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ABSTRACT

The San Joaquin- Tulare ConjunctiveUse Model (SANTUCM)was developedto evaluatepossible

long-termscenariosfor longtermmanagementof drainageand drainagerelatedproblemsinthe
i*

westernSan JoaquinValleyof California,The uniqueaspectof the conjunctiveuse modelis its

couplingof a surfacewaterdeliveryoperationsmodelwitha regionalgroundwatermodel. A salinity

' model has been added to utilize surface water modeloutput and allow assessmentof compliancewith

State Water ResourcesControl Board water quality objectivesfor the San Joaquin River. The results

of scenario runs, performed to date,using the SANTUCM model show that water table lowering and

consequent drainage reduction can be achieved through a combination of source control, land

retirement and regional groundwater pumping. The model also shows that water transfers within the

existing distribution system are technically feasible and might allow additional releases to be made

from Friant Dam for water quality maintenance in the San Joaquin River. However, upstreamof

Mendota Pool, considerable stream losses to the aquifer are anticipated, amounting to as much as

76% of in-streamflow.



INTRODUCTION

The continuedirrigationof agricultural land in the westernSan JoaquinValley of Califomiacould

eventually lead to drainage problems on 800,000 acres by the year 2040 (SJVDP, 1990). A number

of actions have been proposed to address this problem and related problems of soil salinizatlon and

high selenium concentrations in drainage return flows. The majority of these actions have focused on

the control of drainage problems at their source in order to reduce groundwater recharge and hence

reduce the need for drainage. Other actions include (a) regional pumping of groundwater to lower

high saline water tables; (b) selected land retirement to control regionalwater tables and reduce rho

capture of high salinity and high selenium groundwater by tile drains; (c) re-operation of reservoirs

such as Millerton Lake to allow greaterdrainage loading in the San Joaquin Riverduring certain critical

times of the year; and (d) replacement of existing tile drainage systems in selenium source areas with

moreclosely spaced, shallow tile drains.

THE DRAINAGE PROBLEM

The San Joaquin River servesonly the northern half of the San Joaquifl Valley, the San Joaquin

Basin. The southern half of the San Joaquin Valley, the Tulare Basin,drains to the south and does

not have a drainage outlet. Evaporationponds currently provide drainage disposal to approximately

15,000 acres of the Tulare basin. However, the costs of compliance with recently promulgated

evaporation pond regulations for construction and operation of these facilities make it unlikely that

many more will be built.

On-farm source-control solutions by themselves will not solvethe problem. Soil heterogeneity

and inherentdifficulties in the ability of irrigationtechnologiesto apply water uniformly limit the

potential improvement in irrigation efficiency possible, through the use of improved technologies. In

fact, overstatement of the potential for source control can le_d to the oversight of other measures that

become evident with a more macrospective or regional view of the overall water delivery and

groundwater system and their Interactions.

The Delta Mendota Canal (DMC) and California Aqueduct (CAQ), originate in the San Francisco

Bay Delta and provide much of the irrigation water'used on the west side of the San Joaquin Valley

and in the Tulare Basin. The Friant-KemCanal (FKC)delivers waterfrom Millerton Lake to users along

the foothills of the eastern slope of the Sierra. The Cross Valley Canal (CVC) is the other major surface

water conveyance structure inthe SanJoaquin Valley which transports water from the Aqueduct to

users along the eastern slope of the Sierra Nevada rncuntain range. Water flows into the Tulare Basin

originate from seven primary sources: King's,Kaweah, Tule, and Kern rivers and the DMC, CAQ and

FKC. Those spills from the King's Riverthat can be accomodated along the James By-Pass, flow

north into the San Joaquin River and into the Delta.

I



PLANNING STUDIES FOR FUTURE MANAGEMENT OF THE SAN JOAQUIN BASIN

A centralassumptionto mostplanningstudies(SJVDP, 1990), that havebeen conductedto

addressdrainageanddrainagerelatedproblemsinthewesternSan JoaquinValley, isthat the San

JoaquinRivercontinuesto beused as a meansof drainagedisposalto the limitof the river'_

' assimilativecapacity. "Themonthly assimilativecapacityof the river hasbeen defined interms of

compliance with the State Water Resources Control Board objectives for TDS, selenium and boron.

