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Section A  Project Management (continued)





A3.  Distribution List 





	Appendix A lists all individuals and organizations who will receive copies of the approved QA Project Plan.








A4.  Project/Task Organization and Responsibilities 





	From 1996 through the 1998/99 winter sampling season, the Department of Water Resources Municipal Water Quality Investigations Unit (DWR MWQI) has been responsible for funding studies assessing the nature and source of water quality problems in the Barker Slough watershed.  DWR MWQI regularly present these results to the NBA Technical Advisory Committee (NBA TAC), a subgroup of the North Bay Aqueduct, Barker Slough Watershed Management Program.  This program was formed in response to the NBA’s water quality issues.  The NBA TAC and DWR have jointly directed the focus of these studies.


	In December 1999, the Solano County Water Agency received funding from the State Water Resources Control Board Delta Tributary Watershed Program to continue water quality monitoring and implementation of Best Management Practices.  A portion of this funding is being used by UC Davis to understand the role that the watershed soil and surface flow plays on water quality.  The Contract Manager of this State Board funding is Christopher Chaloupka of the State Water Resources Control Board.  The Project Director is David Okita of the Solano County Water Agency.  The Project Manager at DWR is Carol DiGiorgio.  The project manager at UC Davis is Dr. Michael Singer.  The Quality Assurance Manager is Murage Ngatia of DWR's Quality Assurance/Quality Control Unit.


	Sample collection, analysis, and hydrology will be performed by the following agencies.  Project participants and responsibilities are listed in Appendix B. The organizational structure for the project is shown below in figure 1.








City of Fairfield


City of Vacaville


Department of Water Resources, Bryte Laboratory


Department of Water Resources, Field Support Unit


Department of Water Resources, Municipal Water Quality Investigations Unit


Department of Water Resources, Division of Operations and Maintenance 


Solano County Water Agency


University of California, Davis
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Figure 1.  NBA Project Organization 


�
A5.  Project Definition and Background 





	The North Bay Aqueduct (NBA) is part of the State Water Project (SWP) that serves water to municipal and industrial customers in Solano and Napa counties.  The NBA Contractors (the agencies treating NBA water) are often faced with treating water that contains elevated concentrations of suspended solids (turbidity), organic carbon, metals, bromide, coliform bacteria and low levels of alkalinity and pH.  This currently creates severe treatment challenges and increased treatment costs. 


	NBA contractors requested that DWR's Municipal Water Quality Investigations Unit (DWR MWQI) investigate the nature and source of the problems occurring in the watershed.  In 1996, DWR MWQI began conducting studies to examine the temporal and spatial distributions of the water quality problems.  Results from the 96/97 sampling year were summarized in a report entitled: The North Bay Aqueduct Barker Slough Watershed Water Quality Phase I Report July 1998.  Results from the 97/98 sampling season were compiled and presented to the NBA TAC.  It was decided not to create an official document with this information, but use it to develop future work.  Results from the 98/99 sampling season were presented to the NBA-TAC in July 1999.  Principal findings included: 





The discovery of a strong spatial and temporal component associated with TOC and turbidity movement.  Peaks of TOC and turbidity moved downstream beginning in the upper watershed and ending downstream at the pumping plant.  





Timing of the peak's occurrence appeared related to the intensity of the storm event and/or the degree of saturation of the soils.





TOC and turbidity levels at the pumping plant remained elevated for a three-month time period regardless of rainfall activity.





A literature search of the soil characteristics in the watershed suggested that a shallow groundwater table and the alkaline soils in the area could produce elevated levels of TOC/turbidity and extended periods of flooding.  Soil surveys conducted by the US Department of Agriculture found that many of the watershed's soils contain high levels of sodium (USDA, 1977).  Soils high in sodium (sodic soils) have two affects on soil particles that may influence water quality.  First, because sodium ions are large monovalent ions, they enhance clay swelling and dispersion which leads to higher turbidity.  Second, sodium tends to drive the soil pH up, which results in increased dispersion of organic carbon (US Salinity Laboratory Staff, 1954, Sposito, 1989, Shainberg and Singer, 1990, Goldberg et al, 2000).  Both the clay subsoils and the shallow groundwater level that create the area's vernal pools may also be responsible for the widespread ponding and flooding observed in the watershed.  Sodic soils that remain flooded between rainfall events could be the source of elevated TOCs and turbidities.


In December 1999, the Solano County Water Agency received $580,000 to evaluate, design, and implement Best Management Practices (BMPs).  Prior to implementing BMPs the NBA-TAC determined that understanding the potential role of the watershed's soils could improve future BMP decisions.  Therefore, the NBA TAC authorized DWR MWQI to continue monitoring the Barker Slough watershed.  The NBA-TAC also provided funding to Dr. Michael Singer of the University of California at Davis (UCD) to examine the potential role of the watershed's soils and surface flows in regulating Barker Slough water quality.   


The objectives of the 99/00 monitoring season are to: 





compare water quality in the channels with water quality from surface flow and shallow ground water wells


verify and continue to refine the Total Organic Carbon (TOC) pollutagraph developed in the previous sampling season


estimate carbon loading at key points in the system


validate and continue monitoring seasonal trends at the Barker Slough Pumping Plant.





