroL Qat.. VoL '.110. J. 19.,
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Although the perc-::uage:s n4c::uate around the fairly
insignificant value of about S~o for the compounds
tested. somewhat highc- valu~ c:m be e:l:peaed when
smaller amounts of P-containing compounds are
present in the natural lake sediment sample:s (about SO
mg) 1Jl)On atradon with the same volume (50 mIl re­
agent. However. ine:t'easing the e:ttractanclsediment
ratio revealed only slight increases in the percentag~

solubi1.ized unless ~ignificant1y small amounts were
tesu:d.

The solubilitY of the iron-phosphate material with an
F~ molar ratio of 5:1 was hardly c..lw1ged by pro­
longed ncatJng of the suspension; upon drying at l10~C
tbe soIubffily in NaC1 decreased to about ZOTa of the
phOS'Phat~entin the sample.

Kwmies (1972) suggested the use of an alcoholic XCI
solution for the elimination of sOluble aIld loasdy
bound calcium. This m~.hod proved to be inappropriate
for the rcnova! of carbonates from calcareous sedi­
mentS. Hen= we aied to compro~ by application of
a mixture of ethanol and ammonium c..iloride as indi­
cated in Table 1.

Re:m1ts of the e:madon proc:dure (method 2) aIld
tbe proc:dure with 1M NH.Cl (metbod 3) as obtained
with some sediments from Lake Brie!1e are pre:s~ted in

:z ~SH.e:-? 1:1-4
3 1ffi,Ci' 321..
: A.IcaOolIe!iH.~::5~ ~.soo 13.700 21.500 ~.loo
3· MH.C..c. . s.:l.joo -4UOO ~~ 3:'000 jD.llOO
4

:1 NeOH·? :'.:9 100M 321 J:: :'51.5
3 NaOH·" 3.099 I.J75 m '::'17 l.JOO
~ NeON·? Uo44 1.:93 3Si :0'1 I.~:

: Ho.P I~ 601 .01 934 1. '':':1
3 H~P 5::1 528 314 914 1.010.. HCi' 1.1'1 81: .= I.O!H ~49:

l
..

: Toed P 3.391 1.~ 148 1.J13 4.1~

J Toea! P 3.941 1.937 7113 1..:08 '.1.54

• Toed? 3.987 1.965 712 I.Jln 4.01.

t..Sa~mc~:'D 9.0 9.0 9.0 4.0 10.0
'!II c..co. iA suru;lLa l3.& H.a lU u l8.::

t MeUai ~~ I(IUm.We Ilr.':l: ~HJ:lod 3: Hiait,...nd Wiklema:
M-.J:lad 4: __ u .ao- wtUl~ of ~H.C: ,;unCtlon. M..n
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~~ otI arUma' qJMc. u:U'K'IAd
• '. Ir7 e- ,. lu_

5

--- .cP!rar,.~---
730 1.960 98'1

~ ~% *
1.~S7 ~512 1.:!6

117 532 :tIC
m 1.57-4 l.o:ul

:.014 ~ 1.:36
-441 4J.lI 31~

.571 -41. J.&O

1•.508 J..o:lO 1.;00

1..586 :.sao 1.535

• l.~ 3.~ l..9OO
.. .cCMC-U:-
~ c..:.OO 14..100

'Ik .;aCO, contc1t of these sedimenu ranged
.to 18"- by 'Nt. the. total P cometlt is in the
CL" to 4.0 mg per .g dry wt•.Also, rcsuits of

HO e:a:rac:rions without previous NH..C1 ex­
pte:scntcd (method 4).

with Kurmie:s' modified atraaion sc::!:1e:me
iilcclllU'iete removal of c::alcium carbonate from

bc:Dc= pan of the phosphate liberated in the
CIJ1 be resorbed by the remaining QrDon­
the c::m1ul3tive e::a:raaiOD of phosphate in

"two stepS is lower in me!hcxi 2 as compared to
3_ 1'bis .r=ults in overestimation of the Ca­

j8lO1J:lh.a:te in theHCl exIl"ilC:ion.: the .same is true
c:artxmateremoval with NH..C1 is ap~1ied..

l, 3, and <4 the partial CU'bonaIe rl::noval
~!"P'n!·ediate resnlt5 for the RCl e:arac::ion. In
.~ the remaining carbonmein method

more phcspbae than the unc:h.anied sediment
the NaOH aI1'2Ction. Although the

~~::ti·,oa in the PIOposed method lI12Y remove
Fb)QIld phosphate, as stig=:ted by the results

mTable l, the quantirie dissolved in NH.C1
wllmPQrt2m and it is feU that pr:vemion
on c:ubonates is more~cmt.

to compare ovcn11 rcult3 of our method
NaOH-CDB-HO e:a:raaion proc:dure.

