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GROUNDWATER QUALITY TREND MONITORING WORK PLAN 
Westside Water Quality Coalition 

Western Tulare Lake Basin, California 

EXECUTIVE SUMMARY 

The Westside Water Quality Coalition (Coalition) is acting as a Third-Party Coalition pursuant 
to Waste Discharge Requirements General Order R5-2013-0120 (General Order) issued by 
the California Regional Water Quality Control Board in September 2013.  To be in compliance 
with the General Order, the Coalition is required to submit a work plan that describes a trend 
groundwater quality monitoring program within the Coalition area.  The Coalition has 
requested that Amec Foster Wheeler Environmental & Infrastructure, Inc., prepare the work 
plan pursuant to provisions of the General Order.  

This work plan describes tasks that will be implemented to meet the objectives described in 
the General Order for trend groundwater monitoring.  The objectives include determining 
current groundwater conditions related to irrigated lands and gathering data that can be used 
to evaluate long-term regional trends associated with irrigated lands.  A network of 20 
monitoring wells has been selected for monitoring groundwater quality trends.  These wells 
are located in both the perched and unconfined/semi-confined aquifers and in and outside of 
designated high vulnerability areas.  

Additionally, a one-time groundwater monitoring event is suggested in non-irrigation areas 
near the Coalition’s eastern boundary.  These data will support a basin plan amendment 
request previously proposed by the Coalition.  The monitoring event will include sampling ten 
wells completed in both the perched and unconfined/semi-confined aquifers.  

Finally, this work plan discusses the logistics for conducting groundwater monitoring, such as 
contacting the well owners/operators and obtaining site access, and provides a monitoring 
schedule and the reporting requirements. 
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GROUNDWATER QUALITY TREND MONITORING WORK PLAN 
Westside Water Quality Coalition 

Western Tulare Lake Basin, California 

1.0 INTRODUCTION 

The Westside Water Quality Coalition (Coalition) is acting as a Third-Party Coalition pursuant 
to Waste Discharge Requirements General Order R5-2013-0120 (General Order) issued by 
the California Regional Water Quality Control Board (RWQCB) in September 2013 (RWQCB, 
2013a).  The Coalition was formed in 2013 in response to the General Order and to manage 
compliance with the Irrigated Lands Regulatory Program on behalf of growers.  The Coalition 
was issued a Revised Reissuance Notice of Applicability associated with the General Order in 
2014 (RWQCB, 2014).  As part of the General Order, the Coalition is required to submit a work 
plan that describes a groundwater quality monitoring program within the Coalition area.  
The Coalition has requested that Amec Foster Wheeler Environment & Infrastructure, Inc. 
(Amec Foster Wheeler), prepare the work plan pursuant to provisions of the General Order.  

1.1 WESTSIDE WATER QUALITY COALITION 
The Coalition area is located on the western boundary of the Tulare Lake Basin (Figure 1).  
Members of the Coalition include enrolled growers (owners and operators) inside and outside 
of water districts that use irrigation water.  Five water districts are within the Coalition area that 
provide irrigation water from the California Aqueduct to growers within their respective district 
boundaries:  Belridge Water Storage District (BWSD), Berrenda Mesa Water District (BMWD), 
Devils Den Water District (DDWD), Dudley Ridge Water District (DRWD), and Lost Hills Water 
District (LHWD).  Other notable areas within the Coalition boundary, but outside of the water 
district boundaries, are Kettleman Plain, Sunflower Valley, Antelope Plain, Antelope Valley, the 
Western Supplemental Area, and the Northern Supplemental Area (Figure 1). 

1.2 GROWERS WITHIN THE TULARE LAKE BASIN AREA 
The General Order describes the requirements for regional monitoring and regional plan 
development and tracking of groundwater quality.  The associated Monitoring and Reporting 
Program (MRP) of the General Order includes objectives for evaluating groundwater quality 
and the effects of irrigated agriculture.  The MRP states those objectives will be accomplished 
through a series of reporting requirements.  The following subsections summarize previous 
tasks completed by the Coalition and the purpose of this work plan. 
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1.2.1 Groundwater Quality Assessment Report 
The Coalition was required to submit a Groundwater Quality Assessment Report (GAR) that 
included data that could be used as a technical basis for developing the scope of this work 
plan and for other reporting requirements within the General Order.  One primary goal of the 
GAR is to determine high and low vulnerability areas.  A high vulnerability area (HVA) is 
generally defined as an area where groundwater quality is known to be impacted or may 
potentially be impacted due to irrigated agricultural activities.  A low vulnerability area (LVA) 
is defined as any area not designated as a HVA (RWQCB, 2013a). 

The Coalition submitted two separate GARs, one for the original Coalition area (including the 
water districts and Western Supplemental Area) and one for an area that was subsequently 
added to the original Coalition area (Northern Supplemental Area) by the RWQCB (RWQCB, 
2014; Amec Foster Wheeler, 2015a; and Amec Foster Wheeler, 2015b).  The GARs included 
land uses, hydrogeology, soil types, water quality data, HVAs, and LVAs.  The GARs were 
developed using publically available data, beneficial uses for groundwater were discussed, and 
groundwater sampling and analysis were performed.  The data collected during preparation of 
the GARs and supplemental data collected to support this work plan have been compiled into 
a database. 

The GARs were conditionally approved with the understanding that certain items would be 
included in future work plans (RWQCB, 2016a).  The item numbers to be addressed and the 
corresponding section within this work plan where that item is discussed is provided below: 

Staff Memorandum 
Item1 

Groundwater Quality Trend 
Monitoring Program Work Plan Section(s) 

1.A X 3.1.5 
1.B X 3.1.5 
1.C2 X Appendix A 
1.D X 3.1.4 
1.E X Appendix B 
3 X 3.1 and 3.3.6 
8 X 2.0 

11 X (same as item 1.C) 
13 X 1.2.1 and 3.1.3 
153 X 3.2.1 
16 X 3.1.5 

1.  Staff memorandum items are defined in the approval letter (RWQCBa, 2016). 
2.  The GARs included nitrogen concentrations in groundwater for wells within the Coalition area.  Well 

construction records for the wells that were sampled are not available (UCD, 2012).  Additionally, data 
that do not contain certified laboratory reports cannot be validated.  No such reports are available. 

3.  Not enough data are available at this time to create cross sections that depict geology, hydrogeology, 
and groundwater quality. 
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As part of the conditional approval, the RWQCB supplied the Coalition with a list of locations 
for potential domestic wells to evaluate for inclusion into the trend monitoring program.  The 
RWQCB suggested that each location should be evaluated for the presence of a domestic 
potential well that might be suitable for collection of water quality data from first-encountered 
groundwater (RWQCB, 2016a – Attachment B).  A review of high quality satellite imagery 
supplemented by site reconnaissance of select locations was completed and the results are 
provided in Appendix A.  Additionally, the RWQCB supplied the Coalition with a list of potential 
references to review that may contain additional groundwater quality data not specifically 
referenced in the GARs (RWQCB, 2016a – Attachment A).  Each reference was reviewed for 
usable content and the results are provided in Appendix B. 

The GARs present areas that were designated as HVAs based on several factors including 
salinity and nitrate concentrations in groundwater, depth to groundwater, soil types, and nitrate 
attributed non-agricultural sources.  The RWQCB’s conditional GAR approval states that 
salinity should not have been a criteria for designating HVAs, irrespective of salinity’s impact 
on potential beneficial uses of groundwater.  The RWQCB designated HVAs based solely on 
nitrogen concentrations; the HVAs have been revised and are discussed in Section 3.1.5. 

1.2.2 Basin Plan Amendment Work Plan 
One key factor that resulted from the GARs was that the mineral quality of groundwater within 
a large portion of the Coalition area is poor due to naturally occurring salinity conditions 
(Figure 2).  The beneficial uses that have been designated for the Tulare Lake Basin 
groundwater cannot be achieved in these portions of the Coalition due to the elevated salinity 
in the groundwater (RWQCB, 2013a).  The General Order states that if such poor groundwater 
quality areas are identified, a basin plan amendment could be requested.  The Coalition 
believes that the naturally occurring elevated salinity in groundwater within parts of the 
Coalition area meets the requirements for de-designating municipal water supply (MUN) and 
limiting agricultural water supply (AGR).  The Coalition submitted a Basin Plan Amendment 
Work Plan (BPAW) for a portion of the Coalition area to the Central Valley Salinity Alternatives 
for Long-Term Sustainability initiative (CV-SALTS) and to the RWQCB (Amec Foster Wheeler, 
2016a).  A groundwater monitoring event, which is anticipated to result in additional support for 
a basin plan amendment, is described in Section 4.0.   

1.2.3 Sources Identification Study Work Plan 
Sources other than irrigated lands are present within the Coalition boundary that may 
contribute to poor quality groundwater and elevated nitrate in groundwater (Figure 2, Table 1).  
The Coalition submitted a Sources Identification Study Work Plan that describes a process to 
estimate the relative impact of salinity and nitrate in groundwater from irrigated lands 
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compared to adjacent municipal and industrial sources (Amec Foster Wheeler, 2016b).  
That work plan presented groundwater data from sources that were publically available.  
These data demonstrate that those sources may contribute to adversely affecting groundwater 
quality; some of those sources are summarized in Section 2.0.  The sources identified were 
taken into consideration when groundwater wells were selected for trend monitoring (see 
Section 3.1.2). 

2.0 SOURCES OF GROUNDWATER RECHARGE 

Sources of groundwater recharge can be natural or man-made.  Natural sources include 
percolation of rainfall into drainage courses and lakes.  Man-made sources include water 
transport facilities, agriculture, municipal, and industrial. 

2.1 NATURAL SOURCES 
The Coalition area is primarily located within Kern County and Kings County (Figure 1).  
Climate in these areas is characterized as an inland Mediterranean climate with hot and dry 
summers and cool winters.  The average annual precipitation at Blackwells Corner (located at 
the intersection of Highway 33 and Highway 46 in Kern County) is 4.5 inches (WRCC, 2017), 
and the average annual reference evapotranspiration for western Kern County is 58 inches 
(CIMIS, 2009).  The following chart is a comparison between the average monthly precipitation 
and evapotranspiration for western Kern County: 

 

Western Kings County climate is similarly dry; the average annual precipitation at Kettleman 
City station (due west of Avenal and Interstate 5) is 6.6 inches (WRCC, 2017), and the 
average annual reference evapotranspiration for Kings County is 62 inches (CIMIS, 2009).  
The following chart is a comparison between the average monthly precipitation and 
evapotranspiration for Kings County: 
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These dry climatic conditions resulted in desiccation of near-surface soils before irrigation 
development occurred within the Coalition area; these soil characteristics continue to restrict 
deep percolation of irrigation water. 

The Coalition is within the South Valley Floor Hydrologic Unit, specifically HA 558.60 and 
HA 557.30.  Ephemeral stream beds occur in the upper reaches of the hydrologic areas and 
drain to the east into the southern San Joaquin Valley.  Runoff in these streams is not 
controlled and typically percolates prior to reaching the valley floor.  The 100-year, 24-hour 
storm event for this area ranges from 3 to 3.5 inches (NOAA, 2013).  Monthly flow data were 
collected by the United States Geological Survey (USGS) for only one stream in the uplands of 
the Coalition area.  The following chart shows the average monthly discharge (in cubic feet per 
second [cfs]) in Avenal Creek (located in northwestern Kern County) for the period from 1961 
through 1986 (USGS, 2016): 
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Although the period of record for Avenal Creek includes several wet years, the average 
monthly flow is 1.0 cfs, or less, for 7 months of the year.  With so little flow, Avenal Creek and 
the other drainages in the Coalition area are not a significant source of regional groundwater 
recharge. 

2.2 MAN-MADE SOURCES 
Man-made sources of potential groundwater recharge include agricultural, municipal, and 
industrial (Table 1).  These sources are supplied by surface water conveyed by the California 
Aqueduct and its Coastal Branch or by groundwater obtained from groundwater wells within or 
outside of the Coalition area.  

2.2.1 California Aqueduct 
The principle man-made feature in the Coalition area is surface water found in the California 
Aqueduct and its Coastal Branch.  The California Aqueduct and its Coastal Branch are 
concrete lined to conserve water and inhibit groundwater recharge.  These man-made canals 
are not a significant source of groundwater recharge in the Coalition area.  

2.2.2 Agriculture Sources 
The water districts within the Coalition area operate irrigation supply canals and water storage 
reservoirs.  Most of the water districts’ irrigation distribution systems consist of concrete lined 
canals and piping to conserve water and inhibit groundwater recharge.  Similarly, most of the 
water districts’ water storage reservoirs are also lined for water conservation to inhibit 
groundwater recharge (BWSD, 2013; BMWD, 2013; DRWD, 2012; LHWD, 2013).  Irrigation 
canals and storage reservoirs are not considered a significant source of groundwater recharge 
within the Coalition area. 

