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PROJECT BACKGROUND 

The Kings Integrated Regional Water Management Plan (IRWMP) is being developed by water 
and land use agencies, collectively known as the Upper Kings Basin Water Forum (Forum), for 
the Kings IRWMP Region, shown in Figure 1.  Details of the participants and background of the 
IRWMP can be found in Baseline Conditions Technical Memorandum (WRIME, 2006).  The purpose 
of this memorandum is to: 

� Document the existing water quality conditions, specifically the existing water 
quality related policies, data, studies, and programs; 

� Identify priority water quality problems and help define projects for inclusion in 
the IRWMP;  

� Provide a baseline for groundwater and surface water quality that will allow for 
comparison of current and likely future conditions, and for comparison of 
IRWMP projects and alternatives; and  

� Initiate discussion on data gaps and potential monitoring plan for inclusion in 
the IRWMP. 

This work was conducted as part of Phase 1, Task 5 - Evaluation of Regional Water Quality 
Conditions, and the discussion of a monitoring program was in support of Phase 2, Task 14 
Monitoring Plan.  Minimum standards for an IRWMP, defined by California Water Code (CWC) 

§§ 79562.5 and 79564, require that water quality protection and improvements be addressed as a 
Water Management Strategy in an IRWMP.  Other Water Management Strategies suggested, 
but not required, include Non Point Source (NPS) pollution control.  The CWC and 
implementing legislation specifies that preference will be given to specific project types.  These 
program preferences are reflected in the evaluation criteria for selecting projects to be funded, 
and will be taken into consideration during the state’s review process.  Preference will be given 
to proposals that; 

1. Include integrated projects with multiple benefits; 

2. Support and improve local and regional water supply reliability; 

3. Contribute expeditiously and measurably to the long-term attainment and 
maintenance of water quality standards; 

4. Eliminate or significantly reduce pollution in impaired waters and sensitive 
habitat areas, including areas of special biological significance; or 

5. Include safe drinking water and water quality projects that serve disadvantaged 
communities.  
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One of the IRWMP goals is to improve and protect water quality.  The Kings IRWMP Planning 
Framework identifies Conjunctive Use and Groundwater Banking as the unifying theme for 
IRWMP projects.  As such, this technical memorandum places emphasis on: 1) the quality of 
surface water available for artificial recharge or for in lieu recharge projects that include 
municipal use of treated surface water to replace groundwater, and 2) the role of conjunctive 
use and groundwater banking to improve and protect groundwater quality.  The IRWMP will 
also identify and integrate drinking water treatment and wastewater treatment projects.   

SUMMARY OF WATER QUALITY CONDITIONS IN THE KINGS REGION 

Since the late 1800s, surface water has been used to irrigate farmland in the area.  This surface 
water was and continues to be of high quality due to a largely undeveloped, mountain 
watershed above Pine Flat reservoir.  In general, the readily available data, prior investigation, 
and the results of the preliminary analysis indicate that the water released from Pine Flat is of 
excellent quality suitable for agricultural uses and groundwater recharge.  Water from either 
Pine Flat or imported from the San Joaquin River through the Friant Kern Canal are also 
suitable for municipal use with a minor amount of treatment.  The results of the analysis of 
available inorganic, trace element, and organic data did not show major design or regulatory 
compliance issues or constraints with surface water sources available to the Kings Region.   

Groundwater is generally clean and meets water quality standards in most areas, though there 
have been some problems in meeting requirements at a number of drinking water wells.  This 
includes incidence of contamination from both point sources such as leaking underground 
storage tanks, and nonpoint sources associated with agricultural and municipal land uses 
(e.g.; fertilizers).  It is anticipated that the recharge of high quality Kings River surface water 
will provide a net benefit to groundwater quality.  

IRWMP projects to improve water quality will largely rest on increased recharge of high quality 
surface water or improved treatment of water supplies or wastewater.  This document will 
serve as a starting point for analysis and integration of IRWMP projects to meet water quality 
goals.  Additional site-specific analysis may be required in some cases as part of the individual 
project design or regulatory compliance.   

WATER QUALITY STANDARDS AND POLICY ENVIRONMENT 

This section presents the Central Valley Regional Water Quality Control Board’s (RWQCB) 
policies and programs that direct how water quality is managed and protected in the Kings 
IRWMP Region.  The existing regulatory and policy environment will influence; 1) how IRWMP 
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projects are defined and will support stakeholders in complying with existing regulatory 
requirements; 2) regulatory and permitting constraints that will influence how IRWMP projects 
are evaluated and implemented.  The regulatory and policy environment may also influence the 
nature and extent of any additional studies or project-related monitoring requirements.   

The Basin Plan includes current beneficial uses, water quality standards and objectives, and the 
known water quality problems.  Water quality standards and objectives are established by the 
Basin Plan that, when analyzed against the available data, will help to identify where new or 
upgraded facilities are needed to meet regulatory requirements.  These standards and objectives 
also provide quantitative measures or “yardstick” for evaluating whether proposed IRWMP 
projects would impair water quality or impact existing beneficial uses of water in the Kings 
Basin. 

BASIN PLAN AND BENEFICIAL USE 

The Kings IRWMP Region is covered by the Water Quality Plan for the Tulare Lake Basin 

(Basin Plan) last revised in January 2004 (RWQCB, 2004).  The State Water Resources Control 
Board (SWRCB) and the RWQCB use the Basin Plan to designate the beneficial uses for water 
bodies, and establish water quality standards and numerical objectives as required by the 
Porter–Cologne Water Quality Control Act1.  Kings IRWMP Region   

The Kings River is the primary surface water resource in the area, providing water for direct use 
to farms and cities, and for recharge of the groundwater basin.  The Basin Plan designated 
beneficial uses for surface water in the Kings IRWMP Region are listed in Tables 1a and 1b.   

Table 1a.  Basin Plan Kings IRWMP Region Surface Water Beneficial Uses (Part 1) 

River Section MUN AGR IND PRO POW REC-1 REC-2 

Kings River 
Pine Flat Reservoir     X X X 
Pine Flat Dam to Friant-Kern X X   X X X 
Friant-Kern to Peoples Weir X X  X  X X 
Peoples Weir to Stinson Weir 
on North Fork and to Empire 
Weir No. 2 on South Fork 

 X    X X 

Mill Creek X     X X 
Other East Side Streams X X    X X 
Valley Floor Waters  X X X  X X 

 

                                                      
1 California Water Code, Division 7- Water Quality, Sections 13000-14958. 
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Table 1b.  Basin Plan Kings IRWMP Region Surface Water Beneficial Uses (Part 2) 

River Section WARM COLD WILD RARE SPWN GWR FRSH 

Kings River 
Pine Flat Reservoir X X X   X X 
Pine Flat Dam to Friant-Kern X X X  X X X 
Friant-Kern to Peoples Weir X  X   X  
Peoples Weir to Stinson Weir 
on North Fork and to Empire 
Weir No. 2 on South Fork 

X  X   X  

Mill Creek X  X   X X 
Other East Side Streams X X X   X  
Valley Floor Waters X  X X  X  

MUN - municipal, AGR - agricultural, IND - industrial service supply, PRO - industrial process supply, 
REC-1 - water contact recreation, REC-2 - non-water contact recreation, WARM - warm water fishery, 
COLD - cold water fishery, WILD - wildlife habitat, RARE - rare, threatened or endangered species habitat, 
SPWM - spawning, reproduction, or early development, GWR - groundwater recharge, FRSH - freshwater 
replenishment. 

Groundwater Recharge (GWR) is a designated beneficial use for Kings River surface water.  In 
DWR Bulletin 118, GWR is defined as the “use of water for natural or artificial recharge of 
groundwater for purposes of future extraction, maintenance of water quality, or halting of 
saltwater intrusion into freshwater aquifers.” 

Water rights permits or licenses also define the intended beneficial use of the water.  In addition 
to the primary beneficial use for agricultural purposes, Kings IRWMP Region surface water 
rights on the Kings River also recognize groundwater recharge beneficial uses.  Those water 
rights filings that do not already include groundwater recharge in the permit or license may 
need to file an underground storage supplement with the SWRCB.  Evaluating individual water 
rights permits or licenses is beyond the scope of work and any water rights requirement should 
be confirmed with legal counsel.   

Kings Basin groundwater beneficial uses are identified as municipal and domestic supply, 
agricultural supply, industrial service supply, industrial process supply, water contact 
recreation, and non-contact water recreation.  The water quality of the recharge water should be 
consistent with the underlying beneficial use of the groundwater basin being recharged.  At 
minimum, water designated for municipal uses cannot contain concentrations of chemical 
constituents that exceed the maximum contaminant levels (MCLs) specified in Title 22 of the 
California Code of Regulations, which are incorporated by reference into the water quality 
objectives for groundwater in the Basin Plan.  Title 22 is often referred to as the “drinking water 
standards”. 

SWRCB Resolution No. 88-63, "Sources of Drinking Water" policy (adopted on 19 May 1988) 
specifies that, except under specifically defined exceptions, all surface and ground waters are 
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suitable or potentially suitable for municipal use.  Title 22 requirements will apply and will be 
considered by the RWQCB when evaluating potential IRWMP project impacts.  IRWMP 
projects may also be identified in areas where the Title 22 drinking water standards are not 
currently being met, or where systems are approaching the standard. 

SWRCB Resolution No. 68-16, “Statement of Policy with Respect to Maintaining High Quality of 
Water in California” (adopted on 28 October 1968), also known as the Antidegradation Policy, 
also applies in the Kings IRWMP Region.  The Antidegradation Policy is intended to maintain 
high quality waters and establishes criteria that the RWQCB must satisfy before allowing 
discharges that may reduce water quality of surface water or groundwater even though such a 
reduction will still protect beneficial uses and would not exceed standards.  In simple terms, the 
policy means the RWQCB cannot allow projects to reduce the water quality beyond what 
currently exists.  Changes in water quality may be allowed only if the change is consistent with 
maximum benefit to the people of the state, does not unreasonably affect present and 
anticipated beneficial uses, and does not result in water quality less than that prescribed in 
Basin Plan policies. 

The Basin Plan addresses overdraft conditions in the Kings IRWMP Region, and notes that one 
of the RWQCB goals is “to alleviate overdraft and the water quality problems associated with 
overdraft, and extend the beneficial uses of the groundwater resources for the longest period 
economically feasible.”  The Basin Plan states that, “water used to recharge groundwater and 
imported water supplies must be of the highest quality possible, and that banking water in the 
groundwater basin is encouraged.”   

AGRICULTURAL WATER QUALITY REQUIREMENTS 

Agriculture is dependent on an adequate supply of good quality water.  Water quality 
requirements vary by crop types and agronomic conditions, but some general guidelines have 
been developed (Ayers, 1985).  Water quality objectives to protect agricultural uses are reflected 
in the numerical water quality standards of the RWQCB (RWQCB, 2004) and Basin Plan.  
Appendix A lists requirements intended to protect agricultural use and sustain the agricultural 
economy in the Kings IRWMP Region.   

MUNICIPAL AND DOMESTIC WATER QUALITY REQUIREMENTS 

The U.S. Environmental Protection Agency (EPA) and the California Department of Health 
Services (DHS) set MCLs for trace elements, organic contaminants, microbial (biological) 
contaminants, trihalomethanes (THMs), and many other potential contaminants to ensure that 
the water is safe for human consumption.  The Title 22 drinking water standards are also used 
to evaluate water quality conditions and impacts to municipal and domestic beneficial uses.  
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Appendix A lists requirements intended to protect municipal and domestic use in the Kings 
IRWMP Region.   

WATER QUALITY OBJECTIVES AND STANDARDS 

The Basin Plan identifies the water quality objectives for specific pollutants and chemical 
constituents (RWQCB, 2004).  The numerical limits are presented in Appendix A.  The 
standards and objectives are to protect the designated beneficial uses and prevent third party 
effects and impacts to the environment.  The potential for a project to exceed these limits is the 
basis for evaluating threats to water quality and the likelihood of impairment to groundwater or 
surface water.  

The water quality objectives and standards also serve as the yardstick to measure whether 
water quality is “impaired”.  Known water quality problems are identified by the RWQCB by 
comparing monitoring data to the standards and objectives for each of the beneficial uses.  
Waters that do not meet standards are placed on the 303(d) List of Water Quality Limited Segments 

that identifies water bodies of impaired quality.  The most recent EPA approved 303(d) list is 
the 2004-2006 Section 303(d) Water Quality Limited Waters List, approved November 30, 2006.  
No segments within the IRWMP area are listed in the 303(d) list, although portions of the Lower 
Kings River, located downstream, are included and have been previously discussed in North 

Fork Group Lower Kings Water Quality (WRIME, 2005). 

Typically, the Basin Plan objectives and standards are also used to set “thresholds of 
significance” pursuant to the California Environmental Quality Act (CEQA) and are used to 
evaluate a project’s potential water quality effects (beneficial or negative) in the environmental 
document.  The environmental evaluation will be certified by the lead agency as part of the 
project approval process, and will be subsequently used by the RWQCB and other regulatory 
agencies to make permit decisions as required by law.   

Evaluating a potential IRWMP project’s effects to water quality and comparing project effects to 
the water quality standards is intended to identify engineering designs or operating criteria that 
may be needed to reduce potential impairment or impacts to water quality.  This also helps to 
identify regulatory compliance issues that could result in project delays or areas where a 
strategy is needed to mitigate project effects.  

The Basin Plan and SWRCB policies do not require improvements over baseline conditions or 
naturally occurring background concentrations, and the objectives are to ensure that there is no 
further degradation over historical conditions2.  Because of this, it is important to document the 

                                                      
2 SWRCB Resolution 68-16, Statement of Policy with Respect to Maintaining High Quality of Waters in 
California (Antidegradation Policy) 
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current baseline water quality conditions so that any proposed IRWMP actions do not have to 
mitigate or resolve an existing water quality problem.   

RWQCB PERMITTING REQUIREMENTS 

The RWQCB has a number of regulatory authorities and permitting tools that might apply to 
the IRWMP projects.  These include Waste Discharge Requirements (WDR), National Pollution 
Discharge Elimination System (NPDES) program, construction storm water permits, and water 
quality certifications of wetlands (401 permits).  If Kings IRWMP Region projects were to 
contribute to the existing impairment, cause impairment, or increase current contaminant 
loading of surface and groundwater, the RWQCB could require WDR permit and impose a 
range of requirements conditions.  Permitting requirements for individual IRWMP projects 
could vary significantly and require detailed evaluation.  This section primarily describes 
potential requirements for groundwater recharge projects.  

It is believed that current SWRCB and RWQCB policies and regulations will not require a WDR 
permit or waiver from the RWQCB for recharge projects using percolation ponds or spreading.   