To examine these questions, water quality in the channel will be compared to water quality from surface runoff and shallow sub-surface wells.  Samples will be collected weekly.  Secondly, to verify and validate 98/99 sampling results, samples will be collected using an autosampler during three rainfall events.  Surface runoff and sub-surface water quality will be examined as well.  Samples will be analyzed for TOC, turbidity, particle size, pH, and EC.  Sampling will begin 11/3/99 and end 3/29/2000.  This sampling period should encompass both pre-saturated and saturated soil conditions.








A6.  Project/Task Description 





To determine if overland flow is responsible for the extended periods of elevated TOC and turbidity, samples will be collected weekly from approximately November 99 through March 2000.  Samples will be collected at four channel sites, six terrestrial sites (using catchment basins), and 12 shallow ground water sites.  Weekly sampling will be coordinated between channel and catchment basin sampling teams to ensure that samples are collected on the same day.  Channel sites will be located along the length of Barker Slough at Leisure Town Road, Junction, below Campbell Lake, and the Barker Slough Pumping Plant (figure 1).  Channel sites were originally approved by the NBA-TAC for the 98/99 sampling season.  


Sample sites to examine overland flow will be located in an area close to channel sampling sites.  Site locations will be based on pH and EC results from soil transects, USDA maps, accessibility, and chemical characteristics.  A total of six sites will be chosen.  Five sites will represent the major soil types found in the watershed.  The sixth site will examine the influence of one of the five soil types under a different land use (for example, grazing vs. row cropping).  At each of the six sites, three replicate troughs will be constructed.  Troughs will be covered and end in a covered, non-plastic, catchment basin.  In addition to sampling troughs, two shallow wells will be located at each of the six sampling sites.  One well will be installed at approximately 180 cm and the second will be installed above the clay-rich subsoil at 30 to 50 cm.  Sites will be fenced off from livestock.  In addition to weekly samples in the catchment basins and wells, samples will also be collected from these sites immediately after a rainfall event sampled with autosamplers.


Department of Water Resources Field Support and Operations and Maintenance (O&M) staff will collect weekly grab samples from Leisure Town Road, below Campbell Lake, and the Barker Slough Pumping Plant.  City of Vacaville staff will collect grab samples at the Junction channel site.  UCD staff will collect all catchment basin and well samples.  In the channels, three replicate grab samples will be collected for TOC and turbidity.  In the catchment basins, one grab sample for TOC and turbidity will be collected from each of the sampling sites three replicate basins.  No replicates will be conducted on well samples. At all sites, particle size, pH, EC and temperature will also be measured in one of the replicate 
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Figure 2.  Channel and autosampler sampling locations-Barker Slough Watershed.





samples and in both well samples.  Total organic carbon will be analyzed by Bryte Laboratory using EPA 415.1 (USEPA, 1983).  Turbidity samples collected by UCD and DWR O&M will also be analyzed by Bryte laboratories using EPA 180.1 (USEPA, 1983).  Turbidities will be measured in the field for all samples collected by DWR's Field Support Group.  Temperature, pH and conductivity will be measured in the field by DWR's Field Support Group or Operations and Maintenance staff.  Particle size will be measured by UC Davis using a laser granulometer.


	In addition to the above analysis, UCD will also analyze selected samples for several other parameters.  Samples will be filtered onto pre-weighed 0.45 mm Millipore cellulose acetate-cellulose nitrate filters, and oven dried at 105ºC for 24 hours.  Filters will be reweighed and the results reported as the weight of sample per volume sampled.  The filtrate from each sediment filtration will be refrigerated until further analyses are required.  Additional analyses include pH and EC of the filtrate, and cation/anion concentrations of the filtrate.  Ion analyses will be made using an ion chromatograph and standard methods.


	To verify the previous year's sampling results, and refine estimates of carbon loading, samples will be collected using remotely triggered autosamplers. The remote operation of the autosamplers will rely on infrastructure and computer programs provided by Solano County Water Agency (SCWA).  Sampling protocol will be similar to 98/99 sampling procedures (98/99 Monitoring Plan).  To determine if dynamics vary under saturated and non-saturated soil conditions, samples will be collected during 3 rainfall events, preferably at the beginning, middle, and end of the wet season.  Actual time of sampling will be determined by the weather, however, the goal is to capture rainfall events both before and after soil saturation.  SCWA staff analyzing real time flow, rainfall, and turbidity data at the Leisure Town and Junction site will determine time of sampling.  Timing of these events is based on the weather.  With the exception of the first sample, all other sampling events will be triggered by rainfall events > 0.75 inches and a rising flow.  A total of 24 samples per site will be collected each sampling event.  Samples will consist of 24 hourly.  Hourly samples will consist of 4 composite samples collected every 15 minutes.  Hourly samples collected over the previous four hours will be composited to create a total of six composited samples for actual analysis.  Because samples will be collected with an autosampler, a true duplicate will not be collected, instead a split sample will be analyzed and serve as the duplicate.  Bryte laboratory using the methods listed above will analyze organic carbon and turbidity.  Conductivity and pH will be measured by SCWA.  In the event that turbidity samples cannot be delivered within the 48 hour holding time, SCWA will measure turbidities using EPA 180.1 (USEPA, 1983).


Based on last year's results, autosampler start times will be staggered.  Staggering the start times may provide a clearer picture of peak duration.  Collection at the Junction site will begin 2 hours after sampling has begun at Leisure Town.  Collection at the Campbell Lake site will begin 8 hours after sampling has begun at Leisure Town.  Collection at the Barker Sl pumping plant will begin 16 hours after sampling has begun at Leisure Town.  Pollutagraph results from the 98/99 sampling year will be compared with this season's results to determine if patterns are similar.  