Irrigated agriculture is a source of potential groundwater recharge within the Coalition area.  
Most crops are irrigated with efficient drip or microspray systems (90 percent efficiency) 
intended to limit soil wetting to the root zone and prevent groundwater recharge.  Some crops 
are irrigated by sprinkler irrigation, which is only slightly less efficient (75 percent efficiency) 
than drip or microspray systems.  These efficient irrigation systems also limit the amount of 
tailwater runoff from irrigated lands.  Some growers have tailwater recovery systems that 
include lined tailwater ponds.  As such, irrigated agriculture is not anticipated to be a 
significant source of groundwater recharge, except possibly in the immediate vicinity of unlined 
tailwater ponds and in localized areas where efficient irrigation systems are not in use (BWSD, 
2013; BMWD, 2013; DRWD, 2012; LHWD, 2013; and FAO, 1989).  
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Agricultural drainage disposal facilities consisting of a system of tile drains operated by LHWD 
are located near the eastern edge of Coalition area in Sections 28, 29, 32, and 33 of Township 
25 South, Range 21 East.  Although these drainage facilities have historically been a source of 
groundwater recharge, LHWD facilities have been dry since early 2012 and considered a 
localized recharge source.  Increases in irrigation efficiency have resulted in a significant 
decrease in tile drainage uptake due to less water passing though the crop root zone. 

2.2.3 Municipal Sources 
Municipal sources of potential groundwater recharge are sewage treatment plant ponds and 
their associated land application areas (LAAs).  The following entities operate sewage 
treatment plants that include percolation ponds: 

• The City of Avenal (Section 34 of Township 22 South, Range 17 East) 

• Lost Hills Utility District (Section 35 of Township 26 South, Range 21 East) 

• 5 & 46 Property Owners Association (Section 1 of Township 27 South, Range 21 
East) 

The City of Avenal also provides treated sewage to William J. Mouren Farming Company, Inc. 
(MFC), for wastewater reclamation.  MFC’s LAA is located south of Avenal: 

• William J. Mouren Farming Company, Inc. (Sections 27, 28, 33, and 34 of 
Township 22 South, Range 17 East and Sections 2, 3, and 4 of Township 23 
South, Range 17 East) 

These municipal sewage treatment plant percolation ponds and associated LAAs are a 
continuing source of groundwater recharge (RWQCB, 2000a, 2000b, 2000c, and 2007). 

2.2.4 Industrial Sources 
Industrial sources of potential groundwater recharge include oil producers, food processing 
plants, and landfills.  The oil field operators have used or use percolation ponds for disposal 
of produced water.  Most of the oil field percolation ponds have been closed and replaced with 
underground injection wells.  Injection wells typically inject water into deep, oil-producing 
formations, although injection into the unsaturated zone is permitted by the California Division 
of Oil, Gas, and Geothermal Resource (DOGGR) in some oil fields.  Produced water ponds 
are no longer a significant source of groundwater recharge. 
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Food processing plants and their associated LAA are another source of potential groundwater 
recharge (RWQCB, 1999, 2012a, 2013b, and 2015).  Operators within the Coalition area 
include: 

• Horizon Nut LLC (Sections 20, 26, 27, 28, 35, and 35 of Township 26 South, Range 
19 East) 

• SunnyGem, LLC (Sections 3, 4, 5, 8, 9, 15, 16, and 21 of Township 28 South, 
Range 22 East), 

• Wonderful Company, King Plant (Sections 11 and 12 of Township 25 South, Range 
19 East) 

• Wonderful Company, Lost Hills Plant (Sections 13, 23, 24 of Township 26 South, 
Range 19 East) 

Several landfill operations are located within the Coalition area: 

• Avenal Municipal Solid Waste Landfill (Section 15 of Township 22 South, Range 17 
East) 

• Clean Harbors Buttonwillow, LLC (Section 16 of Township 29 South, Range 22 
East) 

• H. M. Holloway Surface Mine Landfill (Section 30 of Township 26 South, Range 21 
East)  

• Lost Hills Sanitary Landfill (Section 30 of Township 26 South, Range 21 East) 

• Waste Management, Inc. (Section 34 of Township 22 South, Range 18 East, and 
Section 3 of Township 23 South, Range 18 East) 

The U.S. Environmental Protection Agency (EPA) has indicated that leachate generated in 
landfills is a potential source of salinity and nitrate.  However, limited precipitation in Kern 
County and Kings County is not conducive for leachate formation in landfills.  Unlined landfills 
in arid climates are characterized as “dry” landfills and typically do not exhibit releases of 
leachate to groundwater.  These landfills are not anticipated to be a significant source of 
groundwater recharge, except possibly from storm water ponds at the landfills during the wet 
season (RWQCB, 2005, 2006a, 2006b, 2010, and 2012b). 
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3.0 GROUNDWATER QUALITY TREND MONITORING 

This work plan is intended to describe tasks that will be performed to meet the objectives 
described in the MRP for trend monitoring, determine current groundwater conditions related 
to irrigated lands, and gather data that can be used to evaluate long-term regional trends 
associated with irrigated lands. 

The General Order indicates that the work plan approach needs to consider:  (1) the variety of 
agricultural commodities produced within the third-party’s boundaries (particularly those 
commodities comprising the most agricultural acreage), (2) the conditions discussed/identified 
in the GAR related to vulnerability prioritization within the third-party area, and (3) the areas 
identified in the GAR as contributing significant recharge to urban and rural communities 
where groundwater serves as a significant supply.  The general approach of this work plan is 
summarized below. 

• There are a variety of crops grown within the Coalition area, including irrigated and 
unirrigated (dry farmed) crops.  However, the almond and pistachio orchards 
comprise more than 82 percent of the irrigated acreage.  Groundwater downgradient 
(east or southeast) of almond and pistachio orchards (Figure 2) is the focus of this 
work plan. 

• The RWQCB designated HVAs within the Coalition area, consisting of Kettleman 
Plain, DRWD west of Interstate 5 highway, far-eastern Antelope Plain, LHWD east 
of the Lost Hills anticline, and BWSD east of North/South Belridge oil field 
(RWQCB, 2016b).  This work plan considers monitoring of first-encountered 
groundwater in each of these areas with the exception of areas identified in the 
Sources Identification Study Work Plan. 

• Due to the poor mineral quality of groundwater within the Coalition area, drinking 
water supply is imported from outside.  The City of Avenal (including Avenal State 
Prison) and Wonderful Hulling & Shelling West Side import surface water from the 
California Aqueduct.  Lost Hills Utility District and Aera Energy, LLC (Spicer City 
system) import groundwater from outside the Coalition area.  As such, this work 
plan focuses on groundwater quality immediately downgradient of almond and 
pistachio orchards. 

To establish current groundwater quality conditions and evaluate trends, a monitoring well 
network has been developed.  The network consists of proposed wells that could be used for 
groundwater monitoring within the Coalition area.  The following sections describe the criteria 
used in selecting a monitoring well network, the wells that have been selected, and the 
proposed field activities, analytical program, and reporting. 
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3.1 MONITORING WELL NETWORK SELECTION CRITERIA 
The following subsections describe the criteria used to select a monitoring well network for 
trend monitoring.  

3.1.1 Principal Irrigated Crops 
The first criteria that was used to select potential monitoring wells was to locate irrigated lands 
within the Coalition area.  The United States Department of Agriculture maintains the CropScape 
website identifying cropping throughout the United States (USDA, 2016).  For the Coalition area, 
CropScape indicates that in 2016, irrigated agriculture comprised about 14 percent of the 
Coalition area.  The principal crops were pistachio and almond orchards, which together made 
up over 82 percent of irrigated agriculture.  The remaining 18 percent of irrigated land is either 
adjacent to or commingled with the principal crops.  These two crops occupy most of the irrigated 
lands within the Coalition area and are long-term crops.  The area occupied by pistachio and 
almond orchards within the Coalition area were the first criteria used to identify monitoring well 
locations for potential selection as a trend monitoring well within the Coalition area (Figure 2). 

3.1.2 Non-Irrigation Sources 
Only a relative small area (14 percent) within Coalition boundary consists of irrigated lands.  
Operations within the Coalition area exist that may adversely affect groundwater quality and 
potentially contribute nitrogen to groundwater (Figure 2, Table 1).  Selection of trend 
monitoring wells in areas where non-irrigated nitrogen sources have the potential to affect 
groundwater are potentially bias monitoring results leading to conclusions that irrigated 
agriculture was a contributing source to increases of nitrogen in groundwater when it actually 
may not be. 

The second criteria for selecting wells for trend monitoring is their proximity to non-agricultural 
sources of nitrate.  The Coalition submitted a Sources Identification Study Work Plan to the 
RWQCB to evaluate these potential sources and the impacts on areas of irrigated agriculture 
(Amec Foster Wheeler, 2016b).  The sources identified include landfills, sewage treatment 
plants, oil fields, and other facilities (Table 1).  The Sources Identification Study Work Plan 
includes publically available groundwater quality data related to these operations that support 
further evaluation of these facilities.  The Sources Identification Study Work Plan has yet to be 
approved by the RWQCB.  Until the Coalition has fully evaluated these potential sources, 
areas that are downgradient are currently excluded for selecting wells for trend monitoring. 

3.1.3 Well Records Database 
The MRP states that the use of existing wells for trend monitoring may be cost effective while 
still yielding data that will meet the objectives of the General Order.  Well construction records 

 

 
 



 

Amec Foster Wheeler 
I:\FR12s\FR1216043A\Archive\FR1216043A-015.docx 11 

were requested from the Department of Water Resources (DWR) for Kern County and Kings 
County.  Well permit records were also requested from the Kern County Department of 
Environmental Health and Kings County Public Works Department.  Amec Foster Wheeler has 
received the requested records, except well construction records for Kings County from the 
DWR.  A database was created with the records that were obtained.  These data were 
evaluated to establish a foundation for wells that could potentially be selected for trend 
monitoring.  Where possible, trend monitoring wells were selected that have associated well 
construction records. 

3.1.4 First-Encountered Groundwater 
The aquifers that should be monitored for trend analysis are those that would potentially 
receive recharge from irrigation water.  The third criteria involved selecting wells for trend 
monitoring with appropriate screened intervals intersecting the uppermost groundwater 
aquifer.  Beneath the Coalition area are perched, unconfined/semi-confined, and confined 
aquifers depending on location.  The perched and unconfined/semi-confined aquifers have 
been identified as potential aquifers that may receive recharge from irrigation water because 
they are first-encountered groundwater. 

Perched Zone Groundwater 
Perched groundwater appears to correspond to the presence of a shallow clay layer 
(designated the A-clay).  The perched aquifer consists of Pleistocene-Holocene fluvial and 
flood basin sediments comprised predominately of silts and clay interbedded with sand layers.  
These sediments overlie the A-clay and grade laterally into younger alluvium to the west.  The 
lateral extent of the A-clay stratigraphic layer is poorly constrained.  The A-clay reportedly has 
been encountered under LHWD at depths of 30 to 60 feet.  The DWR has designated a 
perched zone that is located along the eastern border of the Coalition area (Figure 2; DWR, 
2017).  Wells selected for trend monitoring that fall within the DWR perched zone boundary 
are considered appropriate for trend monitoring if they are completed in the perched aquifer.  
Wells screened in the unconfined/semi-confined zone below the perched aquifer or in the 
confined zone are not consider appropriate for trend monitoring. 

Unconfined/Semi-Confined Aquifer 
Unconfined aquifers exist in alluvial sediments of Antelope Valley east of the Lost Hills 
Anticline and below the perched groundwater in the upper Tulare Formation.  The unconfined 
aquifer consists predominately of coarser alluvial sediments flanking the Temblor Range that 
grade laterally eastward into finer grained fluvial, marsh, deltaic, and lacustrine deposits.  In 
areas where fluvial deposits become highly interbedded and bifurcated, semi-confined 
groundwater conditions may be encountered in the upper Tulare Formation.  The base of the 
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unconfined aquifer is defined by the presence of the Modified E-clay (Corcoran Clay 
equivalent in some areas), where it is present.  In areas where the Modified E-clay is absent, 
an unconfined to semi-confined aquifer extends to the top of the marine formations (Amec 
Foster Wheeler, 2016a).  Wells screened in the unconfined/semi-confined aquifer zone are 
consider appropriate for trend monitoring in areas where the perched aquifer is absent. 

Unconfined/semi-confined groundwater conditions are also encountered in Sunflower Valley 
and the Kettleman Plain.  The unconfined/semi-confined aquifer consists predominately of 
coarser alluvial sediments flanking the Diablo Range, Reef Ridge, Kreyenhagen Hills, and the 
Pyramid Hills.  Wells screened in the unconfined/semi-confined aquifer zone in Sunflower 
Valley and the Kettleman Plain are considered appropriate for trend monitoring. 