Unlike Aquifer Storage and Recovery (ASR) projects where treated surface water is injected into 
the groundwater basin using wells, surface spreading and percolation ponds will not be 
regulated by the RWQCB unless there appears to be a clear threat to water quality.  Threats to 
water quality will be evaluated on a case-by-case basis and if there is a perceived threat, then 
recharge operation may be regulated by the RWQCB in a similar manner as is proposed for ASR 
projects.  The RWQCB also does not have staff resources or appropriate authorities to regulate 
spreading basin projects in general, and it is not anticipated that RWQCB would require WDRs 
for recharge projects.  (RWQCB staff report, August 5, 2005) 

Recently, the RWQCB has been exercising their authority for WDR over conjunctive use projects 
that include ASR of treated drinking water.  ASR involves direct injection of water into the 
aquifer formations for subsequent extractions.  The RWQCB has requested Reports of Waste 
Discharge (RWD) for ASR projects injecting treated drinking water for test projects proposed by 
a number of cities in the Central Valley.  The RWQCB must balance opposing issues in the 
regulation of ASR projects – compliance with the Basin Plan, including water quality objectives 
for groundwater, and at the same time not unduly discourage conjunctive use.  WDRs are 
appropriate for regulating the discharge of “waste.”  The Office of the Chief Counsel and the 
Office of the Attorney General have issued opinions that conclude that activities that result in  

the discharge of waste, even if that is not the primary purpose of the activity, are subject to 
regulation under the Porter-Cologne Water Quality Control Act and may be regulated through 
issuance of WDR.  The policy is not without controversy and is evolving.  The RWQCB has not 



  

 9 Water Quality Standards, 
  Conditions and Constraints 

adopted a policy, and had not been asked to approve a long-term ASR project.  The SWRCB has 
indicated that it does not intend to develop a general order for ASR or spreading projects 
(RWQCB, September 9, 2004 staff report).  Currently, neither ASR nor the usage of treated water 
for artificial recharge is being considered for the Kings IRWMP Region, although they have 
potential for implementation if desired.  

In- lieu IRWMP projects could include development of additional surface water treatment 
facilities to provide water for municipal uses, and/or reclamation of wastewater for agricultural 
or non- potable municipal uses.  The regulatory requirements for these types of facilities will be 
evaluated later in the IRWMP planning process once projects are identified and prioritized.  

SURFACE WATER QUALITY CONDITIONS 

This section reviews and interprets the available surface and groundwater data to identify data 
gaps, water quality trends, and issues that need to be considered for the design of IRWMP 
projects or for purposes of regulatory compliance.  Surface soils are also discussed since they 
have a potential influence for recharge projects on water quality and pond design, performance, 
and geochemical effects.  

DATA AND INFORMATION SOURCES 

Public domain surface water and groundwater quality data was sought from existing local, 
state, and federal sources, including KRCD, Fresno County Environmental Heath Division 
(Fresno EH), DHS, water companies or utilities, willing land owners, RWQCB, SWRCB, U.S. 
Geological Survey (USGS), EPA, U.S. Army Corps of Engineers (COE) and the U.S. Bureau of 
Reclamation (Bureau).  The DHS, RWQCB, and Fresno EH were also queried for data on 
existing contamination sources and cleanup efforts.  Available historical surface water quality 
data was obtained from KRCD, USGS NWIS, U.S. EPA STORET Legacy data bases, SWRCB 
Surface Water Ambient Monitoring and Assessment Program (SWAMP), and Bureau.  Readily 
available groundwater quality data was obtained primarily from DHS, Fresno EH, and local 
water districts. 

Water quality data was in both hard copy and digital formats.  Hard copy data are not readily 
accessible, and electronic data are in multiple formats which complicate capture, comparison 
and evaluation.  The general lack of data and the limited accessibility presented a challenge to 
clearly documenting existing water quality conditions.  There was limited continuous data to 
document changes over time or evaluate seasonal cycles that can affect water quality and 
recharge operations.  Groundwater data was also spatially limited and did not represent the 
entire IRWMP geographic area or all of the possible depths where water is pumped.  Significant 
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information was available for the area near cities such as Fresno and Clovis and in depth ranges 
typically utilized for water supply while limited information was available for more 
agricultural portions of the Kings IRWMP Region and for aquifers above or below typical water 
supply aquifers. 

Literature was searched to identify prior water quality surveys and other similar projects that 
could provide case studies and help identify potential effects (beneficial and negative) of the 
IRWMP projects.  This included checking the federal (USGS, USBR, USDA, EPA), state (DWR, 
DHS) and industry associates (NWWA, ASCE, AWWA, AWRA) sites for similar efforts in 
California and the western United States.  The University of California Melvyl system was also 
searched using relevant key terms.  This effort was made to document the results of prior 
feasibility investigations, impact assessments, and pilot studies.  Searches were also conducted 
to find reports and case studies to document contaminant fate and transport issues and 
potential solutions to water quality problems from other conjunctive use and artificial recharge 
projects in agricultural regions where projects had an operational history and data. 

The USGS has done extensive water quality work in the San Joaquin-Tulare Basins through the 
National Water Quality Assessment (NAWQA) and California Aquifer Susceptibility (CAS) 
programs (Burrow, 1998a, 1998b; Kratzer, 1996; Domogalski, 1998; Dubrovsky, 1998; Wright et 
al, 2004).  The USGS evaluations completed to date have been concentrated in areas closer to the 
Sacramento-San Joaquin Delta, and there is limited data and analysis for the Kings IRWMP 
Region.  The available information is for a regional analysis or was intended to describe water 
quality at various land uses rather than to identify local water quality conditions.  There was 
very limited sampling in the Kings IRWMP Region.  

Other more recent activities include the City of Fresno Nitrate Management Plan Report (City of 
Fresno, 2006), Salinity in the Central Valley, an Overview (RWQCB, 2006), and ongoing work to 
support an update to the 1996 Fresno Metropolitan Water Resources Management Plan. 

SURFACE WATER QUALITY DATA COLLECTION AND USE 

The Kings River has been divided into seven major reaches by KRCD and RWQCB, from 
upstream to downstream, for purposes of management and water quality monitoring as shown 
in Figure 2.  Figure 3 shows the location of Kings River surface water monitoring sites 
referenced in this memorandum.  A summary of the readily available surface water quality data 
used in this analysis is contained in Table 2.   
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      Kings River Major Weirs and River Reaches
Figure 2
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Selected Kings River Surface Water Monitoring Locations
Figure 3
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Table 2.  Summary of Surface Water Quality Monitoring Sites 

Station 
ID 

Data 
Source Data Base Station Location Name 

Period of 
Record1 

C1110000 USGS STORET Kings River at Piedra 1951 to 1955 
C1111550 USGS STORET Kings River near Piedra 1973 to 1982 

C1114000 USGS STORET 
Kings River below Pine Flat 

Reservoir 
1955 to 1976 

C1146000 USGS STORET 
Kings River below North 

Fork at Trimmer2 
1955 to 1988 

11221500 USGS USGS NWIS 
Kings River below Pine Flat 

Dam 
1961 to 19663 

11250000 USGS USGS NWIS Friant Canal near Friant 1971 to 1981 
B7191000 USGS STORET Friant Kern Canal at Friant 1974 to 1975 

11221900 USGS USGS NWIS 
Kings River at Piedra Bridge 

near Piedra 
1979 to 1980 

11222700 USGS USGS NWIS 
Kings River at Peoples Weir 

near Kingsburg 
1961 to 19804 

LKI0101 RWQCB SWAMP Kings River – Fresno Weir 2002 to 2004 
LKI0102 RWQCB SWAMP Kings River – Peoples Weir 2002 to 2004 
LKI0103 RWQCB SWAMP Kings River – Island Weir 2002 to 2004 

Site 0.1 KRCD 
Water Quality 

Catalog 
Kings River at Pine Flat 1978 to 1999 

Site 0.3 KRCD 
Water Quality 

Catalog 
Kings River at Peoples Weir 1978 to 1999 

Site 0.35 KRCD 
Water Quality 

Catalog 
Kings River at Lemoore Weir 1978 to 1999 

Site 66.9 KRCD 
Water Quality 

Catalog 
Kings River at Island Weir 1978 to 1999 

Manning 
Ave 

SSJVWQC Reports Manning Ave 2004-2006 

Lemoore 
Weir 

SSJVWQC Reports Lemoore Weir 2004-2006 

Lost Lake 
Park 

USBR 
Baseline Water 

Quality Monitoring 
Program 

San Joaquin River at Lost 
Lake 

1996 to 2003 

1 Period of record varies for the water quality constituent sampled 
2 Kings River below North Fork is the Trimmer Gage above Pine Flat Reservoir 
3 Two samples in 1992 
4 One sample in 1992 

There is limited long-term surface water quality data available for most of the water bodies in 
the San Joaquin and Tulare Lake region, including the Kings River.  There has been no long-
term comprehensive ambient monitoring or assessment program (SWRCB, 2001; CVRWQCB, 
2002), although recent efforts by the South San Joaquin Valley Water Quality Coalition 
(SSJVWQC) has resulted in monitoring of sites on the Kings River since 2004 under the 
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RWQCB’s Irrigated Lands Conditional Waiver Program.  Early programs focused on basic 
mineral chemistry (inorganics, physical parameters, trace minerals), while later programs have 
been special studies oriented to identify organic chemicals or other specific constituents of 
concern.  Historical data from special surveys or investigations are also limited.  Much of the 
early water quality data collection programs showed little variability in the water quality or 
impairment to beneficial uses in the upper part of the Kings River, Reaches I, II, III, and IV, and 
therefore the programs were discontinued.  Each of the primary data sources is briefly 
described below. 

KRCD 

A water quality-monitoring program was initiated in 1978 by KRCD in response to 
recommendations in the Basin Plan (KRCD, 2000).  Emphasis is primarily on the lower reaches 
of the Kings River.  Water is sampled for electrical conductivity (EC), pH, and temperature 
at 11 major weirs and over 100 other sites.  KRCD maintains a surface water database of 
measurements taken along the Kings River from Pine Flat Dam to Mendota Pool on the North 
Fork and to State Highway 41 on the South Fork.  There are 125 unique site locations 
with 15,391 data records from 1978 to 1999.  The database also includes GIS shape files 
with 100 of the 125 site locations mapped.  This database does not have records of the mineral 
chemistry of the water.  This database is the most complete and extensive dataset available and 
was used to compare flow and EC values at Peoples Weir, Lemoore Weir, and Island Weir.  
KRCD, as a member of the SSJVWQC, has expanded the surface water quality-monitoring 
program to assist local growers in complying with the agricultural waivers program being 
implemented by the RWQCB.  The program has collected samples from 2004 through 2006 and 
is ongoing.   

DWR Water Data Library 

The DWR Water Data Library provides on-line access to hydrologic data collected by the 
Division of Planning and Local Assistance and other organizations within DWR.  The library 
was queried for water quality monitoring results for Fresno County, and 19 unique sites 
with 1,603 water quality records from 1998-2001 were located.  The database did not contain the 
locations or characteristics for each site.  But it is known that DWR collects data from drains and 
diversion points from state water projects and most of the sites are at diversion points from the 
California Aqueduct in Westlands Water District (pers. comm. Chris Erikson, DWR).  Since the 
IRWMP projects are not looking to obtain additional water from the California Aqueduct, DWR 
data were not used in this report. 
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USGS and EPA 

The United States Geological Survey provides access to 1.5 million sites in all 50 States and 
additional border and territorial sites through their National Water Information System (NWIS) 
website.  The EPA maintains STORET (short for STOrage and RETrieval), EPA’s principal 
repository for marine, freshwater, and biological monitoring data.  STORET is also used by a 
variety of groups, including federal agencies, states, tribes, local governments, academic 
groups, watershed and volunteer monitoring organizations, and the public to share data. 

Appendix B contains a summary of the surface water quality samples downloaded from the 
USGS NWIS and EPA STORET.  Over 50,000 results from 23 sites were obtained from NWIS; 
over 60,000 results from 101 sites were obtained from STORET.  The data was used to evaluate 
spatial trends down the Kings River at the different gages and to analyze trends over time at 
singular gages where data were available.  

Bureau of Reclamation 

The Bureau of Reclamation collects water samples for its Baseline Water Quality Monitoring 
Program.  WRIME obtained quarterly records from November 1996 to February 2003 for Lost 
Lake Park site, which lies on the San Joaquin River below Friant Dam.  The water quality in the 
river at this site is the same as the water quality in the Friant-Kern Canal since the Friant Dam is 
the head works for the Friant-Kern Canal (Chris Eacock, USBR).  In addition to the records in 
the USGS NWIS and STORET sites, these data were used to assess the water quality in the 
Friant-Kern Canal, a potential source of recharge water for IRWMP projects. 

U.S. Army Corps of Engineers 

The COE has historically collected water quality data in and above Pine Flat Reservoir but had a 
limited water quality-sampling program below the reservoir.  The data are not readily available 
in digital formats but summary and current information are presented in annual reports (COE, 
2002).  The COE data was available indirectly through KRCD (KRCD, 2000).  The COE samples 
Pine Flat in two sampling events, spring and late summer.  The program has been in place since 
the 1980.  The most recent report (COE, 2002) documented that no contaminants of concern 
were found to exceed either the MCL or aquatic organism health limits.  Historically, dissolved 
metals have been observed at elevated levels in Pine Flat Lake.  As discussed further below, 
some elevated metals concentrations have been observed in waters upstream of, in, and 
downstream of the reservoir (KRCD, 1995).  
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SWRCB Surface Water Ambient Monitoring Program (SWAMP) 

The Surface Water Ambient Monitoring Program (SWAMP) is being implemented by the 
SWRCB in California to evaluate baseline surface water quality conditions and assess if there 
are any impairments to beneficial use.  The purpose is also to provide information about the 
status of the physical, chemical, and biological characteristics of the state’s surface water and 
answer specific questions about the status and trends.  The program is in its formative stages, 
and initial emphasis is on the Upper Kings River and Pine Flat Reservoir.  SWAMP proposes to 
integrate existing surface water quality monitoring activities of the SWRCB and RWQCBs, and 
improve coordination with other local monitoring programs.  SWAMP data is to be 
incorporated into EPA’s STORET database system.  Only a small portion of SWAMP can be 
implemented at its current funding level.  As a result, resources are focused where monitoring 
information is most needed to support regional program priorities.  In the long-term, SWAMP 
might provide useful data for project evaluation, but there is little contemporary data to 
support project specific decisions.   

University of California at Davis (U.C. Davis) Irrigated Lands Monitoring Project 

U.C. Davis, under agreements with the RWQCB, developed a study plan entitled "Investigation 
of Water Quality in Agricultural Drains of Central Valley."  The objectives of this study 
were: 1) evaluate water quality, primarily through use of aquatic species toxicity testing, in a 
limited number of agricultural drains in the San Joaquin River and Sacramento River 
watersheds; 2) identify the cause of any water quality impairments; 3) determine the sources of 
contaminants based on the identified cause of impairments; and 4) recommend water quality 
investigation designs and approaches for future monitoring and assessment of agricultural 
runoff and drainage waters based on the lessons learned from the project.   

The results provide the only available water quality data for agricultural drains in the Kings 
IRWMP Region.  However, they are not extensive enough to provide information for a regional 
scale analysis such as this.  The data are included in Appendix B under SSJVWQC sampling 
results.   

KINGS RIVER SOURCE WATER QUALITY CONDITIONS 

This section describes how the existing water quality data were used to evaluate the sources of 
water for recharge or other projects and to analyze water quality trends, issues, and constraints.  
The proposed sources of water for the potential recharge projects are existing Kings IRWMP 
Region water rights, unregulated or unassigned flood waters of the Kings River, and Friant 
water when it is available.  Water released from Pine Flat Dam or from the Friant-Kern Canal 
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into the Kings River would flow down to the point of diversion for subsequent conveyance 
through existing or new facilities to turn-outs serving the Kings IRWMP Region operations.  No 
specific points of diversion have yet been identified for use as part of the IRWMP projects.  The 
water quality of Kings River water could be altered in the area between Pine Flat and the point 
of diversion, or from the Kings River diversion point through the conveyance canals carrying 
the water to the recharge sites.  Limited data for water quality within the Kings IRWMP Region 
canals were found, insufficient to draw conclusions on how water quality may be altered 
through the canals.  The U.C. Davis Irrigated Lands Monitoring Project is a good start on 
identifying water quality conditions in the canals, but does not have a long enough period of 
record or geographic scope to identify regional conditions of canal water quality.  Individual 
projects may benefit from this project if the canals proposed for conveyance have been sampled. 

