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ABSTRACT

Irrigated agriculture in the San Joaquin River watershed is subject to compliance with
TMDLs for sdenium, totd dissolved sdts, organophosphorus pesticides (diazinon and
chlorpyrifos), boron and oxygen demand (nutrients/algae). The proposed Centra Valley
Regiond Water Quality Control Board irrigated agriculturewaiver water quaity monitoring
program will likdy show that irrigated agriculturad stormweater runoff and tall
water/subsurface drain water discharges cause violations of existing and soon to be
devel oped water quality objectives (standards). As aresult, agriculturd interests in this
watershed dso potentidly face compliance with TMDLs for nutrients (nitrogen and
phosphorus), total organic carbon, unknown-caused toxicity, sediment toxicity,
organochlorine (legacy) pedticides (such as DDT, chlordane, toxaphene etc.) and
pathogen-indicator organisms. There is need for agriculturd interests and the regulatory
agenciesto approach the development of the TMDL s in anintegrated, coordinated effort.
This effort should include a comprehensive monitoring/water quaity impact evauation
program that addresses the stormwater runoff, tailwater and subsurface drain water
dischargesfor dl condtituentsthat are potentialy subject to CleanWater Act 303(d) liding.
The development of BMPs for the control of agricultural releases/discharges should
evaduate the control of dl condituents that are potentialy subject to future TMDL
regulation.

INTRODUCTION
Irrigated agricultureinthe San Joaquin River watershed of the Centrd Vdley of Cdifornia
faces dgnificant chalenges in saying economically viable and meeting the variety of
regulatory condraints that are being implemented to control excessve concentrations of
avariety of chemica condtituentsthat are present inirrigated agriculturd lands' sormwater

1 President, G. Fred Lee & Associates, 27298 E. El Macero Dr., El Macero, CA 95618

2 Vice President, G. Fred Lee & Associates

* To be presented at the US Committee for Irrigation and Drainage conference on Helping
Agriculture Adjust to TMDLS, that will be held in Sacramento, CA October 2002. This paper
will be published in the proceedings of this conference



runoff and irrigation return waters (tailwater)/ subsurface drain waters. Tailwater refersto
irrigetion water that is in surface water runoff from the irrigated fidds, while subsurface
drainwater is water that is derived from asubsurface collectionsystemdesigned to lower
the water table. Irrigated agriculture in the San Joaquin River watershed faces multiple
total maximumdaily loads (TM DL s) designed to control chemica congtituents so that thar
concentrations in waters recaiving agricultura runoff/discharges do not exceed water
qudity standards/objectives. Thisdiscusson of potentid TMDLsinthe San Joaquin River
watershed is based on the authors experience/expertise.  This discussion does not
necessarily reflect the Central Valey Regiond Water Quality Board viewson theseissues.

CURRENT, PENDING AND POTENTIAL FUTURE TMDLs
Table 1 presents alisting of current, pending and potentid TMDL s faced by agricultura
interests in the San Joaguin River watershed.

Tablel. San Joaquin River Watershed TMDLs

Current TMDLSs

. Sdenium
. Sdinity, Totd Dissolved Solids
. Boron

. OP Pedticides (Diazinon, Chlorpyrifos)

. Oxygen Demanding Substances, (BOD, Ammonia, Organic N)
Pending

. Organochlorine Pesticides, (DDT, Chlordane, Dieldrin, Toxaphene, tc.)
. PCBs

. Mercury

. Unknown-Caused Toxicity

. Toxicity to Algae (Herbicides)

Potential Future

. Nutrients, Excessive Fertilization (Nitrogen and Phosphorus Compounds)
. High pH, Low DO caused by Excessive Fertilization (Photosynthesis)

. Alternative Pesticides to OP Pesticides

. Total Organic Carbon, Trihalomethanes in Domestic Water Supplies

. Excessve Sediment, Erosion, Turbidity
. Pathogen-Indicator Organisms, E. coli

. Sediment Toxicity, Pesticides, Nutrients/Algag/Sediment Ammonia
. Temperature (?)
. Dioxing/Furans, Combustion Residues (?)