Most future scenarios developed in these planning studies (SJVDP,1990) led to an ultimate

reduction in future agricultural irrigationdemands for water supply. Opportunities exist for creative use

of this potentially available water supply to restore, mitigate and in some instancesenhance

environmental resources within the basin. The effect of drainage management plan on the future

operations of the San Joaquin River basin and the effect this plan might havewhen combined with

other management opportunities for enhancement of water quality, fisheries, wildlife habitat and

recreation.

MODELING OF SURFACE AND GROUNDWATER RESOURCES

A seriesof simulationand optimizationmodelswere constructedInthe 1970'sand early 1980'stO

studyalternativeoperatingpoliciesfor theCentralValleyProjectandto allowcloserco-ordination

betweenthe Federal and State water projects.Planningstudiesconductedusingthese modelswere

primarilyconcernedwithwaterquantityissues-the servicingof legalcontractsfor agriculturaland

municipalwater supplyand powercontracturalobligations.The issuesof environmentalprotectionin

these modelswere largelylimitedto themaintenanceof fishandwildlifehabitatinthe majortributaries

to the sanJoaquinRiverandthe San FranciscoBay Delta.

Waterqualityissueshavebecomeofgreatersignificanceinthepast 5 years. Computer-based,

simulationmodelscan aid incomprehensionof these interactionswhere sufficientdata has been

gatheredto permitmodel calibrationandvalidation.Incaseswheretheserelationshipscannotbe

formulatedmathematically,setsof rulescan bedevelopedsettingboundsorconstraintson such

factorsas minimalmonthlyflowsina riverto allowfishmigrationduringcriticaltimesof the year;

maximumpermissibledailywatertemperaturesto protectfishhabitator fishpopulations,or releasesof

water of adequatequalityto refugesto sustainwildfowlpopulations.These rulescan be incorporated

intodecisionsupportsystemsto assistinthe developmentandevaluationo, alternativesolutionsto

contaminationproblems,andto presentthesesolutionsina mannerthat aSIowsconsensusbuilding

amongpotentiallyresponsibleor affected groups.Plannersalso need to comprehendthe models

they use andto be ableto explainthe assumptionsmade bythese modelsto others.
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SAN JOAQUIN-TULARE CONJUNCTIVE USE MODEL

The San Joaquin-Tulare Conjunctive Use Model (SANTUCM)was developed by Boyle Engineering

Corporation and Water Resources ManagmentInc.underthe directionof the SJVDP. The modelwas

designed to allow the inclusionof water quality considerationsin long term water contractingstudies ,

and allow predictionof long term water supply and water quality trends and environmental effects.

SANTUCM simulates the surface water operations and groundwater flow within the San Joaquin-

Tulare Basin on monthly time interval. In the surfacewater portion of the model, the river system is

represented as a network of links and nodes as shown in Figure 1. In the groundwater portion of the

model, the groundwater aquifer system is represented by a two-layered, two-dlmensional finite

element network. The solution of the surface water model is achieved by mass balance calculations

whereas the groundwater flow model is solved numericallyusing the finite element method. The

model can be run in three different ways: (1) surface water model only; (2) groundwater model only

and (3) linked surfacewater and groundwater models. SANTUCM contains a salinitymodel which

tracks the salt (TDS)balance at each surface water node and its interactionwith Corresponding

groundwater finite elements.at surface water nodes along each of the tributaries and along the San

Joaquin River.

The groundwater model study area was divided into quadrilateral and triangular areas or elements,

chosen to recognize,to the extent possible, water districtboundaries, rivers, major tributaries and flow

restricting groundwater features. In the groundwater model, the flow calculations and flow interactions

between stream and aquiferare performed at the same nodes. In the surfacewater and salinity

models stream reaches are defined that comprise of a number of groundwater nodes. These nodes

were located at the confluences of rivers and larger tributaries, at major points of diversion along

canals and aqueducts and at reservoirs or locationsat which large quantities of surface water can be

stored.