The Kings River is calcium /magnesium bicarbonate type water and is of low salinity.  The 
Kings River meets water quality objectives a majority of the time for reaches I, II, III, and IV (see 
Figure 2 for reach designations).  High EC values and other constituents affect parts of the 
Lower Kings River in Reaches V and VI, mostly outside the IRWMP area.  The lower reaches 
that have impaired water quality are below the diversion points for recharge or other IRWMP 
projects; additionally, elevated EC levels are observed only during low flow conditions when 
recharge operations would not be occurring.   

In general, the readily available data, prior investigation, and the results of the preliminary 
analysis indicate that the water released from Pine Flat is of excellent quality suitable for 
agricultural use and groundwater recharge.  The evaluation of available inorganic, trace 
element, and organic data did not find major design or regulatory compliance issues or 
constraints.  It is anticipated that the recharge of high quality Kings River water will provide a 
net benefit to groundwater quality.  

Suspended Sediments 

Suspended sediment concentration is a primary quality criterion to be considered in designing 
and maintaining percolation facilities.  Sediment in surface water would also influence design 
of surface water treatment facilities for purveying municipal water.  Appropriate project design 
can help resolve long-term performance losses through maintenance and operations plans.  
Peak surface runoff and conveyance through unlined canals, such as those in the IRWMP 
project area, will increase suspended sediment concentrations and may result in clogging the 
soil surface in the recharge facilities or increased treatment at drinking water treatment plants.   

Both inorganic (silts and clays) and organic constituents (bacteria, algae, plant materials) can 
influence near surface recharge rates.  Clogging can be caused by precipitation of minerals in 
the soil, entrapment of gases in the soil, formation of biofilms and biomass in the soil, and by 



  

 18 Water Quality Standards, 
  Conditions and Constraints 

deposition and accumulation of suspended algae (ASCE, 2001; NRC, 1994).  For engineering 
design of the recharge ponds, background surface water quality data are needed to identify if 
there is a high concentration of suspended solids, and the design efforts should evaluate settling 
and retention time needed to allow for removal of fine sediments prior to putting the water into 
the recharge ponds.   

Residues in water are a measure of suspended sediments concentrations.  The amount of 
sediments in tons of solids per acre-foot of water can be calculated from an analysis of residue.  
For the below Pine Flat Dam and at Piedra sites, the average residues were in the order of 
26 mg/l to 28 mg/l, depending on the period of record, flow, and date of measurement.  This 
equates to roughly .04 tons/acre-foot.  Further downstream, the sediment load would be 
expected to increase due to land disturbance and agricultural runoff.  The data for Peoples Weir 
for the period from 1961 through 1980 show an average residue of 55 mg/l based 
on 44 measurements, equating to approximately .07 tons/acre-foot.  This is not considered a 
substantial sediment load.   

Additional sampling of suspended sediments may be needed prior to and during project 
development of any surface water treatment project.   

Once potential recharge sites are established, specific sediment sampling of the delivery canals, 
both at the canal head works and at the turnouts for the recharge ponds, could be tested to 
establish final designs, and should be part of the operation and maintenance plans.  For long 
term maintenance and operations procedures, removal of silt and clay is anticipated to include 
mechanical scraping.  Disking of fine sediments into the soil column should be avoided since it 
delays removal and may cause deeper clogging.  Based on the observed data, design of settling 
and retention ponds is not likely to be needed, but this should be confirmed through sampling 
on a site-specific basis.  

The available data do not allow for comprehensive evaluation of the potential for biological 
clogging of recharge ponds, but in general, biological clogging from organic materials can be 
controlled by drying and natural oxidation.  The IRWMP recharge projects would be operated 
seasonally and will include wetting and drying cycles; therefore, biological clogging should not 
be a major issue.  Sediment loads are low and do not pose a major constraint to development of 
surface water treatment facilities for in- lieu conjunctive use projects that may be included in the 
IRWMP.  

Physical Conditions, Inorganic, and Trace Elements 

Measurement of EC is a cost effective indicator of the amount of dissolved solids in water.  The 
KRCD EC data are shown in Figures 4a, 4b, and 4c and are compared with flow at Peoples,  



Figure 4a.  Flow vs EC at Peoples Weir
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Figure 4b.  Flow vs EC at Lemoore Weir
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Figure 4c.  Flow vs EC at Island Weir
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Lemoore and Island Weirs for 1978 through 1999.  There have been a few times when the EC 
exceeded the 300 µmhos/cm water quality standard for Kings River reaches V and VI, but these 
events have tended to occur in times of low stream flows.  KRCD data from 1978 - 1999 at 
Peoples Weir and Island Weir indicate that EC exceeded the water quality objective for this 
reach five times and two times, respectively.  The Basin Plan provides that for 10 percent of the 
time during periods of low flow, EC for Reach V can be 400 µmhos/cm and Reach VI can be 600 
µmhos/cm.  More recent sampling by SSJWVQC has shown EC in the Kings River at Manning 
Avenue and Lemoore Weir to be within Basin Plan objectives for the full 2004-2006 period of 
record. 

Anticipated recharge operations would not affect EC or be affected by EC levels in the area of 
potential diversion sites.  The recharge project would not affect downstream EC level since 
recharge operations would only be conducted during high flows during flood releases or based 
on the release schedules for existing water rights.  At the level of diversion anticipated, high 
flood flows would still occur in the Lower Kings River during flood operations and wet years 
and it is not expected that any diversion for Upper Kings conjunctive use projects would affect 
the Lower Kings River EC.   

The Basin Plan objective for dissolved oxygen (DO) in reaches IV and V, at least 7 mg/L, have 
typically been met during recent SSJVWQC sampling at Manning Avenue and Lemoore Weir 
with two exceptions, as shown in Figure 5.   

Figure 5.  Dissolved Oxygen in the Kings River 
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The Basin Plan objective for pH, between 6.5 and 8.3, has typically been met during recent 
SSJVWQC sampling at Manning Avenue and Lemoore Weir with one exception, as shown in 
Figure 6.  Higher pH conditions are typically associated with lower flows while lower pH is 
typically associated with higher flows. 

Figure 6.  pH in the Kings River at LeMoore Weir 

Kings River water is a calcium bicarbonate type, and the chemistry and concentrations do not 
change appreciably as water moves downstream from Pine Flat Reservoir to the likely points of 
diversion.  Figure 7 shows stiff diagrams that present the amounts of major anions and cations 
in the Kings River for Fresno, Island, and Peoples weirs in June 2002.  Stiff diagrams are an easy 
way of presenting mineral chemistry and allow for visual comparisons over time at a single 
location, or between geographic areas for the same time.  Figure 7 demonstrates the relatively 
consistent mineral chemistry as water moves downstream after release from Pine Flat.  Figure 8 
shows stiff diagrams for Peoples Weir over time and demonstrates that the Kings River mineral 
chemistry is also relatively consistent over time at this location.  It should be noted that the 1976 
data were taken at a time of relatively lower flows, likely the cause of the variations seen in this 
year.   

It can be concluded from the above that physical conditions, inorganic, and trace elements do 
not pose significant constraints to development of recharge projects or surface water treatment 
facilities.   

6 

6.5 

7 

7.5 

8 

8.5 

Jun-04 Sep-04 Dec-04 Apr-05 Jul-05 Oct-05 Feb-06 
Date 

pH 
(p
H 
un
its
) 

Lemoore 
Manning 
WQ Objective (Maximum) 
WQ Objective (Minimum) 



Figure 7.  Kings River Stiff Diagrams, June 2002.   
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Figure 8.  Kings River at Peoples Weir Stiff Diagrams 

USGS Cal NWIS – Peoples Weir 
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Metals 

The KRCD used COE data from 1971 to 1984 to analyze elevated metal concentrations in the 
water flowing into Pine Flat Reservoir, within the Reservoir, and flowing from the Reservoir 
(KRCD, 1995).  The analytical results from Pine Flat system above the reservoir had at times 
exceeded the EPA water quality standards for mercury, cadmium, zinc, copper, and lead, as 
well as for PCBs.  The presence of metals was attributed to historic mining operations 
conducted in the watershed above the Reservoir.  The metals concentrations were observed to 
be higher above the reservoir than below, indicating that metals are bound to sediments and 
concentrations and are reduced as water moves through Pine Flat Reservoir.   

Water for recharge would be released from Pine Flat Dam.  Below the dam, mercury (Hg) was 
below the MCL of 2.0 µg/l for the entire period of record.  Copper (Cu) levels never measured 
higher than 40 µg/l, well below the drinking water primary MCL (1300 µg/l) and agricultural 
sensitivity limits (200 µg/l).  Copper exceeded the aquatic toxicity limits3 (2.97 µg/l) in six of 
the 12 samples analyzed.  Zinc (Zn) never exceeded 80 µg/l, and was well below the drinking 
water MCL (5000 µg/l) and agricultural sensitivity limits (2000 µg/l), but did exceed the aquatic 
toxicity limits (of 24.97 µg/l) in six of the 12 samples analyzed.   

The years 1973, 1974, and 1983 showed lead (Pb) samples below Pine Flat Dam had 
concentrations of 50, 30, and 41 µg/l, respectively, which is above the 15 µg/l primary drinking 
water MCL.  All of the other lead concentrations were below the drinking water MCL or were 
not detected.  All the tests results were well below the agricultural sensitivity limits (5000 µg/l).  
Six of the eleven samples exceeded the aquatic lead toxicity limits (7.31 µg/l).   

Downstream metals data at Peoples Weir can be compared to upstream data from the COE 
monitoring for the year 1973.  At the COE site below Pine Flat Dam, copper and lead were 
observed to be 20 µg/l and 50 µg/l, respectively, while at the Peoples Weir copper was less 
than 20 µg/l and lead was undetected.  This decrease is to be expected since metals tend to bind 
to clays and sediments. 

Studies of zinc, copper, arsenic, nickel, iron, and lead in the urban storm water 
retention/recharge ponds in the City of Fresno demonstrate the binding of these metals in the 
soils or aquifer matrix and the limited potential for migration to groundwater 
(Nightingale, 1987a; USGS, 1995).  Urban storm water contains considerably higher 
concentrations of metals than that present in Kings River water.  Any minor amounts of metals 

                                                      
3 Based on one hour average concentration and average Kings River hardness (CaC03) of 15 mg/l derived 
using available USGS King River data (KRCD, 1995).  



  

 25 Water Quality Standards, 
  Conditions and Constraints 

that may be in solution or transported into the ponds would be bound to the suspended 
sediments, soils, or aquifer materials.   

Numerous studies of percolation of treated wastewater and soil aquifer treatment also 
demonstrate how trace elements and metals are attenuated.  For trace metals or elements bound 
to suspended sediments in the recharge water, filtration and associated colloidal sorption are 
the primary means for removal of trace elements in soils (Chang and Page, 1985).  Dissolved 
trace metals are affected by various chemical reactions in the soil or aquifer materials through 
association with soil surfaces, precipitation, occlusions with other precipitates, solid state 
diffusion on the soils minerals, incorporation into biological systems or residues, complexation 
and chelation.  The aerobic conditions (high dissolved oxygen) and pH conditions of the Kings 
River recharge water would also tend to decrease trace metal concentrations (NRC, 1994; Crites, 
R. 1985).   

As indicated by the available data and the results from other studies, the low metals 
concentrations in Kings River water do not pose a problem for the IRWMP recharge projects.  
Any minor trace amount of metals that could reach the recharge ponds would be attenuated 
and would not percolate to groundwater.  The observed concentration in Kings River water 
would not cause problems with excessive accumulation in the soils.   

Metals in Kings River surface water do not pose a significant constraint to development of 
recharge or surface water treatment facilities.  

Nutrients 

Review of the available data from the Kings River below Pine Flat Dam and at the Kings River 
at Peoples Weir indicates that the concentrations of nutrients pose no issues to development of 
recharge or surface water treatment facilities.  Available data indicate that the Kings River 
surface water is very low in nitrogen and other nutrients.  Total nitrogen, phosphorous and 
potassium levels are all low and well within the water quality standards and objectives based 
on the records available.  The USGS evaluated both nutrient and suspended sediment 
concentrations at the Kings River below Peoples Weir and found both to be low due to the 
nature of the runoff from the Sierra Nevada, and the nitrate and orthophosphate concentrations 
are below the reporting levels (Kratzer, et al, 1998).  Nutrients do not pose a significant 
constraint to development of recharge project or surface water treatment facilities.  

Pathogens 

Available data does not indicate problems with pathogens in Kings River water.  Any 
pathogens, including bacteria and viruses that are found within the recharge water would be 
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filtered out during recharge operations by the soil matrix or bound to clay particles during 
recharge operations.  No disinfection or filtering should be necessary for IRWMP recharge 
projects and no impacts are expected.  Any pathogens in source water conveyed to surface 
water treatment plants for drinking water use would be removed. 

Toxicity 

The Basin Plan states, “All waters shall be maintained free of toxic substances in concentrations 
that produce detrimental physiological responses in human, plant, animal, or aquatic life.”  This 
toxicity can be caused by one or many constituents.  Water in the Kings River as tested by the 
SSJVWQC has shown potential for toxicity as indicated by reduced growth rates of algae 
(Figure 9).  The cause of the reduced growth is unclear at this point, as it may be caused by 
naturally occurring low hardness that does not support the growth of algae.  The RWQCB is 
performing a special study to determine the cause of the reduced growth.  

Figure 9.  Toxicity, Algae Growth Rates in Kings River 

Other Constituents of Concern 

The USGS has conducted an evaluation of pesticides in the San Joaquin and Tulare Basin 
(Domagalski, 1992).  Only one site above Pine Flat Reservoir was sampled with limited results.  
SSJVWQC has shown no detections for toxaphene as part of their monitoring.   

0%

50%

100%

150%

200%

250%

Nov-04 Feb-05 May-05 Sep-05 Dec-05 Mar-06

Date

G
ro

w
th

 R
at

e 
(%

)

Lemoore
Manning



  

 27 Water Quality Standards, 
  Conditions and Constraints 

There is no readily available water quality sampling results or substantial evidence for other 
organic constituents of concern, and there does not appear to be any issues or constraints 
related to organic contaminants in the Kings River source water.  The concentrations of man-
made organic compounds in Kings River water is not fully known, and it cannot be stated with 
certainty that there are no compounds which may be transported to the recharge ponds or 
surface water treatment facilities.   

Organic chemicals vary widely in their mobility and persistence in the soil and aquifer.  The 
presence of many organic and industrial chemicals in urban and agricultural storm water runoff 
has been documented in a large number of studies.  The fate and transport of these chemicals in 
the soil environment has also been closely scrutinized.  Studies in Fresno storm water retention 
and recharge ponds also provide evidence of the fate and transport of some of the constituents 
of concern that might be observed in Kings River storm water runoff.  A three-year study was 
conducted to determine the nature and possible accumulation of organic pollutants in the soils 
of the retention/recharge basins (Nightingale, 1987b).  The study evaluated organophosphorous 
and organochlorine pesticides, phenols, purgeable compounds, and semivolatile priority 
pollutants.  All were observed in detectable amounts in the runoff water.   