"I'ia have been an.alyzed in both ways. The
.-e summarim1 in Table 1. the rc:mJu are

18 Ta.bJe 4. .Al1boach the differena:s are small
ir d:w:l Williams' method yidds a lower

nm an be attributed to some dissolu­
.. \i:Jaii>:>WJd.s in the CDS step• .As me-

c:ouJd be deeaed mour WT1ple. bene:
~~. akium-P compounc:l is DIX dar... ." - " .. -:" ..;

Another a;:l.an.1tia~ for th,. d!rr~ ia the~
of $Orne ocduded iron phos-phatc in the SIm-ples wbic:.i
are waived in CDS, but will not be removed Wltil tb
He! e:xtT37-ion stQ in t!tc proposed 3C.!1eme. This 'frou1~
a.Lso apiam the .small difference in tow P atnc::u:d In
faa. tbe charaaeriz:uion of the phos-phates is def'~ed
by the analytic:l proc..-dur-e. An a.dvanQie of the
NH4CI-.NaO.H-HO m.et.hod is the analytiaJ simplicity;
th.e esumatJon of pnO:Sl'hate through Murphy and
~ey's ~ethod requJ!'c a rather cumbenome dc:strUc.
con ~ildung et ai., 1977) of CDB atrae::3nt prior to
analySU•

Sedime:lt sample from the deeper paris of Lake
Brielle nave carbonate ccnteno up to ~':JI by 'Nt. The
phOsllatc content in thee samples iJ abcut 4 to 6 mg per
g drywt.

Anaerobic conditions at the sediment-water inte:fac:
prevail in the deeper pam of the Lake; bee: an a.e::ura.tc
e:ttimation 9f the ircn-as.VlCiated phosphates for thee
c:arbonatc-rich seiimc:nu is of par:unoun.t impon.a.nc::c.
The ab3c2c:: of .significant amounts of aluminum in
NaOH extraa:s and the solubi.liz2tioD of cca.sid.e:a.ble
amounts or phos-ph.ate in oxygen-free ~oos of
sediment upon prolonged nanding mclic:u.e tba% iron
compounds are largely ~nsible for the phosphate in
the NaOH-fra.c::ian.

The 2UU1cm wUa to thank J. x.ou= ..ho p:aniC;:ced iD the~
sis aDd P. J. Cid1.i.l1cs:m1 W. P1Xm&D for t.t=r~ RiG AiiM"
We ~e{ul1y~IC the 1SIi:R= at the !:::liUuawem.,' Sec-­
OQA o( LbeOdti Sc:vic:: lUi~ oa varioa:a pCwa of tile
srudy.
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File Location: D:lwaterllakedatallakedata.mdb Access '97

Methods and Information about the County Clear Lake Database

It r ~
~ )'v

Tables:
• "Clear Lake Core Data"- Includes averages ofFe/Al-P(NaOH) uglg, Ca-P(HCL) ug/g, Res-P uglg,

Total P uglg for each core section for data compiled from 1995 to present. Upper Arm data was
compiled from Upper Arm Core Data table to be incorporated with the present and future DWR
collected cores at their 3 sites.

• "Ekman Dredge Sediment Data" - Fe/Al-P(NaOH) ugtg, Ca-P(HCL) ugtg, Res-P uglg, Total P uglg
measurements for samples collected from 1991 to present. Includes data incorporated from the Clean
Lake Report STORET data and the County's collection.

• "Lake Levels" - Lake levels for samples dates used in Lake Volume calculations. Data obtained from
DPW records ofLake Levels.

• "Lake Volume Conversion Table" - Conversion factors used in conversion ofconcentration
measurements to metric tons. Source of data: Clean Lakes Report Chapter 6 Methods.

• "Orthophosphate Data" - Orthophosphate measurements in [ppm] for lake water samples. Includes data
incorporated from the Clean Lake Report STORET data and the County's collection.

• "Sampling Site Summary" - Summary ofsampling dates from 1991 - present.
• "Sampling Site Codes" - Sites codes and names of sampling sites used in the Clean Lakes Report
• "Total Phosphorus Data" - Total Phosphorus measurements in [PPm] for lake water samples. Includes

data incorporated from the Clean Lake Report STORET data and the County's collection.
• "Upper Arm Core Data" - Includes individual measurements and averages ofFeIAl-P(NaOH) uglg,

Ca-P(HCL) uglg, Res-P uglg, Total P uglg for each core section for data compiled from 1995 to
present in the Upper Ann.

QueriesIMethods of Calculations

Ekman Dredge Summary: Averages mutiple measurements of samples by date.
Source Data: Ekman Dredge Sediment Data table
Grouped by Location and Date. Then average ofFe/Al-P(NaOH) uglg, Ca-P(HCL) ug/g, Res-P uglg, Total
P ugtg measurements. Location = "UA", "HOS", "NAR", "RATT", "LAE", "LAW".

Ekman Dredge Lake Arm Summary: Averages measurements by Lake Arm for each date.
Source Data: Ekman Dredge Lake Arm Swnmary query linked to Sampling Site table by Location;
Sampling Site table linked to Lake Volume Conversion Table by Lake Arm.
Grouped by Date and Lake Arm. Then average of average ofFe/Al-P(NaOH) uglg, Ca-P(HCL) uglg, Res­
P uglg, Total P uglg measurements.