Modified E-Clay and Confined Aquifer Zone 
The Modified E-clay (Corcoran Clay equivalent in some areas; Page, 1986) forms a major 
regional aquitard that separates the upper unconfined aquifer from the lower confined aquifer 
in the southwestern San Joaquin Valley.  Within BWSD and LHWD, it has been encountered 
in wells east of the California Aqueduct.  The Modified E-clay is also known to underlie DRWD 
and portions of LHWD east of the Lost Hills Anticline, but appears absent west of this structure 
beneath the Antelope Plain and BMWD.  The presence of the Modified E-clay beneath BWSD 
west of the California Aqueduct is poorly constrained.  The depth at which the Modified E-clay 
is encountered varies due to structural deformation associated with the presence of anticline 
and syncline structures along the west side of the valley.  It is encountered as shallow as 
100 feet along the eastern limb of Lost Hills Anticline to as deep as 900 feet near the 
southwestern edge of Tulare Lake bed.  The thickness of the Modified E-clay ranges from 
8 feet south of the town of Lost Hills to 205 feet near the southwest edge of the Tulare Lake 
bed.  

Groundwater below the Modified E-clay is encountered in confined conditions.  The Tulare 
Formation below the Modified E-clay consists of unconsolidated interbedded sand, silt, and 
clay.  The nature of these sediments ranges from coarser alluvial fan deposits near the 
Temblor Range to fine-grained lacustrine, fluvial, and marsh deposits eastward toward the axis 
of the valley trough (Croft, 1972).  Within the Coalition area, confined groundwater is not 
known to exist as first-encountered groundwater and is isolated from first-encountered 
groundwater by Modified E-clay.  Confined groundwater is not proposed for trend monitoring 
because it is not susceptible to receiving recharge from irrigation water. 
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3.1.5 Well Construction Criteria 
Well construction is a consideration for selecting wells for groundwater trend monitoring.  
The shallow groundwater is perched on the A-clay, which inhibits communication with the 
underlying unconfined/semi-confined groundwater.  The unconfined/semi-confined 
groundwater is isolated from the confined groundwater by the Modified E-clay in areas where 
it is present.  The Modified E-clay inhibits groundwater communication between these two 
aquifers.  In cases where wells have been drilled through confining clay layers and constructed 
with long screens or multiple screen intervals can cause preferential pathways for vertical 
migration between aquifers potentially introducing poor quality groundwater into an adjacent 
aquifer.  The amount of communication is dependent on the head differential between the two 
aquifers.  

Wells selected for trend monitoring were of known construction with screened intervals limited 
to a single aquifer zone.  Wells selected for perched zone trend monitoring have screened 
intervals exclusive to the perched interval.  Not all wells selected for trend monitoring in the 
unconfined/semi-confined aquifer have well construction records available.  Of the available 
well construction records, wells selected for trend monitoring of the unconfined/semi-confined 
aquifer are screened exclusively in that aquifer.  Prior to finalizing the trend monitoring well 
selection, the screen intervals of the selected well will be obtained. 

Based on available well construction information and its relation to the local hydrogeology, 
criteria for selecting wells based on construction and aquifer zones are shown as follows:   

Aquifer 
Total Depth 

(feet) 
Perched Above 52 
Unconfined/Semi-confined 52 to 508 

 

3.1.6 Designated Vulnerability Areas 
The MRP requires that wells within the selected monitoring well network are located in both 
HVAs and LVAs.  Vulnerability areas were originally defined in the GARs and designated 
based on nitrate and salinity concentrations in groundwater, depth to groundwater, and 
sources of nitrate not associated with agricultural irrigation.  Although it is well known that 
salinity in this area is naturally occurring and degrades groundwater quality, the vulnerability 
areas are being redefined, as requested by the RWCQB, to only include nitrate.  The RWQCB 
designated areas of vulnerable groundwater within the Coalition, which were subsequently 
adopted by the Coalition as follows: 
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• high vulnerably area previously proposed by the RWQCB and used by the Coalition 
for the Nitrogen Management Plan; 

• all areas…having nitrate concentrations in groundwater that are 45 milligrams per 
liter (mg/L) or greater, regardless of salinity concentrations in groundwater; and 

• all areas…having nitrate concentrations in groundwater that are 22.5 mg/L (with a 
trend indicating a statistically significant increasing concentration) or greater, 
regardless of salinity concentrations in groundwater. 

Based on the above guidelines, HVAs proposed by RWQCB (Figure 3) were adopted by the 
Coalition.  Generally, the vulnerable groundwater areas include Kettleman Plain, the far-
western portion of Antelope Plain, the area of the Coalition east of the Lost-Hills Anticline, and 
southern-most part of the Coalition that is east of North/South Belridge Oil Fields.  Nitrate data 
exceeding 45 mg/L were previously submitted as part of the GARs (Amec Foster Wheeler, 
2015a and 2015b).  The Coalition did not designate HVAs based on 22.5 mg/L, because there 
are not enough data available to determine a “statistically significant increasing concentration”.  
As the Coalition proceeds with trend monitoring and a sufficient amount of data have been 
collected, nitrate concentrations trends will continue to be evaluated.  Vulnerability 
designations may be modified as groundwater monitoring proceeds (RWQCB, 2013a). 

3.2 MONITORING WELL NETWORK 
Based on the criteria above, a monitoring well network (Figure 3) was selected for potential 
groundwater quality trend monitoring as described in the following subsections. 

3.2.1 Preliminary Well Selection 
Ideal areas to monitor groundwater quality are downgradient from irrigated agriculture but 
away from non-irrigation operations that have the potential to impact groundwater (Figure 2).  
Groundwater occurrence and flow direction were previously described in the GARs and 
Sources Identification Study Work Plan (Amec Foster Wheeler, 2015a, 2015b, and 2016b).  
Groundwater flow directions are generally toward the east except in the vicinity of an anticline, 
where groundwater flow is generally radial.  Data obtained from the DWR for 2016 in the 
perched groundwater zone indicate groundwater flow is generally from west to east toward the 
San Joaquin Valley (Figure 4).  A potentiometric surface map of the unconfined/semi-confined 
aquifers prepared by the USGS in 1955 indicated that groundwater in the Antelope plain 
flowed generally from west to east also toward the San Joaquin Valley (Figure 5).  Localized 
flow directions within the Sunflower Valley, Kettleman Plain, and Avenal Gap varied 
considerably due to pumping and topography.  
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Wells proposed for trend monitoring were selected from the well records database (Table 2, 
Appendix C) and from other available sources such as USGS publications, DWR public library, 
previously sampled wells described in the GARs, and from a list supplied by the RWQCB 
(Appendix A).  The wells are located generally downgradient from irrigated agriculture but 
away from other potential sources of nitrogen.  These wells are complete in either the perched 
or unconfined/semi-confined aquifers in order to monitor first-encountered groundwater in the 
area they are located.  The proposed wells are situated in both HVAs and LVAs (Figure 3). 

A total of 20 wells have been selected for the proposed monitoring network (Figure 3).  Seven 
wells are located within the perched aquifer with total depths ranging from 14 to 22 feet, all 
with 10-foot screen intervals.  Thirteen wells were selected in the unconfined/semi-confined 
aquifer.  Not all selected wells in this aquifer have complete well construction records.  Based 
on available records, total well depths ranges between 106 to 500 feet and screen intervals 
range between 10 to 242 feet.  Twelve wells are located within the HVAs, and 8 wells are 
located within the LVAs. 

3.2.2 Field Verification and Access Agreements 
The Coalition performed a preliminary reconnaissance of the proposed well locations to 
confirm the wells’ presence and to assess accessibility for sampling.  The Coalition will contact 
the owner/operator to gather specific information regarding sampling of the well and to obtain 
an access agreement for groundwater sampling.  If an access agreement cannot be procured 
for a well, an alternative well in the area will be substituted. 

3.3 WORK PLAN FOR GROUNDWATER MONITORING 
The following subsections describe the tasks that will be implemented once the trend 
monitoring well network has been approved. 

3.3.1 Pre-field Logistics 
Planning and coordination activities to be conducted in preparing for groundwater sampling 
include: 

• Prepare a site-specific Health and Safety Plan for the planned field work. 

• Coordinate monitoring schedule with owner/operators. 

• Notify the owner/operators a minimum of 1 week in advance of field operations. 

• Obtain field equipment and sample containers necessary for collecting groundwater 
samples from the wells. 

• Coordinating with subcontractors. 
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3.3.2 Quality Assurance Project Plan 
On behalf of the Coalition, Kennedy/Jenks Consultants prepared a quality assurance project 
plan for the Surface Water Quality Project, Irrigated Lands Sampling and Analytical Program 
(Surface Water QAPP) for compliance with the General Order (KJC, 2014).  Amec Foster 
Wheeler has reviewed the Surface Water QAPP and we anticipate compliance with the data 
quality objectives for the trend groundwater monitoring program.  However, Amec Foster 
Wheeler will need to add data quality objectives for laboratory analyses not contemplated in 
the Surface Water QAPP, including:  

• Anions, EPA Method 300 

• Cations, EPA Method 200.7 

Data quality objectives will include sample preservation procedures, method detection limit, 
precision, accuracy, and completeness.  Also, the Coalition has not yet contracted with a 
California-certified laboratory for analyses of trend groundwater monitoring samples.  Once the 
laboratory is contracted, Amec Foster Wheeler will prepare an addendum to the Surface Water 
QAPP to address data quality objectives for the additional analytical methods required for the 
trend groundwater monitoring program.   

3.3.3 Groundwater Sampling Methods 
Groundwater samples will be collected on an annual basis from the trend monitoring program 
wells, and groundwater monitoring within the area of the proposed basin plan amendment will 
be conducted every 5 years.  The procedure used to purge and sample each well will be 
based on the wellhead access and the static water level measured in the well at the time of 
sampling.  Amec Foster Wheeler will conduct sampling in accordance with the groundwater 
protocols in Appendix D. 

Depth-to-Groundwater Sounding 
Measuring the depth to groundwater in each well using a cable reel depth sounder prior to 
beginning any purging activities will be attempted.  The wellhead configuration or a lack of a 
sounding tube may prevent collection of depth-to-groundwater measurements from some 
wells.  Depth-to-groundwater data will be recorded in the daily field records. 

Field Parameters 
Field parameters consisting of pH, electrical conductivity (EC), turbidity, and temperature will 
be measured during purging and recorded in the field notes.  The volume of water purged and 
rate will also be recorded, if the well is metered.  Formation water samples will be collected 
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after field parameters have stabilized.  Field parameters will be considered stable after three 
consecutive measurements indicate pH is within ±0.1 standard unit, EC is within ±10 percent, 
and turbidity is within ±10 percent or is below 10 Nephelometric turbidity units. 

Perched Zone Groundwater Sampling 
Groundwater samples collected from the perched zone wells will be collected using a 
peristaltic pump using low-flow sampling techniques.  Clean dedicated tubing will be lowered 
to a depth corresponding to the upper portion of the well screen.  Groundwater will then be 
purged at a discharge rate of 0.5 to 1 liters per minute until a minimum of three tubing volumes 
have been evacuated and field parameters stabilize.  The samples will be collected from the 
pump discharge port at a rate of 0.1 to 0.3 liters per minute and then decanted into clean 
laboratory-provided containers, packed on ice, and transported under chain-of-custody 
procedures to a California Environmental Laboratory Accreditation Program (ELAP) laboratory.  
One duplicate set of samples will be collected from one of the perched zone wells along with 
an equipment blank. 

Water Supply Wells with Operational Pumps 
Wells completed in the unconfined/semi-confined aquifer that are production wells with 
operational pumps will be sampled from a sampling port attached to the pumps discharge line.  
Groundwater samples will be obtained after pumping the well for approximately 5 to 10 minutes 
to remove stagnant casing water.  Field parameters will be measured during purging, and a 
water sample will be collected after field parameters have stabilized.  Groundwater samples will 
be collected in laboratory-prepared containers packed on ice and transported under chain-of-
custody procedures to a California ELAP laboratory. 

Water Supply Wells without Pump Infrastructure 
Wells completed in the unconfined/semi-confined aquifer that are not equipped with pumps will 
be sampled with a bladder pump using low-flow sampling techniques.  The bladder will be 
lowered to a depth corresponding to the upper portion of the well screen.  Groundwater will 
then be purged at a discharge rate of 0.5 to 1 liters per minute until a minimum of three tubing 
volumes have been evacuated and field parameters stabilize.  The samples will be collected 
from the pump discharge port at a rate of 0.1 to 0.3 liters per minute and then decanted into 
clean laboratory-provided containers, packed on ice, and transported under chain-of-custody 
procedures to a California ELAP laboratory. 

3.3.4 Laboratory Analyses 
The MRP states requirements for both annual monitoring and for initial and every 5 years 
thereafter monitoring.  However, as part of the BPAW, the Coalition proposed monitoring on a 
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5-year basis for groundwater within the proposed area of the BPAW (Figure 3).  Groundwater 
samples will be collected at the indicated frequency, and associated quality assurance samples 
will be analyzed by a California ELAP laboratory using methods approved by the EPA.  The 
analytical program is summarized in Table 3.  