No evidence of accumulation of organophosphorous pesticides in the soils was found at the 
recharge operations.  Of the organochlorine pesticides tested, chlordane was detected in surface 
soils and concentrations decreased with depth.  Lindane was found in only one soil sample.  
Concentrations of 48 semivolatile priority pollutants were below their respective laboratory 
analytical detection limits.  Analyses for 43 purgeable compounds were also below detection 
limits except for two organic compounds (toluene, methyl cyclohexane) found in one soil 
sample from only one basin.  The results of this study indicate that pollution of the soils beneath 
the retention/recharge basins by organic compounds was not significant with the possible 
exception of chlordane.  There was no evidence of man-made organic compounds having an 
unfavorable impact in the Fresno area as a result of the recharge operations.   

The local studies of storm water runoff at Leaky Acres provide evidence that the potential 
constituents of concern are not likely to pose a threat to groundwater or impair any of the 
existing beneficial uses.  Even with this finding, and as described further below, some sampling 
and testing for organic contaminants is recommended prior to final project design to establish 
the quality of recharge source water and ambient groundwater conditions at the site.  

Most Recent and Long Term Sampling 

Available data, as summarized above, is dispersed among agencies and difficult to access and 
utilize.  Representative recent sampling and long-term sampling are presented below, with 
additional information provided in Appendix B. 
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Recent Sampling 

Recent data on the Kings River has been collected by SSJVWQC, which monitors water quality 
at 4 sites on the Kings River under the RWQCB’s Irrigated Lands Conditional Waiver Program.  
Of the four sites, Manning Avenue and Lemoore Weir receive the most comprehensive testing.  
The most recent published report is dated June 30, 2006 and includes data from November 2005 
through April 2006.  Previous reports cover a period extending back to July 2004.  The results of 
this sampling program are shown in Figures 5, 6, and 9; Tables 3a and 3b; and Appendix C 
(SSJVWQC, 2006).  The tables separate irrigation events, which can occur through much of the 
year, from stormflow events, typically January - February.   

Table 3a.  Summary of SSJVWQC Data for Kings River,  
July 2004 - April 2006 Irrigation Sampling Events 

Constituent Units Count Min Max Average Median 
Manning Avenue 

Flow cfs 12 210 6,550 2,071 960 
EC umhos/cm 12 21.3 81.7 47.6 50.5 
pH pH units 12 6.73 7.43 7.04 6.96 
Temperature deg C 12 9.2 22.3 13.8 13.8 
Dissolved oxygen mg/L 12 6.80 11.44 9.98 10.80 
Color APHA 12 5 20 12 10 
Turbidity NTU 12 0.48 3.9 1.7 1.7 
TDS mg/L 12 22.0 79.6 42.3 40.6 
Molybdenum mg/L 12 <0.01 5.5 n/a n/a 
Toxaphene µg/L 12 ND ND n/a n/a 
TOC mg/L 12 1.3 3.1 2.2 2.2 
Toxicity, minnow Survival rate 12 55% 100% 93% 99% 
Toxicity, water flea Survival rate 12 100% 100% 100% 100% 
Toxicity, algae Growth rate 11 58% 97% 84% 88% 

Lemoore Weir 
Flow cfs 12 142 5,690 1,015 388 
EC umhos/cm 12 22.2 80.5 47.4 40.8 
pH pH units 12 6.27 7.58 7.04 7.01 
Temperature deg C 12 10.2 24.5 15.3 16.0 
Dissolved oxygen mg/L 12 7.90 11.77 10.23 10.35 
Color APHA 12 5 20 13 10 
Turbidity NTU 12 0.7 4.9 2.0 1.3 
TDS mg/L 12 22.4 69.7 40.6 38.7 
Molybdenum mg/L 12 <0.01 5.5 n/a n/a 
Toxaphene µg/L 12 ND ND n/a n/a 
TOC mg/L 12 1.3 2.9 2.1 2.05 
Toxicity, minnow Survival rate 12 88% 100% 97% 100% 
Toxicity, water flea Survival rate 12 95% 100% 100% 100% 
Toxicity, algae Survival rate 10 60% 90% 79% 84% 



  

 29 Water Quality Standards, 
  Conditions and Constraints 

Table 3b.  Summary of SSJVWQC Data for Kings River, 
January 2005 - March 2006 Stormflow Sampling Events 

Constituent Units Count Min Max Average Median 
Manning Avenue 

Flow cfs 4 75 500 238 188 
EC umhos/cm 4 67.4 158.4 121.1 129.3 
pH pH units 4 7.20 7.38 7.30 7.31 
Temperature deg C 4 10.1 13.5 11.6 11.5 
Dissolved oxygen mg/L 4 9.77 11.60 10.83 10.97 
Color APHA 4 5 80 51 60 
Turbidity NTU 4 1.2 40.1 20.3 19.9 
TDS mg/L 4 40.0 115.0 90.3 103.0 
Molybdenum mg/L 4 <0.01 4.9J/0.9 n/a n/a 
Toxaphene µg/L 4 ND ND n/a n/a 
TOC mg/L 4 2.0 9.8 6.3 6.7 
Toxicity, minnow Survival rate 4 98% 100% 99% 100% 
Toxicity, water flea Survival rate 4 95% 100% 99% 100% 
Toxicity, algae Growth rate 3 87% 209% 131% 98% 

Lemoore Weir 
Flow cfs 2 300 660 480 480 
EC umhos/cm 2 76.9 108.6 92.8 92.8 
pH pH units 2 6.60 7.57 7.09 7.09 
Temperature deg C 2 10.2 13.5 11.9 11.9 
Dissolved oxygen mg/L 2 10.70 11.67 11.19 11.19 
Color APHA 2 5 100 53 53 
Turbidity NTU 2 0.9 87.0 44.0 44.0 
TDS mg/L 2 49.0 123.0 86.0 86.0 
Molybdenum mg/L 2 .28J 3.6J n/a n/a 
Toxaphene µg/L 2 ND ND n/a n/a 
TOC mg/L 2 1.8 10 5.9 5.9 
Toxicity, minnow Survival rate 2 100% 100% 100% 100% 
Toxicity, water flea Survival rate 2 100% 100% 100% 100% 
Toxicity, algae Survival rate 2 76% 238% 157% 157% 

Long-Term Sampling 

Peoples Weir (Site No. 11222700) has the longest historical records of surface water sites on the 
Kings River.  Most records are for the period from 1960 to 1980, with a few samples from 1992.  
Table 4 provides a summary of the available data from the Peoples Weir site.   

The average dissolved oxygen concentrations is within the water quality objective (7 mg/l in 
Reaches V and VI) and range from a minimum of 8 mg/l to a maximum of 13.5 mg/l, averaging 
10.1mg/l.   
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Table 4.  Summary of USGS Data for Kings River  
at Peoples Weir (1121700) for 1960 to 1980 

Constituent 
Number 
Values 

Average Minimum Maximum 

Temperature, water, degrees Celsius 42 15.8 7.5 19 
Dissolved oxygen, water, unfiltered, milligrams per 
liter 

41 10.1 8 13.5 

pH, water, unfiltered, field, standard units 129 7.5 6.7 8.4 
Specific conductance, water, unfiltered, 
microsiemens per centimeter at 25 degrees Celsius 

125 90.5 26 214 

Carbonate, water, unfiltered, fixed endpoint 
(pH 8.3) titration, field, milligrams per liter 

60 0.1 0 2 

Organic nitrogen, water, unfiltered, milligrams per 
liter 

13 0.2 0 0 

Ammonia, water, filtered, milligrams per liter as 
nitrogen 

8 0.0 0 0 

Ammonia, water, unfiltered, milligrams per liter as 
nitrogen 

11 0.1 0.01 0 

Nitrate, water, unfiltered, milligrams per liter as 
nitrogen 

3 0.6 0.14 0 

Ammonia plus organic nitrogen, water, unfiltered, 
milligrams per liter as nitrogen 

18 0.3 0.1 0.3 

Orthophosphate, water, filtered, milligrams per liter 24 0.0 0 0 
Phosphorus, water, unfiltered, milligrams per liter 23 0.0 0.01 0.04 
Orthophosphate, water, filtered, milligrams per liter 
as phosphorus 

19 0.0 0 0 

Noncarbonate hardness, water, unfiltered, field, 
milligrams per liter as calcium carbonate 

96 0.1 0 3 

Sodium adsorption ratio, water, number 102 0.4 0.2 0.7 
Calcium, water, filtered, milligrams per liter 49 7.5 2 16 
Magnesium, water, filtered, milligrams per liter 45 2.3 0.1 5.4 
Sodium, water, filtered, milligrams per liter 119 5.5 1.2 13 
Potassium, water, filtered, milligrams per liter 21 1.0 0.3 2 
Chloride, water, filtered, milligrams per liter 115 3.1 0 8.2 
Sulfate, water, filtered, milligrams per liter 42 4.4 0 7 
Bicarbonate, water, unfiltered, fixed endpoint 
(pH 4.5) titration, field, milligrams per liter 

109 44.7 11 114 

Hardness, water, milligrams per liter as calcium 
carbonate 

120 33.2 8 80 

Nitrate, water, filtered, milligrams per liter as 
nitrogen 

16 0.2 0 0.3 

Fluoride, water, filtered, milligrams per liter 7 0.1 0 0.2 
Boron, water, filtered, micrograms per liter 99 31.7 0 200 
Residue, water, filtered, tons per day 10 169.0 0.1 950 
Residue, water, filtered, tons per acre-foot 40 0.1 0 0.12 
Nitrate, water, filtered, milligrams per liter 33 1.0 0 3.3 
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The pH field measurements varied from a low of 6.7 to a high of 8.4, averaging 7.5.  The water 
quality objectives require water to remain in the range between 6.5 and 8.3. 

The sodium adsorption ratio (SAR) affects infiltration rates of water into the soils.  SAR is used 
to define the tendency for water to replace adsorbed calcium and magnesium on clay particles 
with sodium.  It is more specific than the measurement of EC and is used to determine if water 
quality will affect soils and hence agricultural operations.  High SAR will result in sodium 
replacing calcium and damaging soil structure.  The SAR at Peoples Weir averaged 0.4 from 
1960 to 1980 based on 102 measurements, with a minimum of 0.2 and a maximum of 0.7, 
indicating that there are no restrictions on agricultural use at the ECs level observed (Ayers, 
Westcort, 1989) 

Boron has been observed at levels as high as 200 µg/l, but averaged 31.7 µg/l, well below the 
MCL (1000 µg/l), and within the range where there are no restrictions on agricultural uses 
(700 µg/l). 

None of the other basic anion or cation concentrations exceed the range of water quality 
requirements for agricultural operations and none present constraints to recharge or 
agricultural uses, or for development of surface water treatment facilities. 

CENTRAL VALLEY PROJECT FRIANT UNIT WATER QUALITY 

The Friant-Kern water samples were collected below the Friant Dam just before the water enters 
the canal.  The water is primarily a sodium bicarbonate type based on average mineral values of 
the 22 samples available.  The water is also of good quality suitable for use in groundwater 
recharge operations.  In fact, many samples show that common mineral constituents such as 
sodium and sulfate are below the detection limit.  The very low salinity levels would be 
beneficial to groundwater but may inhibit recharge through leaching of salts in the soil, 
resulting in lower infiltration rates.  This reduction in infiltration rates may be improved 
through addition of gypsum as part of the recharge project (Grattan, 2002).   

All the samples show low levels of metals or organics, again with most samples being below the 
detection limit.  Except for one outlier in March 2000, all of the samples show low levels of 
coliform and other bacteria.  A plot of EC over time for the Friant-Kern Canal is shown in 
Figure 10 and demonstrates the minimal variations in EC levels.   

Based on the readily available data, there does not appear to be issues associated with 
suspended sediments, physical conditions, inorganic, trace inorganic, nutrients, or other 
potential constituents of concern. 



Figure 10.  EC for Friant-Kern Canal
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SURFACE SOILS AND RECHARGE PROJECTS 

The most important properties of surface soils to recharge projects are permeability and 
hydraulic conductivity, which determine the rate at which water can be recharged into the 
groundwater basin.  However, from a water quality standpoint, surface soils are important 
because recharged water could potentially leach minerals or contaminants present in the soils 
and carry them into the groundwater basin, or soils can act to reduce concentrations of 
constituents as they infiltrate.  In addition, the amount of organic matter and nutrients in the 
surface soils is also important because it serves as a food source for potential aquatic plants and 
algae blooms.  If these plants began to grow, they could generate unfavorable water quality 
impacts in the recharge basin. 

One important soil characteristic that could impact water quality for a recharge project is the 
salinity of the soil.  Figure 11 shows soil salinity for the study area in terms of EC as reported in 
USDA soil surveys for the area.  Estimates are based on field and laboratory measurements at 
representative sites of nonirrigated soils.  The salinity of irrigated soils is affected by the quality 
of the irrigation water and by the frequency of water application.  Hence, the salinity of soils in 
individual fields can differ greatly from the value given in the figure.  Extra attention should be 
given to soil parameters for artificial recharge projects proposed for areas indicated to have high 
EC.  Most of the Kings IRWMP Region has low EC values.  The exception is the extreme 
western and southern portions, particularly the soils denoted by the USDA generally as the 
“Somewhat Excessively Drained to Poorly Drained Soils of the Basin Rim” and more 
specifically as the Fresno-El Paco and Traver-Calhi associations.  In the past, most of these areas 
were above the seasonal inundations of the basin flood plain, though the water table often rose 
to less than 6 feet from the surface and remained at this level for long periods.  This permitted 
capillary rise and evaporation of moisture within the soil and the accumulation of soluble 
materials.  As a result, most of the soils are saline-alkali affected (USDA, 1971). 

Other soil quality concerns include nitrate and agrochemicals.  These are dependant on prior 
land uses and are not possible to be mapped on a regional scale.  However, based on previous 
experiences with recharge basins on former agricultural lands, there is not expected to be 
significant impacts from recharge basin operations due to these constituents. 

GROUNDWATER QUALITY CONDITIONS 

There is very little ambient, long-term groundwater quality monitoring data for the Kings 
IRWMP Region.  The analysis in this report is based primarily on the data obtained from the 
DHS who maintains a database of public water systems water quality as required by the 
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California Safe Drinking Water Act.  The DHS database was selected as it is the only available 
database with both good geographic coverage and a long period of record, and with data in 
formats that are readily accessible and allow for analysis.  Additionally, it is important to set a 
baseline for these wells since they are the primary drinking water sources for most of the 
population of the Kings IRWMP Region.   

Reliance on data from public drinking water supply wells may bias results towards high water 
quality since well sites and depth intervals are selected to maximize water quality, and wells 
that come to exhibit low water quality are often abandoned and no longer sampled.  
Groundwater in the Kings IRWMP Region tends to be significantly older at depths utilized by 
public supply wells and thus less impacted by anthropogenic contaminants.  Shallower wells, 
often utilized for private domestic water supply, generally produce younger groundwater with 
higher levels of anthropogenic contaminants.  Vertical hydraulic gradients exist that are moving 
contaminants deeper into the subsurface, toward the most heavily pumped portions of the 
aquifer system utilized by the public water systems. 