Current SIR Watershed TMDLs

Agriculture in some parts of the San Joaguin River watershed is dready facing TMDLSs
designed to control discharges of sdenium, total sdts, organophosphorus pesticides
(diazinonand chlorpyrifos) and boron. TheCentra Valey Regiona Water Quality Control
Board (CVRWQCB) has proposed TMDLSs to control sainity and boron in the San
Joaquin Riverwatershed. Further, there are TMDL s pending that are based on controlling
organophosphorus pesticides (diazinon and chlorpyrifos) and organochlorine (legacy)
pesticides, such as DDT, chlordane, diddrin, toxaphene, etc., in the San Joaguin River
watershed.

L owdissolved oxygen concentrations bel ow the water quality objective inthe San Joaquin
River (SIR) Deep Water Ship Channel(DWSC) near Stockton have caused the
CVRWQCB to develop a TMDL to control discharges of the oxygen-demanding
materials and/or conditions that contribute to the DWSC low-DO problem. Lee and
Jones-Lee (2000, 2001 and 20024) have provided a review of this matter. As they
report, amagjor cause of the DWSC low-DO problem is the discharge of nutrients from
agriculturd lands that develop into dgaein the SIR tributaries and the maingem that are
transported into the DWSC, where they die and decompose, leading to low DO. The
Mud and Sat Sough watersheds and the SIR upstream of Lander Avenue (Highway 165)
are the primary sources of the algae that cause this problem.

Pending TMDLSs

In afew years, (likely by 2006) in accord withUS EPA’s(2001) announced program, it
is highly likely that TMDLs will need to be developed to control the concentrations of
nitrogen and phosphorus compoundsin agricultural ormwater runoff, irrigetion tallwater
and subsurface drain water to control excessive fertilization of the San Joaguin River and
its tributary and downstream waters in the Delta and in water supply reservoirs that use
Ddta water as a water supply source. Lee and Jones-Lee (2002b) have recently
reviewed the issues pertinent to managing phosphorus runoff fromagricultura lands. They
discuss that there are avariety of factorsthat need to be investigated in order to develop
technicdly-vaid, cos effective phosphorus runoff management programs.

The San Joaquin River and some of its tributaries have been found to be toxic to aquetic
life standard test organisms used in US EPA toxicity testing procedures. Studies on this
toxicity have thus far faled to identify the cause of the toxicity. This has led the
CVRWQCB to develop a TMDL to contral thistoxicity as “unknown-caused toxicity.”
Possibly asubstantiad part of the unknown caused toxicity could bederived fromreleases
from agriculturd lands.



The organochlorine pesticides such as DDT, diddrin, toxaphene, chlordane, etc., are
“legacy” pesticidesthat were banned fromuse many years ago because of their persistence
and their potentid to cause cancer in people. However, because of their widespread use
by agriculture and perastence in soil they are il present in agricultura soils and in
waterbodies that have received runoff from irrigated agriculture in many aress of the
Centrd Vadley of Cdifornia Past and current runoff/discharges fromirrigated landsin the
San Joaquin River watershed have resulted in excessve concentrations of severd of the
legacy pedticides in edible fish tissue taken from waterbodies influenced by agricultura
runoff in the Central Vdley. Thisbioaccumulation is of concern sncethese pesticides are
a threat to cause cancer in those who use the fish as food. This has caused the
CVRWQCB and the State Water ResourcesControl Board (SWRCB, 1998) to list about
a dozen waterbodies in the Centra Valley as 303(d) “impaired” waterbodies, which
requires that a TMDL be developed to control the excessve bioaccumulation of the
organochlorine pesticides.

Potential TMDLs

Increasing attention is being given to aguatic sediment water qudity impacts. This is
causng the US EPA and the Cdlifornia State Water Resources Control Board to develop
sediment qudity guiddlines. These guideines will focus on determining excessve
concentrations of chemica condtituents in sediments that affect water qudity. These
guiddines will likely include sediment toxicity. Pegticides, heavy metds and nutrients that
develop into dgae are common causes of sediment toxicity. The agae cause sediment
toxicity through tharr death and decay in the sediments, which results in the release of
ammoniawhich is highly toxic to aqudic life.