Ekman Dredge Lake Bed Area Conversion: Weighted measurements by % lake area.
Source Data: Ekman Dredge Lake Arm Summary query linked to Lake Volume Conversion Table by Lake
Arm. Conversions calculated by taking Fe/Al-P(NaOH) uglg, Ca-P(HCL) uglg, Res-P uglg, Total P uglg
measurements and multiplying by Proportion ofLake Bed area of given Lake Arm.

Ekman Dredge Average Results: Summarizes measurements over entire lake.
Source Data: Ekman Dredge Lake Bed Area Conversion query. Grouped by date and sum ofFe/Al­
P(NaOH) uglg, Ca-P(HCL) ugtg, Res-:r ugtg, Total P ugtg measurements.

Wednesday, October 01,1997
D:l WaterlMethods and Information about the County Clear Lake DaJabase.doc



Ekman Dredge Phosphorus Metric Tons: Calculates metric tons of measurements in lake.
Source Data: Ekman Dredge Average Results query. Grouped by date. Tons of sediment calculated by
taking FelAl·P(NaOH) ug/g, Ca-P(HCL) uglg, Res-P uglg, Total P uglg measurements and plugging into
following equation:

Tons of [parameter] in sediment = [Sum of parameter in Lake]*D*E*F*G*H
D = 1.25 g/cm"3 (Assumed density)
E = 0.13 (Assuming 13% Sediment)
F = 10 em (Assumed thickness ofLayer)
G = 1.37 x 10"12 cm"2 (Area ofLake Bottom)
H =1 x 10"·12 Metric To:as/Micro gram

Refer to Clean Lakes Report Chapter 6 Methods

Lake Volume CalculatioiDs: Calculates volume of lake for a given Lake Level
Source data: Lake Level Table
Lake Volume (acre feet) =, ([Lake Level] 16)* (39551 + 4* 39551*exp(0.0133*[Lake Level]/2) + 39551 *
exp(0.0133* [Lake Level] » + 841800

Source ofequation: Tom Smythe

Total Phosphorus Summary: Total Phosphorus Data for surface measurements
Source data: Total Phosphorus Data Table
Group by Date, Location (Where = "Surface"), and Site. Avemge ofTotal Phosphorus Measurement.

Total Phosphorus Lake Arm Summary: Averages measurements by Lake Ann for each date.
Source Data: Total Phosphorus Summary query linked to Sampling Site table by Site.
Grouped by Date and Lake Ann and then Avemge ofTotal Phosphorus (ppm).

Total Phosphorus Lake Volume Conversion: Weighted measurements by % lake volume
Source Data: Total Phoshporus Lake Ann Summary query linked to Lake Volume Conversion table by
Lake Arm.
Converted Total Phosphorus = Total Phosphorus * Proportion of Total Lake Volume

Total Phosphorus Average Results: Summarizes measurements over entire lake.
Source Data: Total Phosphorus Lake Volume Conversion query
Group by Date and sum of converted Total Phosphorus

Total Phoshporus Metic Tons: Calculates metric tons of measurements in lake.
Source ofData: Total Phoshporus Average Results Query linked to Lake Volume Calculations by date.
Metric Tons of phosphorus = Sum of Converted Total Phosphorus * Lake Volume (Acre· feet) then

convert units to metric tons.

Pete Total Phosphorus Summary: All phosphorus data by date for Pete's graphs.

Core Entry Data Form: Form to enter results from cores taken by DWR and analyzed by Hopland Field
station at 3 DWR sampling sites. Data entered goes into Clear Lake Core data table.

'.
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Notes about Data fIle structure:

D:\water\lakedata\

-\Archive
Dana Thibeau's original files of the County's lake data. All of this data has been incorporated into the
LakeData database in Access '97.

-\CLRData
Text files of data that were submitted to the EPA STORET system. This data was generated in the Clean
Lakes report. All of this data has been incorporated into the LakeData database in Access '97.

-\DWR Lake Data
Text files ofdata obtained from the DWR containing data from their monthly sampling program.

-\Charts For Pete
Data used to generate figures for Dr. Pete Richerson for the First Annual Clear Lake symposium. This data
was exported from the LakeData database into Excel. Contains data from 1991 to June of 1997 for
Phosphorus and VA core data. Power Point presentation contains figures used for report.

Future data

Ekman dredge samples are currently not being taken anymore at the present time, therefore the database
and charts for the symposium report contain all the data for the Ekman dredge samples

The County is no longer (as ofAugust 1997) performing monthly lake sampling. The DWR is continuing
their monthly sampling regime at their 3 designated sites (since 1960'S). These sites closely coincide with
the County's sites. The DWR samples for all of the parameters (and more) that the County's program did
Therefore all of the future water quality results will be available from the DWR. We have already set up
communication to receive the data periodically and this data will be set up in a separate database. Any
additions to the symposium charts will need to be done specifying the new sample sites and merging final
data from both databases because ofdifferences in file formats and data. This can simply be done by
extracting final values-from the DWR database and running them through the same calculations listed
above.

Core samples are now being taken by the DWR at the 3 sites. This data is analyzed by Chuck Vaugn at the
Hopland field stltion and entered into the LakeData database as described above.