The database also has larger concentrations of data points in urban areas.  Many anthropogenic 
contaminants are closely tied to long-term land use.  For instance, heavily fertilized land uses 
such as orchards or unsewered urban development may result, over time, in higher nitrogen 
concentrations in local, shallow groundwater when compared to less fertilized land uses such as 
vineyards.  Urban areas are more likely to show contamination by solvents, fuels, and other 
industrial constituents than rural areas. 

This section presents data in the form of maps for selected constituents and historical trends 
over time for selected wells and constituents.  The constituents for the maps were selected based 
on the number of exceedances of the MCL and 75% of the MCL (or other applicable maximum 
level; see Appendix D for a table of all constituents and the number of exceedances).  Locations 
for historical trends were selected based on frequent observations and a uniform coverage 
geographically, with a focus on wells exhibiting high concentrations.  This was done to help 
identify problem area where additional treatment, deeper wells, blending, alternatives sources 
or other methods of dealing with contamination may be needed. 

GROUNDWATER DATA COLLECTION 

While only DHS data will be used in this analysis, a survey of available data was performed 
and is described below. 



  

 36 Water Quality Standards, 
  Conditions and Constraints 

Fresno County Environmental Health Division 

Fresno County Environmental Health Division (Fresno County EH) keeps an electronic filing 
system for the regulated facilities.  The electronic filing system stores images of the hard copy 
reports submitted by the water system and contains records of different types for each facility, 
including such things as well permits and other information.  There are no digital data of 
sampling results.  Data from water systems with more than 200 connections are maintained by 
the California DHS.  Since DHS has a good coverage of the Kings IRWMP Region and has data 
available in an accessible electronic format, efforts were concentrated on the DHS dataset rather 
than Fresno County EH or other sources. 

California DHS 

California DHS Drinking Water Database has chemical data generally from 1984 through 2006, 
and contains close to 17 million records.  The database was queried for drinking water systems 
in and around the Kings IRWMP Region.  These records were the primary source of 
information for the groundwater analysis in this report.  California DHS documentation stresses 
that a single measurement with high levels of a pollutant does not necessary indicate that the 
contaminant is present or persistent without a follow up measurement to confirm the result. 

DHS has established the Drinking Water Source Assessment and Protection Program (DWSAP) 
to provide information so that communities can develop programs to protect drinking water 
sources and evaluate risks and vulnerability of the system to contamination.  The intent of the 
DHS DWSAP is to implement federal wellhead protection requirements.  DHS has worked with 
local water purveyors to map and identify risks to sources of drinking water.  The DHS DWSAP 
database was consulted to identify risks to water systems in the Kings IRWMP Region.  

Groundwater Ambient Monitoring and Assessment (GAMA) Program 

The purpose of the Groundwater Ambient Monitoring and Assessment (GAMA) Program is to 
comprehensively assess statewide groundwater quality and gain an understanding of the 
contamination risk to specific groundwater resources.  The Groundwater Quality Monitoring 
Act of 2001 (Sections 10780-10782.3 of the Water Code) resulted in a publicly accepted plan to 
monitor and assess the quality of all priority groundwater basins.  Emphasis is placed on 
sampling drinking water wells from large and small water systems and consolidating data from 
existing sources.  The SWRCB is collaborating with the USGS and Lawrence Livermore National 
Laboratory (LLNL) to implement the GAMA Program.  The plan prioritizes groundwater basins 
statewide.   
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The Kings/Kaweah Study Unit sampling efforts have been completed, with 39 wells sampled in 
the Kings area, roughly equivalent to the IRWMP study area.  This program may provide 
further information for defining Kings Basin existing conditions, but results are not yet 
available, and may not be available in a timely manner for the purposes of the IRWMP.  

STORET Groundwater Data/USGS NWIS Data 

The groundwater quality data downloaded from the US EPA STORET system contained few 
contemporary data points.  Sampling results were available for the 1950s, 1960s, and 1970s, with 
fewer values from the 1940s and 1980s.  The sampling locations often had only one test result 
with a limited range of constituents.  Data were available from the USGS NWIS California site 
for over 76,000 measurements at 1,001 stations in and around the Kings IRWMP Region, 
spanning 1946 - 2004. 

GROUNDWATER QUALITY CONDITIONS 

Though a number of studies have sought to evaluate the available regional conditions 
(Davis, 1959; KRCD, 1979; Burow, 1998b; Dubrovsky, 1998; CVRWQCB, 2006), current regional 
groundwater quality conditions have not been extensively evaluated.  The groundwater quality 
in the Kings IRWMP Region is generally suitable for the current beneficial uses.  Regionally, the 
salinity of groundwater typically increases from the foothills in the east, into the western part of 
the Kings Basin.  This reflects the relatively low salinity and TDS of the recharge water sources 
from the Kings River, San Joaquin River, and smaller watersheds in the upper part of the basin.  
The groundwater gradient is from east to west and groundwater generally picks up more 
dissolved solids as it moves westward.  Groundwater in the Kings IRWMP Region is of a 
bicarbonate and calcium bicarbonate type.  Groundwater chemistry changes as water moves to 
the west towards the Fresno Slough, becoming more saline, increasing in TDS, and tending 
towards a more sodium bicarbonate type of water.   

A difference in mineral quality has also been observed between shallow and deep groundwater 
in the very western portion of the Kings IRWMP Region.  Sodium concentrations generally 
increase with depth beyond 400 feet and sodium sulfate waters predominate below the E Clay.  
In the deepest part of the basin below 1,600 feet the water is brackish and may exceed 
6,000 mg/l TDS.  In general, for the rest of the Kings IRWMP Region, groundwater quality 
improves with depth within the range of typical water wells. 

In addition to the regional water quality conditions, numerous point sources of contamination 
exist, from leaking underground storage tanks to Superfund sites.  Superfund sites that impact 
groundwater in the Kings IRWMP Region include the Fresno Municipal Sanitary Landfill, 
Industrial Waste Processing, Purity Oil Sales, Selma Treating Company, and T. H. Agriculture 
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and Nutrition Co.  Descriptions of these point sources are beyond the scope of this document, 
but these are important to consider when siting conjunctive use projects.  Resources such as the 
SWRCB’s GeoTracker website (http://geotracker.swrcb.ca.gov/) should be consulted to 
identify proximity to point sources. 

Maps, chemographs, and discussions of concentrations of selected constituents are presented 
below.  The constituents were selected based on the frequency that concentrations exceeded the 
MCL or exceeded 75% of the MCL since 1999.  The maps display the highest value measured at 
each well over the January 1999 - September 2006 time period.  By displaying the highest value, 
the maps highlight areas that may require future concentrated efforts or should be further 
evaluated to identify specific projects.  These maps are not intended to highlight issues at 
individual wells, as some of these high values may be due to sampling, laboratory, or recording 
errors or one-time anomalous results.  Chemographs present all available data from DHS, 
covering a time period of 1984 – 2006.  As the chemographs cover a longer time period than the 
maps, the maximum value shown in a chemograph may exceed the maximum value shown on 
the corresponding map. 

Primary Standards 

Title 22 of the California Code of Regulations contains primary drinking water standards that 
are legally enforceable standards that apply to public water systems.  Primary standards protect 
public health by limiting the levels of contaminants in drinking water.  Wells in and around the 
Kings IRWMP Region are most frequently near or above the primary standard (i.e., MCL) for 
arsenic, DBCP, EDB, gross alpha, nitrates, TCE, and uranium.  

Arsenic 

Arsenic is a semi-metal element in the periodic table.  It is odorless and tasteless.  It enters 
drinking water supplies from natural deposits in the earth or from agricultural and industrial 
practices.  (EPA, 2006) 

Figure 12a shows the maximum-recorded arsenic concentration for each well compared to the 

current MCL of 50 μg/l.  Most of the arsenic issues are located in, and south and west of, the 
western portion of the Kings IRWMP Region.  Isolated areas of higher arsenic are found 
scattered throughout the remainder of the area.  Time series data for selected wells in 
Figure 12b shows no obvious trends within the period of record. 
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FIGURE 12A.  MAXIMUM HISTORICAL ARSENIC CONCENTRATIONS IN 
PUBLIC SUPPLY WELLS, 1999 - 2006 
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FIGURE 12B.  ARSENIC CHEMOGRAPHS FOR SELECTED PUBLIC SUPPLY 
WELLS 
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DBCP 

Dibromochloropropane, or DBCP is a dense yellow organic liquid with a pungent odor.  It is 
used primarily as an unclassified nematocide for soil fumigation of cucumbers, summer squash, 
cabbage, cauliflower, carrots, snap beans, okra, aster, Shasta daisy, lawn grasses and 
ornamental shrubs. (EPA, 2006) 

Significant analysis and mapping has been performed throughout the region for DBCP in 
groundwater.  Detailed analysis can be found in the Fresno Irrigation District Groundwater 
Management Plan (FID, 1995), the Fresno/Clovis Metropolitan Water Resources Management 
Plan (CH2M Hill, 1992), and numerous journal articles, including “A case study simulation of 
DBCP groundwater contamination in Fresno County, California” (Loague et al., 1998a,b).   

Figure 13a shows the maximum-recorded DBCP concentration for each well compared to the 

current MCL of 0.2 μg/l.  Wells have shown high DBCP concentrations in the Kings IRWMP 
Region, particularly along the east side of the City of Fresno, but also throughout the Kings 
IRWMP Region, notably east of Highway 99.  Time series data for selected wells is shown in 
Figure 13b and reveals localized trends for individual wells, but no strong regional trend. 

EDB 

Ethylene dibromide (EDB) is a colorless, heavy organic liquid with a mildly sweet chloroform-
like odor.  EDB is mainly used in anti-knock gasoline mixtures, particularly in aviation fuel.  
Other uses include: as a solvent for resins, gums, and waxes; in waterproofing preparations; in 
making dyes and drugs; and as a pesticide for grains and fruit (EPA, 2006).  It is likely that most 
EDB in groundwater in the Kings IRWMP Region has its origin in pesticides. 

Figure 14a shows the maximum-recorded EDB concentration for each well compared to the 

current MCL of 0.05 μg/l.  A few wells have shown high EDB concentrations throughout the 
Kings IRWMP Region.  Time series data for selected wells are shown in Figure 14b.  

Gross Alpha 

Certain minerals are radioactive and may emit a form of radiation known as alpha radiation.  
Some people who drink water containing alpha emitters in excess of EPA's standard over many 
years may have an increased risk of cancer (EPA, 2006). 

Gross alpha, as a naturally occurring constituent, is present throughout the Kings IRWMP 
Region, as shown in Figure 15a, compared to the current MCL of 15 pCi/l.  Time series data for 
selected wells are shown in Figure 15b.  The time series data shows that there may be a seasonal 
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FIGURE 13A.  MAXIMUM HISTORICAL DBCP CONCENTRATIONS IN 
PUBLIC SUPPLY WELLS, 1999 - 2006 
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FIGURE 13B.  DBCP CHEMOGRAPHS FOR SELECTED PUBLIC SUPPLY 
WELLS 
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FIGURE 14A.  MAXIMUM HISTORICAL EDB CONCENTRATIONS IN 
PUBLIC SUPPLY WELLS, 1999 - 2006 
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FIGURE 14B.  EDB CHEMOGRAPHS FOR SELECTED PUBLIC SUPPLY 
WELLS 
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FIGURE 15A.  MAXIMUM HISTORICAL GROSS ALPHA 
CONCENTRATIONS IN PUBLIC SUPPLY WELLS, 1999 - 2006 
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FIGURE 15B.  GROSS ALPHA CHEMOGRAPHS FOR SELECTED PUBLIC 
SUPPLY WELLS 
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trend, potentially related to seasonal shut down of the wells.  Further evaluation is needed to 
determine if concentrations can be reduced by managing well operations. 

Nitrates 

Nitrates and nitrites are nitrogen-oxygen chemical units, which combine with various organic 
and inorganic compounds.  Once taken into the body, nitrates are converted into nitrites.  The 
greatest use of nitrates is as a fertilizer (EPA, 2006).  Other sources include animal and human 
waste. 

As shown in Figure 16a, which compares the maximum-recorded nitrate concentration for each 
well to the current MCL of 45 mg/l, high nitrate concentrations have been recorded throughout 
much of the Kings IRWMP Region.  Time series data for selected wells is shown in Figure 16b. 

Trichloroethylene (TCE) 

Trichloroethylene (TCE) is a colorless or blue organic liquid with a chloroform-like odor.  The 
greatest use of TCE is to remove grease from fabricated metal parts and some textiles (EPA, 
2006).   

As TCE concentrations are typically the result of localized industrial/commercial processes, the 
areas of high concentrations in the Kings IRWMP Region are concentrated in localized areas, 
mostly to the north and east of the City of Fresno, including areas around Superfund sites such 
as Industrial Waste Processing at North Harrison Street.  This is shown in Figure 17a, which 
compares the maximum-recorded TCE concentration for each well to the current MCL of 

5 μg/l.  Time series data for selected wells is shown in Figure 17b. 

Uranium 

Uranium is a radioactive metal that is present in low amounts in rocks, soil, water, plants, and 
animals.  Uranium and its decay products contribute to low levels of natural background 
radiation in the environment.  Significant concentrations of uranium occur naturally in some 
substances such as phosphate deposits and uranium-enriched ores (EPA 2002a). 

Uranium, as a naturally occurring constituent, is present throughout the Kings IRWMP Region, 
as shown in Figure 18a, compared to the current MCL of 20 pCi/l.  Time series data for selected 
wells is shown in Figure 18b.  As with gross alpha, the time series data shows that there may be 
a seasonal trend, potentially related to seasonal shut down of the wells.  Further evaluation is 
needed to determine if concentrations can be reduced by managing well operations.
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FIGURE 16A.  MAXIMUM HISTORICAL NITRATE CONCENTRATIONS IN 

PUBLIC SUPPLY WELLS, 1999 - 2006 
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FIGURE 16B.  NITRATE CHEMOGRAPHS FOR SELECTED PUBLIC SUPPLY 
WELLS 



  

 51 Water Quality Standards, 
  Conditions and Constraints 

FIGURE 17A.  MAXIMUM HISTORICAL TCE CONCENTRATIONS IN 
PUBLIC SUPPLY WELLS, 1999 - 2006 
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FIGURE 17B.  TCE CHEMOGRAPHS FOR SELECTED PUBLIC SUPPLY 
WELLS 
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FIGURE 18A.  MAXIMUM URANIUM CONCENTRATIONS IN PUBLIC 
SUPPLY WELLS, 1999 - 2006 
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FIGURE 18B.  URANIUM CHEMOGRAPHS FOR SELECTED PUBLIC 
SUPPLY WELLS 
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Secondary Standards 

Secondary standards (SMCLs) are established based on non-health related aesthetic qualities of 
appearance, taste, and odor.  These secondary standards are not federally enforceable.  
However, in California secondary standards are enforceable at the request of a community. 

Color 

Color may be indicative of dissolved organic material, inadequate treatment, high disinfectant 
demand, and the potential for the production of excess amounts of disinfectant by-products.  
Inorganic contaminants such as metals are also common causes of color.  In general, the point of 
consumer complaint is variable over a range from 5 to 30 color units, though most people find 
color objectionable over 15 color units.  Rapid changes in color levels may provoke more citizen 
complaints than a relatively high, constant color level (EPA 2002b). 