Another potential TMDL that the San Joaquin River watershed irrigated agriculture faces
could be the need to reduce the concentrations of total organic carbon (TOC) thet are
discharged by the San Joaquin River to the Sacramento-San Joaquin River Delta, which
in turn cause water utilities that utilize Delta water as a raw water source to have to
develop more expensive water treatment processes to control triha omethane formation.
Deltawater contains excessive total organic carbon compared to the regul atory limits thet
the US EPA isimposing on water utilities to minimize trihd omethane formation as part of
disnfectionof the water supply. The San Joaguin River and the Delta could potentidly be
listed as 303(d) impaired due to excessive TOC. Thisliging will requirethat aTMDL be
developed to control TOC discharges from irrigated agriculture and other sources. Of
particular concern are drainage from wetlands arees.

Some agriculturd lands, especidly on the west sde of the San Joaquin River are
experiencing Sgnificant eroson. Thisleadsto westsidetributariesand the SIR being highly
turbid. Thiseroson dso leadsto excessve sltation within the Ddlta. Itispossible that a
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TMDL could be developed to control the excessve turbidity/sediment inthe San Joaquin
River and Ddlta.

The US EPA (2002) is requiring that states adopt and enforce more appropriate contact
recreation sanitary-indicator organism water quaity standards than the fecd coliform
standard that isbeing used today. The SWRCB and the CVRWQCB are in the process
of adopting US EPA recommended contact recreation (Svimming, wading, etc.) water
quality standardsto protect the hedthof those who contact recreate inthe State’ swaters.
The US EPA recommends that the fecal coliform standard be abandoned as a contact
recreation standard and that an E coli standard be adopted. It ispossiblethat irrigated
agricultural lands, especidly those receiving animal manure and/or biosolids (sewage
dudge) will have devated E coli in the sormwater runoff and tailwater discharges. This
will lead to a 303(d) liging and a TMDL to control the excessive E coli in irrigated
agricultura runoff/discharges.

There are several other potentidl TMDLS listed in Table 1, such as mercury, PCBs,
dioxingfurans, temperature, etc., which could affect some agriculturd interests. Thereis
insUffident information at this time to evaduate whether there would be excessive
concentrations of any of these congtituents in irrigated agriculturd sormwater runoff and
tal water/subsurface drain water discharges compared to water quality standards/
objectives.

This paper suggests approachesthat irrigated agriculture and regul atory agenciesmay wish
to consder to integrate water quality management instormwater runoff, irrigationtailweater
and subsurface drain water discharges. This paper recommends an integrated approach
for monitoring and development of BMPs to control the concentrations of potential
pollutants.

ORIGIN OF THE TMDL PROCESS

As part of reviang the federa water pollution control act in 1972, which through
subsequent  revisions has become known as the Clean Water Act (CWA), the US
Congress established a regulatory approach that, by the early 1980s, was supposed to
bring under control al discharges of wastewaters that cause or contribute to violations of
water quaity standards in receiving watersfor the discharges. At that sametime, the US
Congress required that the US EPA develop water quality criteria that will protect the
designated beneficid uses of thenation’ swaters. Thiswater quality-based approachisthe
foundation for the current TMDL program. In 1987, as part of revision of the Clean
Water Act, the TMDL requirements were set in place, where dl waterbodies that were
found to contain concentrations of condituents in excess of the water quality
standard/objective were to be placed on the 303(d) lig and classfied as “impaired”
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waterbodies. This dassfication then must lead to the development of a total maximum
daly load (TMDL) of condtituents causing the violaions of the water quality standards,
whereacontrol programisto be devel oped to limit the amount of condtituents entering the
waterbodiesthat have violations of water quality standardsfor the congtituents of concern.

While the TMDL regulations have been in place for many years, they have not been
enforced by ether the US EPA or the state pollutioncontrol agencies. Findly, by themid-
1990s, environmenta groups began to take the US EPA to court to requirethat TMDLSs
be developed for al condtituents that are causing a waterbody to be listed on the 303(d)
list of impaired waterbodies. The US EPA Region 9 (and € sewhere) reached settlement
agreements with environmenta groups, which mandated that a technicad TMDL be
developed for dl condtituents and waterbodies that were on the 303(d) lis of impaired
waterbodies.

