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1. NEEDS AND OBJ ECTIVES

The objective of this report is to draw together a system of computer-based planning models that can be used to
simulate the major hydrological and water quality characteristics of the San Joaquin Basin. These models range in detail
and in scope from those that simulate infiltration’ and drainage quality at the field level to those which simulate
groundwater and surface water flow at the scale of a river basm | . .

Current interest and ongomg investments in real time momtonng of flow and water quality at various control pomts
along the San Joaquin River pre-supposes that this information can be manipulated to improve management of flow and
‘water quality within the San Joaqum River. Flow and water quahty data by themselves will not be of great assistance in .
improving conditions within the San Joaquin River since at the time the data is received, the opportunity to have taken
actions will have passed. Furthermore the impacts of these actions on the river basin hydrolooy and environmental -
‘quality need to be understood i in advance to avoid conﬂict between the varlous parties directly or mdirectly affected by the
action. Analyses of these impacts is especially important as a result of the recent publication of D-1630 in draft form by :
the State Water Resources Control Board (SWRCB) and the recent passage of Public Law 102-575, Title 34 the Central
Valley Project Improvement Act These documents create new problems for water resources engmeers and planners to iv
solve and at the same time, create new opportunities for resolvmo old conflicts with creative solutions.

The contaminants carried by the San Joaquin River into the Delta will continue to limit potential use of Sacramento
- River Water for export as well as cause seasonal hardship tofarrriers in the South Delta, especially during the early spring
months. Prior waming of pulse flows or, at other times, reduced flows (typically associated with high conta.minant _
concentrations in the river) could assist Delta growers in timing their irrigation operations to coincide with periods of
superior San Joaouin River water qualityl -Prior warning of these events could be provided with the establishment ofa
system of stations prov1dmg real nme flow and water quality data. Real-time management of the flow and quality of
subsurface drainage return ﬂows to the San Joaqum River also may be made easier through the establishment of a
network of real-time flow and water quality momtormg_ stations in drainage conveyance channels serving agncultural )
“water districts as well as in the San Joaquin 'River.‘ Use of this data is predicated on an ability to make forecasts and
predict impacts in advance of prescnbed actions must be developed These analyses and projections. requrre the
development of accurate water flow and water quahty simulation models. o

In the past decade srmulation models of various components of San J oaquin Valley hydrology and water quality have
been developed. The objective in constructing these models was typically very specrﬁc such as thé estimation of
minimum leaching and dramage reqmrements to sustain plant growth on an individual field or the impact of barriers on-a
. Delta channel on salinity intrusion during times of high_D_elta export. Few of these models have been linked or have
been considered within a}hier'archical framework that follow salt from its dissolution at'the farm_level to'its capture .in
. drains, t:ransport to the San Joaquin River and the Sacramento-San Joaquin_ Delta and its possible return via the Delta
Mendota Canal or California Aqueduct to its point of oriéin's The challenge made in considering real time operation of

water quality and flow in the San Joaquin Basin is two-fold.’ First to develop an understanding of the working of the .



* system as a whole and second to use this knowledge to project future system behavior sufficiently to enable real time
. - management.

The goals of this preliminary effort are therefore :

(a) To catalog the existing models that have potential for incorporation into a hierarchical system model of the San
» Joaquin B'asin hydrology and water quality. ‘ ‘

®) To ascertain the capability and utility of each of these models in relation to other similar models. ‘

.(c) To show how these models might be linked and used within a hierarchical modeling system to predict and

project flow and water quality. -

The author does not have working expertise in the hydrodynamic flow models of the San Francisco Bay Estuary and
the Sacramento - San Joaquin Delta - hence a decision was made to limit this review to models of the San Joaquin Basin
~ which the author has been directly involved in developing or reviewing. A separate report will be prepared by
Reclamation staff comparing the various hydrodynamic flow models. Because references are made, within this document
to these models hence summary tables of the characterlstlcs of these models has been included (Table 1 and Table 2).

This review concentrates on models used in planning studies rather than for pro_;ect operation. Planning studies
typically compare and contrast the results of model runs and are not as concerned with absolute values of water levels or
temporal and spatial salinity concentrations as is true of studies of facility operations. Since it is envisioned that these
models will become part of a toolbox of models used smgly orina lmked manner to help solve water supply and water -
quality problems in the San Joaquin Valley, several criteria were paramount in model selection and in the manner in
which this review was carried out. These criteria were : _ |

‘(@) Model reliability and its ability to make accurate 51mulat10ns of the system Physxcs based models are O‘IVCH
preference over empirical models.

(b) The ease of use of the model and the time it would take for a novice user to become proficient in making
simulations with the model. User mterfaces and the inclusion of data pre—processors and output post-processors
can‘ have a great influence on making models more. understandable and in accelerating the novice user along the

"learning curve typically associated with data-intensive simulation models. |

() The relative expense of using and maintaining a model considers both the execution time of a simulation run
and the difficulty of updating the model to reflect current conditions or to create a planning scenario that hitherto
has not been developed for the model.

@ The architecture of the model and the input and output formats that affect the ease of linking one model with
| another. This can be affected by model time step (hourly, daily, monthly, seasonally or annual) and by the ease
 with which output data files can be manipulated.
L Thrs report includes a section on the utility of the various models reviewed for planning studies contemplated during
the next 5 years within Reclamation.. The manner in which these models could be used for these studies is described as

well as the effort that would need to be expended to link the models to make a more 'comprehensive analysis.



Table 1. Overview of the features of the selected models

MODEL NAME AND ACRONYM

Model type'

Model Status

Computer software /
minimum computer
hardware requirements
(micro/mini/mainframe)

User interface

Speed of
execution per
year simulated
(workstation)

Model
ownership /
public access

0 - no attempt
* - primitive
** - advanced

* < 5mins
** 5 .-30 mins
*** > 30 mins

HYDRO-DYNAMIC SALINITY MODELS

Fischer - Delta Model (FDM)

Hydro-dynamic stage and water quality

Fortran / workstation

**

Complete / in use [ H.B. Fischer /
. or main - frame proprietary
2 Wong and Chen Model Hydro-dynamic stage and water quality Under development Fortran / workstation [J ** Wong / USBR
) N or main frame public domain
3 RMA Link-Node Model Hydro-dynamic stage and water quality Complete / in use Fortran / microcomputer [ ** RMA
: . or workstation public domain -
4 DWR Delta Simulation Model (DWR-DSM) Hydro-dynamic stage and water quality Complete / in use / Fortran / SUN ** ** DWR
. . ongoing development workstation proprietary
REGIONAL BASIN MODELS _ '
5 San Joaquin Area Simulation Model Monthly surface flow balance - Complete / in use Fortran / o * USBR
(SANJASM) ) IBM compatible 386 public domain
6 San Joaquin - Tulare Conjunctive Use Model Monthly surface and groundwater flow Needs more work Fortran / ) o * USBR
(SANTUCM) incomplete salt model 1BM compatible 386 . public domain
7] Westside Agricultural Drainage Economics Model Seasonal groundwater flow and .Complete GAMS - MINOS * * USBR
(WADE) salinity mass balance ; optimization Unix workstations public domain
8 South Delta Salinity Model (SDSM) Monthly salinity balance and user Complete / in use C/Macintosh I or hid * ucb
interface for RMA link-node modet IBM compatible 386 unknown
9entral Valley Groundwater and Surface Water Mode| Monthly groundwater flow 'Comp]ete' /inuse Fortran / IBM 386 * * USBR
(CVGSM) ' public domain
SUB-REGIONAL MODELS
10 Grasslands Water Quality Simulation Model " ‘Monthly flow and selenium balance Complete Fortran / * * USBR
(GWSDN) : IBM compatible 386 public domain
GWSDN - STELLA Monthly flow and selenium balance Under development STELLA / MacIntosh hid * LBL/USBR
Natural Resources Workstation (NRWS) Hydrodynamic flow and water quality Under development | SUN / AVION workstation ** * CSU /USBR
11 Irrigation and Drainage Operations Model Monthly groundwater and salinity ; Complete / ongoing GAMS-MINOS / * * USBR
(IRDROP) optimization development IBM 386 / Unix workstation public domain
12| San Joaquin Input-Output Model (SJRIO2) Monthly surface flow and water quality Complete / in use Fortran / * ¥ SWRCB/UCD
ongoing development . VAX workstation public domain
13 San Joaquin River Model (SJRMOD) Monthly surface flow and water quality | ongoing.development Visual basic * * ucb
' ) TBM compatible public domain
FIELD SCALE MODELS
14 Conceptual Hydrosalinity Model (HYSAM) Hydrosalinity mass balance Complete / in use Fortran / * * UcCD
ongoing development |MacIntosh / IBM compatible] public domain
15]  Drainage Simulation Model (TOUGH2-DSM) Groundwater flow and solute transport Under development Fortran / 0 rk LBL/USBR
) CRAY supercomputer / public domain