Figure 19a shows the maximum-recorded color unit for each well compared to the current 
SMCL of 15 units.  Most of the color issues are south of the Kings IRWMP Region, with isolated 
areas of higher color found scattered throughout the remainder of the area.  Time series data for 
selected wells is shown in Figure 19b. 

Iron 

The primary sources of iron in drinking water are the natural geology, and aging and corroding 
distribution systems and household pipes.  Iron-based materials, such as cast iron and 
galvanized steel, have been widely used in water distribution systems and household 
plumbing.  Iron ingestion is not associated with Central Valley Project (CVP) adverse health 
effects. 

Iron is regulated as a secondary standard as it can cause problems with taste, color, staining, 
and sediments (EPA, 2002b). 

Iron, as a naturally occurring contaminant, is present throughout the Kings IRWMP Region, as 
shown in Figure 20a, compared to the current SMCL of 0.3 mg/l.  Time series data for selected 
wells is shown in Figure 20b. 

Manganese 

Manganese is a naturally occurring element that can be found ubiquitously in the air, soil, and 
water.  Manganese is also an essential nutrient for humans and animals. 
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FIGURE 19A.  MAXIMUM COLOR CONCENTRATIONS IN PUBLIC 
SUPPLY WELLS, 1999 - 2006 
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FIGURE 19B.  COLOR CHEMOGRAPHS FOR SELECTED PUBLIC SUPPLY 
WELLS 
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FIGURE 20A.  MAXIMUM IRON CONCENTRATIONS IN PUBLIC SUPPLY 
WELLS, 1999 - 2006 
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FIGURE 20B.  IRON CHEMOGRAPHS FOR SELECTED PUBLIC SUPPLY 
WELLS 
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Manganese is regulated as a secondary standard as it can cause problems with taste, color, and 
staining (EPA, 2002b). 

Manganese, as a naturally occurring contaminant, is present throughout the Kings IRWMP 

Region, as shown in Figure 21a, compared to the current SMCL of 50 μg/l.  Time series data for 
selected wells is shown in Figure 21b. 

Total Dissolved Solids 

Total Dissolved Solids (TDS) is a measure of all constituents dissolved in water.  The principal 
inorganic anions dissolved in water include carbonates, chlorides, sulfates, and nitrates.  The 
principal cations are sodium, potassium, calcium, and magnesium. 

TDS is regulated as a secondary standard as it can cause problems with hardness; deposits; 
colored water; staining, and salty taste (EPA, 2002b).  Additionally, high TDS can impact 
agricultural crops. 

TDS concentrations are high throughout much of the Kings IRWMP Region, compared to the 
current recommended SMCL of 500 mg/l.  A map is included in the following section 
compared to the agricultural water quality requirements. 

Agriculture 

While variable depending on crop types, generalized agricultural water requirements have been 
developed by Ayers and Wescott (1976).  Figures 22a, 23a, and 24a present the highest recorded 
measurement at each well compared to the agricultural water requirements for sodium 
(69 mg/l), TDS (450 mg/l), and specific conductivity (700 mg/l).  Time series data for selected 
wells is shown in Figures 22b, 23b, and 24b.  Other agricultural water quality constraints are 
covered by more rigorous drinking water requirements. 
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FIGURE 21A.  MAXIMUM MANGANESE CONCENTRATIONS IN PUBLIC 
SUPPLY WELLS, 1999 - 2006 
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FIGURE 21B.  MANGANESE CHEMOGRAPHS FOR SELECTED PUBLIC 
SUPPLY WELLS 
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FIGURE 22A.  MAXIMUM SODIUM CONCENTRATIONS IN PUBLIC 
SUPPLY WELLS, 1999 - 2006 
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FIGURE 22B.  SODIUM CHEMOGRAPHS FOR SELECTED PUBLIC SUPPLY 
WELLS 
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FIGURE 23A.  MAXIMUM TDS CONCENTRATIONS IN PUBLIC SUPPLY 
WELLS, 1999 - 2006 
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FIGURE 23B.  TDS CHEMOGRAPHS FOR SELECTED PUBLIC SUPPLY 
WELLS 
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FIGURE 24A.  MAXIMUM SPECIFIC CONDUCTIVITY IN PUBLIC SUPPLY 
WELLS, 1999 - 2006 
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FIGURE 24B.  SPECIFIC CONDUCTANCE CHEMOGRAPHS FOR 
SELECTED PUBLIC SUPPLY WELLS 
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OBSERVATIONS, ISSUES AND CONSTRAINTS BASED ON DATA AND 
STANDARDS 

GROUNDWATER/SURFACE WATER EFFECTS FOR RECHARGE PROJECTS 

This section discusses the potential effects of recharging Kings River and Friant water to the 
Kings IRWMP Region for selected groups of chemical constituents.  The data show that 
recharge of Friant and Kings River water would result in a net benefit to groundwater quality as 
compared to current conditions.  The high quality of source water will result in dilution of 
minerals and other constituents in the native groundwater, and, as a consequence, any 
recovered water would generally be of better quality than the native groundwater.   

The available data would indicate that groundwater is currently meeting standards in most 
cases and has historically sustained municipal and agricultural beneficial uses.  For recharge 
projects sited in areas identified as having groundwater of sufficient quality to meet beneficial 
uses, the higher quality source water will retain quality sufficient to continue to meet these 
beneficial uses, even after mixing with lower quality groundwater.  This will allow full 
utilization of the source water, when extracted. 

Physical Conditions, Inorganics, and Trace Elements 

The available EC and mineral data indicate that the surface water from both the Kings River 
and the Friant Kern Canal is generally of better quality than the groundwater in the Kings 
IRWMP Region.  Table 5 presents TDS and EC measurements from the groundwater sites in the 
Kings IRWMP Region and from both the Kings River and the Friant-Kern Canal.  Figure 25 
presents the EC measurements over time for the Kings River, and the Friant-Kern Canal, which 
can be compared to groundwater measurements previously presented in Figure 23a.  In 
addition to EC, the analysis of surface water data indicate that the water is low in nutrients, 
metals, and other constituents of concern, and that the Friant and Kings River water is of 
excellent quality for recharge purposes. 

It is seen that most groundwater sites show EC measurements below the recommended water 

quality limit for agriculture of 700 μmhos/cm and below the California secondary MCL of 

900 μmhos/cm.  Most of the locations that have exceeded 700 μmhos/cm are located to the 
southeast of the City of Fresno.  Kings and Friant water when mixed with the groundwater 
below the Kings IRWMP Region will not be degraded beyond its ability to be subsequently 
pumped for agriculture and municipal purposes.  Pumped groundwater is already being used  
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FIGURE 25.  HISTORICAL EC MEASUREMENTS AT THE FRIANT-KERN 
CANAL 
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Table 5.  Comparison of Average Groundwater and Surface Water EC measurements 

Water Type Source Dates TDS 
(mg/L) 

EC 
(μmhos/cm) 

Surface Water 
Friant-Kern Canal USBR 1996 - 2003  57 
Kings River at Pine Flat KRCD 1978 - 1999  47 
Kings River at Peoples Weir KRCD 1978 - 1999  108 
Kings River at Lemoore Weir KRCD 1978 - 1999  95 
Kings River at Island Weir KRCD 1978 - 1999  90 
Kings River at Manning Ave, 
Stormwater Sampling 

SSJVWQC 2005 - 2006 90.3 121.1 

Kings River at Lemoore Weir, 
Stormwater Sampling 

SSJVWQC 2004 - 2006 86.0 92.8 

Kings River at Manning Ave, 
Irrigation Sampling 

SSJVWQC 2004 - 2006 42.3 47.6 

Kings River at Lemoore Weir, 
Irrigation Sampling 

SSJVWQC 2004 - 2006 40.6 47.4 

Groundwater 
Kings IRWMP Region Public 
Supply Wells  

California DHS 1999 - 2006 251 380 

California Secondary MCL California DHS  500 900 
Water Quality for Agriculture Ayers & Westcot  450 700 

for these purposes and adding cleaner surface water is expected to improve groundwater 
quality conditions. 

Review of Kings River water mineral chemistry and soils data indicate that there are no 
anticipated problems with precipitation of minerals and clogging of the proposed recharge 
ponds or aquifers, though additional soil tests and groundwater quality sampling is 
recommended to confirm that there are no geochemical issues.  The Kings River water has been 
historically diverted and used for agricultural purposes and recharge operations without 
problems associated with physical parameters, inorganic or trace mineral constituents in the 
source water, or as a result of the mixing of local surface water with local groundwater.  It is 
believed that since irrigation with local Kings River and CVP 215 surface water has been 
practiced through a long history of irrigation in the area, that a relative equilibrium has been 
achieved between surface and groundwater geochemistry.  

If the potential for mineral precipitation is identified after evaluation of near surface or 
subsurface geology, problems can be avoided by adjusting pH or other properties of the 
recharge water, but this should not be necessary based on the history of other recharge 
operations in the Kings Basin.  The only potential issue may be associated with the low TDS and 
sodium concentration of the Kings River water.  Some of the clays could be put into suspension 
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and reduce infiltration or aquifer permeability over the long term, or result in increased 
turbidity of pumped water (Nightingale, Bianci, 1977a).  Neither of these issues is believed to be 
significant since there is no evidence from other local recharge projects indicating long-term 
impacts.   

The studies of the Leaky Acres recharge facility, which also applied Kings River water and local 
flood runoff, showed that after initial recharge there was some increase in groundwater TDS; 
but a new, low TDS was attained by the end of the recharge period and TDS levels were 
reduced further over the long term (Nightingale, 1977 a, b, Nightingale, et al, 1983). 

The trace amounts of metals which may be found in the Kings River water would be removed 
during recharge operations by chemical reactions in the soil including cation exchange, 
precipitation, surface adsorption, chelation and complexation (Treweek, G.P. 1985; 
Asono, 1985; Asono, 1980; Chang, 1980; Bouwer, H. 1985).  These mechanisms enable soils to 
remove large amounts of trace metals and retain them for extended periods of time.  Issues with 
metals accumulation in the soil are a potential issue when reclaimed wastewater is used as the 
recharge source, but the concentration of metals in the Kings River and Friant are less 
substantial and accumulation in the soils of metal concentrations is not an issue.  

Nutrients 

The area has been intensively farmed for over 100 years.  Commercial fertilizers and cattle 
operations, as well as unsewered urban development, contribute nitrates to the local 
groundwater.  Other intensively cultivated agricultural areas throughout California have 
observed increased nitrate levels in groundwater.  It is anticipated that recharge operations 
using Kings River water or Friant water would improve groundwater quality over baseline 
conditions and reduce nitrate levels where recharge operations are conducted.  The results of 
the Leaky Acres studies cited previously, also showed an initial increase in nitrates in 
groundwater due to leaching of nitrates from the soil and unsaturated zone, but that long term 
data documented that nitrate levels decreased over time as the cleaner Kings River surface 
water was recharged and blended with the ambient groundwater.  

Pathogens 

A wide range of studies of soil aquifer treatment of wastewater and reuse studies of wastewater 
demonstrate that bacteria and viruses tend to be filtered out in the soil matrix or bound to clay 
particles (Treweek, G.P. 1985; Asono, 1985; Asono, 1980; Chang, 1980; Bouwer, H. 1985).  The 
source of Kings River and Friant recharge water are clean and no known problems with 
pathogens that have been identified with the source water.  Any minor amount of bacteria or 
viruses that may be transported from the Kings River to the recharge sites would be filtered out 
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or sorbed during the recharge operations.  Existing groundwater conditions are not well 
defined and areas with shallow groundwater may have measurable amounts of bacteria from 
septic tanks, animal feeding operations or other sources, but there is not anticipated to be any 
effect from recharge of the comparatively clean Kings River or Friant recharge water sources.   

Other Constituents of Concern 

Numerous contaminant sites or contaminant plumes have been identified or are known to exist 
in the Kings IRWMP Region.  At this time, there are no sites that have been specifically 
identified for development of recharge facilities that would affect an existing or known 
contaminant plume.  Once specific sites are documented, it is recommended that Phase I 
Environmental Assessment be conducted in accordance with ASTM standards to ensure there is 
no potential for liability associated with procuring the properties for recharge facilities, and 
confirm that no additional work is needed to further characterize the site for contaminants, 
including nearby point-sources.  In addition, once specific recharge project sites have been 
identified, the effects on the local groundwater levels and the rate and direction of flow due to 
recharge operations will be further analyzed pursuant to CEQA to document where and how 
recharge water would move from the site and determine if there would be any effects from the 
projects. 

EVALUATION OF PERMITTING AND REGULATORY COMPLIANCE ISSUES 

This section reviews any permitting and regulatory compliance issues and constraints 
associated with Basin Plan goals, policies, and water quality standards and objectives.  RWQCB 
permitting requirements are also discussed.  

The RWQCB is a responsible agency with jurisdiction by law pursuant to CEQA, and any 
project to be implemented in the IRWMP will be subject to environmental review and comment 
by the RWQCB once the lead agency issues a notice of preparation or initial study, and/or the 
draft environmental document is circulated.  KRCD, or one of the other principal water 
districts, would be the lead agency for purposes of CEQA.  Compliance with the Basin Plan 
requirements and water quality standards and objectives would be determined by the RWQCB 
at the time the notices or environmental documents are reviewed, and the RWQCB would 
decide if there is a threat to water quality and if they have standing to require a WDR and issue 
a WDR or waiver.   

The proposed Kings IRWMP Region conjunctive use projects are consistent with the RWQCB 
Basin Plan because: 
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� Recharge operations would help to alleviate overdraft and the water quality 
problems associated with overdraft, and extend the beneficial uses of the 
groundwater resources for the longest period economically feasible. 

� Kings and Friant water used to recharge groundwater are of the highest quality 
possible and storage and banking of these water in the groundwater basin is a 
primary project purpose. 

Early and informal consultation with RWQCB staff is recommended as part of the project 
development process or any feasibility study, and consultation should occur prior to the formal 
reviews required by CEQA.  Waiting for RWQCB to comment during preparation of the 
environmental documents or at the time of circulation is not recommended and could result in 
project delay.   

In addition, if the proposed projects are designed to avoid impacts to wetlands, this will 
eliminate the requirements for Clean Water Act 404 permits, and hence remove any 
requirement for RWQCB certification under the Clean Water Act 401 Water Quality 
Certification program.   

DATA GAPS AND MONITORING 

This section discusses water quality data gaps and analysis requirements to complete 
engineering feasibility study, project designs, support the project approval process, and help 
document project benefits to potential funding agencies.  Recommended pre- and post project 
sampling and testing of both surface and groundwater are briefly discussed.  Final monitoring 
plans and protocols will be developed for the Kings IRWMP Region and for any specific 
projects identified for implementation, and will be contained in the final IRWMP document. 

Local growers have proprietary data collected as part of their existing agricultural operations 
that was not available for purposes of this investigation.  In the absence of contemporary, 
readily available historical data, additional pre- project monitoring of surface and groundwater 
data may be needed.  This can be accomplished either by procuring existing groundwater 
quality data from private well owners, or by conducting a sampling program to survey pre- 
project, baseline conditions.  The objectives for pre-project water quality monitoring are to: 

� Complete project feasibility study and finalize the design; 

� Document baseline conditions; 

� Allow for comparing, quantifying and documenting the anticipated 
project benefits to rate payers, and to funding and permitting entities; 

� Avoid subsequent liability if water quality changes occur after project 
operations; 

� Confirm project purpose to improve water quality; and 
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� Provide adequate data for CEQA determinations by lead and permitting 
agencies. 