Generally it takes 10 to 14 working days for laboratory analyses to be completed.  Any data discrepancies will be investigated by the QA or project manager and corrective action taken.  A copy of all laboratory and field results will be provided to DWR’s project and QA manager.  The DWR project manager will provide laboratory and field results (either electronic or hard copy) to UCD's project manager.  Results of particle size analysis results 


(either electronic or hard copy) will be provided by UCD to the DWR project manager and SCWA.


	Data will be analyzed by DWR MWQI and UCD staff.  Trends will be compared between 98/99 and 99/00 pollutagraph data.  Comparisons between organic carbon and turbidity levels in the basins and the channel with be examined statistically.  If parametric assumptions are not met, data will be analyzed nonparametrically.  Based on flow measurements provided by SCWA, carbon loading will be determined at the upper three sites.  Carbon loading will be estimated at Barker Slough using flow data provided by DWR O&M.  A draft final report of results provided will be provided to the Contract Manager by 6/30/02.  Written progress reports will be submitted quarterly to the Contract Manager.


	Tables 1 and 2 outline the project task list, a tentative time line and information regarding sampling frequency and preservation.


�
Table 1 Project Task List and Time Line 





Task No.�
Task�
Responsibility�
Start 


Date�
Completion Date�
�
1�
Provide autosampler equipment. �
DWR MWQI�
10/99�
12/99�
�
2�
Coordinate autosampler sampling and test associated equipment.�
SCWA�
10/99�
12/99�
�
3�
Coordinate weekly channel sampling �
DWR MWQI�
10/99�
11/99�
�
4�
Order and provide supplies for weekly and autosampler sampling events.�
DWR MWQI�
10/99�
3/00�
�
5�
Coordinate installation of catchment basins and groundwater wells�
UCD�
9/99�
11/99�
�
6�
Conduct autosampler sampling�
SCWA, City of Fairfield, City of Vacaville�
11/99�
3/00�
�
7�
Conduct weekly channel sampling�
DWR MWQI, DWR, O& M, City of Vacaville �
11/99�
3/00�
�
8�
Conduct weekly catchment basin and groundwater sampling�
UCD�
11/99�
3/00�
�
9�
Sample analysis�
DWR MWQI, DWR O&M, SCWA, UCD�
11/99�
3/00�
�
10�
Data Analysis�
DWR MWQI, UCD�
11/99�
6/01�
�
11�
Report generation�
DWR MWQI, SCWA, UCD�
11/99�
Quarterly by the 10th of the month.  First report due March 10, 2000�
�



















































Table 2. Parameters Measured 





Parameter�
Number of Samples per sampling event�
Matrix�
Sample Preservation�
Holding Time�
�
Electrical Conductivity-autosampler�
6 samples/autosampler.


Total = 24�
water�
none�
28 days�
�
Electrical Conductivity-catchment basins�
18�
water�
none�
28 days�
�
Electrical Conductivity-channels�
4�
water�
none�
28 days�
�
Electrical Conductivity-groundwater wells�
12�
water�
none�
28 days�
�
Particle Size-autosamplers�
6 samples/autosampler.


Total = 24�
water�
Store at 4EC�
none�
�
Particle Size-catchment basins�
6�
water�
Store at 4EC�
none�
�
Particle Size-channels�
4�
water�
Store at 4EC�
none�
�
Particle Size-observation wells�
12�
water�
Store at 4EC�
none�
�
pH-autosamplers�
6 samples/autosampler.


Total = 24�
water�
none�
analyze at collection�
�
pH-catchment basins�
18�
water�
none�
analyze at collection�
�
pH-channels�
4�
water�
none�
analyze at collection�
�
pH-observation wells�
12�
water�
none�
analyze at collection�
�
TOC-autosamplers�
6 samples/autosampler.


1 duplicate


Total = 25�
water�
H3PO4 to a pH < 2


Store at 4EC�
48 hours prior to preservation, 28 days with preservation (including collection days)�
�
TOC-catchment basins�
18�
water�
H3PO4 to a pH < 2


Store at 4EC�
48 hours prior to preservation, 28 days with preservation (includes collection day)�
�
TOC-channels�
12�
water�
H3PO4 to a pH < 2


Store at 4EC�
48 hours prior to preservation, 28 days with preservation (includes collection day)�
�
TOC-observation wells�
12�
water�
H3PO4 to a pH < 2


Store at 4EC�
48 hours prior to preservation, 28 days with preservation (includes collection day)�
�
Turbidity-autosamplers�
6 samples/autosampler.


1 duplicate


Total = 25�
water�
Store at 4EC�
48 hours�
�
Turbidity-catchment basins�
18�
water�
Store at 4EC�
48 hours�
�
Turbidity-channels�
12�
water�
Store at 4EC�
48 hours�
�
Turbidity-observation wells�
12�
water�
Store at 4EC�
48 hours�
�
A7.  Data Quality Requirements 





Quantitative QA Objectives 





	The objective of this program is to collect and produce data that are representative of actual field conditions.  This objective will be met through using accepted methods to collect and analyze analytical samples for precision, accuracy, and completeness as outlined in equations 1 and 2 and table 3 listed below.