SUN / AVION workstation




Table 2.  Utility of the selected models for Reclamation studies

*

MODEL NAME AND ACRONYM Actions to meet water Salt balance in the Drainage reduction Surface and Structural options Bay - Delta
quality objectives for San Joaquin Valley policies and groundwater to control stage water quality
SE,Band EC - planning conjunclive use and water quality issues
o - should not be used
KEY * - can be used indirectly or with other linked models
** - can be used directly
HYDRO-DYNAMIC SALINITY MODELS
1|Fischer - Delta Model (FDM) * * * o ** ¥
2|Wong and Chen Model * * * o ok Ckk
3IRMA Link-Node Model * * * o ok **
4!DWR Delta Simulation Model (DWR-DSM) * * * [} Hok ) *k
- |REGIONAL BASIN MODELS
5|San Joaquin Area Simulation Mode! - *x * * ok [ *
(SANJASM)
6]San Joaquin - Tulare Conjunctive Use Model *k ** * ** [ *
(SANTUCM)
7| Westside Agricultural Drainage Economics Mode} *k *x o *k [ *
(WADE)
8 South Delta Salinity Model (SDSM) * *k * * *ok ok
9|Central Valley Groundwater and Surface Water * * *. ** o *
Model (CVGSM)
SUB-REGIONAL MODELS ;
10| Grasslands Water Quality Simulation Mode! * * * o o *
(GWSDN) ) .
GWSDN - STELLA * * o - o
- . |Natural Resources Workstation (NRWS) * o * * .0
11}Irrigation and Drainage Operations Model *k ok il ¥k [
(IRDROP) - .
12[San Joaguin Input-Output Model (SJRIO2) *ok ek *k * * *
13]San Joaquin River Mode! (SJRMOD) ** *k *% * * *
FIELD SCALE MODELS . )
14] Conceptual Hydrosalinity Model (HYSAM) * *k * * [} o
. ~ . N
15|Drainage Simulalion Model (TOUGH2-DSM) * * * o o o




2. REGIONAL BASIN MODELS

.21 SANJASM (San Joaquin Area Simulation Model)

—~ 2.1.1 = General description and purpose of model

' The San Joaquin Area Simulation Model (SANJASM) simulates surface water operations within the San
Joaquih Basin between Millerton Lake and the I_)élta_ The model considers salinity only to the extent that New
Melones is operated in such a manner to meet 'objéctives for total dissolyed solids set at the :monitoring station

at Vernalis.

2.1.1.1  Geographic extent of the model
The SANJASM area is shown in Figuré 1 and covers the upper twd-thifds of the San Joaquin Valley from the
San Joaquin River at Mendota Pool northward to the Sacramento - San Joaquin River Delta.. The model
considers the SanJ oaquin River and its tributaries including the Cosumnes, Mokelumne, Calaveras, Stanislaus,

Tuolomne, Merced, Chowchilla and Fresno Rivers.

2.1.1.2 Features of model ,
The SANJASM was designed as a planning tool to help evaluate the impacts of alternative instream flow

] criteria, possible changes in opefations, increased conjunctivé use of groundwater resources, power generation
and new physical facilities. The model performs mass balances of flow along eaéh stream reach subject to
operating rules for upstream reservoirs and irrigation demands at known diversion points. Operating rules
include criteria such as Corps of Engineers flood control storage lumts downstream fishery ﬂ0w$ (where
applicable), minimum storage levels, releases for downstream senior water rights holders, lake evaporation and
power releases. ‘ o '

' ‘The SANJASM calculates groundwater pumping as a residual when irrigation water demands’ are not
satisfied by surface water diversions and project deliveries. A minimum and maximum amount of pumping are
_ assumed for each area associated with a river node in the model. A shortage is indicated when water demands for
‘ these areas can be met neither by surface water supplies or groundwater pumping. The model does not calculate
stréam - aquifer interactions but rather reads stream éccretions or depletions from a file which provides a time

series of these fluxes which vary according to water year type.

2.1.1.3  Capability of the model : flow / flow and wafer quality -
The model deals primarily with flow and servicing of legal contracts for water supply. The model does not
_ explicitly consider water quality. A regression relationship“has been developed between flow and TDS at the
Vernalis compliancé point on the San Joaquin River. The SANJASM uses this relationship to estimate TDS
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and lrence calculate the volume of monthly -release from New Melones reservoir. on the Stanislaus River to meet
the 500 ppm water quality criterion at Vernalis.. Maintenance of the 500 ppm TDS criterion is required' under
‘ ~ Reclamation's water right perrmt for New Melones Reservoir to provide suitable ﬂushmg flows for agricultural
- : operations in the South Delta.

2.1, 1 4 Simulation time step
The SANJ ASM utilizes a monthly time step and summarizes results by water year. The ‘model does not route
flow along the river network. Use of a smaller time step for the mass balance calculations would involve
- considerable expansion of the already - large database required to run the model because many of the reservoir -
operating rules and flow constraints are data-driven. Accounting errors in the flow mass balance would be more
- :  likely at timesteps of a week or less because of the time of travel between the reservoirs and the gauging,
v stations on the San J oaquin River, upstream of the Delta. The travel time between the east-side reservoirs and
the Vernalis gauging station typically varies between 3 and 10 days depending on the tributary under

- _ . consideration and the river stage.

-2.1. 1 5. Computer requrrements and portability ‘ . v
The SANJ ASM was designed to run on an IBM compatible AT computer. The model was originally compiled
using MICROSOFT Fortran and has been modified to allow it to run under LAHEY Fortran, The LAHEY ‘ |
compiler utilizes exte_nded memory and provides some advantages in speed of model éxecution. The model runs

in less than 2 minutes on an IBM compatible 486 - 33 MHz machine for a simulation period of 70 years.
2.1.2. Model developrnent

2.1.2.1 Reasons for development of . the model
Water resource management in the San Joaquin Basm is complex Operating rules for the numerous TESETVOIrs
| within the San Joaquin Basm are variable and have been modified over ume in response to modifications in
physical structures and in water allocauon policy. Water allocation planning studies typically use modified
" (projected) historic teservoir inflow data together with demands for water supply at either present level or a
projected level. With increased demand for water and continued mterest in obtaining multiple ‘benefits from
" reservoir releases, a surface water simulation model was needed to rmprove estimation of long term reservoir

storage and the effects of various water allocation and water contracting policies.

2.1.2.2 Hlstory of development and use of the model ) )
| Reclamatmn retained Boyle Engmeermg Corporation in July 1988 to commence development of the model.
Public workshops on the design, calibration and use of the-model were conducted during March, 1991 to
promote awareness of the model. ThelSANJ ASM has been used for water allocation studies by Reclamation



since 1990 and has most recently been used by the SWRCB for estimating tributary inflows and providing input
to the STRIO-2 model. | - -

2.1.2.3  Further development of the model and intended future use

»

At the time of writing the SANJASM database includes water years from 1922 to 1980. Reclamation has made
a commitment to extend the database to the year 1990 and update agricultural demand estimates to a 1990 level
of development. During 1992, modifications were made to the code to improve model performance and 4 ﬂ
accuracy. Significant changes include: updated regression equations to use forecasted inflow which better
describe flood control operations at Millerton Reservoir and addition of a node upstre_am of the confluence of the
Merced River which aids representation of combined irrigation surface and subsurface return flows from Mud and
Salt Sloughs. The sloughs contribute between 50% and 70% of the total salt load conveyed by the San Joaquin -
River. The additional model node will assist in calibration of the SANJASM and in ihe evaluation of potential

changes to current reservoir operating rules as a means of improving flow conditions and water quality in the

2.1.3

2.1.3.1

lower San Joaquin River and in the South Delta. The SANJASM is being used to compare alternative water

allocations for the Friant Division Environmental Impact Statement.

Evaluation of the model

Predictive capability and: model rellablllty

The SANJASM is a monthly model which attempts to sxmulate major water flow between a number of control

points along the San Joaquin River and within the various east - side tributaries to the San Joaquin River.
Groundwater accretions or depletions to and from the San Joaquin River between these control points are
assumed constant with water year type (wet, normal, dry and_critically dry) and also do not vary with temporal
changes in regional groundwnter levels in the vicinity of the river. These accretions and depletions can
constitute a significant propomon of stream flow along certain stream reaches and are crmcal to the accuracy of
flow esumauon '

‘The model uses a simple aloomhm to detenmne regional groundwater pumping The total annual amount

of groundwater pumping is esnmated based on year type - monthly drstnbuuon fractions are applied to this

“annual amount to determine monthly pumping volumes. Minimum and maximum monthly pumping volumes

are established for each model node The minimum amount of groundwater pumping is used, initially, to meet
the demand(s) at each model node next pro;oct and non-project surface water supplies are used; and if demands
remain unsatisfied, groundwater pumping is apphed to the maximum monthly level.