Theauthorsareinvolved inand/or are closdly fallowing anumber of TMDLs that arebeing
developed at this time. In each of these, there is inadequate time to properly develop a
technicdly vaid, cog-effective TMDL that will cause the waterbody to come into
compliance with appropriate water quality standards. Further, regulatory agencies and,
in many indtances, dischargers, especidly in the agricultura community, do not have the
necessary technicd or financa resourcesto properly develop atechnica TMDL to control
the concentrations of congtituents that are leading to excessive concentrations compared
to water quality standards.

Ag Waiver |ssues

A ggnificant factor inbringingthe need for additional TMDL s to the forefront inthe Central
Vdley of Cdiforniaisthe ag waiver monitoring program that is being developed by the
CVRWQCB. For many yearsirrigated agricultureinthe Central Valey hasbeen exempt
fromwaste discharge requirements (WDRs) based on the premisethat scormwater runoff
and taillwater discharges do not cause excessve sediment discharges compared to
CVRWQCB Basin Plan water qudity objectives and do not cause aquatic life toxicity.
In the summer of 2001, in response to a petition filed by the DetaKeeper, the
CVRWQCBiissuedaResolutionwhichrequired that the agricultural community and/or the
CVRWQCB develop a comprehensve monitoring program of congtructed agriculturd
drains and agricultural-dominated waterbodies within the Central Vdley. ThisResolution
requires that a monitoring program be developed which will assess whether agricultura
tallwater, subsurface drain water and/or stormwater runoff contains congtituentsthat impair
the beneficid uses of recelving waters, induding causing these waters to violate water
quality objectives. Particular attention isto be given to aquatic life toxicity and sediment
dischargesthat violatethe Basn Planturbidity water quality objective. Theimplementation
of this requirement is underway.



Based on what is known about the characterigtics of agriculturd stormwater runoff and
agricultural subsurface drainftailwater, it is likdy tha the soon-to-be-implemented
monitoring program will demondrate that there areavariety of constituents (see Table 1)
that are being discharged from irrigated agriculture that violate water quality standards
(objectives). Lee and Jones-Lee (2002¢) have recently developed areport pertinent to
developing the Phase |1 of the ag waiver monitoring program.

An important aspect of the ag waiver water qudity monitoring program is that the
CVRWQCB specified that the monitoring indude irrigated agriculturd “fidd” runoff.
While the initid monitoring is focusng on the large constructed agricultural drains,
eventudly thiswill have to be expanded to include edge-of-the-field monitoring, in accord
with having to meet the CVRWQCB’s Resolution.  According to Wanger (2002),
constructed agricultura drains have been determined to be “waters of the State,” and
therefore have to meet the same water qudity objectives asthe State’ sriversand streams.
Within 5 to 10 years, under the current Clean Water Act requirements, therelikely could
be alarge increaseinthe number of agricultura-related TMDL s that will be developed to
bringthewatersof the State, induding agriculturd drain waters, into compliance withwater
quality objectives.

SUGGESTED APPROACH

Agricultureinthe Centrd Vdley faces severd sgnificant economic hurdlesthat arisefrom
overproductionand foreign competition, leading to low prices for some agricultura crops.
Managing water pollutionis another of these economic hurdles that will have to be faced.
Itisnot goingto go away. Itissuggested that it isinthe best interests of agricultureto take
a proactive gpproach toward defining existing water quality problems/violations of water
quality objectivesthat are being caused by various agricultura practices. Thiswill require
acquisition of funding to properly characterize the concentrations, loads, beneficid use
impacts, and technically-vaid, cost effective BM Psfor agriculturd runoff/discharge waters.

While there may be some in the agriculturd community who hold the postion that
conducting sucha comprehens ve monitoring/eva uation programwould devel op datathat
would show that there are water qudity problems associated with agricultura
runoff/discharges, and therefore, such awater quaity monitoring program should not be
initiated by the agricultura community, this “ogtrich” approach can reedily prove to be
ggnificantly detrimental to agriculturd interests and can lead to over-regulation of
agricultura runoff/discharge-associated condituents. Itisinthe best interest of agriculture
to initiate a comprehengve monitoring/management programthat definesthe water quaity
problems that exig inirrigated agricultura stormwater runoff and tailwater/subsurface drain
water discharges.