3.3.5 Schedule 
The schedule for annual groundwater monitoring is dictated by the MRP.  Available monitoring 
wells will be sampled at a minimum of once per hydrologic water year, which is defined as 
October 1 through September 30 of the following year (RWQCB, 2013a).  Groundwater 
monitoring will be performed the same time each consecutive year.  The Coalition suggests 
sampling in July of each year because that is the best month to access and sample irrigation 
wells.  It is anticipated the first groundwater monitoring event will be in July 2018. 

For the 5-year monitoring proposed within the area of the proposed BPAW (Figure 3), 
available monitoring wells will be sampled at a minimum of once per 5 hydrologic water years.  
As with the annual groundwater monitoring, the Coalition suggests sampling in July of each 
monitoring year because that is the best month to access and sample irrigation wells.  It is 
anticipated the first groundwater monitoring event will be in July 2018. 

3.3.6 Trend Evaluation 
The goal of groundwater monitoring is to evaluate long-term regional trends of nitrate 
concentrations potentially related to irrigated agriculture.  Trend analysis will initially be 
evaluated using time-concentration charts prepared for each monitoring well.  Several years of 
monitoring will be required before an adequate data set for statistical analysis can be used to 
evaluate groundwater trends for monitored constituents.  Statistical evaluation will include 
identifying data outliers and trend analysis evaluation using the Mann-Kendall test method as 
outlined in Statistical Analysis of Groundwater Monitoring Data at RCRA Facilities Unified 
Guidance (EPA, 2009). 

3.3.7 Reporting 
The Coalition will submit a monitoring report that summarizes the groundwater monitoring 
activities.  The monitoring report will include requirements described in the MRP, including but 
not limited to, a signed transmittal letter, executive summary, description of the Coalition area, 
a map of the wells that were sampled, tabulation of the analytical data, and time-concentration 
charts.  Once it has been determined that a significant amount of data are available, a 
long-term regional trend analysis will be included as part of the monitoring reports.  In 
additional to monitoring reports, annual monitoring results will be submitted in Excel format.  
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Final reports will be in electronic format and submitted by May 1 of the following year to the 
RWQCB’s GeoTracker Database and to the RWQCB’s designated staff liaison.   

4.0 GROUNDWATER MONITORING TO SUPPORT BASIN PLAN AMENDMENT 

Amec Foster Wheeler prepared a BPAW on behalf of the Coalition that was submitted to the 
RWQCB and CV-SALTS (Amec Foster Wheeler, 2016a).  The BPAW includes data that 
supports the request for a basin plan amendment for a portion of the Coalition area (Figure 6).  
The RWQCB’s Water Quality Control Plan for the Tulare Lake Basin (Tulare Lake Basin Plan) 
establishes water quality objectives and beneficial uses for the Tulare Lake Basin waters, 
including the Coalition area (RWQCB, 2013a).  The Tulare Lake Basin Plan summarizes 
criteria to be considered by the RWQCB when granting exceptions to the designated beneficial 
uses: 

1. the total dissolved solids (TDS) must exceed 3,000 mg/L (5,000 micromhos per 
centimeter [μmhos/cm] EC) and the aquifer cannot be reasonably expected to 
supply water to a public water system; or 

2. there is contamination, either by natural processes or by human activity (unrelated 
to a specific pollution incident) that cannot be reasonably treated for domestic use 
by using either Best Management Practices or best economically achievable 
treatment practices; or 

3. the water source cannot provide sufficient water to supply a single well capable of 
producing an average, sustained yield of 200 gallons per day; or 

4. the aquifer is regulated as a geothermal energy producing source or has been 
exempted administratively pursuant to 40 Code of Federal Regulations (CFR), 
Section 146.4 for the purpose of underground injection of fluids associated with 
hydrocarbon or geothermal energy, provided these fluids do not constitute a 
hazardous waste under 40 CFR, Section 261.3. 

Of the four criteria listed above, three of these criteria exist in groundwater within the area 
proposed for the basin plan amendment.  Average TDS of groundwater in some areas exceed 
the criteria (criterion 1 above).  Groundwater in some areas has naturally occurring concentrations 
of salinity and other constituents that cannot be reasonably treated for MUN (criterion 2 above).  
Some areas are used for petroleum production for purposes of underground injection of fluids 
associated with hydrocarbon energy (criterion 4 above).  Based on these conditions, the BPAW 
proposed a basin plan amendment to de-designate MUN and to modify AGR within the Tulare 
Lake Basin Plan for the areas described in the BPAW (Figure 6). 

Groundwater beneath the five water districts located within the BPAW area (BWSD, BMWD, 
DRWD, DDWD, and LHWD) is not currently used for MUN because it does not meet drinking 
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water standards for salinity constituents (EC, TDS, sulfate, and boron) and, in some cases, for 
arsenic.  All MUN is imported from outside of the Coalition boundary for the limited areas that 
uses MUN (Figure 6). 

Unconfined/semi-confined and confined groundwater is occasionally used as a backup source 
of ARG, typically blended with high quality water from the California Aqueduct.  The water 
districts provide AGR water imported from the California Aqueduct to growers that use 
irrigation water within their respective districts.  Perched groundwater beneath the water 
districts is significantly high in salinity and therefore has no current beneficial uses. 

4.1 SUMMARY OF GROUNDWATER CONDITIONS 
The quality of perched groundwater inside the Coalition area and just outside the eastern 
boundary was characterized by the USGS in 1989 from data collected from 25 shallow 
groundwater wells (USGS, 1993).  These perched zone wells were installed to depths of 
12.6 to 23.7 feet below ground surface (bgs).  The depth to perched groundwater between 
May and August 1989 was 2.8 to 16.14 feet bgs.  The USGS analyzed these perched zone 
wells for inorganic constituents.  These data show that the perched groundwater varied widely 
in salinity with an average TDS of 14,840 mg/L and EC of 19,064 µmhos/cm.  The aquifer 
cannot be reasonably expected to supply a public water system because perched groundwater 
in this area exceeded 3,000 mg/L (5,000 μmhos/cm EC). 

The USGS summarized the analytical results from 42 water supply wells within the Coalition 
area sampled between 1930 and 1957 and analyzed for inorganic constituents (USGS, 1959).  
Amec Foster Wheeler compared these analytical results to water quality criteria for MUN and 
AGR.  These data indicate that unconfined/semi-confined groundwater generally exceed 
drinking water quality for salinity (TDS, EC, sulfate, and boron) that would require expensive 
desalination treatment for MUN.  The average TDS and sulfate concentrations were 2,528 and 
1,112 mg/L, respectively, compared to the corresponding drinking water quality criteria of 
1,000 and 500 mg/L, respectively.  These average concentrations also exceeded the water 
quality criteria for AGR-Irrigation of 2,000 mg/L TDS.  However, the average concentrations 
did not exceed the water quality criteria for AGR-Livestock and AGR-Poultry and could be 
suitable for those uses. 

Regulated oilfields located in the BPAW area include Beer Nose, Belridge North, Belridge 
South, Blackwells Corner, Cal Canal, Devils Den, Dudley Ridge, Lost Hills, Lost Hills 
Northwest, and Welcome Valley (Figure 2, Table 1).  Four of these oilfields (Blackwells 
Corner, Cal Canal, Devils Den [fresh water in north area only], and Dudley Ridge) were 
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reported to have “fresh water” as defined by DOGGR as less than 3,000 mg/L TDS (DOGGR, 
1998).  Oilfield production and underground injection are summarized below: 

  Depth to  2015-2016 Production2 2015-2016 Injection2 
  Fresh Water1 Oil Gas Water/Steam Gas/Air 

Oil Field (feet) (barrels) (mcf) (barrels) (mcf) 
Antelope Hills none 4,628,479 923,555 8,016 913,794 
Antelope Hills, North none 6,045,693 828,773 28,943,408 0 
Beer Nose none 368,776 354,805 0 0 
Belridge, North none 92,405,192 261,316,306 563,482,961 26,236,781 
Belridge, South none 1,495,455,423 586,507,947 8,029,453,760 8,334,828 
Blackwells Corner 600 454,430 139 2,867,217 0 
Cal Canal 800 2,771,127 9,747,212 4,553,860 0 
Chico Martinez none 925,053 124 6,500,842 552 
Cymric none 476,159,993 93,093,401 1,499,585,904 28,383,147 

Devils Den 300 (northern 
part only) 1,169,016 663,987 273,241 0 

Dudley Ridge (abandoned) 450 0 0 0 0 
Lost Hills none 349,048,622 565,679,923 2,526,137,296 17,191,541 
Lost Hills, Northwest none 588,494 745,417 3,302,212 0 
McDonald Anticline none 6,305,414 5,458,381 43,082,773 73,379 
Monument Junction none 4,731,622 13,485,408 4,781 0 
Shale Flats (abandoned) none 0 0 0 0 
Shale Point  none 52 324,676 0 0 
Welcome Valley none 7,924 0 0 0 
1.  Total dissolved solids <3,000 mg/L, California Oil and Gas Fields (DOGGR, 1998).  
2.  February 2015 through May 2016 production/injection from https://secure.conservation.ca.gov/WellSearch. 
     mcf = million cubic feet 

Groundwater below the oilfields within the BPAW area are regulated as energy-producing 
sources and/or perform underground injection of fluids associated with hydrocarbon 
production.  The DOGGR is currently reevaluating aquifer exemptions in California; the 
updated status of exemptions for groundwater in the oilfields within the proposed basin plan 
amendment area has not yet been completed. 

Based on these conditions, groundwater within the BPAW meets three of the four criteria to be 
considered by the RWQCB when granting exceptions to the designated beneficial uses:   

• the TDS must exceed 3,000 mg/L (5,000 μmhos/cm EC) and the aquifer cannot be 
reasonably expected to supply water to a public water system; or 
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• there is contamination, either by natural processes or by human activity (unrelated 
to a specific pollution incident) that cannot be reasonably treated for domestic use 
by using either Best Management Practices or best economically achievable 
treatment practices; or 

• the aquifer is regulated as a geothermal energy producing source or has been 
exempted administratively pursuant to 40 CFR, Section 146.4 for the purpose 
of underground injection of fluids associated with hydrocarbon or geothermal 
energy, provided these fluids do not constitute a hazardous waste under 40 CFR, 
Section 261.3. 

4.2 PRELIMINARY WELL SELECTION 
Some areas within the basin plan amendment boundary do not include irrigated agriculture 
and therefore do not require groundwater trend monitoring for purposes of compliance with the 
General Order.  These non-irrigated areas of the Coalition that are within the proposed area 
for the basin plan amendment are in LHWD east of Interstate Highway 5 (Figure 6).  A limited 
amount of groundwater sampling and analysis is needed in the non-irrigated areas east of 
Interstate Highway 5 to support the basin plan amendment process.  The Coalition proposes 
a one-time sampling and analysis of additional wells in that area for that purpose. 

4.2.1 Wells Selected in the Perched Groundwater 
Perched groundwater is characterized by the DWR in their shallow groundwater and 
agricultural drainage programs (DWR, 2012 and 2015).  DWR characterized the perched 
groundwater problem as follows: 

“Soils on the western side of the valley come from the marine sediments that make up 
the Coast Range.  These soils, high in salts and trace elements, are similar to those 
that occur in the ocean.  Also, just below the surface of much of the valley’s soil, is a 
shallow clay layer that obstructs vertical movement of irrigation water.  As salts and 
minerals from surface soils are leached into the shallow groundwater, the water table 
rises to within a few feet of the surface and into the root zone.  Unless this water is 
removed, crops growing in these soils eventually die.  In the late 1940s, farmers began 
installing subsurface drains in fields with drainage problems.  By 1965, 330 miles of 
subsurface drains and 750 miles of open ditch drains operated in the valley, delivering 
drainage water to evaporation ponds and other discharge sites.  With this drainage 
network in operation, the main problem became how to manage and dispose of the 
salty drainage water.” 

LHWD operates drainage ponds in the area of perched groundwater and serves subsurface 
drains within LHWD.  The LHWD system consists of six ponds totaling 660 acres just east of 
Interstate Highway 5.  Approximately 6,800 acres of irrigated agriculture west of Interstate 
Highway 5 is tile drained and produces subsurface drainwater that is routed to the LHWD 
ponds.  Through drainage reduction efforts, the LHWD has been able to reduce drainage 
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inflows and also reduce the size of the evaporation pond system.  Significant cropping pattern 
changes, installation of micro-irrigation systems, and canal lining in the drainage area are 
major features in reducing the amount of drainwater collected (LHWD, 2013). 

Operation of the drainage ponds is regulated by waste discharge requirements issued by the 
RWQCB to LHWD in 1993.  The LHWD conducts a monitoring and wildlife hazing program at 
the pond system in compliance with the waste discharge requirement.  The amount of 
drainwater discharged to the evaporation pond system has been reduced from a high of 
3,831 acre-feet (AF) in 1989 to less than 100 AF in 2012.  During 2012, only one pond totaling 
12 acres was utilized (RWQCB, 1993; LHWD, 2013). 