Further deliveries to meet demands at a node would be made from allocated reservoir storage. The
assumption of static maximum monthly pumping amounts may be unrealistic over thelong term because
aquifer safe yields may have declined over time owing to over-pumping in the past and consequent subsidence

due to aquifer compaction. These estimates do not consider the installed capacity for pumping groundwater in
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each area nor do they consider the high cost of pumping this water. Reclamation has contracted with James

Montgbmery Engineers to improve upon and update aquifer safe yield data which should help to refine the
existing pumping data. ' '

2.1.3.2 Data requirements
The primary data réquimments for the SANJASM are inflows, irrigation efﬁcienéies, evaporation rates, project
and non-project water demands, reservoir storage limits, reservoir rule curves and hydropower parameters.
Measured flows at gauging stations along the main stem of the San J oaquin River and its tributaries and
measured EC at Vemnalis are used to calibrate the model. |

2.1.3.3 Model outputs ‘
Model outputs include flows in the San Joaquin River and its major tributaries, water deliveries at various
demand points, return flows, reservoir releases, reservoir storage levels and groundwater pumping amounts. The

, monthly mean salinity at Vernalis compliance point is also determined. .

2.1.3.4  Ease of calibration and performing _model runs
' The model can be calibrated against historic stream flows. Changes in reservoir developmeﬁt over the past 30
s years and the inadequacy of river gauging sites and flow data make model calibration difficult. In calibration
| . Teservoir release patterns, stream accretiohs and.deple‘tions and streambed leakage are the primary factors that are
adjusted to match the historic stream flow time series. Performing model runs is relatively easy, howevef
simulating the effects of structural changes or policy actions may'involve considerable time expenditure in
manipulating the data files. Calibration of the model cannot be performed for studies which use current or future
projected levels of development and for which measured flow data are not available. '
2.1.3.5 Relative expense of using and maintaining model
The model is inexpensive to use, since it runs reasonably quickly (short execution tiihe) on a MiCrocomputer.
Maintaining the model is also relatively inexpensive - however any updating of the model to a future year
h§drology can take a large amount of time and requires a clear understanding of the assumptions made by the
model. Reclamation is working on making the model more usable by simplifying the model logic and
providing more complete éomments within the codé. Data sets are being restructured for easier nianipulation

and modules to create graphic output are being added.

2.1.3.6 Ease of linking with- other models
The model can be liﬁked with other monthly models. The model waS linked with a finite element groundwater
model, the IGSM to cfeate the SANTUCM. The SANTUCM is described in Section 2.2 of this report. The
model has also been used to provide boundary flows to the SWRCB SJ RIO-2 model (discussed later) without



utilizing a formal linkage. The SANJASM provided hionthly flows along the major east-side tributaries to the”
SJRIO-2 model, constituent concentrations of these flows (selenium, boron, molybdenum and_TDS) can be
assigned to these flows in a separate datafile. These copcentrations might be developed from historical records
(the SWRCB has developed a database of flow and concentration data for the period 1975-1990) ; prior year
concentrations could be assigned based on similar water years. _ : i '

An graphics - based, user interface is currently being developed for Reclamation's PROSIM (Project
Simulation Model) by CADS-WEST for application on the Aviion workstation. The same technology could be |
applied to the SANJASM which would make the model both easier to comprehend and use. Should this be
undértaken, it would aSSiSt.it.l the eventual h;lkage of the SANJASM to a Geographic Information Systevmv ’
(GIS) such as ARC-INFO. A GIS would be useful for display and analysis of spatial data such as cropping -
patterns and water requirements that are important for célculating water demands in the model.

2. 1.3.7  Previous peer review .
The model has been described and demonstrated to the public in two workshops, held‘ prior to completion of the
- model. Informal review of the model has been performéd by the SWRCB and at the DWR. Continuing review
and development of the model is being conducted by the Water and Power Resources Bréx_lch, Division of

Planning and Technical Services (MP-710), within Reclamation.

2_. 1.3.8 Model deficiencies and how these are being addressed : )
* The severity of certain model deficiencies depend on the studies to be conducted with the model. For many
~ simulation studies, use of historical stream gains/losses can be broblematic, eépecially in studies where aquifer
pumping may be large and varies significantly within the year and between different years. Aquif_erbsafe yield is
assumed to be static over the period of simulation, an inaccurate assumption, given the large amount of
subsidence recorded in the western San Joaquin Valley, in particular in ihe vicinity of the city of Mendota.

* Current work being conducted for Reclamation by James Montgomery Engineers (JMM) in improving the
Central Valley Groundwater and Surface Water Simulation Model (CVGSM) model and in developing the Friant
Surface Groundwater ahd Surface Water Simulation Model will help address these deficiencies. Reclamation
proposes to use the FRIGSM and the CVGSM to set monthly stream-aquifer flow amounts without formally
linking the models. Iterations of the surface water modél énd groundwater models .will need to be performed to

avoid mass conservation errors in the water balance.

2.1.4. Utility of the model for Reclamation planning studies
2.1.4.1 Actions to meet water quality objectives in the San Joaquin River

The model simulates water quality at Vemalis, using a simple regression algorithm. - This regression provides

only approximate values of monthly mean TDS. Except for studies which are concerned only with the
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maintenance of water quality at Vemalis the model is of limited utility for studies of the other three trace
elements of concern to the SWRCB, namely selenium, boron and molybdenum. 'However if the SANJASM
were linked with the SJRIO-2 model (discussed later), the model then would become a useful tool for evaluating
the effects of changes in reservoir operations on the east side of the San Joaquin Valley and on in-stream water
quality. The STRIO-2 model utilizes more stream nodes and therefore does a better accdunting of salt and trace
element load accretions or depletions. This is especially important in the case of selenium which is not

conservative and can be metabolized by algae and certain aquatic plants.

2.1.4.2  Salt balance in the San joaquih Basin :
The SANJASM performs monthly flow balances along the San Joaquin River but cannot be used to perfdnn
salt balances. When linked to a model such as STRIO or SJRIO-2 (described later) the SANJASM can be used
to provide monthly tributary flows at the boundaries of the moré detailed water quality model. The SWRCB has
used the SANJASM in this manner to estimate the probability of exceedence of SWRCB objectives for the San

Joaquin River under a variety of hydrologic conditions.

2.1.4.3 Dr'ainage reduction policies and- planning
The SANJASM treats surface and subsurface return flows as a combined surface inflow to the San Joaquin River
and its tributaries. The major impact of drainage reduction policies will be on the load of contaminants
transported to the San Joaquin.River and on the resulting in-stream water quality. Drainagg reduction policies
- -will also reduce the volume of these flows that discharge to the San Joaquin River. Because drainage reduction

policies most always result in reduced groundwater recharg’e, these policies will also reduce stream gains
through groundwater accretions. However, without a linked grm_mdwater quel it is not possible to estimate the

_ magnitude of this reduction. As previously discussed, the SANJASM does not perform salinity balances, bence

-, the impact of these policies on water quality cannot be deternﬁned.

- 2.1.4.4  Surface and grbund water conjunctive use planning in the San Joaquin Basin
Projected level stream gains or losses can be read into the model as a time series or may be calculated based on
aregression which includes two terms that describe groundwater pumping. The model is of limited value for
assessing stream-aquifer interactions or the effect of groundwater pumping on stream flows owing to the
mediocre performance of these regression reléﬁonships. Groundwater pumping amounts aré estimated for each
model node by the SANTASM, using logic described earlier - the effect of substituting groundWater for surface
water supplies can be evaluated in terms of reservoir storage and contraéted water supply. Conjunctive use of
groundwater resources within the San J oaqdin basin also may be used to replace or suppiement water supply for

- fish and wildlife, for in-stream flows during critical periods, or for refuge water supply.
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" 2.1.4.5 - Structural options to control stage and water quality in the South - Delta

2.1.5

2.1.6

-

The downstream boundary node of the SANJASM is the control point at Vernalis. Hence, structural options for
controlling water stage or salinity intrusion in the South Delta cannot be evaluated with the SANJASM.

If linked with a Delta hydrodynamic flow model the SANJASM could be used to evaluate the effect of
alternative resefvoir release policies on flow to the Delta. Howg'ver, the SANJASM could not be used to
evaluate the impacts of these policies on Delta water quality, with any degree of confidence. The SANJASM is
not a water quality model and the relationship between flow and salinity at Vernalis is not reliable under
operating policies thai might differ from'historic operating policies. .