Table 3.  QA Requirements 





Parameter �
Method Detection Limit�
Reporting Limit�
Accuracy Protocol*�
*Estimated Precision


(field)�
Precision


Protocol�
�
Conductivity�
�
�
instruments calibrated according to owners manual�
�
instruments calibrated according to owners manual�
�
pH�
�
�
instruments calibrated according to owners manual�
15 %�
instruments calibrated according to owners manual�
�
Particle Size �
0.1 µm�
2µm�
instruments calibrated according to owners manual�
± 4%�
instruments calibrated according to owners manual�
�
TOC�
0.047     mg/L�
0.1 mg/L�
see equation 1 below�
30 %�
see equation 1 below�
�
Turbidity�
�
�
instruments calibrated according to owners manual�
15 %�
instruments calibrated according to owners manual�
�






**Equation 1-Precision Protocol Formula - Relative percent difference is used when replicate samples are collected for QC purposes.





      RPD = (C1-C2)           x 100


                 (C1 + C2)/2





Where C1 is the larger of the two observed values and C2 is the smaller of the two values. (Or Relative Standard Deviation, Range of measurement values, etc. if you use some other precision parameter).�
A8.  Data Completeness 





	Data completeness is a measure of the amount of successfully collected and validated data relative to the amount of data planned for collection with the project.  For this project, successful completion of the sampling schedule depends on the weather as well as site characteristics.  For example, some sites may experience overland flow whereas others will remain dry.  Because of these variations, it is difficult to establish a solid criteria for data completeness.  Tentatively, a channel sampling event will be considered complete if all four sites are sampled weekly.  Catchment basin and groundwater well sampling will be considered complete if the 30 sampling points are sampled weekly and/or after a significant rainfall event captured by autosampler.  Finally, an autosampler sampling event will be considered complete if all sites are sampled over the course of 3 rainfall events.  However if weather and/or flow conditions do not allow collection at all of the above sites, data will be considered complete based on the number of samples collected and/or rainfall events captured.  Laboratory data completeness will be considered successful if the QA/QC procedures outlined in this document are followed.  Turbidity and TOC samples analyzed by Bryte Laboratory will be considered complete if one vial/turbidity container is successfully analyzed.





Qualitative QA Objectives-Data Representativeness 





	If samples are collected in accordance with the above sample design, then the data collected should represent the actual occurrences of turbidity, pH, electrical conductivity, TOC and particle size at the time of collection.





Qualitative QA Objectives-Data Comparability





	In addition to being used as a stand-alone dataset, data from this study will also be used to examine patterns and trends in relation to previous collected data.  Data have been collected from this watershed since 1996.  Samples have been analyzed by Bryte laboratory and DWR field instrumentation.  If data discrepancies do occur, they may result from the use of different pH, EC, or turbidity instruments by different agencies.  All of these instruments require calibration.  To minimize instrument discrepancies, agencies other than DWR will follow the manufactures' recommendations for calibrating instruments.  In-line turbidity meters installed by SCWA will only be used to examine turbidity patterns during a rainfall event; they will not be used to determine actual turbidity values.





























A9.  Documentation and Records 





Field Measurements 





	At a minimum, the following information will be provided to the DWR Project and QA Manager in the form of a chain of custody for each sample collected:





Sampling location


Relative time sampled (i.e., time 1, time 2, etc.) and date sampled and collected


Sample type


QC sample type (if appropriate)


Date and time of sample retrieval


Requested analyses


Any noted disturbances that could affect sample integrity





Analytical Measurements (TOC/Turbidity) 





	For each sample analyzed, the analyzing laboratory shall provide the Project and QA Manager with the following information:





Sample id


Date of sample receipt


Date of analysis


Analytical method(s)


Method detection limit (if appropriate)


Reporting limit (if appropriate)


Measured value of the analyte or parameter





	In addition the laboratory shall provide results from all laboratory QA/QC procedures and the sample ids associated with each batch.


	


Reporting Format 





	In addition to any internal laboratory report generation, all results meeting data quality objectives and results with noted corrective actions and satisfactorily explained deviations from objectives shall be provided to the Project Manager and QA Officer in tabular format on electronic media.























Section B:  Measurement/Data Acquisition








B1.  Sampling Process Design and Rationale





Rationale for Selection of Sampling Locations: 





	Channel and autosampler sites were chosen and agreed upon in September 1998 by the NBA TAC.  A total of four sample sites (Leisure Town Road, Junction, Below Campbell Lake, Barker Slough Pumping Plant) were selected to encompass the known length of the watershed and represent hydrologic key points.  Leisure Town Road is the uppermost site.  This site primarily receives agricultural run-off, however new urban development is also a contributing factor.  Samples collected at this site provide a benchmark to evaluate the impacts of future urban development on water quality.  Selection of the Junction site was based on hydrology maps of surface water run-off prepared by SCWA.  This map indicates that a large number of fields in the upper watershed drain into the Junction site.  Samples collected at this point will help determine the upper watershed’s contribution to water quality entering into Campbell Lake.  The third site is immediately below the dam that forms Campbell Lake.  The impact of Campbell Lake on the pumping plant’s water quality has been continually debated.  Ideally samples should be collected immediately above and below the lake.  Based on financial constraints, the NBA TAC decided to collect samples immediately below the lake.  Finally, samples collected at the Barker Slough Pumping Plant reflect the water that is pumped to the contractors.  The water quality at this site can be statistically compared to the other sites.  