The area of perched groundwater extends east of Interstate Highway 5 to the eastern edge of 
the Coalition area.  The area east of Interstate Highway 5 (LHWD Service Area 6) is not used 
for irrigated agricultural due to elevated salinity in soils and groundwater.  Limited groundwater 
level information is available for perched zone wells.  A hydrograph for one shallow well 
(25S21E01N) for the period between 1990 and 1994 (USGS, 2016) is shown below: 

 
MSL = mean sea level 

The above chart shows that groundwater elevations varied from 279.47 to 284.39 feet above 
mean seal level, which corresponds to a depth range of 5.61 to 10.53 feet.  USGS measured 
groundwater levels in perched zone wells in 1989, which included the LHWD Service Area 6 
(Figure 7).  The potentiometric surface shows that the groundwater gradient was toward the 
north-northeast.  USGS also collected perched groundwater samples from five of the perched 
zone wells east of Interstate Highway 5 and analyzed the samples for salinity constituents and 
nitrate: 
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 Constituent and Result2 
  EC TDS Cl NO3 SO4 B  

Well1 (µmhos/cm) (mg/L) (mg/L) (mg/L) (mg/L) (µg/L) 
T26S/R21E-14R 23,100 21,700 1,000 62 14,000 64,000 
T26S/R21E-02R 3,170 1,950 340 1.28 740 2,500 
T25S/R21E-26P 43,900 44,400 3,400 159 27,000 70,000 
T25S/R21E-17H 36,200 25,700 11,000 1.28 5,500 36,000 
T25S/R21E-01N 1,800  -- 290 <0.443 210 900 

MCL3 1,600 1,000 500 45 500 1,000 
1.  Well location by township, range, and section.  Locations are shown on Figure 6. 
2.  EC = electrical conductance, TDS = sum of dissolved solids, Cl = chloride, NO3 = nitrate, 
     SO4 = sulfate, B = boron, µmhos/cm = micromhos per centimeter, mg/L = milligrams per liter, 
     µg/L = micrograms per liter, < = less than, and -- = not available. 
3.  MCL = Maximum Contaminant Level for drinking water.  For B, the Notification Level is listed. 
     Concentrations greater than the MCL or equivalent are highlighted in green. 

The table above compares the perched groundwater data to drinking water standards; 
concentrations greater than the MCL, or equivalent, are highlighted.  Salinity varied from 
1,800 to 43,900 µmhos/cm; each sample exceeded the corresponding MCL of 1,600 µmhos/cm.  
The principle constituents contributing to salinity were chloride and sulfate.  Nitrate exceeded 
the corresponding MCL of 45 mg/L only in the two highest salinity perched groundwater 
samples.  Boron exceeded the Notification Level of 1,000 µg/L for boron.  Well T25S/R21E-01N 
provided much better quality groundwater than the other perched zone wells, although still 
higher in salinity that the MCL.  Well T25S/R21E-01N is located adjacent the Kern National 
Wildlife Refuge, which was established in 1960.  Perched groundwater quality in that immediate 
area appears to have benefited from groundwater recharge from the Kern National Wildlife 
Refuge operations, which uses imported surface water to maintain the refuge. 

The Coalition proposes to conduct a one-time resampling of the above five perched 
groundwater monitoring wells (Figure 6) and the seven perched zone wells of the trend 
monitoring program (Figure 3) to provide data to support the basin plan amendment.  If some 
of these wells are destroyed, damaged, or unavailable, the Coalition will attempt to obtain 
permission to sample other perched zone wells in the area.  Well construction records for the 
proposed perched zone wells are provided in Appendix E. 

4.2.2 Unconfined/Semi-confined Groundwater 
The unconfined/semi-confined aquifer east of Interstate Highway 5 within the Coalition area is 
below the A-clay and above the Modified E-clay.  In 1990, the USGS installed a cluster of 
monitoring wells in the northeastern part of LHWD (Section 1, Township, 25 South, Range 21 
East) to characterize the vertical characteristics of groundwater in this area (USGS, 1994).  
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Three of the USGS wells were installed in the unconfined/semi-confined aquifer with screen 
intervals between 52 and 199 feet bgs.  A summary of well construction and analytical results 
for groundwater samples collected in 1990 from the USGS wells is provided in the table below.  
The table also includes a summary of well construction and analytical results for groundwater 
samples collected in 2013 from two wells (025S021E26P001M and 026S021E14H002) 
located within the non-irrigated area of the Coalition that is east of Interstate Highway 5 (Amec 
Foster Wheeler, 2015a).  These two wells are located closer to Lost Hills than the USGS well 
cluster.  The table shows that the three USGS wells exceed MCLs for EC, TDS, boron, and 
chloride and would not be suitable as a drinking water source without expensive desalination 
treatment. 

Well1 
Screened 
Interval2 

(feet) 
Sample 

Date 

Constituent and Result3 
EC 

(µmhos/cm) 
TDS 

(mg/L) 
B 

(µg/L) 
Cl 

(mg/L) 
NO3-N 
(mg/L) 

SO4 
(mg/L) 

T25S/R21E-01N2 52-62 8/29/1990 12,000 9,280 9,400 1,300 <0.1 4,600 

T25S/R21E-01N3 90-100 8/29/1990 6,250 4,260 2,100 1,200 <0.1 1,500 

T25S/R21E-01N4 189-199 8/29/1990 4,540 2,620 1,300 1,200 <0.1 420 

T25S/R21E-26P 195-402 5/21/2013 5,100 3,200 3,300 1,400 <11 470 
T26S/R1E-14H 163-323 5/21/2013 5,800 4,000 800 1,200 <11 1,300 

MCL4 900-1,600 500-
1,000 1,000 250-

500 10 250-
500 

1.  Well designation is by California well numbering system.  Well locations shown on Figure 6. 
2.  Well screened interval in feet below ground surface.   
3.  EC = electrical conductance, TDS = total dissolved solids, B = boron, Cl = chloride, NO3-N = nitrate nitrogen, 
     SO4 = sulfate, µmhos/cm = micromhos per centimeter, mg/L = milligrams per liter, µg/L = micrograms per liter,  
     and < = less than. 
4.  MCL = Maximum Contaminant Level for drinking water.  For B, the Notification Level is listed. 
     Concentrations greater than the MCL or equivalent are highlighted in green. 
 

The Coalition proposes to conduct a one-time sampling event of the above 5 additional 
unconfined/semi-confined wells (Figure 6) and the 11 unconfined/semi-confined wells of the 
trend monitoring program that are within the BPAW area (Figure 3) to provide data to support 
a basin plan amendment.  If some of these wells are destroyed, damaged, or unavailable, the 
Coalition will attempt to obtain permission to sample other unconfined/semi-confined 
groundwater wells in the area that meet the well selection criteria.  Well construction records 
for the currently proposed monitoring wells are summarized in Table 5 and are provided in 
Appendix E. 
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4.3 GROUNDWATER SAMPLING METHODS 
Groundwater sampling to characterize groundwater in support of the basin plan amendment 
will be collected on a one-time basis from 28 wells within the BPAW area (Figure 8).  The 
procedure used to purge and sample each well will be based on the wellhead access and the 
static water level measured in the well at the time of sampling.  Amec Foster Wheeler will 
conduct sampling in accordance with the trend monitoring procedures described in Section 3.3 
and the groundwater monitoring protocols provided in Appendix D. 

4.4 LABORATORY ANALYSES 
The well water samples and associated quality assurance samples will be analyzed by a 
California ELAP laboratory using methods approved by the EPA.  The samples will be 
analyzed for general minerals, nitrogen-series constituents, and metals (Table 4). 

4.5 SCHEDULE 
The schedule for this one-time monitoring event will be dictated by the duration for obtaining 
access agreements to each of the wells and field verifying that the wells can be accessed and 
sampled.  Groundwater monitoring will commence once the final wells have been selected and 
site access has been obtained for those wells.  It is anticipated that this one-time monitoring 
event will be conducted concurrently with the trend monitoring sampling event projected for 
July 2018. 

4.6 REPORTING 
Based on initial consultation with CV-SALTS staff, the Coalition proposes to prepare a 
summary of sampling/analytical methods and tables of analytical data.  The summary and 
tables will be presented to CV-SALTS staff to solicit comments/direction on the basin plan 
amendment and consistency with their on-going salt and nutrient management plan. 
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TABLE 1

SOURCE IDENTIFICATION SUMMARY

No.1 Potential Source
Source of 
Salinity

Source of 
Nitrate

1 Antelope Hills North Oil Field X X
2 Antelope Hills Oil Field X X
3 Avenal Gap Mine X
4 Avenal Solid Waste Disposal Site X
5 Avenal State Prison X X
6 Avenal Wastewater Treatment Plant X X
7 Belridge North Oil Field X X
8 Belridge South Oil Field X X
9 Blackwells Corner Oil Field X X
10 Clean Harbors Disposal Site X
11 Chemical Waste Management X X
12 Devils Den Oil Field X X
13 Five & 46 Property Owners Association X X
14 H. M. Holloway Gypsum Mine X X
15 Horizon Nut Lost Hills X X
16 Kettleman Middle Dome Oil Field X X
17 Kettleman North Dome Oil Field X X
18 Liberty Composting X X
19 Lost Hills Oil Field X X
20 Lost Hills Water District Drainage Ponds X X
21 Lost Hills North Oil Field X X
22 Lost Hills Sanitary Landfill X
23 Lost Hills Utility District X X
24 Pyramid Hills Oil Field X X
25 SunnyGem Spicer X X
26 Welcome Valley Oil Field X X
27 Wonderful Pistachios King Facility X X
28 Wonderful Pistachios Lost Hills Facility X X
29 North Belridge Solid Waste Disposal Site X X
30 Tulare Lake Drainage District X

1.  Source locations are shown on Figure 2.

Westside Water Quality Coalition
Western Tulare Lake Basin, California
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TABLE 2

SUMMARY OF WELL CONSTRUCTION - TREND MONITORING

024S018E23J001M Unused 35.82349 -119.988846 --1 468 106 -- 10 --

024S018E33N001M Irrigation 35.788855 -120.039873 627 625 295 -- 14 --

024S020E31K001M Unused 35.794161 -119.850204 288 288 119 -- 10 --

AeraBelridge_5B2 Monitoring 35.441081 -119.630269 336.5 336.1 274 191-211 2 10/26/86

026S019E25M001M Unused 35.632467 -119.885703 -- 670 363 -- -- --

AeraBelridge_19M1 Monitoring 35.56421 -119.760748 521.11 518.81 237 170-200; 220-
230 -- --

Starrh_9K_No2 -- 35.419402 -119.615797 -- -- 500 258-500 -- --

Berrenda Mesa 1 -- 35.668823 -120.090742 -- -- -- -- -- --

Lost Hills 5 -- 35.680238 -119.867359 -- -- -- -- -- --

023S019E15N001M -- 35.905111 -119.897651 -- -- -- -- -- --

026S018E14N001M Irrigation 35.660304 -120.008123 670 670 333 135-300 -- --

T25S/R19E-34R3_L3-3 Test 35.703434 -119.905438 -- -- 170 155-165 6 01/22/88

24S19E02R001M -- 35.859395 -119.889768 -- -- -- -- -- --

Unconfined/Semi-Confined Aquifer

Westside Water Quality Coalition
Western Tulare Lake Basin, California

Well ID Well Type Latitude Longitude

Top of 
Casing 

Elevation 
(feet)

Ground 
Surface 

Elevation 
(feet)

Well Depth 
(feet bgs)2

Drill 
Date

Screen 
Interval 

(feet bgs)2

Casing 
Size 

(inches)
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TABLE 2

SUMMARY OF WELL CONSTRUCTION - TREND MONITORING

Well ID Well Type Latitude Longitude

Top of 
Casing 

Elevation 
(feet)

Ground 
Surface 

Elevation 
(feet)

Well Depth 
(feet bgs)2

Drill 
Date

Screen 
Interval 

(feet bgs)2

Casing 
Size 

(inches)

T28S/R22E-05F Piezometer 35.523388 -119.631671 -- -- 20 10-20 2 08/01/90

T25S/R21E-31R1_10 Monitoring 35.70518 -119.745008 -- -- 19 9-19 2 11/06/98

T27S/R22E-19P1_BEL #6A Piezometer 35.560633 -119.647388 -- -- 20 10-20 2 08/01/90

T26S/R21E-16R1 Piezometer 35.659687 -119.71014 -- -- 22 12-22 -- --

T27S/R21E-11A_BEL #2 Piezometer 35.60153 -119.67556 -- - 20 10-20 -- --

T27S/R22E-18B1_BEL #3A Piezometer 35.586965 -119.64486 -- -- 20 10-20 -- --

T25S/R20E-15A Piezometer 35.757146 -119.799327 -- -- 14 4-14 2 06/01/89

1.  -- = information not available.