Overall assessment and recommendations

The SANJASM is a unique model for evaluating the effect of alternative reservoir operation and instream flow

~ criteria on contractual water supply in the San Joaquin Basin. The model contains detailed descriptions of the

operating policies and in-stream flow requirements for the major' tributaries of the San Joaquin River and hence
may be ﬁseful if linked with models such as the SJRIO-2 model to simulate monthly water quality in the San
Joaquin River and with any of the Delta hydrodynamic flow models to simulate mean San Joaquin monthly
inflows into the Sacramento - San Joaquin Delta. The model cannot be used for conjunctive use planning.since
there is no wayb of assessing the effect of groundwater pumping strategies on aquifer water levels or stream

aquifer accretions or depletions.
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2.2. SANTUCM (San Joaqum-Tulare Conjunctlve Use
I | | Model)

2.2.1. General description and purpose of model
The SANTUCM' compnses three separate models a surface water model , a groundwater model, and a salmity
‘ » ‘model. The SANTUCM was developed to simulate both surface water operations and the interaction between
surface water flow and regional groundwater within the San Joaquin and Tulare Basins. A salinity model was
developed to perform simple mass balances of salt load along the ma]or tributaries and along the main stem of
A the San Joaquin River. The coding for the salmity model has been completed but the associated database of salt
concentrations for each stream or aquifer accretion has not been developed nor has the salinity model been
calibrated or verified by the model developer. The current model is therefore limited to analysis of conjunctive
use strategies that entail some tradeoff between groundwater pumping and surface water deliveries and that have
- potential for affecting stream gains or losses and to the same studies that can be pe'rforined with the SANT ASM.
2.2.1.1  Geographic extent of the model
The SANTUCM simulates surface water operations and groundwater flow within the San Joaquin Basin between -
Millerton Lake and the Delta including the Calaveras, Stanislaus, Tuolomne, Merced, Chowchilla and Fr_esno
Rivers (Figures 2 and 3). In addition the model considers historic operatio_ns of reservoirs and canals and .
groundwater ﬂow within the Tulare Basin. The Tulare Basin covers the southem end of the San Joaquin Valley
and extends from south of Mendota to Bakersfield. The major project features modeled in the Tulare basin are
the Fnant Kern Canal King's River, Tule River, Kaweah River, Kem River and the Cross Valley Canal.

2.2.1.2  Features of model
 The model is designed as a planning tool to help evaluate the imbacts of alternative instream flow criteria,
changes in operations, increased conjunctive use of groundwater. resources, power ‘generation and nev? physical
facilities within tbe San Joaquin _Basin. The current SANTUCM surface water model is an older version of the
SANJASM, with the addition of the Friant-Kern Canal and the project facilities described above. Substitution
of the most recent version of the SANJ ASM could be made without difficulty. Although the model attempts to
slmulate pro;ect operation in both the San J oaqum and Tulare Basms only the reservoir operations in the San .
J oaqum Basin are time independent and descnbed by program loglc Withm the Tulare Basin the model -
eveloper- found it more difficult to describe operations by logical expressions and hence used the historic time -

" series to simulate stream releases and diversions. This limits the utility of the SANTUCM for certain planning

studies in the Tulare Basin. o
~ The surface water model performs mass balances of flow-along each stream reach, subject to operating

rules for upstream reservoirs and irrigation demands at known diversion points. Operating rules include criteria
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such as the Corps of Engineers flood control storage limits, downstream fishery flows (where appﬁeable),
minimum storage levels, releases for downstream senior water rights holders, lake evaporation and pov(rer
releases. The groundwater model'uses finite element analysis to calculate water levels as affected by irrigation
recharge, groundwatef pumping, crop evapotranspiration, changes in aquifer storage and the interaction between
surface water and groundwater. A iinkage subroutine performs two Or more iterations of the surface and
groundwater models with the underlying assumption that estimates of stream gains and losses made by the
surface water and groundwater models converge sufficiently by the second iteration to be inconsequentjal.
Review of the SANTUCM, conducted by LBL and UC Berkeley (T abios; Quinn and Shen; 1991) showed that
this assuiuption was generally true only for a losing stream. The salinity model, which at the time of writing
has ncit been completed or calibrated assigns salt concentrations to each of the nodal inflows or outflows and

. computes a salinity balance along the main stem of the San Joaquin River.

2.2.1.3 Capability of the model : flovt / flo'w ‘and water un‘ality
The SANTUCM provides addluonal capability, not offered by the SANJASM, in bemg able to calculate river
gains and losses and (if completed) to calculate salinity mass balances along the main stem of the San Joaquin
River. As previously discussed in Section 21, ti_rue series estimates of gains and losses to the river used by
the SANf ASM can cause probiems when used for model runs for future projected conditious, since there is no
guarantee that. future interactions between utream' and aquifer will emulate those of the past, even for similer
: hydrologlc years. A common deﬁcnency of both the SANTUCM and the SANJASM is that the' small number

of nodal points along the main stem of the San Joaquin River, used to repon river gains and losses makes the
model difficult to calibrate or venfy. This deficiency is particularly acute for the salt model which (even after
.calib_ration) is particularly sensitive to loading from two point sources, Mud and Salt Sloughs. As with the |
SANJASM, the model sltould be used only as a planning tool for comparative analysis. The STRIO-2 model

‘ could be substituted for the SANTUCM salinity model to obtam more accurate estimates of in stream water

quality along the main stem of the San Joaqum River.

2.2.1.4 Simulation time stepv

' The model performs monthly water and salt balances and calculates annual suntnlaries of total ﬂow and salt load
for each model node. More frequent accounting of flow and salt load would involve consnderable expansion of
the large database required to run the model, since many of the reservoir operatmg rules and flow constramts are
»data-drxven. The lag between releases from reservoirs simulated in the model and eventual transport to the TDS
compliance point at Vernalis can range from 3 - 8 days depending on the tributary under consideration and the

~ monthly ﬂew volume between model nodes. The surface water subroutines of the SANTUCM,, like those in

the SANJASM, - do not route. flow along the channel network - hence accountiug errors in the flow balance

~ would increase as the reponing interval approaches the travel time between model nodes. No real advantage
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would be gained from accounting periods of less than one month in the groundwater model, since most of the

_ input hydrologic data is derived from average annual estimates.

2.2.1.5 Computer requirements and portability
The SANTUCM requires an IBM compatible _386 or 486 machine capable of utilizing extended memory. The
Lahey™ Fortran compiler was used together with the SPINDRIFT™ utility MAXFILES to improve program
execution time and allow more than 20 input data files to be opened at the same time. The model runs in less

than 20 minutes on an IBM compatible 486 - 25 MHz machine for a simulation period of 17 years.

12.2.2, M'ode_l development

2.2.2.1 Reasons for development of the model _
The SANTUCM was intended to allow more accurate prediction of stream-aquifer interactions , especially for
conjunctive use studies, where gronndwater pumping might be expected to have an effect on stream accretions or
depletions. Another intended purpose of the model was to consider salinity balance in the San Joaquin Basin and
to permit the impact of conjunctive use policies on water quality to be evaluated. The developer of the model
failed to fully test and develop a database for the salinity model - hence it can only be used for the former

purpose in its current state of completion.

2.2.2.2 History of development and use of the model .
The San Joaquin Valley Drainage Program retained Boyle Engineering Corporation in July 1989 to extend the
. development work on the SANJASM by including the major project facilities in the Tulare Basin and to link
- the combined model to a regional groundwater model of the San J oaquin Valley. Public workshops on the -
design, calibration and use of the model were conducted during March, 1991 to promote awareness of the model.
The SANTUCM has been used to evaluate the impact of components of the San Joaquin Valley Drainage

Program Final Plan on water tables in the study area and on water quality at Vernalis in the San Joaquin River.

2.202.3 Further development of the model and intended future use

' The SANTUCM was evaluated by LBL between August and December, 1991. The linkage between surface and
groundwater models was shown tobe handicapped by certain conceptual problems, convergence was not obtained
between surface water estimates of stream gains or losses at several of the surface water nodes (Tabios, Quinn
and Shen; 1991). This problem resulted in poor prediction of stream - aquifer flow interactions at these nodes.

Needed enhancements to the existing model are an increase in the number of nodes between Mendota Pool and
the Merced River and the development of a drainage algorithm or subroutine for the groundwater model to allow
the independent estimation of subsurface (lrainage flows from agricultural land. Subsurface drainage flows are

mixed with surface irrigation return flows and conveyed to the San Joaquin River. Incorporation of water quality
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in the groundwater model would improve estimation of the quality of these subsurface drainage flows as well as
the mass of salt gained or lost from the San Joaquin River due to stream gains or losses.

The SANTUCM is not being currently being used by Reclamation , largely because of a low level of
confidence in the current surface water - groundwater linkage. The model could be of some assistance in the
evaluation of alternative actions for the current Friant EIS study. Alternatively, iterating the SANJASM and
the CVGSM would accomplish the same goal, albeit less efficiently and with a much larger expenditure of staff

time.
2.2.3. [Evaluation of the model

2.2.3.1  Predictive capablllty and model rellablllty
The SANTUCM was developed as a regional planning tool and was not intended to be used for making
predictions of surface and groundwater flow or for making system operations decisions. The model is
sufficiently detailed to allow general hydrological differences between alternative scenarios to be determined; the
level of confidence associated with these comparisons depend on the nature of the scenarios. Iterating the surface
water and groundwater models occasionally Ieéds to numerical oscillation of predicted stream gains or losses.
Stream gains or losses are calculated independently by the surface and groundwater models, h_enée numerical
convergence of these values would increase the level of confidence in the model. A numerical scheme to force
this convergence was recommended in the LBL - UC Berkeley report (Tabios, Quinn and Shen; 1991). The
salinity model has not been calibrated or Qeriﬁed and therefore cannot be evaluated at this time.