	Sample sites to examine overland flow are located in areas close to channel sampling sites.  Sample sites were chosen based primarily on the published USDA-SCS Solano County soil survey.  In addition, the watershed was grided with 26 north-south transect lines approximately 1400 feet apart.  Sample locations on each transect line were about 850 feet apart.  Electrical conductivity and pH were measured on soil samples to verify soil survey maps and identify other sites of concern.  Based on transect results, soil maps, accessibility, and chemical characteristics, a total of six sites were chosen.  Five sites represent the major soil types found in the watershed. The sixth site examines the runoff characteristic of one of the five soil types in a second location within the watershed.  Overland flow and shallow ground water observation and sample sites are shown in Table 4.  Each site consists of three 1-m long galvanized metal troughs set into the ground so that the uphill lip of the trough is at the ground surface.  The trough is tilted to one side where it is plumbed with a 90-degree elbow that enters the upper end of a 32-gallon metal garbage can.  Both the trough and the can have lids to prevent rainwater entry.  The garbage can lip is about 20 cm above the soil surface, also to prevent direct entry of overland flow water.  


	Sites A through E have grazing animals present part of the year.  Only the Jepson Prairie site is free from grazing animals, but all sites were fenced.  The two San Ysidro sites (A and F) represent quite different locations in the watershed (eastern vs. western portions) as well as difference in land use (grazed vs. ungrazed).





	Each basin will be stirred to mix the water and sediment that settled to the bottom and sampled for turbidity, TOC, and for a sample to determine sediment concentrations, particle size and water characteristics.  Samples collected for the UC Davis portion of the work will be collected in plastic bottles and refrigerated until filtered and analyzed.  After sample collection, each trough and garbage can will be emptied and cleaned using a water sprayer and rags.


	The depth to ground water will be measured in each observation well by lowering a pair of wires encased in plastic into the well.  The wires are connected to a battery and small buzzer.  When the tips of the two wires contact water, the buzzer sounds.  Based on the length of wire in the pipe, the depth to ground water can be determined.  If ground water is present, a large diameter syringe and rubber tube will be used to collect samples for analysis.  The remaining water will be pumped out of the well with a hand pump and the well covered to prevent rainwater from entering.  Depth to groundwater and the number of samples collected will be noted on field sheets.


	Water quality patterns between sites will be analyzed both graphically and/or statistically.  It is anticipated that the ANOVA will be used on samples that meet parametric assumptions.  Differences between means will be analyzed using a Tukey or Student Neuman Kuels test.  Non-parametric tests (for exp., Kruskall-Wallis) will be used when parametric assumptions are not met.





Table 4 presents the overland sampling plot numbers, locations and represented soil series.


Table 5 presents the sampling plan summary for the project.














Table 4.  Plot numbers, locations and represented soil series





Plot Number�
Location�
Soil unit�
�
A1-A3�
east of Leisure Town road�
San Ysidro sandy loam�
�
B1- B3�
east of Leisure Town Road.  �
Capay silty clay loam�
�
C1-C3�
west of Dally road.  �
Pescadero clay loam�
�
D1-D3�
south of the terminus of Dally road �
Antioch-San Ysidro complex.�
�
E1-E3�
near the Junction channel sampling site�
Solano loam�
�
F1-F3�
in the Jepson Prairie Preserve east of Cook Lane.�
San Ysidro sandy loam�
�










































Table 5.  Sampling Plan Summary 








Site 


Location�
Sample Matrix�
Sampling Stations per Site�
No. of Samples per Station�
Sampling Method�
Sample Type�
Sample 


Parameters�
Frequency of 


Sampling�
QC Samples


�
�
Leisure Town Road-channel sampling�
Water�
1�
3�
Grab�
NA�
EC, pH, particle size, Turbidity, 


TOC�
weekly�
Three replicates for TOC and turbidity�
�
Junction-channel sampling�
Water�
1�
3�
Grab�
NA�
EC, pH, particle size, Turbidity, 


TOC�
weekly�
Three replicates for TOC and turbidity�
�
Below Campbell Lake-channel sampling�
Water�
1�
3�
Grab�
NA�
EC, pH, particle size, Turbidity, 


TOC�
weekly�
Three replicates for TOC and turbidity�
�
Barker Sl Pumping Plant-channel sampling�
Water�
1�
3�
Grab�
NA�
EC, pH, particle size, Turbidity, 


TOC�
weekly�
Three replicates for TOC and turbidity�
�
Site A-catchment basin�
Water�
3�
1�
Grab�
NA�
EC, pH, particle size, Turbidity, 


TOC�
Weekly if overland flow .  Following autosampler rainfall event.�
Three replicates for TOC and turbidity�
�
Site B-catchment basin�
Water�
3�
1�
Grab�
NA�
EC, pH, particle size, Turbidity, 


TOC�
Weekly if overland flow .  Following autosampler rainfall event.�
Three replicates for TOC and turbidity�
�
Site C-catchment basin�
Water�
3�
1�
Grab�
NA�
EC, pH, particle size, Turbidity, 


TOC�
Weekly if overland flow .  Following autosampler rainfall event.�
Three replicates for TOC and turbidity�
�
Site D-catchment basin�
Water�
3�
1�
Grab�
NA�
EC, pH, particle size, Turbidity, 