Addressing Exceedances of Water Quality Objectives

Of particular importance is ascertaining whether there are exceedances of the existing or
soon-to-be-implemented water qudity criterigdobjectives in irrigated agricultura
runoff/discharge-impacted waters. |f exceedances are found, then the next step isto
determine if the exceedances are “adminidrative’” exceedances related to the overly
protective nature of federa and state water qudity criteria/standards/objectives, or
represent redl, Sgnificant impairment of the beneficia uses of the recaiving waters for the
agricultura discharges/runoff. This evauationwill require Site-specific Sudies at a variety
of locations throughout the Centrd Vdley to define, for potentialy toxic substances such
as pedticides, whether the numbers, types and characteristics of aguatic life in the
agriculturd-dominated waterbodies or those influenced by such waterbodies are
sgnificantly impacted by the agricultura runoff/discharges.

If it isfound that the violations of the water qudity objectivesare adminidrative, thenwork
needsto be done to adjust the objectives so that they will protect the designated beneficid
uses of the receiving waters without unnecessary expenditures for control of potential
pollutant inrunoff/discharges. If it isfound that certain agriculturd practices areleading to
an impairment of the beneficid uses of the recalving waters, then management programs
to control the agriculturd practicesto prevent runoff of pollutants —i.e., those congtituents
that impar the beneficid uses of the recelving waters — need to be developed and
implemented. This program could require support of the public through the legidature to
help some farming interests fund the water pollution evauation and control programs.

The evauation of the water quality impacts of sormwater runoff/tailwater discharges and
subsurface drain water is akey component indeveloping atechnicdly vaid, cost-effective
water quality management program. Those who understand how the US EPA water
qudity criteria and state standards/objectives are developed, understand that these are
mandated by Congress to be based on a worst-case-based evauation that does not
necessarily consder Ste-gpecific factors that cause a potentia pollutant to be a non-
pollutant. The US EPA recognized this Stuation in adopting the water quality criteria
development approach, whichwas mandated by Congressas part of developing the Clean
Water Act.

The Agency (US EPA, 1994) devel oped the second edition of its “Handbook of Water
Quadlity,” which provides guidance on how to make ste-specific adjustments of worst-
case-based water quality criteria to consider the variety of factors that can cause
condtituents that are pollutants at some locations to be non-pollutants at others. Lee and
Jones-Lee (1996) have provided background information on this issue, where they
recommend that the first step in addressng an exceedance of awater quaity sandard is
to evaduate whether the standard is appropriate for a particular discharge to a particular
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waterbody. Further, the previous and current administrations of the US EPA have been
working to improve the ability to make ste-gpecific adjustments of worst-case-based
water quality criteria. These efforts arereducing the cost of the site-specific adjustments.

Need for Water Quality Impact Evaluation

A prime example of the need to conduct Site-specific studies of water quality impacts is
associated with the use of diazinon as adormant spray in orchards in the Centrd Valley.
Diazinon is an organophosphate pedticide that is applied to orchards during the winter to
control certain pests that damage crops the following summer. It has been found that
diazinonis highly toxic to certain types of zooplankton (smdl animals) that are part of smal
fishfood. A review of thetypesof organismsimpacted by diazinon showsthat only certain
types of zooplankton are affected. While under the current regulatory regime, unless
demongtrated otherwise, any aguetic life toxicity must be controlled at the source, it is
possible that the pulses of diazinon that are occurring today in stormwater runoff from
dormant-sprayed orchards are not causng dgnificant adverse impacts to the numbers,
types and characterigtics of degrable forms of aguetic lifein the receiving watersfor the
dormant-sprayed field runoff. There can be other forms of zooplanktonthat can serve as
larval fish food which are not affected by diazinon toxicity. It isaso possble, however,
that diazinon toxicity causes the death of key forms of aquatic life that are essentiad for
some important fish population devel opment.

While this Situation has been known for many years, it has not been adequately addressed.
Thereisneed to better understand the impacts of diazinon-caused toxicity onthe beneficia
uses of waterbodies. Thusfar, the agricultural community, pesticide manufacturers, and
the regulated community have been unwilling to support the studies needed to determine
whether the toxic pulses of diazinonassociated with its use asadormant spray inorchards
are causing sgnificant adverse impacts on the beneficia uses of waterbodies.