The surface water components considered in the model are reservoirs (storage nodes); canal and

river systems (arcs or links); hydropower plants; natural flow and water import points (inflow nodes);

municipal, industrial, agricultural demand points (demand nodes); fish and wildlife flow requirements

(flow-through-demand links). The hydrologic processes modeled include evapotranspiration; direct

runoff; infiltration; stream and groundwater aquifer Interaction.

In the surface water model, the major inputs includestreamflows; irrigation efficiences; evaporation

rates; project and non-projectwater demands; reservoir storage limits; reservoir rule (flood control)

curves; hydropower parameters. In the groundwater model, the major inputs include the groundwater
o

grid system; groundwater levels and flow data; groundwater pumping data. Other inputs are soil type

and land use data; various Initial and boundaryconditions for both surface water and groundwater flow
e

components.

The major model outputs include flow values in streams andcanals; stream gains and losses; water
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deliveriesat variousdemand points;return flow rates; reservoir releasesand storagelevels;

hydropower generation; pumpingrates; groundwater levels; recharge factors.

The reservoiroperating criterion is based on den'lands. A demand is met by first pumping a certain

• (minimum) amount of groundwater and then deliveringsurface water to meet the remainingdemand.

If this isnot satisfied,the model assumesthat additional groundwater ispumped up to a certain

' maximum. The model recognizesthree types of demands: nonproject demand, sucl_as senior water

rights; project demands, suchas irrigation and municipal demands;demands to serve fish andwildlife

resourcesand navigation. Surfacewater available for nonprojectdemands is ba_ed mainly on available

natural inflowsfor a given time period. Surface water availablefor project demands aswell as fishand

wildlife is based on available natural inflows andwater that maybe drafted from reservoirs.

Reservoir releases are based on allowable storages, target storages, flood control rules and release

gate capacities, lt is assumed that the reservoiroperating rules (including storage criteria) have been

formulated based on some spectfl¢ objectives and constraints. Between competing reservoirs, the

priorityof which reservoirto drawfirst is basedon the so-called"space" rule. Inthe space rule, the

ratiobetween available (free) storage for a given time period and annual storable inflow (long term

annual difference of reservoir inflows a=nddemands) is computed for each reservoir. The reservoir

with a lowest ratio would have the hlghest prlortty among tile reservoirs from which water can be

drawn.

In SANTUCM, _hesurfacewater-groundwater linkage computationprocess is contained in a "do-

loop" by computing first the volume of water in the streams (in the surface water model portion of

SANTUCM) followed by calculationof 'Iheamount of stream gains or losses (in the groundwater model

portion) represent estimates of recharge or discharge, respectively in the groundwater. Then the

groundwater model isexecuted and new estimates of stream gains or losses are computed. These

new estimates of stream galns or lossesare applted to the streams ina second Iterationof the mass

balance routines in the surfacewater model. Mass balances are performed of TDS into and outof each

stream node once the surface water hydrology has been resolved.

PLANNING STUDIES CONDUCTED USINGTHE SANTUCM MODEL

The resultsof scenarioruns, perfo_rmedto date, usingthe SANTUCM modelshowthat watertable

loweringand consequentdrainagereductioncan be achievedthrougha combinationof source

control, land retirement and regional groundwater pumping. These scenario runs assumed a 1990

level of development for land use, storage and conveyance facilitiesand hydrology data for the period

1960 - 1977. A base run was madeto provide a datum to compare the results of the four scenario

runs shown in Figure 4. The model was operated to meet the SWRCB target of 500 ppm TDS at the
s

Vemalis monitoring site shown in Figurres2 and 3. The four scenarioswere formulated as

combinationsof the following actions:
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(a) Regionally controlled groundwater pumping combined with source control of Irrigation

applications, Additional groundwater pumping of 0.4 acre-ft/acre was assumed in candidate regions

with an aquifer depth of more than 200 feet of useable groundwater (lessthan 1250 ppm TDS) and

aquifer recharge from irrigation was reducedby 0.35 acre-ft/acre in the same areas (Figure 2). This

action resulted in an available water supplyof 130,000 acre-ft/year.