Perched Aquifer
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TABLE 3

TREND MONITORING CONSTITUENTS

Conductivity (at 25 oC) (µmhos/cm)
pH (pH units)
Dissolved Oxygen (mg/L)
Temperature (oC) 
Nitrate as nitrogen (mg/L)

Total Dissolved Solids (mg/L)
General Minerals2 (mg/L)

1.  oC = degrees Celsius, µmhos/cm = micromhos per centimeter,

      and mg/L = milligrams per liter. 
2.  General minerals consist of carbonate, bicarbonate, chloride,
      sulfate, boron, calcium, sodium, magnesium, and potassium.

Westside Water Quality Coalition
Western Tulare Lake Basin, California

Annual Monitoring1

5-Year Monitoring1
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TABLE 4

BASIN PLAN AMENDMENT CONSTITUENTS

Conductivity (at 25 oC) (µmhos/cm)

pH (pH units)

Dissolved Oxygen (mg/L)
Temperature (oC) 

Arsenic (total)
Cadmium (total and dissolved)
Copper (total and dissolved)
Lead (total and dissolved)
Molybdenum (total)
Nickel (total and dissolved)
Selenium (total)
Zinc (total and dissolved)

Nitrogen, Nitrate + Nitrite

Total Dissolved Solids (mg/L)
General Minerals2 (mg/L)

1.  oC = degrees Celsius, µmhos/cm = micromhos per centimeter,

      and mg/L = milligrams per liter. 
2.  General minerals consist of carbonate, bicarbonate, chloride,
      sulfate, boron, calcium, sodium, magnesium, and potassium.

Westside Water Quality Coalition
Western Tulare Lake Basin, California

Field Parameters1

Other1

Nutrients

Metals
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TABLE 5

SUMMARY OF WELL CONSTRUCTION - BASIN PLAN AMENDMENT SUPPORT

025S021E01N002M Test 35.778464 -119.6675 290 --1 67 52-62 2 08/15/90
025S021E01N003M Test 35.778464 -119.6675 290 -- 100 90-100 2 08/15/90
025S021E01N004M Test 35.778464 -119.6675 290 -- 204 189-199 3 08/15/90
026S021E14H002M -- 35.667027 -119.673178 237 239 300 -- -- 01/01/53
025S021E26P001M Irrigation 35.719635 -119.679725 -- -- -- -- -- --

LHWD_MitigationWell#3 Irrigation 35.71964 -119.679738 -- -- 402 195-402 14 01/01/76

025S021E01N001M Test 35.778464 -119.6675 290 -- 20 10-20 2 06/01/90

025S021E17H001M -- 35.753575 -119.725973 -- 220 17 -- -- --

025S021E26P002M -- 35.717741 -119.681805 -- 221 18 -- -- --
026S021E02R001M -- 35.688853 -119.672361 -- 234 18 -- -- --
026S021E14R001M -- 35.659686 -119.672361 -- 237 18 -- -- --

1.  -- = information not available.

Unconfined/Semi-Confined Aquifer

Perched Aquifer

Westside Water Quality Coalition
Tulare Lake Basin Area, California
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2016 POTENTIOMETRIC SURFACE MAP -
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1. DWR = Department of Water Resources.
2. Contour lines based on 2016 DWR data. 
3. Basemap modified from ESRI online shared content
    aerial imagery web mapping services.
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Notes:
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APPENDIX A 
Potential Domestic Supply Well Review  

  



APPENDIX A

POTENTIAL DOMESTIC SUPPLY WELL REVIEW

1 35.935351 -119.925638 23S/19E/08 West corner of 25th and Utica Ave Residence/Business 4/5/17-residence, no well visible
2 35.905111 -119.897651 23S/19E/27 West of I5, E of 25th, S of Utica Ave Residence/Business 5/4/17-residence, no well visible
3 35.731039 -119.799979 25S/20E/27 S of Twisselman Rd, E of California Aqueduct Residence 5/4/17-Wonderful employee housing, office and shop, no visible well,
4 35.731055 -119.800311 25S/20E/27 S of Twisselman Rd, E of California Aqueduct Residence    served by Aera Spicer City water system?
5 35.731045 -119.800725 25S/20E/27 S of Twisselman Rd, E of California Aqueduct Residence
6 35.73105 -119.801061 25S/20E/27 S of Twisselman Rd, E of California Aqueduct Residence
7 35.657929 -119.726132 26S/21E/20 W of G P Rd, E of California Aqueduct Residence/Business 4/5/17-near Lost Hills Oil Field, well not visible
8 35.644299 -119.711691 26S/21E/28 S of G P Rd, E of California Aqueduct Residence/Business 4/5/17-Ritchie Farms scale house, no well visible
9 35.628262 -119.69013 26S/21E/34 W of Lost Hills Rd, E of California Aqueduct Residence/Business 5/3/17-residence, well apparent north of house

10 35.62403 -119.692688 26S/21E/34 N of Paso Robles Hwy, W of Lost Hills Rd Mobile Home Park 5/4/17-Lost Hills RV Park, possible well in SW corner
11 35.580089 -119.654011 27S/22E/18 Canal Residence/Business 5/4/17-confined animals and equip't yard, no well visible
12 35.753681 -119.65331 25S/21E/13 N of Twisselman, W of Line A Residence 4/5/17-shed, no well visible
13 35.412938 -119.642031 29S/22E/08 N of Delfern Rd, E of Hwy 33 Solar Plant 4/5/17-electrical substation, no well visible
14 35.434389 -119.624399 29S/22E/04 S of 7th Standard Rd, W of California Aqueduct Residence 4/5/17-pressure tank near shed
15 35.441998 -119.661479 28S/21E/36 N of 7th Standard Rd, E of Lost Hills Road Facility 5/3/17, BWSD office, no well visible
16 35.496992 -119.66922 28S/21E/13 S of Lerdo Hwy, E of Lost Hills Rd Facility 4/5/17, Wonderful Orchards office/whse,no well visible
17 35.501703 -119.690049 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence 5/3/17, sites 17-41 are Wonderful employee housing, served by Aera 
18 35.502024 -119.690041 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence    Spicer City water system
19 35.502285 -119.69001 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
20 35.502557 -119.690049 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
21 35.502852 -119.690016 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
22 35.503124 -119.689985 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
23 35.503396 -119.689991 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
24 35.503818 -119.690011 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
25 35.504209 -119.689978 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
26 35.504554 -119.689978 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
27 35.505011 -119.690019 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
28 35.505342 -119.690024 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
29 35.505592 -119.69005 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
30 35.510804 -119.690018 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
31 35.510843 -119.690385 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
32 35.510808 -119.690713 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
33 35.510832 -119.691045 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
34 35.510858 -119.691389 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
35 35.510701 -119.691666 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
36 35.510464 -119.691632 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
37 35.510337 -119.691413 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
38 35.510364 -119.691061 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
39 35.510407 -119.690686 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence

Westside Water Quality Coalition
Tulare Lake Basin Area, California

Sites Latitude Longitude Location Description CommentT/R/S
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APPENDIX A

POTENTIAL DOMESTIC SUPPLY WELL REVIEW

Sites Latitude Longitude Location Description CommentT/R/S
40 35.510429 -119.690344 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
41 35.510398 -119.690025 28S/21E/10 N of Lerdo Hwy, West of Lost Hills Rd Residence
42 35.682605 -119.939451 26S/19E/08 N of Berrenda Mesa Canal, W of Hwy 33 Residence/Business 5/4/17-tailwater pond, shed and boneyard, no well visible
43 35.6879 -119.918063 26S/19E/03 N of Berrenda Mesa Canal, W of Hwy 33 Residence/Business 4/5/17-ranch office/equipt yard, no well visible
44 35.643367 -119.922758 26S/19E/28 N of Berrenda Mesa Canal, W of Hwy 33 Residence/Business 5/4/17-ranch ofice, shop and yard, ag well/sand filters N of pond
45 35.575463 -119.791752 27S/20E/14 N of Brown Material Rd, E of Hwy 33 Facility 4/5/17- Paramount almond huller, well on S of property
46 35.730339 -119.869163 25S/19E/25 S of Twisselman Rd, W of King Rd Facility 4/5/17-shop and yard, no well visible
47 35.742589 -119.890845 25S/19E/23 N ot Twisselman Rd, W of King Rd Residence/Business 4/5/17-possible residences, ag well N of driveway
48 35.77218 -119.870282 25S/19E/12 N ot Twisselman Rd, W of King Rd Facility 4/5/17-Wonderful-King plant, California Aqueduct water supply
49 35.774792 -119.873498 25S/19E/01 N ot Twisselman Rd, W of King Rd Residence 4/5/17-shed, no well visible
50 35.774851 -119.876168 25S/19E/01 N ot Twisselman Rd, W of King Rd Facility 4/5/17-shop and yard, possible well W part of site
51 35.785427 -119.865919 25S/20E/06 N ot Twisselman Rd, E of King Rd Facility 4/5/17-canal pumping station, transfer pumps only
52 35.730783 -119.813206 25S/20E/27 S of Twisselman Rd, E of Nonparell Rd Residence 4/5/17-residences, no well visible
53 35.535268 -119.734558 27S/21E/32 N of Lerdo Hwy, E of Hwy 33 Residence 5/3/17-sites 54-57 are Wonderful employee housing and shop, 
54 35.534972 -119.734575 27S/21E/32 N of Lerdo Hwy, E of Hwy 33 Residence    possible well N of shop
55 35.534632 -119.734547 27S/21E/32 N of Lerdo Hwy, E of Hwy 33 Residence
56 35.534351 -119.73453 27S/21E/32 N of Lerdo Hwy, E of Hwy 33 Residence
57 35.52071 -119.731285 28S/21E/05 N of Lerdo Hwy, E of Hwy 33 Facility 4/6/17-warehouse/eqpt yard, canal transfer pumps to N
58 35.789604 -119.982832 24S/18E/36 N of Baker/Hwy 33 interchange, E of Hwy 33 Residence/Business 4/6/17-residence/eqpt yard, no well visible
59 35.777041 -120.019502 25S/18E/03 N of Devils Den Rd, W of Hwy 33 Residence/Business 4/6/17-residence/eqpt yard, elevated water tank visible
60 35.775021 -120.028738 25S/18E/04 N of Devils Den Rd, W of Hwy 34 Facility 4/6/17-shops/eqpt yard,no well visible
61 35.672588 -120.103266 26S/17E/14 N of Kecks Rd, W of Hwy 46 Facility 4/5/17-Industrial, ag well/sand filters N of site
62 35.445152 -119.764283 28S/20E/36 N of Temblor Dr, E of Santos St School 4/6/17-Belridge school, riser pipes/hydrant visible, no well visible
63 35.963758 -120.064308 23S/18E/06 S of Tehama Ave, E of Hwy 33 Residence/Business 4/6/17-residence/eqpt yard, no well visible
64 35.991115 -120.093646 22S/17E/26 S of Washington St, E of Ave 36 Residence 5/4/17-residence/yard, within Avenal water service area
65 35.993419 -120.096423 22S/17E/23 N of Washington St, E of Ave 36 Facility 4/6/17-warehouse/shop,no well visible
66 35.997632 -120.097889 22S/17E/23 N of Salem Ave, E of Ave 36 Facility 4/6/17-warehouse/shop, no well visible
67 35.994171 -120.111353 22S/17E/22 N of Salem Ave, W of Ave 36 Facility 4/6/17-shop and yard, no well visible
68 35.996327 -120.111434 22S/17E/22 N of Salem Ave, W of Ave 36 Facility 4/6/17-shop and yard, no well visible
69 35.998358 -120.111438 22S/17E/22 N of Salem Ave, W of Ave 36 Facility 4/6/17-shop and yard, no well visible
70 35.999682 -120.1114 22S/17E/22 N of Salem Ave, W of Ave 36 Residence 4/6/17-residence/eqpt yard, well on N side of site
71 36.001666 -120.111977 22S/17E/22 N of Freemont St, W of Ave 36 Facility 4/6/17-Avenal Pub Wks/Animal Shelter, wihtin Avenal water service area
72 35.945008 -120.110452 23S/17E/11 N of Flattop Mountain Rd, W of Hwy 33 Residence 4/6/17-shed, no well visible
73 35.905768 -120.063179 23S/18E/30 N of Reef Station, W of Hwy 33 Residence/Business 5/4/17-Hewitson Cattle Co., no well visible
74 35.890833 -120.046472 23S/18E/32 N of Hwy 41/Hwy 33 interchange, W of Hwy 41 Facility 5/4/17-Reef City, well NE corner of facility
75 35.949021 -120.00399 23S/18E/11 N of Old State Hwy, W of Old State Hwy Facility 4/6/17-cell tower, no well visible
76 35.959726 -120.010022 23S/18E/03 N end of Skyline Rd Facility 5/4/17-CWM Kettleman Hills Landfill, imported potable water
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Bertoldi, G L Johnston, R H and Evenson, K D (1991), Ground water in the Central Valley, 
California - a summary report; USGS 1401A. None

Boyle, D and others (2012), Groundwater nitrate occurrence - technical report 4 - addressing 
nitrate in California's drinking water with a focus on Tulare Lake Basin and Salinas Valley 
Groundwater, UCD.