As it stands now under the current regulatory arena, it is likely that diazinon's use as a
dormant spray will have to be phased out, and some other pesticide or group of pesticides,
such as the pyrethroids, will be used in its place, which may, in fact, cause even greater
environmenta harm than diazinon. This Situation arises out of the fact that the current US
EPA Office of Pedticide Programs and Cdifornia Department of Pesticide Regulation’s
pesticide evauationprogram does not include eva uation of whether sormwater runoff or
irrigationwater releases fromareas where the pesticide has beenapplied cancauseaguetic
life toxicity in the receiving waters for these runoff/releases.

Lee and Jones-Lee (2002c) are developing guidance on the monitoring program that
ghould be conducted to determine if stormwater runoff or imigation tailwater
discharges/subsurface drain water releases are causing potentid water qudity impactsin
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the recaiving waters. They emphasize the importance of developing a comprehensive
monitoring program to monitor for al the parameters of concern, as opposed to the
current, somewhat piecemed approach of only addressing some of the parametersthat are
likely present in agricultural ssormweter runoff/releases.

As Leeand Jones-Lee stressed, it isimportant to develop the monitoring program based
on how various chemicas are used on agriculturd properties and the hydrology of
runoff/discharges from the areas of use. The routine one-sample-per-month (or some
other periodic sampling) typicaly does not provide the information needed to properly
evauate exceedances of water qudity objectives. A properly conducted monitoring
program focuses on event-based sampling, which istied to use and understanding of the
transport/fate of the congtituents to the areas applied and in the runoff/discharge waters.

Far too often, water quality management programs focus on chemical condtituent control
rather thanon chemica impact control. Asdiscussed by Leeand Jones-Lee (1999), there
isoftenapoor correlation between the concentrations of congtituentsand their impactson
aquatic lifeand other beneficid uses of waterbodies. Inorder to addressthisstuationLee
and Jones-L ee (1998) have devel oped what they cdl the Eva uationM onitoring approach,
which specificaly focuses on determining the impacts of chemica congtituents, rather than
their concentrations. Thisis the approach that should be adopted in managing violaions
of water quality objectives from irrigated agricultura runoff/discharges.

Need for Financial Support

Itisimportant in conducting the monitoring/eva uation programs to invalve dl stakeholders
in heping to design, implement and interpret the results of the monitoring/eval uation
program. It isin everyon€'s interests to develop a program that is acceptable to al of
those concerned about the potentia impacts of irrigated agriculturd runoff/discharges. It
will be necessary in getting stakeholders buy-in to these programs, to help financidly
support certain groups of stakeholders, such as environmenta groups, some agriculturd
groups and, in some aress, regulatory agencies. Without this support/buy-in the current
confrontationa approach will continue.  This gpproach is contrary to the interests of
irrigated agriculture, environmental groups, regulatory agencies and the public, since it
frequently leads to court-ordered decisions. Courts, under the current legd system, are
generdly not well-equipped to properly address complex technica issuesof water qudity
managemen.

CONCLUSIONS
Irrigated agriculture in the Central Valey of Cdifornia, as wel as esawhere in the State
and the US, facesamultitudeof TMDL s that arise out of existing or potentia exceedances
of water quality standards/objectives that are in place now or that will be developed over
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the next few years. It will be important for irrigated agriculture, regulatory agencies,
environmenta groups and members of the public to work together to eva uate the various
types of irrigated agricultura stormwater runoff/discharges, the exiding and potential
exceedances of water quality standards/objectives, and the water quality sgnificance of
these exceedances in terms of impact on the designated beneficid uses of the recalving
watersfortherunoff/discharges. If the exceedancesarefound to be adminigtrative, related
to the overly protective nature of worst-case-based water quality criteria/standards, then
work needs to be done to properly adjust the standards to protect the beneficial uses
without unnecessary expenditures for congtituent control in agriculturd runoff/discharges.

If it isfound that there are Sgnificant adverse impacts due to runoff/discharge-associated
condtituents, then gppropriately evauated and implemented management programs need
to be developed to ensurethat the dternative agriculturd practices are cost-effective and
religble in improving the beneficia uses of the recelving waters for the runoff/discharges.
A highly coordinated, integrated, stakehol der-based approachneedsto be devel oped and
implemented, wheredl interested partiescanwork together tohdp support viable irrigated
agriculture in the Centrd Valley.
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