Collecting additional pre- project water quality data may be needed to support KRCD or the 
other water districts in making CEQA determinations on the final project alternatives.  KRCD, 
or one of the water districts, would be the lead agency for complying with CEQA, whether 
through a negative declaration, mitigated negative declaration, or an Environmental Impact 
Report (EIR).  In addition, the state funding and regulatory agencies will rely on the local lead 
agency CEQA determinations when making funding or permitting decisions.   

The IRWMP conjunctive use projects will provide tangible water supply and quality benefits, 
but quantifying the water quality benefits might require better characterization of the existing 
conditions.  Defining the existing conditions and presenting a plan for post- project monitoring 
will also be necessary to; 1) demonstrate to the state or federal funding agencies that grant or 
loan funds will be used to meet the project purpose and need (improve water quality), 
and 2) document that such investments represent a good return on taxpayer money as 
compared to other competing proposals.   

It is also recommended that pre- project water quality analysis of groundwater be conducted for 
physical parameters, general minerals, trace inorganic, and priority pollutants (organics) before 
the aquifer recharge operations commence.  If these constituents are found after recharge has 
occurred it may be difficult and costly to demonstrate that they were not introduced as part of 
the project.   

Minimum constituents to be tested are presented in Table 6 as physical parameters, inorganic 
and trace elements, nutrients, and organics.  The requirements of the regulatory agencies may 
result in changes or alterations of this list and sampling should be confirmed through 
consultation with the RWQCB. 

Pre-Project Monitoring:  Environmental Site Assessments 

It is recommended that Phase I Environmental Site Assessment be conducted consistent with 
accepted standards and industry practices prior to purchase of any property proposed for 
development of recharge facilities.  A number of standard practices may be applied, but since 
the area is rural and in agricultural production, it is likely that the site assessment process for 
forest land or rural property will apply (ASTM E2247-02, 2005).  The purpose of this practice is 
to define good commercial and customary practice for conducting a Phase I environmental site 
assessment of a property 120 acres or greater.  It also applies to rural property with a developed 
use of agriculture, and with respect to the range of contaminants within the scope of the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) and for  
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Table 6.  Minimum Constituents and Laboratory Costs Testing 
Costs for Source Water and Groundwater 

Physical Parameters 
Cost Estimate 
(per sample) 

Temperature (field) 
Dissolved oxygen (field) 
Specific conductance or EC (field) 
Total suspended sediments, settleable solids 
Ph (field) 

$ 100 

Inorganic and Trace Constituents 

Inorganic 
Chloride 
Fluoride 
Sulfate 
Magnesium 
Calcium 
Sodium 
Potassium 
Total Silica 
Total, carbonate, and bicarbonate alkalinity  
Total dissolved solids 
Total, non-carbonate and calcium hardness 
Total organic carbon 

Trace Elements 
Boron 
Arsenic 
Copper 
Zinc 
Manganese 
Selenium 
Cadmium 
Mercury 
Iron 
Aluminum 

$ 450 

Nutrients: Nitrate, Ammonia, Phosphate $ 120 
Organic Constituents 

Organochlorine Screen 
Organophosphate screen 
Carbamate Screen 

$ 350 

Laboratory Costs $1,020 
Labor Costs  $4,800 

Total Cost per Sampling Cycle $5,820 
1.  Preliminary estimate for laboratory work. 
2.  Labor for pre- survey coordination, field services, post- sampling reporting estimated at 5 staff 

days at $100 per hour and 20% contingency.  Includes sampling of 2 surface water sites, and 
up to 12 properly equipped monitoring wells.   
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petroleum products.  This practice is intended to permit a user to satisfy one of the 
requirements to qualify for the innocent landowner defense to CERCLA liability; that is, the 
practices that constitute all appropriate inquiry into the previous ownership and uses of the 
property consistent with good commercial or customary practice. 

The goal of the processes is to identify “recognized environmental conditions.”  The term 
recognized environmental conditions means the presence or likely presence of any hazardous 
substances or petroleum products on a property under conditions that indicate an existing 
release, a past release, or a material threat of a release of any hazardous substances or 
petroleum products into structures on the property or into the ground, groundwater, or surface 
water of the property.  The term includes hazardous substances or petroleum products even 
under conditions in compliance with laws.  The scope of the work applies to conditions that 
would affect the quality of water and threatened or endangered species on a property. 

This practice is closely related to other ASTM practices (ASTM E 1527; 1528, 2005), which may 
be more appropriate depending on the site proposed for recharge facilities and operations.  This 
practice also shares similar protocols with Phase I Environmental Site Assessment Guides for 
Clean Water Act Non-Point Source Considerations and Threatened and Endangered Species 
Considerations on Forestland or Rural Property.  If specific contaminant issues are identified as 
a result of the Phase I analysis, a separate Phase II study could be necessary (ASTM 2002). 

It is recommended that Phase I Environmental Site Assessments be conducted using ASTM 
standards as part of the due diligence of preferred recharge sites.  Site assessments must occur 
prior to purchase or easement, and in advance of any environmental determinations made 
pursuant to CEQA.  Agricultural parcel Phase 1 costs may vary from $3,500 per site to 
$7,500 per site depending on the size of parcel and history of development 

Pre-Project Monitoring: Water Quality Sampling and Testing 

� KRCD needs to work with local well owners to conduct a pre- project water level 
and quality survey of wells surrounding the proposed project sites to document 
pre-project, baseline conditions.  The following actions should occur: 

� Identify and map existing production wells in and around the proposed 
recharge sites. 

� Seek historical groundwater level and quality data from growers (basic 
inorganic nutrients, and trace elements). 

� Evaluate data, design, and conduct a pre- project groundwater level and 
quality survey.  All wells to be included should have a well drillers log 
and/or well construction details. 
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� Complete and develop wells as dedicated monitoring wells.  The following 
actions should occur; 

� Design and develop the wells so that they will provide a project baseline 
sampling location and a long-term ambient monitoring site.   

� Conduct long term monitoring of groundwater levels and quality at these 
wells. 

� Seek to locate wells in a public easement or right of way, or else develop 
access agreements and easements with private landowners. 

� Instrument the wells with programmable digital recorders and 
transducers.  Programmable recorders will provide flexibility and allow 
for variable time step measurements for pre- and post- project 
monitoring. 

� Collect daily measurements to allow for evaluation of seasonal and 
hydrologic trends and the effects of operating existing delivery facilities. 

� Pre- project groundwater sampling and testing at the dedicated monitoring wells 
should include the minimum constituents in Table 6.  Preliminary lab and labor 
costs for sampling are also shown in Table 6.  Consultation with Fresno County 
Environmental Health and the RWQCB may result in changes or alterations of 
the preliminary list. 

� Pre- project surface water quality monitoring should include at minimum, two 
samples of the source water, one at the head gate of the proposed diversion 
structure, and one at or near the point of delivery for proposed recharge 
facilities.  Testing should include the parameters and constituents listed in 
Table 6.  If multiple diversions are proposed both should be sampled.   

The costs for the sampling program design, negotiation and discussions with the RWQCB and 
local agencies; development of the monitoring quality assurance plan; and analysis and result 
reporting are not included in the above estimate.  The information is provided for planning 
purposes only.  

Post-Project Monitoring of Operations 

The post-project water quality monitoring objectives are to: 

� Document that the anticipated project benefits are being delivered, and  

� Ensure that potential impacts have been mitigated or avoided. 

Post project monitoring may be required as part of a mitigation monitoring program pursuant 
to CEQA, by the funding agency, or in permit conditions should it be determined that permits 
are required.  Development of a final post-project monitoring plan will require a final project 
description, completion of the environmental review and further consultation with the 
regulatory and funding agencies.  Range of annual costs cannot be determined at this time since 
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there is no final project description and the regulatory requirements cannot be determined with 
certainty at this time.   

Prior Groundwater Construction Grant funded projects (DWR, 2003) required relatively 
comprehensive post project monitoring.  Applicants were required to describe performance 
measures used to quantify and verify project performance, along with monitoring system to be 
used to verify project performance with respect to yield or other water quality benefits.  Funded 
projects were required to include at least ten (10) years of monitoring and reporting, including 
the monitoring of diversions, recharge, extraction, and any other indicators that would help 
document project performance and attainment of any benefits claimed as part of the project.   

Final project monitoring costs should be included as a part of operations and maintenance costs.  
Since these costs are post construction costs, they have not been fundable under the prior grant 
programs.  They are however, costs that need to be considered when developing the cost 
estimate for the economic analysis for projects.  The final water quality monitoring program 
implemented as part of the operations and maintenance plan will need to provide a detailed 
description of the proposed groundwater monitoring program, including the number, locations, 
and construction details for all groundwater monitoring wells and any other monitoring 
measures that are part of the proposed project.  Monitoring wells and a groundwater 
monitoring system are considered an integral part of a groundwater storage project and must 
be incorporated in the plans and specifications.  Descriptions regarding the frequency of 
monitoring, the parameters to be monitored, and the data management system that will be used 
to organize the data collected will need to be determined and provided in a final project 
description. 
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APPENDIX A RWQCB RECOMMENDED NUMERICAL LIMITS 
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Table C-1.  Summary of SSJVWQC Data for Kings River 
July 6, 2004 Irrigation Sampling Event 

Constituent Units Fresno Weir 
Lemoore 

Weir 
Jackson 
Avenue 

James Weir 

Flow cfs 2,280 535 not sampled No Flow 
EC umhos/cm 22.1 24.9 not sampled not sampled 
pH pH units 7.07 7.13 not sampled not sampled 
Temperature deg C 17.82 19.42 not sampled not sampled 
Dissolved oxygen mg/L 10.25 9.44 not sampled not sampled 
Color APHA 5 10 not sampled not sampled 
Turbidity NTU 0.8 0.9 not sampled not sampled 
TDS mg/L 17.5 22.5 not sampled not sampled 
Molybdenum mg/L not sampled not sampled not sampled not sampled 
e. coli P/A present present not sampled not sampled 
Total Coliform P/A present present not sampled not sampled 
Toxaphene µg/L not sampled not sampled not sampled not sampled 
TOC mg/L 2.4 1.8 not sampled not sampled 

Toxicity, minnow 
Survival 

rate 
100% survival 100% survival not sampled not sampled 

Toxicity, water flea 
Survival 

rate 
100% survival 100% survival not sampled not sampled 

Toxicity, algae Growth 
Significantly 

Reduced 
Significantly 

Reduced 
not sampled not sampled 
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Table C-2.  Summary of SSJVWQC Data for Kings River 
August 9, 2004 Irrigation Sampling Event 

Constituent Units 
Manning 
Avenue 

Lemoore 
Weir 

Jackson 
Avenue 

James Weir 

Flow cfs 1,220 290 not sampled No Flow 
EC umhos/cm 31.6 30.8 not sampled not sampled 
pH pH units 6.95 7.33 not sampled not sampled 
Temperature deg C 22.27 24.5 not sampled not sampled 
Dissolved oxygen mg/L 8.88 8.68 not sampled not sampled 
Color APHA 5 5 not sampled not sampled 
Turbidity NTU 0.7 1 not sampled not sampled 
TDS mg/L 30.1 25.1 not sampled not sampled 
Molybdenum mg/L <0.1 <0.1 <0.1 not sampled 
e. coli P/A present present not sampled not sampled 
Total Coliform P/A present present not sampled not sampled 
Toxaphene µg/L <1.0 <1.0 <1.0 not sampled 
TOC mg/L 1.3 1.3 not sampled not sampled 
Toxicity, minnow Survival rate 90.9% survival 100% survival not sampled not sampled 
Toxicity, water flea Survival rate 100% survival 100% survival not sampled not sampled 

Toxicity, algae Growth 
Significantly 

Reduced 
Significantly 

Reduced 
not sampled not sampled 

Table C-3.  Summary of SSJVWQC Data for Kings River 
January 3, 2005 Storm Sampling Event 

Constituent Units 
Manning 
Avenue 

Lemoore 
Weir 

Jackson 
Avenue 

James Weir 

Flow cfs 75 No Flow No Flow No Flow 
EC umhos/cm 125.2 not sampled not sampled not sampled 
pH pH units 7.25 not sampled not sampled not sampled 
Temperature deg C 10.1 not sampled not sampled not sampled 
Dissolved oxygen mg/L 11.27 not sampled not sampled not sampled 
Color APHA 80 not sampled not sampled not sampled 
Turbidity NTU 40.1 not sampled not sampled not sampled 
TDS mg/L 99 not sampled not sampled not sampled 
Molybdenum mg/L ND not sampled not sampled not sampled 
e. coli MPN >23 not sampled not sampled not sampled 
Total Coliform MPN >23 not sampled not sampled not sampled 
Toxaphene µg/L ND not sampled not sampled not sampled 
TOC mg/L 8.5 not sampled not sampled not sampled 
Toxicity, minnow Survival rate 100% survival not sampled not sampled not sampled 
Toxicity, water flea Survival rate 100% survival not sampled not sampled not sampled 

Toxicity, algae Growth 
Not 

Significantly 
Reduced 

not sampled not sampled not sampled 
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Table C-4.  Summary of SSJVWQC Data for Kings River 
February 22, 2005 Stormwater Sampling Event 

Constituent Units 
Manning 
Avenue 

Lemoore 
Weir 

Jackson 
Avenue 

James 
Bypass 

Flow cfs 115 No Flow No Flow No Flow 
EC umhos/cm 158.4 not sampled not sampled not sampled 
pH pH units 7.37 not sampled not sampled not sampled 
Temperature deg C 13.5 not sampled not sampled not sampled 
Dissolved oxygen mg/L 9.77 not sampled not sampled not sampled 
Color APHA 40 not sampled not sampled not sampled 
Turbidity NTU 2.7 not sampled not sampled not sampled 
TDS mg/L 107 not sampled not sampled not sampled 
Molybdenum mg/L <0.1 not sampled not sampled not sampled 
Coliforms, MPN per 100 mL >23.0 not sampled not sampled not sampled 
Toxaphene µg/L ND not sampled not sampled not sampled 
TOC mg/L 4.8 not sampled not sampled not sampled 
Toxicity, minnow Survival rate 100% survival not sampled not sampled not sampled 
Toxicity, water flea Survival rate 100% survival not sampled not sampled not sampled 
Toxicity, algae Growth rate 97.8% growth not sampled not sampled not sampled 

Table C-5.  Summary of SSJVWQC Data for Kings River 
March 15, 2005 Irrigation Sampling Event 

Constituent Units 
Manning 
Avenue 

Lemoore 
Weir 

Jackson 
Avenue 

James 
Bypass 

Flow cfs 210 158 not sampled No Flow 
EC umhos/cm 81.7 80.5 not sampled not sampled 
pH pH units 7.43 7.44 not sampled not sampled 
Temperature deg C 16.57 16.55 not sampled not sampled 
Dissolved oxygen mg/L 11.3 9.32 not sampled not sampled 
Color APHA 20 20 not sampled not sampled 
Turbidity NTU 0.8 0.7 not sampled not sampled 
TDS mg/L 54.5 47 not sampled not sampled 
Molybdenum mg/L <0.1 <0.1 <0.1 not sampled 
e. coli per 100 mL >23.0 16.1 not sampled not sampled 
Toxaphene µg/L ND ND ND not sampled 
TOC mg/L 2.7 2.7 not sampled not sampled 
Toxicity, minnow Survival rate 100% survival 100% survival not sampled not sampled 
Toxicity, water flea Survival rate 100% survival 100% survival not sampled not sampled 
Toxicity, algae Growth rate 97.2% growth 88.6% growth not sampled not sampled 
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Table C-6.  Summary of SSJVWQC Data for Kings River  
April 12, 2005 Irrigation Sampling Event 