TOC�
Weekly if overland flow .  Following autosampler rainfall event.�
Three replicates for TOC and turbidity�
�
Site E-catchment basin�
Water�
3�
1�
Grab�
NA�
EC, pH, particle size, Turbidity, 


TOC�
Weekly if overland flow .  Following autosampler rainfall event.�
Three replicates for TOC and turbidity�
�
Site F-catchment basin�
Water�
3�
1�
Grab�
NA�
EC, pH, particle size, Turbidity, 


TOC�
Weekly if overland flow .  Following autosampler rainfall event.�
Three replicates for TOC and turbidity�
�
Site A-observation well�
Water�
2


1 stn @  180 cm


1 stn @  50 cm�
1 at each depth�
Grab�
NA�
EC, pH, particle size, Turbidity, 


TOC�
Weekly if overland flow .  Following autosampler rainfall event.�
Laboratory QC procedures�
�
Site B-observation well�
Water�
2


1 stn @  180 cm


1 stn @  50 cm�
1 at each depth�
Grab�
NA�
EC, pH, particle size, Turbidity, 


TOC�
Weekly if overland flow .  Following autosampler rainfall event.�
Laboratory QC procedures�
�
Site C-observation well�
Water�
2


1 stn @  180 cm


1 stn @  50 cm�
1 at each depth�
Grab�
NA�
EC, pH, particle size, Turbidity, 


TOC�
Weekly if overland flow .  Following autosampler rainfall event.�
Laboratory QC procedures�
�






Table 5 Continued





Site 


Location�
Sample Matrix�
Sampling Stations per Site�
No. of Samples per Station�
Sampling Method�
Sample Type�
Sample 


Parameters�
Frequency of 


Sampling�
QC Samples


�
�
Site D-observation well�
Water�
2


1 stn @  180 cm


1 stn @  50 cm�
1 at each depth�
Grab�
NA�
EC, pH, particle size, Turbidity, 


TOC�
Weekly if overland flow .  Following autosampler rainfall event.�
Laboratory QC procedures�
�
Site E-observation well�
Water�
2


1 stn @  180 cm


1 stn @  50 cm�
1 at each depth�
Grab�
NA�
EC, pH, particle size, Turbidity, 


TOC�
Weekly if overland flow .  Following autosampler rainfall event.�
Laboratory QC procedures�
�
Site F-observation well�
Water�
2


1 stn @  180 cm


1 stn @  50 cm�
1 at each depth�
Grab�
NA�
EC, pH, particle size, Turbidity, 


TOC�
Weekly if overland flow .  Following autosampler rainfall event.�
Laboratory QC procedures�
�
Leisure Town Road�
Water�
1�
In the laboratory, hourly samples collected over the previous 4 hours will be composited together in equal volumes to produce one representative sample for a 4 hour time period.  Total numbers of laboratory composites = 6.�
   Autosampler�
Composite�
EC, pH, particle size, Turbidity, 


TOC�
3X between Nov. 99 and Mar 200





Triggered if rainfall event is at least 0.75 inches.�
one TOC duplicate per  sampling event with one site chosen at random for duplicate analysis.  �
�
Railroad/Junction�
Water�
1�
Same as above.�
   Autosampler�
Composite�
EC, pH, particle size, Turbidity, 


TOC�
3X between Nov. 99 and Mar 200





Triggered if rainfall event is at least 0.75 inches�
same as above�
�
Below Campbell Lake�
Water�
1�
Same as above.�
   Autosampler�
Composite�
EC, pH, particle size, Turbidity, 


TOC�
3X between Nov. 99 and Mar 200





Triggered if rainfall event is at least 0.75 inches�
same as above�
�
Barker Sl Pumping Plant�
Water�
1�
Same as above.�
   Autosampler�
Composite�
EC, pH, particle size, Turbidity, 


TOC�
3X between Nov. 99 and Mar 200





Triggered if rainfall event is at least 0.75 inches�
same as above�
�
NA = Not Applicable





























B2-4.	Sample Handling and Custody Procedures 





	Weekly samples for TOC will be collected from grab samples collected in cleaned stainless steel or glass containers.  At each sampling site, prior to sample collection, this sampling container will be rinsed three times with sample water.  Samples will be transferred to certified, pre-cleaned, US EPA level B, 40 mL VOA vials containing 3 drops of   N H3PO4 acid.  During transport to Bryte Laboratory, samples will be stored on ice at 4 ºC.  At Bryte Laboratory, samples will be stored refrigerated at 4 ºC until the time of analysis.  Sample collection for turbidity and particle size will be similar to TOC with the exception that sample containers will be pre-cleaned 250 mL or 500 mL plastic containers for turbidity and particle size analysis, respectively.  An aliquot from one of the replicates will be used to measure EC, pH, and temperature.  Maximum holding times are listed in Table 2.


	Samples collected with autosamplers will be capped at the collection site using clean, Teflon-lined caps and transported to the City of Fairfield's Water Treatment Plant.  Samples will be stored in a 4 oC walk-in refrigerator.  In the laboratory, clean glassware will be used to create the composite samples submitted for analysis.  Composite samples for TOC and turbidity will be transferred to certified, pre-cleaned, USEPA level B, 40mL VOA vials containing 3 drops of   N H3PO4 acid for TOC or pre-cleaned 225 mL plastic containers for turbidity.  An aliquot from each of the four-hour composites will be used to measure EC, pH, and temperature.  All samples will be transported to Bryte Laboratory on ice at 4EC.  Maximum holding times are listed in Table 2.