None

Burow, K and others (2012), Assessment of regional change in nitrate concentrations in 
groundwater in the Central Valley, California Environmental Earth Science, v. 89, p. 2509-2521. None

Burow, K, Shelton, J L, and Dubrovsky, N (1997), Occurrence of nitrate and pesticides in 
groundwater beneath three agricultural land use settings in the eastern San Joaquin Valley, 
USGS97-4284.

Not in Study Area

Burow, K, Stork, S, and Dubrovsky, N (2008) Nitrate and pesticides in groundwater in the eastern 
San Joaquin Valley, California, USGS 98-4040a. Not in Study Area

Burton, C A and Belitz, K (2012), Groundwater quality in the southeast San Joaquin Valley, USGS 
351. None

Burton, C A, Shelton, J L, and Belitz, K (2012), Status and understanding of groundwater quality in 
the two southern San Joaquin Valley study units, USGS 2011-5218. None

DeSimone, L A, (2009) Quality of water from domestic wells in principal aquifers of the United 
States, USGS 2008-5227. None

Domagalski, J L (1997) Pesticides in surface and groundwater of the San Joaquin Valley, 
California, USGS 2468. None

Domagalski, J L and Dubrovsky, N M (1992), Pesticide residues in groundwater of the San 
Joaquin Valley, California, CA Journal of Hydrology v. 130. Abstract only; none

Faunt, C C (2009) Groundwater availability in the Central Valley aquifer, California, USGS 1766. None
Fogleman R P (1982) Compilation of selected groundwater quality data from the San Joaquin 
Valley, California, USGS 82-335. None

Fram M S and Belitz, K (2014) Status and understanding of groundwater quality in the Sierra 
Nevada regional study unit, USGS 2014-5174. Not in Study Area

Fuhrer, G J and others (1999) The quality of our nation's waters - nutrients and pesticides, USGS 
1225. None

Fuji, R and Swain, W C (1995), Areal distribution of selected trace elements, salinity and major 
ions in shallow groundwater, Tulare Basin, southern San Joaquin Valley, USGS 95-4048. None

Gurdak, J J and Qi, S L (2012) Vulnerability of recently recharged groundwater in principal 
aquifers of the US to nitrate contamination, ES&T, v. 46. None

Honeycutt, K L (2011) Alternative water supply options for nitrate contamination in California's 
Tulare and Salinas groundwater basins, UCD. None

Kent R, Belitz, K and Fram M S (2014) Groundwater quality data in 7 GAMA study areas, USGS 
795. None

Regional Water Quality Control Board Reference
Additional 

Groundwater Data

Westside Water Quality Coalition
Tulare Lake Basin Area, California 

I:\FR12s\FR1216043A\Archive\FR1216043A-017-2

Amec Foster Wheeler
Page 1 of 2

 

 
 



APPENDIX B

ADDITIONAL REFERENCES REVIEW

Regional Water Quality Control Board Reference
Additional 

Groundwater Data
Lindsey, B D and Rupert, M G (2012) Methods for evaluating temporal groundwater quality data 
and results of decadal-scale changes in chloride, dissolved solids and nitrate concentrations 
USGS 2012-5049.

None

Lofgren, B E and Klausing, R L (1969, Land subsidence due to groundwater withdrawal, Tulare-
Wasco area, California, USGS 437-B. Not in Study Area

McMahon, P B (2012) Use of classes based on redox and groundwater age to characterize the 
susceptibility of principal aquifers to changes in nitrate concentrations, USGS 2012-5220. None

Meuller, D K (1995), Nutrients in groundwater and surface water of the United States, USGS 87-
4066 [sic]. None

Nolan, B T and others (2014) Modeling nitrate at domestic and public supply well depths in the 
Central Valley, California, ES&T, v. 48. None

Nolan, B T, Hitt, K J, and Ruddy, B C (2002), Probability of nitrate contamination of recently 
recharged groundwaters in the coterminous US, ES&T, V. 36. None

Paul, A P and others (2007) Effects of agriculture and urbanization on quality of shallow 
groundwater in the arid to semi arid western US, USGS 2007-__. None

Rosenstock, T S and others (2014), Agriculture's contribution to nitrate contamination of 
Californian groundwater, Journal of Environmental Quality, v. 43. None

Rupert, M G (1999) Improvements to the DRASTIC groundwater vulnerability mapping method, 
USGS FS-066-99. Not in Study Area

Schmidt, K D (2001) Analysis of Groundwater Resources Southern Tulare and Northern Kern 
Counties CVP Districts. Publication not available

Williamson, A K, Prudic, D E, and Swain, L A (1989) Groundwater flow in the Central Valley, 
California, USGS 1401-D. None
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 PROTOCOL 
 
 SAMPLING OF GROUNDWATER MONITORING WELLS 
 AND WATER SUPPLY WELLS 

 
1.0 INTRODUCTION 

This protocol describes the procedures to be followed during sampling of groundwater 
monitoring wells and water supply wells for laboratory chemical analysis.  The laboratory must 
be certified by the appropriate regulating agency for the analyses to be performed.   

The procedures presented herein are intended to be of general use and may be supplemented 
by a work plan and/or health and safety plan.  As the work progresses and if warranted, 
appropriate revisions may be made by the project manager.  Detailed procedures in this 
protocol may be superseded by applicable regulatory requirements. 

2.0 SAMPLING 

2.1 SAMPLE COLLECTION 
A. Monitoring Wells 

Methods for purging and sampling monitoring wells with dedicated and non-dedicated 
equipment are described in this Section.  When practical, the purging and sampling technique 
adopted for a given site will remain consistent from one sampling event to the next. 

A.1 Purging Monitoring Wells 

A submersible pump, diaphragm pump, positive displacement pump, which may contain a 
bladder, or a bailer will be used for evacuating (purging) the monitoring well casing.  If the well 
is to be sampled using equipment that must be separately introduced into the well, the purge 
intake will be located near the top of the water column for removal of at least one casing 
volume to remove stagnant water above the screened interval in the well casing; the pump 
may then be moved to the midscreen interval to complete the purging progress, if required.  If 
a bailer is used to purge the monitoring well, it will be gently lowered into the well to reduce the 
potential for aeration of water.  Purging will progress at a rate intended to minimize differential 
drawdown between the interior of the well screen and the filter material to limit cascading 
water along the inside of the well casing.  Procedures for purging slowly recharging wells are 
discussed in Section A.3.  
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A minimum of four well casing volumes or one saturated borehole volume, whichever is 
greater, will be removed to purge the well prior to collection of groundwater samples if the well 
will be purged with non-dedicated equipment.  If a low-flow capacity pump is dedicated in the 
well, the micropurge method described in Section A.4 may be used to reduce the purge 
volume.  If the well goes dry before four casing volumes are removed, the procedure 
discussed in Section A.3 will be followed.  The saturated borehole volume is the volume of 
water in the well casing plus the volume of water in the filter pack.  For a well with a dedicated 
pump and packer, a casing volume is defined as the volume of water in the well casing below 
the inflated packer.   

Periodic observations of turbidity and measurements of temperature, pH, and specific 
electrical conductance (SEC) will be made with field equipment during purging to evaluate 
whether the water samples are representative of the target zone.  Samples will be collected 
when: (1) a minimum of four sets of parameter readings have been taken; and (2) the 
temperature, pH, and SEC reach relatively constant values, and the turbidity has stabilized. 

A.2  Sampling Monitoring Wells 

The sampler will wear clean gloves appropriate for the chemicals of concern while collecting 
the sample.  Samples will be collected directly in laboratory-prepared bottles from the 
sampling device. 

Each sampling episode or day should generally begin with the well having the least suspected 
concentrations of target compounds.  Successive wells should generally be sampled in 
sequence of increasing suspected concentration.   

A Teflon® bailer, new disposable bailer, stainless steel positive displacement Teflon® bladder 
pump with Teflon® tubing, or a clean electric submersible pump with low-flow sampling 
capacity will be used to collect the water samples for laboratory chemical analysis.   

If a bailer is being used to collect the sample, it will be gently lowered into the well below the 
point where the purge device was located.  Samples will collected in the following order: 
(1) volatile organic compounds; (2) semi-volatile organic compounds; (3) metals; (4) other 
analytes. 

If a bladder pump or electric submersible pump is being used to sample the well for volatile 
compounds, the flow rate will be adjusted to either:  (1) approximately 100 milliliters per 
minute; (2) a rate specifically selected for the well based on groundwater flow rates and well 
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hydraulic conditions; or (3) as low as possible.  This rate will be maintained until the discharge 
line has been purged and the sample collected. 

A.3   Purging and Sampling Wells With Slow Recharge 

Wells that recharge very slowly may be purged dry once, allowed to recharge, and then 
sampled as soon as sufficient water is available.  In this case, at least two sets of parameter 
readings of field water quality should be taken, one initially and one after recharge. 

A.4   Purging and Sampling Wells Using "Micropurge" Sampling Method 

Based on current research, a low-flow-rate, reduced purge method may be used to purge and 
sample a well with a dedicated pump (Barcelona et al., 1994; Kearl et al., 1994).  This method 
may be used if acceptable to applicable agencies.  This method assumes the water within the 
screened interval is not stagnant, and a small change to the natural flow rate in the screened 
interval will result in samples with particulates and colloidal material representative of 
groundwater.  The pump should be preset in the screen interval at least 24 hours before the 
sampling event.  A minimum of two pump plus riser pipe volumes should be purged at a flow 
rate of approximately 100 milliliters per minute or as low as possible based on groundwater 
flow and well hydraulic conditions.  Purging should progress until water quality parameters 
(pH, SEC, temperature) have reached relatively constant values.  Dissolved oxygen readings 
are recommended, if practical.  

B. Water Supply Wells 

Water supply wells will be sampled by purging the wells for a period of time adequate to purge 
the pump riser pipe.  Alternatively, if the volume of the riser pipe is unknown, the pressure tank 
will be drained until the pump cycles on, or the well may be purged until three successive field 
measurements performed 5 to 10 minutes apart have stabilized.  If the well is currently 
pumping, the sample can be taken without purging the well.  Water samples will then be 
collected from the discharge point nearest the well head.  Samples will be collected directly 
into laboratory-prepared bottles. 

C. Extraction Wells  

Extraction wells will be sampled while extraction is occurring.  Samples will be collected from 
an in-line sampling port after purging the sampling line.  Samples will be collected directly into 
laboratory-prepared bottles. 
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A WELL SAMPLING AND/OR DEVELOPMENT RECORD will be used to record the following 
information: 

 Sample I.D.  

 Duplicate I.D., if applicable 

 Date and time sampled 

 Name of sample collector 

 Well designation (State well numbering system for water supply wells, and unique 
sequential number for other wells) 

 Owner's name, or other common designation for water supply wells 

 Well diameter 

 Depth to water on day sampled 

 Casing volume on day sampled 

 Method of purging (bailing, pumping, etc.) 

 Amount of water purged 

 Extraordinary circumstances (if any) 

 Results of instrument calibration/standardization and field measurements (temper-
ature, pH, specific electrical conductance) and observed relative turbidity 

 Depth from which sample was obtained 

 Number and type of sample container(s) 

 Purging pump intake depth 

 Times and volumes corresponding to water quality measurement 

 Purge rate 

2.2 SAMPLE CONTAINERS AND PRESERVATION 
Appropriate pre-cleaned sample containers and preservatives for the analyses to be 
performed will be obtained from the subcontracted analytical laboratory.  Frequently requested 
analyses and sample handling requirements are listed in Table 1. 
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2.3 SAMPLE LABELING 
Sample containers will be labeled before or immediately after sampling with self-adhesive tags 
having the following information written in waterproof ink: 

 AMEC 

 Project number 

 Sample I.D. number 

 Date and time sample was collected 

 Initials of sample collector 

2.4 QUALITY CONTROL SAMPLES 
In order to evaluate the precision and accuracy of analytical data, quality control samples, 
such as duplicates and blanks, will be periodically prepared.  These samples will be collected 
or prepared and analyzed by the laboratory, as specified in the project Quality Assurance 
Project Plan (QAPP) or by the project manager. 

2.5 HANDLING, STORAGE, AND TRANSPORTATION 
Efforts will be made to handle, store, and transport supplies and samples safely.  Exposure to 
dust, direct sunlight, high temperature, adverse weather conditions, and possible 
contamination will be avoided.  Immediately following collection, samples will be placed in a 
clean chest that contains ice or blue ice (if cooling is required), and will be transported to the 
subcontracted laboratory as soon as practical, or in accordance with the project QAPP. 

3.0 FIELD MEASUREMENTS 

Field measurements of temperature, pH, and SEC will be performed on aliquots of 
groundwater that will not be submitted for laboratory analysis.  Field water quality 
measurements and instrument calibration details will be recorded on the WELL SAMPLING 
AND/OR DEVELOPMENT RECORD.  

3.1 TEMPERATURE MEASUREMENTS 
Temperature measurements will be made with a mercury-filled thermometer or an electronic 
thermistor, and all measurements will be recorded in degrees Celsius. 