2.2.3.2 ~ Data requn'ements
The primary data requirements for the surface water model of the SANTUCM are inflows, irrigation efﬁcnenmes,
evaporauon rates, project and non-project water demands, reservoir storage limits, reservoir rule curves and
minimum flow requirements. The groundwater model requires aquifer parameter data for each polygon in the
finite element mesh as well as regidnally averaged rainfall, pumping, irrigation recharge, rainfall,
evapotmnspiratioh and initial water table and pieziometric héads. -Boundary conditions must also be established
for the groundwater modei. Groundwatef levels at indibvidual observation wells and stream gauging data are used

in model calibration and verification.

2.2.3.3  Model outputs )
The primary outputs from the SANTUCM are flows in the San Joaquin River and its major tributaries, water
deliveries at various demand points, return flows, reservoir releases and storage levels. Groundwater pumping
activity levels can either be specified or calculated within the surface water model. Output from the groundwater

model includes final water table elevations, groundwater flow and aquifer gains and losses at each river node.
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2.2.3.4  Ease of calibration and performing modei runs

The model was calibrated against historie stream flows. Stream accretions and depletions are the primary factors
that are adjusted to match these stream flow levels. Performing model runs is relatively easy, however _
simulating the effects of structural changes or policy actions may involve considerable time expenditure in
manipulating the data files. The groundwater model was verified by matching measured water levels to predicted

- water levels for a time period independent of the period used for model calibration. This is a time consmhing
activity and is complicated by the fact that land use, irrigation and drainage data is more readily available in
some areas than in others. Many of the alternatives analysed with the SANTUCM required modifications to -

. both groundwater and surface water models. The salinity model has not yet been completed by Boyle

- Engineering Corp., nor has it been calibrated for the 17 year period hydrologic time series 1960 - 1977, used for -

the model simulations.

2.2.3.5  Relative expense of using and maintaining model
 The model is inexpensive to use, since it runs relatively quickly on a microcomputer, although execution times
are considerably longer than the SANJASM if the model is run with the option to include the groundwater
model. The salinity model does not add signiﬁca;itly to the speed of execution. Maintaining the model is also
relatively inexpensive - however any updating of the model to present year hydrology can take a large amount of

time and requires a clear understanding of the assumptions made by the model.

2.2.3.6 Ease of linking with other models - v ,
The model can be linked with to other monthly models in similar fashion to the SANJASM. To create the
SANTUCM, the surface water subroutines within the SANJASM were coupled with a finite element
groundwater model, the IGSM The SANTUCM linkage also allows these models to be run independently.
The IGSM was a precursor to the CVGSM, described in Section 4.3. The model could be linked with the
SWRCB SJRIO-2 model without much additional computer codmg. The SANTUCM could provide monthly
ﬂows to the STRIO-2 model; .constituent concentrations of these flows (selenium, boron, molybdenum and
TDS) would need to be assigned to these flows in a separate datafile. These concentrations might be developed
from historical records (the SWRCB has developed a database of flow and concentration data for the period 1975-

©1990); prior years could be assigned based on similar hydrologies using a methodology similar to that use by

Swain (1991). The SANTUCM al‘sovestimates stream gains or losses for each river reach attributed to a
groﬁndwater node in the groundwater model and then summarizes and transfers these estimates, aftera 'user-

- specified number of iterations of the two models, to the nodes of the surface water model. The STRIO-2 model
makes estimates of groundwater accretions every mile along the San Joaquin River. The SJRIO-2 model nodes
would need to' be mapped to the SANTUCM groundwater nodes to create the linkage between the two models.

Although linking the SANTUCM and the STRIO-2 model may not be difﬁcult in theory, the simple stream -
- aquifer routines that estimate groundwater interaction in the SJ RIO-2 model may be sufficiently accurate for

19 -



most planning studies. In the western San Joaquin Valley lateral flow is relatively minor compared with the
volume of irrigation recharge into the semi-confined ‘aquifer - hence the need for the fully fledged groundwater
model contained in the SANTUCM may not be warranted. Prediction of stream - aquifer interactions along each
of the major tributaries to the San Joaquin River is simplified by the fact that most tributaries are losing _
streams in their upper reaches. The additional capability of being able to estimate these upper tributary stream
losses may also not warrant the adoption of the complete groundwater model.  Linking the SANJASM (which
contains most of the surface water subroutines within the SANTUCM and uses steady-state estimates of
monthly losses along each tributary) with SJRIO-2 may be a more efficient linkage, especially since the
SANJASM is being maintained and updated by Reclamation.

The graphics - based, user interface on the Aviion workstation, currently being developed for the
PROSIM, could be applicable to both the SANJASM and the SANTUCM and assist in comprehension of the
modls and in their use. Should this be undertaken, it would simplify eventual linkage of the SANTUCM to a

" Geographic Information System (GIS) such as ARC-INFO. A GIS would be especially useful in the case of the
SANTUCM for display and analysis of spatial data such as cropping patterns and water requirements, important '
for calculating water demands in the model and in analyzing changes in water levels and groundwater pumping,

important for assessing conjunctive use strategies.

0 2.2.3.7 Previous peer i'eview_ S _
. The model has been demonstrated to the public in two workshops, held prior to completion of the model.
Formal review of the model has been performed by Lawrence Berkeley Laboratory (LBL, 1992) and informal
review of the model has been performed liy the SWRCB and at the DWR The model is not currently supported

by Reclamation.

2.2.3.8 Model deficiencies and how these are being addressed
The importance of the identiﬁed model deficiencies depend on the nature of the studies to be conducted with the
model. There is occasionally podr agreement betWeen surface water model - derived and groundwater model -
derived estimates of stream gains er losses at several nodal points along the main stem of the San Joaquin
River. This is partly a result of combining two models which were constructed for different purposes, do not
share a common spatial database and which make caICUiations of efficiency and return flows using different
assumptions. The spatial database refers to the association between a node and the suxrounding area it is
assumed to represent. h

The SANTUCM cannot estimate subsurface drainage and therefore cannot distinguish between surface and

subsurface return flows to the river - hence it is difficult to obtain a good estimate of the water quality of the
stream gains or losses. Assigning a mean salt or trace élement concentration value Vto these accretions or

depletions may not be justified, especially if the model is used to make projections of certain effects such as salt
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loading to the river. The groundwater model should be 1mproved to mclude simple advectwe solute transport
and a subrouune to estimate subsurface dramage \

2.2.4 Utility of the model for Reclamation planning studies

2.2.4.1 Actions to. meet water quality objectives in the San Joaquin River ‘
With the addition of a calibrated salinity model, the SANTUCM can be used to evaluate drainage reduction ,
drainage timing and reservoir re-operation actions designed to meet SWRCB water quality objectives.
However, as previously suggested, linking the SJRIO-2 model with the SANJASM may be a better option,
since both models are being su'p'portedvby their respective agencies and the groundwater model utilized .by the
SJRIO-2 model may be adequate for most planning studies.

2.2.4.2  Salt balance in the San Joaquin Basin
The SANTUCM will be able t0 perform rudimentary. monthly salt balances along the San Joaquin River when
the salinity model has been completed. To perform salinity balances in the San Joaquin Basin the groundwater
.. model would need to be enhanced to consider solute transport and be calibrated with initial values of aquer
sahmty ThlS would be a very large undertakmg

2.2.4.3 Drainage reduction policies and planning .
The SANTUCM treats surface and subsurface return flows as a combined inﬂonr to the San Joaquin River. The
major impact of drainage rc5duction policies will be on the dmmage flow and contaminant load transported to the
San Joaquin River and on the 'resultingv in-stream water quality. Drainage reduction policies will also reduce the
volume of these ﬂows that discharge to the San Joaquin River. Because drainage reduction policies most always
- result rn reduced groundwater recharge these policies could also reduce stream gains throughhaccretions or, in ihe ‘
case of a losmo stream, increase losses through depleuons With the coupled groundwater model the

SANTUCM could indirectly estimate the magmtude of these effécts.