	Chain-of-custody procedures require that possession of samples be traceable from the time the samples are collected until completion and submittal of analytical results.  A completed chain of custody form will accompany the transfer of samples to Bryte Laboratory.  Standard laboratory procedures will be followed for subsamples submitted to Bryte Laboratory.  Bryte Laboratory is accredited by the State of California, Environmental Laboratory Accreditation Program.  A sample chain of custody and lab submittal sheet are illustrated in Appendices C and D, respectively.





A sample is considered under custody if:





	it is in actual possession;


	it is in view after physical possession;


	it is placed in a secure area (accessible by or under the scrutiny of authorized personnel only after in possession)





Analytical Method Requirements 





	At Bryte Laboratory, the laboratory custodian will be Mark Bettencourt.  If he is not available, other laboratory personnel are trained in sample check-in and receiving procedures. At UCD, Dr. Michael Singer will be the laboratory custodian.  Both laboratories have approved tracking procedures to track the location and status of samples.  Table 6 lists the approved methods used for analysis of study parameters.  














Table 6.  Analytical Methods Used 





Sample Parameter�
Matrix�
Analytical Method Reference�
�
Electrical conductivity�
water�
‡Standard Methods, 2510-B, 19th Edition�
�
Particle size analysis�
water�
Instrument operations manual�
�
pH�
water�
*EPA 150.1 �
�
TOC �
water�
*EPA 415.1 �
�
Turbidity�
water�
*EPA 180.1�
�
‡Standard Methods, 1995


* USEPA, 1983








B5.  Quality Control Requirements 





Field QC checks





	In the channels and catchment basins, three replicates will be collected for TOC and turbidity.  No replicates will be collected for EC, particle size analysis, or pH.  For autosamplers, field duplicates for TOC and turbidity will be conducted from one site per sampling event.  If the relative percent difference (RPD) of field replicates is greater than 30% and the absolute difference is greater than the reporting limit, both samples should be reanalyzed.  If an RPD greater than 30% is confirmed by reanalysis, environmental results will be qualified as estimated.  The sampling crew should be notified to identify (if possible) the cause of contamination so that corrective measures can be made prior to the next sampling event.  


	For the autosampler, new Teflon-lined and silicon peristaltic pump tubing will initially be used to collect the samples.  After each use, tubing will be rinsed thoroughly with DI water.  Prior to collecting a sample, autosamplers will be programmed to flush the line twice with ambient water.  





Laboratory QC checks





	Bryte laboratory’s QA manuals (DWR, 1999) will be followed with regard to laboratory QC.  Bryte Laboratory has been certified by the State of California, Department of Health Services, Environmental Laboratory Accreditation Program for all analyses.  For samples collected with the ISCO sampler, at least one TOC blank will be submitted for each sample site per event. 





Corrective Action: 





	Table 7 summarizes the corrective actions required for TOC and turbidity analyses.








Table 7.  Project Quality Control Requirements for Organic Carbon and Turbidity 





	QA Procedure	QA Parameter		Frequency		Criterion			Corrective Action


Field Blank-Autosampler only�
Contamination�
1 per sample site�
<0.5 mg/L�
Identify contamination source.


Reanalyze blank(s).


Qualify data as needed.�
�
Field Replicate-Channels and Catchment basins�
Precision�
3 per sample site�
RPD < 30% if |difference| > RL�
Reanalyze samples.


Identify variability of source.


Qualify data as needed.�
�
Laboratory Method Blank�
Contamination�
> 1 per batch�
< MDL or, if n > 3, avg. + 2 s.d. <RL, or reagent blank < 0.30 mg/L


�
Identify contamination source.  


Reanalyze method blank and all samples in batch.  Notify supervisor.�
�
Laboratory Check Standard�
Accuracy�
Prior to initial run and after every 10th sample and last sample analyzed �
        Initial


Blank + 3 pt. std curve.  Check std. of 25 mg/L ± 5%





 Every 10th sample


10 mg/L ± 5% and one reagent blank





�
Recalibrate and reanalyze SRM and samples�
�
Laboratory Control Sample�
Accuracy & Precision


                   (Bryte)�
1 per batch�
90-110% recovery


RPD < 15%


�
Recalibrate and reanalyze SRM and samples�
�
Laboratory Duplicate�
Precision�
1 per batch�
RPD < 15% if |difference| > RL�
Check SRM recovery.


Attempt to correct matrix problem and reanalyze sample.


Qualify data as needed.�
�
Laboratory Matrix Spike�
Precision�
1 per batch�
Duplicate not conducted due to variability of sediment matrix


�
Check lab duplicate RPD


Attempt to correct matrix problem and reanalyze samples.


Qualify data as needed.�
�
Instrument Replicates


�
Precision�
All samples


Bryte-3 replicates/vial





City of Fairfield


2 replicate/vial�
RSD # 15%


�
Check SRM recovery.


Attempt to correct matrix problem and reanalyze sample.