(b) The 130,000 acre-ft of water supply that would normally be delivered to these areas through the

DMCand CAQ will Insteadbe deliveredvia the CVC to the Frlant Kern Service area. This area is

currently served by Friant Dam and the FKC. If the CVC exchange capaclty is exceeded during any

month, this water is released from Mendota Pool irJtothe San Joaquln River to enhance,.,_iverflows to
i,,

aid fish migration. "

(¢) The 130,000 acre-ft are made available on thesame monthly distribution pattem as (b) but at

Mendota Pool via Salt and/or Mud Sloughs. The dual objective of this actlon is to enhance fish flows

and dilute contaminated drainage water returnflows to the San Joaquln River that occur above the

confluence with the Merced.

(d) Rettreor idle Class 4 (USBR classification)agricultural land in areas identifiedwith high salinewater

tables (depth to groundwater less than 10 ft) and with high selenium concentrations in the shallow

groundwater of greater than 50 ppb. A total of 75,000 acres are targeted resulting in an available water

supply of 198,000 acre-ft/year.

(d) Utilize the 198,000 acre-ft by off-setting monthly Frlant-Kem deliveries to the monthly capacity

constraintsof the CVC (as in (b)). Similarly, the excess water supply would be delivered via the DMCto

Mendota Pool.

Scenario 1 (a) + (b)

Scenario 2 (a) + (c)

Scenario 3 (d) + (b)

Scenario 4 (a) + (d) + (b)

RESULTS AND CONCLUSION_

The scenariosanalyzedwiththe SANTUCMmodelillustratethe utilityof couplinga surfacewater

deliveryoperationsmodelwitha regionalgroundwatermodel. The SANTUCM modelshowsthat

watertable loweringandconsequentdrainagereductioncan be achievedthrougha combinationof

sourcecontrol,land retirementand regionalgroundwaterpumping. The modelalso showsthatwater

transferswithinthe existingdistributionsystemare technicallyfeasibleandmightallowadditional

releasesto be made from FriantDam forwaterqualitymalntenar_einthe San JoaquinRiver.

In Scenario1 an averageof 113,000 acre-ft/yearwere releasedfromFriantDam in excessof the
i

base run. Spills during some years reduced the release belowplannedreleaseof 130,000 acre-ft. Of

the 113,000 acre-ftreleasedonly27,000 acre-ftreachedVernalisinany oneyear, a 76% loss(Figure



4). Mostof the stream-aqulfer lossesoccurred Inthe San Joaquln River In the reach Immediately

upstream of Mendota Pool. Pumping at 2040 levels over the projected 1990 - 2007 period results in

more than 5ft of drawdown over the entire pumped area and up to a 1 ft rise along the San Joaquln

• River above Mendota Pool.

In Scenario 2 releases made directly from Mendota Pool on a irrigationdemand pattern (similar to

° the drainage discharge pattern) Increasesthe monthlyflow In the San Joaquin River. Annual flows

reaching Vernalis amount to 127,000 acre-ft/_,r(Figure4). Groundwater effects are similar to those in

Scenario 1,

Of the 198,000 acra-ft/yr of water supply made available In Scenario 3, 68,000 acre-ftJyrcould not

be accomodated by the CVC and was releaseddirectly to the San Joaquin River at Mendota Poot.An

average Increasedflow of 100,000 acre-ft/yr reachedVernalis (Figure 4). Groundwater levels were

reduced by between 5 ft and 10 ft over the areas retired from irrigated agriculture.

A combined total of 328,600 acre-ft/yr was reallocated in Scenario 4, A total of 98,600 acre-ft was

d.lrectlydelivered to Mendota Pool and the remainder released from Frtant Dam. Losses along the

upper reaches of the river resulted In rising water tables in the groundwater aquifer along the river and

at the confluence of the San Joaqutn River and the Stanislaus River. The model shows that the mean

additional flow reaching Vemalis wouldbe about 220,000 acre-ft/yr (Figure4).

The large losses of surface water supply experienced along the upper reaches of the San

Joaquin River and at the confluence with the Stanislaus River in ali scenarios analyzed with the

SANTUCM model suggests that the resource cost of restoring the fishery in the upper San Joaquin

Rivermay be high. Water quality is enhanced mostcost effectively by directly divertingwater to

Mendota Pool. lt isanticipated that the SANTUCM model will enjoy considerable use in the current

efforts by State and federal Agencies to develop a water quality action plan for the San Joaquin River

Basin.
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