2.2.4.4  Surface and ground water conjunctive use planning in the San Joaquin Basin.
The SANTUCM was on'ginally constructed to perform conjunctive use planning analysis in the San Joaquin
Basin. COD]UI]C[IVC use of groundwater resources in some parts of the San Joaqum basin may be used to offset
increased water supply to fish and wildlife resources, greater in-stream flows during critical penods, or additional
refuge water supply. The San J oaquin Valley Drainage Program recommended a plan for long term management
of drainage and drainaoe related prdblems in the westem‘ San Joaqhin Valley which included surface and -
groundwater conJunctwe use. Some of the hydrologrc implications of this plan have been determined using the
SANTUCM (Quinn, 1992).
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2.2.4.5 Structural options to 'control stage and water quality in the South - Delta

The downstream boundary node of the SANTUCM is the control point at Vernalis. Hence, structural options
for centrolling water stage or salinity_ intrusion in the South Delta cannot be evaluated with the SANTUCM.
If linked with a Delta hydrodynamic flow model, the SAN'f'UCM eould be used to evaluate the effect of
alternative reservoir release policies on flows into the Delta. The SANTUCM, however, is a monthly model

andis capable of estimating mean monthly flow and TDS at five st_ations along the main stem of the San
Joaquin River. Honvever, because the salinity model in the SANTUCM has not been calibrated or verified,
greater confidence would be obtained by linking the SANJASM, the SJRIO-2 model and one of the Delta
hydrodynamic flow and salinity models. '

- .2.2.5.  Overall assessment and recommendations .

| The SANTUCM is an extension of an older versien of the SANJASM for evaluating conjunctive use
opportunities within the San Joaquin Basin as well as the effect of alternative reservoir-operation and instream N

flow criteria on contractual water supply in the San Joaquin Basin. vThe model contains detailed descﬁptions of
the operating policies and in-stream flow requirements for the major tributaries of the San Joaquin River and

could be usefully linked with models such as the SJRIO 2 model to simulate monthly water quahty in the San "
Joaquin River and certain Delia hydrodynalmc flow models to simulate San Joaquin monthly inflow into the
Sacramento - San Joaquin Delta.- For most studies that require predlcuon of flow along the San Joaquin River,
the groundwater model is unlikely to provide substantially improved estimates of éroundwater accretions or

depletions than the simple groundwater model contained within the STJRIO-2 model.
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2.3 WADE (Westside Agrlcultural Drainage Economlcs
Model)

2.3.1 General &escﬁpﬁon and purpose of model
) The WADE model was develbped by the San Joaquin Valley Drainage Program to estimate future activity levels
of agricultural production, water supply and drainage return flow quantity and quality, in response to different
economic and regulatory drainage mhnagemem sﬁategies. These projections were necessary for the development
of a long term plan to manage drainage and drainage-related water quality problems on the west side of the San
Joaquin Valley. The WADE model comprises three submodels which simulate the economics of agticuluiral
production, groundwater flow and hydrosalinity. The model is formulated as three separate optimization
problems,' solved twice annually for summer and winter seasons; each of which.require simultaneous solution of:
sets of linear and non-linear algebraic equations, subject td resource and feasibility constraints.
2.3.1.1 Geographlc extent of the model
The model was originally formulated to consider the entire west side of the San J oaquin Valley from Tracy to
Bakersfield (Figure 4). This area included the areas between the San Joaquin River and the Coast Range in the |
Northern and Grasslands sub-basin, Westlands Water District (DWR-DAU 244) and most of the Tulare and Kern
sub-basins. The area was divided into more than 180 polygoﬁs according to soil type and drainage
characteristics. These polygons ranged in area from 4000 - 40,000 acres. For computational reasons, thé study
area was divided into 5 main study areas accbrding to hydrologic and institutional factors. These smdy areas
include the Nortl_lern area, the Grasslands, Westlands, Tulare and Kem. The mbdel has been calibrated only for
the Grasslands and Westlands subareas. Hence the data and the results of projection runs made with the model |
for the Northern, Tulare and Kern subareas should not be reliéd upon.

2.3.1.2 - Features of model
The WADE model combines agricultural production optimization and hydrosaliniiy models, written using the _
Generalized Algebraié Modeling System (GAMS) software. The agxiculmral producﬁon model is formulated
with a linear objeciive; function and non-linear constraints to estimate activity levels of land use, irrigation water
supply, crop.production and groundwater pumping. The model also estimates annual investments in water
conserving irrigation technologies to reduce irrigation appliéd water and in on-farm tile drainage systems to
control salinization of the crop rooting zone. Groundwater flow, irrigation recharge and drainage flow are
determined by mass balance calculations in the linked hydrology model (Figure 5). The hydrology model uses
current values for the key independent variables obtained after each successful iteration of the agricultural
production model. The salinity model, in turn, dses the flow between the root zone and the shallow aquifer, the
flow between other layers in each polygon and to drains, and the-flow between adjacent polygons, obtained from
the hydrology model, to estimate salt transport during each model time step.
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Figure 4.  Polygon cell discretization for the Westside Agricultural'Drainage
Economics Model (WADE). '
(Source : San Joaquin Valley Drainage Program)
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Figure 5. Sequence of operations in the Westside Agricultural Drainage Economics
- Model (WADE). Drainage policy choices can be formulated as either
cost constraints or limits on drainage flow or constituent load. |
(Source : Quinn et al. , 1989) |
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2. 3.1.3 - Capability of the model : flow / flow and water quality
The WADE model is primarily an econometric model which attempts to represent crop production, irrigation
and drainage activities over large area within the western San Joaquin Valley. The hydrology and salinity
models are. driven by the consequences of decisions made by the agricultural production model, in particular by
trrigation recharge, water table elevation and soil salinity. These factors in turn affect the decisions made by the
agricultural production model in the following year. The model polygons can be in excess of 40,000 acres and
are typically assigned hydrologic parameéters and salinity values based on a small number of data points. The
WADE .model should therefore not be expected to make accurate predictions of drainage flow and quality but
rather it serves as a tool for comparing thehhydrologic and agronomic consequences of various policies and for
analyzing the long term consequences of some of these actions. The model is unique in combinirig agricultural

production economics and irrigation and drainage hydrology within a single decision support system.

2.3.1.4 Simulation time step
" The WADE model uses a seasonal time step and solves the three linked models (agricultural production,
hydrology and salinity qlodels) twice for each year simulated (Figure 6). The year is divided into a winter
season, during which pre-season irrigation appliéatiohs are made, and a summer season, during which regular
season irrigation applications are made. stable rainfall falls primarily in the wimer\’season; groundwater -
pumping occurs primarily in the summer season. Output parameters are typically sﬂmman‘zed as annual

values.

2.3.1.5 Computer 'reqluil;ements and portability
The WADE model will run on any machine that supports the General Algebraié Modeling System (GAMS)
backage. This includes IBM compatible 386 and 486 machines, and Apollo, Sun and Data General workstations
under the UNIX operating system. The processing speed of the computer can have a significant effect on the
speed‘ of execution of the mbdel. The computer reqkuirements also depend on the size and dimensionality of the
model. Increasing the number of model cells, irrigation technology choices, agricultural crop selection and

deficit irrigation levels can have a significant impact on model execution time.

2.3.2. Model .development :

2.3.2.1 Reasons for development of the model - »
The San Joaquin Valley Drainag‘e Program was charged with the task of developing a comprehensive long term
management plan for contaminated drainage and contaminated drainage related problems on the west side of the
San Joaquin Valley. The WADE model was developed to assist in the comparison Qf alternative drainage
management policies and to help formulate a plan which assumed no co-ordinated action to solve the drainage

problem by State and Federal agencies. In developing the WADE model it was assumed that land use and
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Figure 6. Hydrologic mass balance performed by the WADE hydrology model for
- ~ each polygon. T‘he agricultural production model affects applied surface,
water, tile drainage and groundwater pumping. The net seasonal deep
percolation calculated by the model affects salt balance in the root zone
which in turn affects crop yields and the decnslons made by the agncultural'
production model in the following season.
(Source : Quinn et al. , 1989)
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irrigation practices were the most important factors affecting the occurence of seasonally high, saline water
tables and the requirement for discharge of subsurface drainage, high in TDS and in trace elements such as

selenium, boron and molybdenum..

2.3.2.2  History of development and use of the model
The WADE model was used by the San Joaquin Valley Drainage Program in the formulatmn and evaluation of
alternatives for the Grasslands and Westlands subareas. The model was not used for the Tulare, Kern or Northern _'
areas, primarily beeause the associated WADE model database for these areas was not completely developed at '
the time plan formulation activities were takmg place. However, even in the Grasslands and Westlands .
subareas, it proved difficult to incorporate the policy specific results of WADE model runs into the more
generahzed planning methodology adopted by the SIVDP. In the end, the WADE model served more as an
-educational tool helping Program staff make sensible prOJecuons of future trends, than as a tool for plan
formulation. v
The San Luis Drainage Program (SLUDP) continued the work of the San Joaquin Drainage Program when

- the SJVDP was disbanded in 1990. The SLUDP was charged with developing com‘prehensive draina_ge plans for
the San Luis Unit of the CVP and speciﬁcall_y for Westlands Water District to meet the legal requirements of the
Barcellos judgement. The WADE model was more extensively used in the SLUDP to project future conditions
in the absence of planned actions by Reclarnation and to compare and evaluate four separate altemative actions

formulated by Reclamation. , _ ' .