Qualify data as needed.�
�
Assess Percent of Data Successfully Collected�
Data Completeness�
1 per sample event�
See section A8�
Qualify data as needed.�
�






B6.  Instrument and Equipment Testing, Inspection, and Maintenance Requirements





Field Analytical Equipment 





	Autosampler bottles and caps will be cleaned in Alconox so that all surfaces come in contact with the soap solution.  Any surface residue in the bottles will be removed by vigorous scrubbing.  Bottles and caps will be rinsed in hot tap water to remove all soap and rinsed in distilled water until they are free of tap water residue.  Bottles will be air dryad and stored capped.  Extra caps will be stored in clean plastic bags.  Autosampler readiness will be checked in the field.  This includes checking sampler programming, volume of sample collected, proper rotation of the sampling arm, and computer software sending the command signal to the autosampler.





Laboratory Analytical Equipment 





	Testing, inspection, maintenance and corrective actions associated with analytical equipment are documented in Bryte laboratory's QA manual (DWR, 1999).  Bryte Laboratory is certified by the State of California's, Department of Health Services, Environmental Laboratory Accreditation Program. 








B7.  Instrument Calibration and Frequency 





Field Analytical Equipment 





	Calibration methods of all field instrumentation are documented in the owner’s manual for individual instruments.  Calibration intervals for the EC and Turbidity meter are documented in the DWR Field Support Unit’s calibration logs.  





Laboratory Analytical Equipment 





	Frequency and procedures for calibration of analytical equipment used by Bryte laboratory are documented in their QA manual (DWR, 1999).  Bryte Laboratory is certified by the State of California's, Department of Health Services, Environmental Laboratory Accreditation Program.








B8.  Inspection/Acceptance Requirements for Supplies and Consumables 





	All analytical materials will be purchased by DWR and the City of Fairfield.  VOA vials for TOC analysis will be purchased from vendors with certification of analysis.  Consumable equipment will be inspected and rejected/returned if there are any obvious signs of contamination.  Packing slips will serve as a record of the quality or grade of the reagent/consumable purchased. 








B9.  Data Acquisition Requirements (Nondirect Measurements)





	For comparison purposes, data may be used from DWR and participating water contractors.  Each of these agencies has QA/QC elements comparable to those described in this document.  











B10.  Data Management 





	Copies of chain of custody forms and lab reports will be sent to the Project and QA Manager.  The laboratory will retain original chain of custodies/lab submittal sheets and lab reports.  DWR data will be processed using the DWR’s Field and Laboratory Information Management System which automatically records field and lab data and performs QC checks on those data.  After all QA checks, data will be stored with the Project Manager.  DWR laboratory data will be stored in an approved DWR database or data library. 


	Field blank results less than the reporting limit will be reported as “less than” the reporting limit.  Field blank results greater than the acceptance criteria will be qualified with the pertinent sampling event.  Sample data associated with these blanks will be reported as follows:


	Measured environmental sample concentrations greater than or equal to five times the field blank acceptance level will be reported with no modification.  If the measured environmental sample concentration is less than five times the field blank level, the sample value will be reported as “less than” its measured value (for example a measured environmental concentration of 3.0 mg/L will be reported as < 3.0mg/L).


�
Section C: Assessment and Oversight








C1.  Assessments and Response 





	Quality control assessment will be undertaken on a routine basis as per requirements documented in Tables 4-6.


	Responsibility and corrections for field QA/QC will be performed by field sampling crews and reported to the field QA Officer.  Responsibility and corrections for laboratory QA/QC will be the responsibility of the Laboratory QA officer and shall be reported to the Quality Assurance Manager and the Project Manager as part of any data reports.  Final assessment and correction of field and laboratory QA will be the responsibility of the Quality Assurance Manager.


	Significant QA problems and recommended solutions will be communicated to the Project Director by the Project or QA Manager and through quarterly status reports submitted to the Contract Director by the 10th of the month following the end of the calendar quarter (March, June, September, and June).








C2.  Reports to Management 





	As part of the terms of the contract, this quality assurance project plan will be submitted to the Project Director as part of the Final Project report submitted to the granting agency.  All other QA/QC evaluations will be included as a subsection of the water quality monitoring results in both the Final and Quarterly Reports.


�
Section D:  Data Review, Validation, and Validation Requirements








D1.  Data Review, Validation, and Validation Requirements





	The Project and QA Manager for this project will coordinate efforts to ensure that data supplied to the Project Manager for analysis meets all QA/QC requirements.  


	Water quality patterns between sites will be analyzed both graphically and/or statistically.  It is anticipated that the ANOVA will be used on samples that meet parametric assumptions.  Differences between means will be analyzed using a Tukey or Student Neuman Kuels test.  Non-parametric tests (for exp., Kruskall-Wallis) will be used when parametric assumptions are not met.








D2.  Validation and Verification 





	In addition to data quality objectives presented in tables 2-6, standard data validation procedures documented in Bryte laboratories' QA/QC manuals will be followed to accept, reject, or qualify data generated by the laboratories.  The laboratory’s QA officer will be responsible for validating data generated by the laboratory.  When QA requirements have not been met, the samples will be reanalyzed when possible and only the results of the reanalysis will be submitted, provided they are acceptable.  Final assessment and correction of field and laboratory QA will be the responsibility of the Quality Assurance Manager for this project.








D3.  Reconciliation with User 





	If the sample collection methods are followed as documented in Table 4, then the data collected should accurately and precisely represent actual environmental conditions.  This should generate information to examine the response of the watershed under the given collection conditions.  Supporting evidence for the projects hypotheses, as well as data limitations will be presented in both the quarterly and final reports.  


�
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