Constituent Units 
Manning 
Avenue 

Lemoore 
Weir 

Jackson 
Avenue 

James 
Bypass 

Flow cfs 530 142 No Flow No Flow 
EC umhos/cm 65.2 71.3 not sampled not sampled 
pH pH units 7.16 6.95 not sampled not sampled 
Temperature deg C 14.6 16.02 not sampled not sampled 
Dissolved oxygen mg/L 10.54 9.85 not sampled not sampled 
Color APHA 10 10 not sampled not sampled 
Turbidity NTU 1.6 1.6 not sampled not sampled 
TDS mg/L 79.6 69.7 not sampled not sampled 
Molybdenum mg/L <0.01 <0.01 0.02 not sampled 
e. coli MPN/mL <3 <3 not sampled not sampled 
Toxaphene µg/L ND ND ND not sampled 
TOC mg/L 2.6 2.9 not sampled not sampled 
Toxicity, minnow Survival rate 97.5% survival 92.5% survival not sampled not sampled 
Toxicity, water flea Survival rate 100% survival 95% survival not sampled not sampled 
Toxicity, algae Growth rate 83.6% growth 87.8% growth not sampled not sampled 

Table C-7.  Summary of SSJVWQC Data for Kings River  
May 10, 2005 Irrigation Sampling Event 

Constituent Units 
Manning 
Avenue 

Lemoore 
Weir 

Jackson 
Avenue 

James 
Bypass 

Flow cfs 1,600 485 515 No Flow 
EC umhos/cm 55.9 49.4 not sampled not sampled 
pH pH units 6.86 7.08 not sampled not sampled 
Temperature deg C 10.8 11.42 not sampled not sampled 
Dissolved oxygen mg/L 11.33 11.75 not sampled not sampled 
Color APHA 20 20 not sampled not sampled 
Turbidity NTU 1.9 1.5 not sampled not sampled 
TDS mg/L 39.2 29.2 not sampled not sampled 
Molybdenum mg/L 0.01 <0.01 <0.01 not sampled 
e. coli MPN 3 <3 not sampled not sampled 
Toxaphene µg/L <2.0 <2.0 <2.0 not sampled 
TOC mg/L 3.1 2.6 not sampled not sampled 
Toxicity, minnow Survival rate 95% survival 90% survival not sampled not sampled 
Toxicity, water flea Survival rate 100% survival 100% survival not sampled not sampled 
Toxicity, algae Growth rate 93.7% growth 86.5% growth not sampled not sampled 
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Table C-8.  Summary of SSJVWQC Data for Kings River 
June 7, 2005 Irrigation Sampling Event 

Constituent Units 
Manning 
Avenue 

Lemoore 
Weir 

Jackson 
Avenue 

James Bypass 

Flow cfs 4,577 2,070 not sampled 2,224 
EC umhos/cm 34.3 34.2 not sampled 55.9 
pH pH units 6.73 6.92 not sampled 6.81 
Temperature deg C 12.37 13.74 not sampled 16.22 
Dissolved oxygen mg/L 11.08 10.96 not sampled 7.94 
Color APHA 10 10 not sampled 20 
Turbidity NTU 0.5 0.8 not sampled 3 
TDS mg/L 45 40 not sampled 45 
Molybdenum mg/L <0.01 <0.01 <0.01 <0.01 
e. coli MPN <3 <3 not sampled <3 
Toxaphene µg/L ND ND ND ND 
TOC mg/L 2.3 2.2 not sampled 3 
Toxicity, minnow Survival rate 97.5% survival 100% survival not sampled 95% survival 
Toxicity, water flea Survival rate 100% survival 100% survival not sampled 95% survival 
Toxicity, algae Growth rate 76.1% growth 68.5% growth not sampled 67.4% survival 

Table C-9.  Summary of SSJVWQC Data for Kings River 
July 19, 2005 Irrigation Sampling Event 

Constituent Units 
Manning 
Avenue 

Lemoore 
Weir 

Jackson 
Avenue 

James 
Bypass 

Flow cfs 3,669 1,225 not sampled No Flow 
EC umhos/cm 24.2 26.3 not sampled not sampled 
pH pH units 6.9 6.97 not sampled not sampled 
Temperature deg C 13.38 16 not sampled not sampled 
Dissolved oxygen mg/L 10.75 10.85 not sampled not sampled 
Color APHA 5 10 not sampled not sampled 
Turbidity NTU 0.6 1.2 not sampled not sampled 
TDS mg/L 24.9 22.4 not sampled not sampled 
Molybdenum mg/L <0.01 <0.01 <0.01 not sampled 
e. coli MPN <3 <3 not sampled not sampled 
Toxaphene µg/L ND ND ND not sampled 
TOC mg/L 2.1 1.9 not sampled not sampled 
Toxicity, minnow Survival rate 82.5% survival 95% survival not sampled not sampled 
Toxicity, water flea Survival rate 100% survival 100% survival not sampled not sampled 
Toxicity, algae Growth rate 88.1% growth 65.1% growth not sampled not sampled 
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Table C-10.  Summary of SSJVWQC Data for Kings River 
August 23, 2005 Irrigation Sampling Event 

Constituent Units 
Manning 
Avenue 

Lemoore 
Weir 

Jackson 
Avenue 

James 
Bypass 

Flow cfs 4,425 1,010 595 No Flow 
EC umhos/cm 21.3 22.2 not sampled not sampled 
pH pH units 6.81 6.86 not sampled not sampled 
Temperature deg C 15.2 16.5 not sampled not sampled 
Dissolved oxygen mg/L 8.7 9.7 not sampled not sampled 
Color APHA 5 10 not sampled not sampled 
Turbidity NTU 3.88 4.57 not sampled not sampled 
TDS mg/L 37.3 37.3 not sampled not sampled 
Molybdenum mg/L <0.01 <0.01 <0.01 not sampled 
e. coli MPN <3 <3 not sampled not sampled 
Toxaphene µg/L ND ND ND not sampled 
TOC mg/L 1.6 1.7 not sampled not sampled 
Toxicity, minnow Survival rate 100% survival 95% survival not sampled not sampled 
Toxicity, water flea Survival rate 100% survival 100% survival not sampled not sampled 
Toxicity, algae Growth rate 77.3% growth 76.7% growth not sampled not sampled 

Table C-11.  Summary of SSJVWQC Data for Kings River 
September 27, 2005 Irrigation Sampling Event 

Constituent Units 
Manning 
Avenue 

Lemoore 
Weir 

Jackson 
Avenue 

James 
Bypass 

Flow cfs 700 175 137 No Flow 
EC umhos/cm 31.9 30.9 not sampled not sampled 
pH pH units 6.97 6.27 not sampled not sampled 
Temperature deg C 16.8 16.8 not sampled not sampled 
Dissolved oxygen mg/L 6.8 7.9 not sampled not sampled 
Color APHA 5 10 not sampled not sampled 
Turbidity NTU 3.88 4.57 not sampled not sampled 
TDS mg/L 37.3 37.3 not sampled not sampled 
Molybdenum mg/L <0.01 <0.01 <0.01 not sampled 
e. coli MPN pending <3 not sampled not sampled 
Toxaphene µg/L ND ND ND not sampled 
TOC mg/L 1.6 1.5 not sampled not sampled 
Toxicity, minnow Survival rate 100% survival 100% survival not sampled not sampled 
Toxicity, water flea Survival rate 100% survival 100% survival not sampled not sampled 
Toxicity, algae Growth rate 88.7% growth 88.1% growth not sampled not sampled 
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Table C-12.  Summary of SSJVWQC Data for Kings River 
December 21, 2005 Irrigation Sampling Event 

Constituent Units 
Manning 
Avenue 

Lemoore 
Weir 

Jackson 
Avenue 

James 
Bypass 

Flow cfs 275 No Flow No Flow No Flow 
EC umhos/cm 53.3 not sampled not sampled not sampled 
pH pH units 6.79 not sampled not sampled not sampled 
Temperature deg C 14.2 not sampled not sampled not sampled 
Dissolved oxygen mg/L 6.9 not sampled not sampled not sampled 
Color APHA 20 not sampled not sampled not sampled 
Turbidity NTU 0.48 not sampled not sampled not sampled 
TDS mg/L 22 not sampled not sampled not sampled 
Molybdenum mg/L 5.5 not sampled 12.7 not sampled 
e. coli MPN/100 ml 16.1 not sampled not sampled not sampled 
Toxaphene µg/L ND not sampled ND not sampled 
TOC mg/L 1.7 not sampled not sampled not sampled 
Toxicity, minnow Survival rate 100% survival not sampled not sampled not sampled 
Toxicity, water flea Survival rate 100% survival not sampled not sampled not sampled 
Toxicity, algae Growth rate 79.9% growth not sampled not sampled not sampled 

Table C-13.  Summary of SSJVWQC Data for Kings River 
January 4, 2006 Stormwater Sampling Event 

Constituent Units 
Manning 
Avenue 

Lemoore 
Weir 

Jackson 
Avenue 

James 
Bypass 

Flow cfs 260 660 150 No Flow 
EC umhos/cm 133.3 108.6 not sampled not sampled 
pH pH units 7.2 6.6 not sampled not sampled 
Temperature deg C 10.6 10.2 not sampled not sampled 
Dissolved oxygen mg/L 10.66 10.7 not sampled not sampled 
Color APHA 80 100 not sampled not sampled 
Turbidity NTU 37.1 87 not sampled not sampled 
TDS mg/L 115 123 not sampled not sampled 
Molybdenum mg/L 0.9 0.28J 5 not sampled 
e. coli MPN/100 ml >23.0 >23.0 not sampled not sampled 
Toxaphene µg/L ND ND ND not sampled 
TOC mg/L 9.8 10 not sampled not sampled 
Toxicity, minnow Survival rate 97.5% survival 100% survival not sampled not sampled 
Toxicity, water flea Survival rate 100% survival 100% survival not sampled not sampled 
Toxicity, algae Survival rate 209.4% growth 237.6% growth not sampled not sampled 

 



  

 C-8 Water Quality Standards, 
  Conditions and Constraints 

Table C-14.  Summary of SSJVWQC Data for Kings River 
February 23, 2006 Irrigation Sampling Event 

Constituent Units 
Manning 
Avenue 

Lemoore 
Weir 

Jackson 
Avenue 

James 
Bypass 

Flow cfs 535 205 0 No Flow 
EC umhos/cm 60.6 80 not sampled not sampled 
pH pH units 7.39 6.89 not sampled not sampled 
Temperature deg C 10.6 10.2 not sampled not sampled 
Dissolved oxygen mg/L 11.44 11.77 not sampled not sampled 
Color APHA 5 10 not sampled not sampled 
Turbidity NTU 1.8 1.3 not sampled not sampled 
TDS mg/L 53 59 not sampled not sampled 
Molybdenum mg/L 4.2J 4.9J 18.9 not sampled 
e. coli MPN/100 ml 23 >23.0 not sampled not sampled 
Toxaphene µg/L ND ND ND not sampled 
TOC mg/L 1.9 1.7 not sampled not sampled 
Toxicity, minnow Survival rate 55% survival 87.5% survival not sampled not sampled 
Toxicity, water flea Survival rate 100% survival 100% survival not sampled not sampled 
Toxicity, algae Survival rate 58% growth 60.4% growth not sampled not sampled 

Table C-15.  Summary of SSJVWQC Data for Kings River 
March 1, 2006 Stormwater Sampling Event 

Constituent Units 
Manning 
Avenue 

Lemoore 
Weir 

Jackson 
Avenue 

James 
Bypass 

Flow cfs 500 300 0 No Flow 
EC umhos/cm 67.4 76.9 not sampled not sampled 
pH pH units 7.38 7.57 not sampled not sampled 
Temperature deg C 12.3 13.5 not sampled not sampled 
Dissolved oxygen mg/L 11.6 11.67 not sampled not sampled 
Color APHA 5 5 not sampled not sampled 
Turbidity NTU 1.2 0.94 not sampled not sampled 
TDS mg/L 40 49 not sampled not sampled 
Molybdenum mg/L 4.9J 3.6J 22.5 not sampled 
e. coli MPN/100 ml 30 170 not sampled not sampled 
Toxaphene µg/L ND ND ND not sampled 
TOC mg/L 2 1.8 not sampled not sampled 
Toxicity, minnow Survival rate 100% survival 100% survival not sampled not sampled 
Toxicity, water flea Survival rate 94.7% survival 100% survival not sampled not sampled 
Toxicity, algae Survival rate 86.7% growth 75.9% growth not sampled not sampled 

 



  

 C-9 Water Quality Standards, 
  Conditions and Constraints 

Table C-16.  Summary of SSJVWQC Data for Kings River  
March 15, 2006 Irrigation Sampling Event 

Constituent Units 
Manning 
Avenue 

Lemoore 
Weir 

Jackson 
Avenue 

James 
Bypass 

Flow cfs 560 200 0 No Flow 
EC umhos/cm 63.3 71.3 not sampled not sampled 
pH pH units 7.32 7.58 not sampled not sampled 
Temperature deg C 9.17 11.44 not sampled not sampled 
Dissolved oxygen mg/L 10.84 11.06 not sampled not sampled 
Color APHA 15 15 not sampled not sampled 
Turbidity NTU 2.4 1.2 not sampled not sampled 
TDS mg/L 43 54 not sampled not sampled 
Molybdenum mg/L 5.3 5.5 25.3 not sampled 
Fecal Coliform MPN/100 ml 70 23 not sampled not sampled 
Toxaphene µg/L ND ND ND not sampled 
TOC mg/L 2.7 2.6 not sampled not sampled 
Toxicity, minnow Survival rate 100% survival 100% survival not sampled not sampled 
Toxicity, water flea Survival rate 100% survival 100% survival not sampled not sampled 
Toxicity, algae Survival rate 89.8% growth 82.4% growth not sampled not sampled 

Table C-17.  Summary of SSJVWQC Data for Kings River 
April 25-26, 2006 Irrigation Sampling Event 

Constituent Units 
Manning 
Avenue 

Lemoore 
Weir 

Jackson 
Avenue 

James 
Bypass 

Flow cfs 6,550, 6,570 5,690, 5,650 340, 420 4,300, 4,300 
EC umhos/cm 47.6 47.4 not sampled 51.5 
pH pH units 7.13 7.05 not sampled 6.72 
Temperature deg C 9.97 11.09 not sampled 12.43 
Dissolved oxygen mg/L 11.21 11.47 not sampled 9.55 
Color APHA 20 20 not sampled 20 
Turbidity NTU 2.3 4.9 not sampled 5 
TDS mg/L 42 44 not sampled 50 
Molybdenum mg/L 1.3J 1.4J 2.2J 1.1J 
Fecal Coliform MPN/100 ml 300 30 not sampled 13 
Toxaphene µg/L ND ND ND ND 
TOC mg/L 2.3 2.5 not sampled 2.7 
Toxicity, minnow Survival rate 100% survival 100% survival not sampled 100% survival 
Toxicity, water flea Survival rate 100% survival 100% survival not sampled 100% survival 
Toxicity, algae Survival rate 94.5% growth 89.6% growth not sampled 73.0% growth 
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