2,3 2.3 Further development of the model and intended future use v
The model is umque in its ablhty to assess how future agricultural production and resource use w111 respond to
changes in hydrolocuc groundwater quality and economic conditions. Although the model could be useful if
linked to models such as the CVGSM (Section 2.5), the IRDROP model (Sectmn 3.2) and SJRIO-2 model
(Section 3. 3) for making drainage flow and drainage water quality projections, there are no  immediate plans for

its continued use or further development.

2.3.3 Evaluation of the model

2. 3 3.1 Predictive capability and model reliability ]
- The WADE model is a regional model and hence generalizes soil and groundwater conditions over a large area.
The model is not a predictive tool but rather should be used for comparative anmS'sis. The model is typically
used to project future trends as a result of State or Federal agricultural or water policies and hence cannot readily
* be tested for accuracy and reliability. The agricultural production model is an optinxizaﬁOn'routine which

assumes that farmers act largely to maximize their profits and assumes that on-farm investment decisions, in



either improved irrigation technologies or drainage systems, are made on the basis of net returns to these
investments. This is undoubtedly a gross simplification of the factors influencing grower behavior.

Future commodity prices and land rents are assumed constant m the current model, since these are difficult .
to predict or extrapolate into the future. Initial conditions within the hydrology and salinity submodels are
regionally averaged estimates of current water levels, pieziometric heads and groundwater salinity and do not

reveal the wide range of conditions that can exist within any one model polygon.

2.3.3.2 l_?ata requirements 4
The WADE model requires initial data on such factors as land use, crop practices, groundwater levels,
groundwater pumpmg, tile drainage installed, irrigation technologles, commodity pnces and the cost of
production. The depth distribution within each polygon of water quality and aquifer hydraulic properues must
also be estimated and included. A single value of each of these factors must be chosen for each polygon
considered by the model. Where detailed information is available on land use and groundwater conditions the

- model polygons can be subdivided and the model can be re-calibrated to the more detailed mesh. In this sense

the model is extremely flexible, the number of polygons included in any model run can be changed with only .
minor alterations to the input data, including the estabhshment of boundary ﬂows mto or out of the polygons

along the perimeter of the study area.

2.3.3.3 Modelk outputs _ , ‘ :
The primary outputs of the model are land use, farm income, depth to water table, drained area, drainage flow and
-quality, groundwater pumping and root zone salihity. The model runs sequémially through winter and summer .
seasons for each year simulated - the output values at the end of one season become the initial conditions for the
next season. Modél outputs are produoed in tabular form by GAMS and can be increased or decreased simply by

listing or removing variable names from the routines responsible for formatting the output.

2.3.3.4  Ease of calibration and performing meodel runs

Model calibration of the agricultural production model was performed to simulate changes in land use over time.
The agricultural productioh model is calibrated by constrainirig cropping activity levels to observed values, then
‘using the dual values of the objective function to calculate the linear marginal cost function valués for each
crop (Howitt and Mean, 1985). These linear margiﬁal cost functions are introduced into the agricultural

| production model objective function and act to dampen the sudden shifts in cropping docisions typical of a pure
profit maximization objective function and which do not represent typical grower behavior... This calibration
function was applied only to 'cropping decisions but could equally be applied to decisions related to irrigation
technology selection and investments in drainage technologies, once sufficient time series data has been collected’

to develop reliable marginal cost functions.
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Calibration was also berfbrmed of the hydrology and salinity models to improve predictions of water table
depths, drainage flow and drainage water qﬁality relative to historical field data. Calibration of the hydrology
- and salinity models is more of a trial and error procedure, using parameters such as Corcoran Clay leakage,
boundary inflows and outﬂoivs and seasonal irrigation application efficiencies to match observed drainage flow
and quality and water table elevations. Re-calibration of the hydrology and salinity models can be a laborious
procedure, given the slow execution time of the model.. |

2.3.3.5  Relative expense of ‘using énd ‘maintaining model
The WADE model requires two software packages to be resident on the computer before it can be run. The
Generalized Algebraic Modeling System (GAMS) software is a pre-processor and post-processor, which sets up
the model objective function and constraints for interpretation by the MINOS optimization package. GAMS
allows data to be input to the model in tabular format and output from the model in the séme general format.
The input data can be readily changed in the WADE model simply by.substituting new values for existing '
values in the data files. Program changes require some experience of GAMS syrftax and some knowledge of the
theory of operations research and opumxzauon to become functional.

The data requirements of the WADE model are extenswe except for model cahbrauon and venﬁcauon there
is no need for additional data. This is because the model is used to make projections rather than utilize
historical time series data. The WADE model uses between 15 and 50 minutes per year of CPU time on an
Apollo DN3500 wdrkstation. A 20 year simulation could take between 5 and 17 hours depending on the size of
the problem. There are six calls to the métn‘x solver MII\IOS, which performs the optimization, as the model
moves through the production, hydrology and salinity submodels of the winter and summer seasons.

The GAMS-MINOS program packagé is expensive and is required software for any computer that it used to
run the model. This is in contrast to Fortran - based models such as the CVGSM, the SANJASM, the
SANTUCM, the SJ RIO-2 model and the TPDSM which can be transferred to the end-user as an executable

program

2.3.3.6 Ease of ‘linking with other models _
‘The WADE model has been used to provide time variant irrigatioﬁ recharge and groundwater pumping to other
models such as the USGS regional aquifer simulation model (Belitz, 1992). Projected annual groundwater
pumping, crop ET, drainage installation and land retired over a 17 year simulation period by the WADE model
for each poiygon were transformed using an GiS area weighting algorithm to the one mile square grid, used by |
the USGS model. The USGS model provides a more rigorous simulation of aquifer hydrology and was used to .
evaluate the effects of max}aged groundwater pumpilig ax_ld iand retirement on depth to water table and drainage
flows over an area defined by the limits of the Panoche Creek and Little Panoche Creek alluvial fans.

The WADE model could similarly be used to provide input to the CVGSM, the SANJASM, the

SANTUCM and the SJRIO-2 model. In the case of the SANJASM and the SANTUCM, the WADE model
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would provide projections of land use, irrigation technology adoption and crop selection, all of which combine

to allow deep percolation to the simulated in these models.

- 2.3.3.7 Previous peer review
The WADE model documentation (Quinn et al, 1990) was sent out for external peer review in October of 1989
‘and was reviewed by six individuals who provided detailed comments.  None of the reviewers actually ran the

model. Lack of model verification was seen as the major weakness of the documentation by the reviewers.

2.3.3.8 Model deficiencies and how these are being addressed
As previously stated, the WADE model is a regional level planning tool, best used for comparative rather than
predictive purposes. In areas where a large amount of data is available, smaller polygon sizes may be used to
capture some of the unique characteristics of these areas. The western San Joaquin Valley was divided into five
main study areas and the WADE model was run separately for each of the five areas. The San Luis Service area
is represented by the Grasslands and Westlands subareas. Lateral flow bétween these subareas across the
boundary polygons is assumed to remain steady over the duration of the simulations. The alternative would be
to combine these models - howeyver, the execution time on an IBM compatible 486 or Apollo workstation
could be in excess of 1.5 hours per year simulated. The WADE model is somewhat unweildy in its current form
.and should be reduced in size and customlzed for specific applications.

The costs to production associated with the salinity of pumped water is not currently considered in the
model objective function nor are the benefits associated with reducing groundwater tables. To include these non-
linear terms could make the model unstable and increase the model execution time, The model currently

-determines groundwater pumping activity le\l'els purely on the basis of the economics of agricultural production.
The relationship between groundwater pumpage and water table fespons_e is complex and in fnany instances
canndt be simulated realistically with a groundwater model as simple as the one utilized by the WADE model.

Other deficiencies of the WADE model are : (1‘) the decision algorithms used to make irrigation technology
choices and investments in drainage systems use concepts of profit maximization. Hence the model cannot
capture the importarﬁnon-economic factors that influence the decisions of farmers in technology transfer
dems:ons, (2) the algonthm used to calculate drainage salinity is emplncal and based on data from drainage
expenments conducted by the USGS, where the proportional contribution from surface, near surface groundwater
and deep groundwater sources of drainage salinity was estimated. In the absence of data for each polygon, the
same distribution was used for all polygons; (3) the seasonal time step used in the model does not allow the
.dynamic nature of water table movement to be simulated and the cyclicai processes of salt evapoconcentration

in the rootzone followed by salt leaching during irrigation events.