3.2 PH MEASUREMENT 
The pH measurement will be made as soon as possible after collection of the sample, 
generally within a few minutes.  The pH will be measured by immersing the pH probe into an 
aliquot of groundwater. 
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The pH meter will be calibrated at the beginning of and once during each sampling day and 
whenever appropriate, in accordance with the equipment manufacturer's specifications, as 
outlined in the instruction manual for the specific pH meter used.  Two buffers (either pH-4 and 
pH-7, or pH-7 and pH-10, whichever most closely bracket the anticipated range of 
groundwater conditions) will be used for instrument calibration. 

3.3 SPECIFIC ELECTRICAL CONDUCTANCE MEASUREMENT 
SEC will be measured by immersing the conductivity probe into an aliquot of groundwater.  
The probes used should automatically compensate for the temperature of the sample.  
Measurements will be reported in units of micro-Siemens (μS) per square centimeter 
(equivalent to micromhos or μmhos) at 25 degrees Celsius.  

The SEC meter will be calibrated at the beginning and once during each sampling day in 
accordance with the equipment manufacturer's specifications, as outlined in the instruction 
manual for the SEC meter used.  The SEC meter will be calibrated with the available 
standardized potassium chloride (KCl) solution that is closest to the SEC expected in 
groundwater below the site. 

4.0 DOCUMENTATION 

4.1 FIELD DATA SHEETS 
A DAILY FIELD RECORD will be completed for each day of fieldwork.  A WELL SAMPLING 
AND/OR DEVELOPMENT RECORD will be used for each well to record the information 
collected during water quality sampling.  Samples may also be recorded on a SAMPLE 
CONTROL LOG SHEET or in the DAILY FIELD RECORD as a means of identifying and 
tracking the samples.  Following review by the project manager, the original records will be 
kept in the project file.  

4.2 CHAIN-OF-CUSTODY PROCEDURES 
After samples have been collected and labeled, they will be maintained under chain-of-custody 
procedures.  These procedures document the transfer of custody of samples from the field to 
the laboratory.  Each sample sent to the laboratory for analysis will be recorded on a CHAIN-
OF-CUSTODY RECORD, which will include instructions to the laboratory for analytical 
services. 
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Information contained on the triplicate CHAIN-OF-CUSTODY RECORD will include:  

 Project number 

 Signature of sampler(s) 

 Date and time sampled 

 Sample I.D.  

 Number of sample containers 

 Sample matrix (water) 

 Analyses required 

 Remarks, including preservatives, special conditions, or specific quality control 
measures  

 Turnaround time and person to receive laboratory report 

 Method of shipment to the laboratory 

 Release signature of sampler(s), and signatures of all people assuming custody. 

 Condition of samples when received by laboratory 

Blank spaces on the CHAIN-OF-CUSTODY RECORD will be crossed out between the last 
sample listed and the signatures at the bottom of the sheet. 

The field sampler will sign the CHAIN-OF-CUSTODY RECORD and will record the time and 
date at the time of transfer to the laboratory or to an intermediate person.  A set of signatures 
is required for each relinquished/reserved transfer, including transfer within Amec Foster 
Wheeler.  The original imprint of the chain-of-custody record will accompany the sample 
containers.  A duplicate copy will be placed in the project file. 

If the samples are to be shipped to the laboratory, the original CHAIN-OF-CUSTODY will be 
sealed inside a plastic bag within the ice chest, and the chest will be sealed with custody tape 
which has been signed and dated by the last person listed on the chain-of-custody.  U.S. 
Department of Transportation shipping requirements will be followed and the sample shipping 
receipt will be retained in the project files as part of the permanent chain-of-custody document.  
The shipping company (e.g., Federal Express, UPS, DHL) will not sign the chain-of-custody 
forms as a receiver; instead the laboratory will sign as a receiver when the samples are 
received. 
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5.0 EQUIPMENT CLEANING 

Bailers, sampling pumps, purge pumps, and other non-dedicated purging or sampling 
apparatus will be cleaned before and after sampling each well.  Factory new and sealed 
disposable bailers may be used for sampling, but may not be reused.  Thermometers, pH 
electrodes, and SEC probes that will be used repeatedly will be cleaned before and after 
sampling each well and at any time during sampling if the object comes in contact with foreign 
matter. 

Purged waters and solutions resulting from cleaning of purging or sampling equipment will be 
collected and stored properly for future disposal by the client, unless other arrangements have 
been made.  

Cleaning of reusable equipment that is not dedicated to a particular well will consist of the 
following: 

 Bailers - the inside and outside of bailers will be cleaned in a solution of laboratory-
grade detergent and potable water, followed by a rinse with deionized (DI) water.  
They may also be steam-cleaned, followed by a DI water rinse.  If samples are to 
be collected for metals analysis, the Teflon bailer may be rinsed with a pH2 nitric 
acid solution followed by a double DI rinse. 

 Purge Pumps - All downhole, reusable portions of purge pumps will be steam-
cleaned on the outside.  If the pump does not have a backflow check valve, the 
inside of the pump and tubing also should be steam-cleaned.  For a purge pump 
with a backflow check valve, the interior of the pump and tubing may be cleaned by 
pumping a laboratory-grade detergent and potable water solution through the 
system followed by a potable water rinse, or by steam-cleaning. 

 Water Quality Meters - All meters will be cleaned by rinsing the probe portions in DI 
water, and allowing to air dry. 

 Bailer Tripod - The tripod cable will be steam-cleaned or rinsed with DI water. 

Sample bottles and bottle caps will be cleaned by the subcontracted laboratory using standard 
EPA-approved protocols.  Sample bottles and bottle caps will be protected from contact with 
solvents, dust, or other contamination.  Sample bottles will not be reused. 

6.0 REFERENCES 

Barcelona, M.J., et al., 1994, Reproducible Well-Purging Procedures and VOC Stabilization 
Criteria for Ground-Water Sampling:  Groundwater, January-February.   
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Kearl, P.M., et al., 1994, Field Comparison of Micropurging vs. Traditional Ground Water 
Sampling:  Ground Water Monitoring Review, Fall.   

Attachments: Water and Soil Analytical Methods and Sample Handling 
  Well Sampling and/or Development Record 
  Daily Field Record 
  Chain-of-Custody Record 
  Sample Control Log Sheet 
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TABLE 1 

WATER AND SOIL ANALYTICAL METHODS AND SAMPLE HANDLING 

Parameter Method Water Containers
1
 Preservation

1
 Maximum Holding Time

1
 

Total Petroleum Hydrocarbons: 

− as diesel 

− as gasoline 

 

GCFID (3550)
2
 

GCFID (5030)
2
 

 

2 - 1 liter amber glass 

2 - 40 ml VOA glass 

 

cool on ice 

HCL to pH 2 in water samples:  cool on ice 

 

14 days (unacidified water, 7 days) 

14 days (unacidified water, 7 days) 

Benzene, Toluene, Xylene, and 

Ethylbenzene 

EPA 8020 2 - 40 ml VOA glass HCL to pH 2 in water samples:  cool on ice 14 days (unacidified water, 7 days) 

Volatile Organics with BTEX EPA 8021
3
 2 - 40 ml VOA glass HCL to pH 2 in water samples:  cool on ice 14 days (unacidified water, 7 days) 

Oil and Grease 5520 E & F (soil)
4
 

5520 C & F (water)
4
 

2 - 1 liter amber glass H2SO4 to pH <2 in water samples:  cool on ice 28 days 

Volatile Organics EPA 8010 

EPA 8240
5
 

2 - 40 ml VOA glass 

2 - 40 ml VOA glass 

cool on ice
6
 

HCl to pH 2 in water samples:  cool on ice 

14 days (unacidified water, 7 days) 

14 days (unacidified water, 7 days) 

Semi-volatile Organics EPA 8270 2 - 1 liter amber glass cool on ice 7 days for extraction, water 

14 days for extraction, soil 

40 days for analysis 

Polynuclear Aromatic 

Hydrocarbons 

EPA 8310 2 - 1 liter amber glass cool on ice 7 days, water 

14 days, soil 

Metals (dissolved) EPA 7000 series for 

specific metal 

1 - 500 ml plastic Water Samples:  field filtration (0.45 micron filter) 

and field acidify to pH 2 with HNO3 except: Cr
+6

 - 

cool on ice 

6 months, except: 

Hg - 28 days 

Cr
+6

 - 24 hours, water;  

 24 hours after prep, soil 

Notes: 
1
 All soil samples should be collected in full, clean brass liners, capped with aluminum foil or Teflon and plastic caps, and sealed with tape.  If soil samples are to be analyzed for 

metals, they may be placed in laboratory-prepared clean glass jars.  Soil should be cooled as indicated under Αpreservation≅ and maximum holding times apply to both soil and water 
unless otherwise noted. 

2
 For analysis in California, use California DHS recommended procedure as presented in LUFT manual using gas chromatography with a flame ionization detector.  In other states, local 

requirements should be followed.  Method 3660M is silica gel cleanup. 
3
 EPA Method 8021 is equivalent to 8010/8020 in series. 

4
 Method to be used in California Regional Water Quality Control Board North Coast and Central Valley Regions.  In other areas, local requirements should be followed.  Method 

5520F is silica gel cleanup. 
5
 Chloroethylvinylether may be detected at concentrations below 50 parts per billion due to degradation of HCl.  EPA Method 8260B was formerly 8240.

 

6
 If EPA Methods 8010 and 8020 are to be run in sequence, HCl may be added.  Check with the project manager before adding acid. 

References: 

U.S. EPA, 1986, Test Methods for Evaluating Solid Waste - Physical/Chemical Methods - SW-846, Third Edition, July, and final amendments. 
California State Water Resources Control Board, 1989, Leaking Underground Fuel Tank (LUFT) Field Manual, Tables 3-3 and 3-4, October. 
California Regional Water Quality Control Boards, North Coast, San Francisco Bay, and Central Valley Regions, 1990, Regional Board Staff Recommendations for Initial Evaluation 

and Investigation of Underground Tanks, 10 August. 



 WELL SAMPLING 

AND/OR DEVELOPMENT RECORD 

Well ID:      

Sample ID:   Duplicate ID:   

Sample Depth:   

Project and Task No.:   

Project Name:    

Date:_____  

Sampled By:   

Method of Purging:      

Method of Sampling:    

Initial Depth to Water:   

Depth to Water after Sampling:   

Total Depth to Well:  

Well Diameter:   

1 Casing/Borehole Volume:   

(Circle one) 

4 Casing/Borehole Volumes:   

(Circle one) 

Total Casing/Borehole  

Volumes Removed:   

Time 
Intake 
Depth 

Rate 
(gpm) 

Cum. 

Vol. 
(gal.) 

Temp. 

(°°°°C) 

pH 
(units) 

Specific 
Electrical 

Conductance 

(µµµµS/cm) 

Remarks 
(color, turbidity, and sediment) 

          

          

          

          

          

          

          

          

          

          

          

          

pH CALIBRATION (choose two) Model or Unit No.: 

Buffer Solution pH 4.0 pH 7.0 pH 10.0  

Field Temperature °C     

Instrument Reading     

SPECIFIC ELECTRICAL CONDUCTANCE (SEC) −−−− CALIBRATION Model or Unit No.: 

KCl Solution (µS/cm=µmhos/cm) 1413 at 25°C 12880 at 25°C  

Field Temperature °C    

Instrument Reading    

NOTES     

     

     

     

     

   

H:\Geomatrix\Field Protocols\AMEC Field Forms\Well Sampling Record pg 1.doc 



 

H:\AMEC\Field Protocols\AMEC Field Forms\Daily Field Record_Rev1.docx 

DAILY FIELD RECORD 
 Page 1 of ____ 
Project and Phase Number:  Date:  
Project Name:  Field Activity:  
Location:  Weather:  

PERSONNEL: Name Company Time  
In 

Time  
Out 

    
    
    
    
    
    
    

PERSONAL SAFETY CHECKLIST    

 Hard Hat  Safety Goggles  Respirator Required? (Y/N) 

 Gloves (Nitrile, Vinyl)  Personal H2S Meter  Respirator Inspected? 

DRUM I.D. DESCRIPTION OF CONTENTS AND QUANTITY LOCATION 

   
   
   

TIME DESCRIPTION OF WORK PERFORMED 
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DAILY FIELD RECORD (continued)  

 Page ____ of ____ 

Project and Task Number:  Date:  

TIME DESCRIPTION OF WORK PERFORMED 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  
 





SAMPLE CONTROL LOG 
 

 

Project Name:    Laboratory:   

Project and Task No.:     Page ____ of ____ 

Sampling 

Date 

Sampling 

Time 

Sample 

Number  

(ID) 

C.O.C. 

Number 

Analyses 

Requested 

Turnaround Time, Sample Location, Handling  

Notes, Chain-of-Custody Remarks, etc.  

(Duplicate, Blank info, etc.) 

Date  

Sent to  

Lab 

Date 

Results  

Due 
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Well Construction Records – Basin Plan Amendment 
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