31



-

2.3.4 Utility of the model for Reclamation planning studies

2.3.4.1 Actions to meet water quality, objectives in the San Joaquin River

| Drainage discharges, estimated by the WADE agricultural production model can be constrained to meet certain
contaminant load objectives such as might be established in the San J oaquin River. The agricultural production
model would attempt to meet this waste load allocation' through such actions as increasing irrigation recycling,
improving irrigation technologies and practices, crop substitution and land (idling) retirement. The relationship
between drainage flows and contaminant loéds, produced By the WADE model, and the concentration of these
contaminants at the compliance point in the San Joaquin River, has yet to be established. Duﬁng the spring
months duck clibs and refuges discharge ponded water, which cdntains a significant salt load. This makes it
difficult to develop a re}ationship between seasonal drainage prdduction and salt concentrations in the San
Joaquin River. The IRDROP model, described in Section 3.2, utilizes a monthly version of the WADE

‘ hydrology and salinity models, and would be a more suitable model for making this analysis.

2.3.4.2 Salt balance in the San Joaquin Basin
The WADE model has been used to develop salinity budgets for the SJVDP study areas. The model accounts
for salt within four aquifer layers and estimates movement of salt between these layers. These layers include the
crop root zone; the bottom of the root zone to 20 ft (shallow groundwater); 20 ft to the top of the Corcoran
Clay (deep groundwater); and the. sub-Corcoran Clay (confined) aquifer. Polygons in the WADE niodel are
divided into drained and undrained areas. ’I’he. combined drainage flow and salt load from polygons containing
drained land in the Grassland subarea is assumed to be collected in surface drains and routed to the San Joaquin
River along Mud and Salt Sloughs. The seasonal drainage flows and salt loads predicted by the WADE model

were calibrated against the measured flow voluxflés and salt loads from Mud and Salt Sloughs.

2.3.4.3 Drainage reduction policies and planning

The WADE model is flexible in that the polygon mesh can be éxpanded or reduced to suit various levels of

_ analysis. However, the gross assumptions used in estimation of lateral flow across polygon boundaries and
determination of lateral flow at i)olygon boundaries become less defensible as the scale of analysis is reduced to -
the field level. The WADE model should be limited to analyses at the water district or larger scale.

The various drainage reduction policies that have been analysed with the WADE model include (a) drainage

- fees based on volume of discharge, (b) drainage fees based on salt (or boron, selenium) loads; (c) tiered water

pricing; (d) drainage load allocations for water districts (represented by several bolygons' in the model); (e)

regional groundwater pumping; and (¢) land retirement and idling of selected lands.
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2.3.4. . 4 - Surface and ground water conjunctive use planmng in the San J oaquin Basin _

. The WADE model does not recognize the streams and tnbutanes to the San J oaquin River. Neither does the
model recogmze stream - aquifer interactions. The San Joaquin River is represented as a boundary nodes on the
east side of the mode]. The analysis of actions involving conjunctive use of surface water and groundwater can
be analysed by the WADE model as a trade - off between surface water supply and groundwater supply at the
regional level.. deeoffs between surface dehvenes and groundwater pumping can be analyzed on the basis of -
cost. Further development of the WADE model is needed to allow the model to consxder both the salinity of the

. pumped groundwater and the benefits of water table lowenng in making groundwater pumping decisions. The

present model only considers these faciors durlng the next irrigation season.

2.3.4.5  Structural options to control stage and water quality in the South - Delta
The model cannot be used directly for this type of analysis. If linked to one of the Delta hydrodynamic ﬂow and
| salinity models and the SJ RIO-2 model, the WADE model could be used to predict a future time series of
drainage flows and salt loads, which could then be routed down the San J oaquin River into the Delta. Much of
the salt load carried into-the Delta originates from agricultural operations on the west side. Water policy
decisidns to change the prlcing structure of water supplies.or reétriet water deliveries to faxmers can be evaluated
directly with the WADE model. Consequences of such actions can be evaluated in terms of farm income, land

use and drainage flow and load. - K

2.3.5 Overall assessment and recommendations

The WADE model was developed as a tool for dramage planmng and for evaluaung vanous pohcy decisions.

~ The model is unique in this capability. The model simulates those aspects of aqu_lfer hydrology and salt
’tr-anspon that bave direct bearing on the economics of ag'ﬁcultural"production.. The current WADE model
eperates on a seasonal time step, which creates some problems -when linking it to a monthly mass balance
model such as SJRIO-2. In the past, a xnonthly'disuibution has been applied to the annual drainage flow data
to produce monthly flows. A linear relationship between drainage load and flow was assumed to obtain drainage

- loads. The WADE model should be retained within Reclamation to assist in making future projections of land

* use, water demands and drainage discharge - these are factors that are typically static in other models or
extrapolated based on recent trends. o S
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3.4. South Delta Computer Aided Support System
- (SDCASS)

3.4.1 General descrlptlon and purpose of the system

The South Delta Computer Aided Support System is not a model, rather it is a sophlstxcated graphics and
analysis package for interpreting the results of model simulation runs performed usmg the RMA Link-Node
model. The SDCASS is included in this overview of models of San ] oaqum Basin hydrology because of the
importance of the Delta as the point of origin of CVP project deliveries to the San Joaquin Valley and because

- water quality concerns in the South Delta are driving current efforts to better manage west-side agricultural
drai‘nage. The SDCASS described in this section is the first version of the system, developed for the MacIntosh
computer by Mr John DeGeorge at U.C. Davis.- A more powerful, IBM-compatible version of th_e same
‘SDCASS, developed in the Microsoft Windows environment, is currently in the final stages of development.

Although the SDCASS has been developed to read output files dlrectly from the RMA Link- Node model

there is no reason why the system should not be applied to other Delta hydrodynarmc and sahmty models such
as the Fischer Delta Model, the Wong Delta Hydrodynamlc Model or the DWR Delta Simulation Model. The

* above-mentioned Delta hydrodynanuc models are not included in this review document and will be the Sllb_]CCt of
a separate document to be prepared by MP-780 within Reclamauon The RMA Link-Node model was originally

v applied to the San Fransmsco Bay-Delta to simulate estuary hydrodynamxcs and allow the esumatton of water
_quality and spatlally dxstnbuted ecological processes The model is the most w1dely applied of all the Delta
hydrodynamic models and variations of the ongmal,RMA model are currently used by both the Division of A
Planning and the Environmental Services Ofﬁce within the_DWR, as by several engineering consulting firms »

and private water agencies.

3.4.1.1 _Geographic extent of the system .
v The major tnbutanes to the San Joaquin Rtver within the San Joaquin Basin is illustrated in Flgure 7. The
. Sacramento - San Joaquin River Delta lies north of Vernalis, a salinity comphan_ce_ site, located in the lower
n’ght'of‘ the diagram in Figure 7; "A map of the Delta is given in Figure 8 as represented in the RMA Link-node
hydrodynamic flow and water quality model - the South Delta is generally considered to be the area to the soith
of the Contra Costa Canal. The geographic extent of the South Delta, defined by the SDCASS, is shown in
Figure 9. The RMA Link-Node model provides the CASS with stage at each of the model nodes and flow and
salinity levels along each of the model links. ' : ‘

_35



N J N
N\ ' o \\-"FK
\ TU ME M N
N\ EXCHEQUER MA ) e rresno \
MELONES ----- ; NS B ‘ )
. DONfeoao"-,, : /
\ [
) _ _ . i
7« . T T
7. & : : y -
. ) -3 S 'g ‘ /, . . 5: S
D 3; Z ! " el Son )OO --------- H
f NS 5 RTRS: ® MENDOTA \wL
i =f ® /MODESTO S ' DMC NP
[ (_,/"' .
siv \a <5 o - e )
S X N, J ooq Vo e ,/
a'"n VERNALIS ——=_ LOS BANOs 0 Do /
= S P
e s e
. . — ./' .
R N S S 5
. . k.A,S . o 'J\'Js.o—-—’\, . L.-’/‘/
Figure 7. Major tributaries to the San Joaquin River upsfream of the Sacramento -

San Joaquin Delta. The Vernalis compliance point is an upstream boundary
node in the South Delta Computer Aided Support System (SDCASS).
(Source Orlob, 1991)

36



Sacramento River:
Inflow

- 10km
scale - ' Yolo By-Pass
: Inflow \
’ @ Cosumnes River
® @ Inflow
Y ) - |
@ E) ) %
N I
. QLP:‘%O & - Mokelumne
) R C, - River
=L ) T, - X
ORI o PR 0 &
1‘\,‘_%0 = Q_ % x u@ ‘ inflow

Calavaras
= River
-

:@Ll’nﬂow
=3 = t -
N

Diversion

. : : O,

Clifton Court Forebay~_ &l CIRO;
o RO SR

O Y5208

0 ; 27 P ‘ 2):

SWP Export /7" & %m{gf e
| R s
)

CvpP Expor%\ \\ ]

e
San Joaquin River
Inflow \

Figure 8. RMA Link - Node model cdnfiguration for the Sacramento - San Joaquin
Delta. This model supplies boundary flow and water stage information for
the SDCASS. '

‘(Source .: DeGeorge, 1992)

37



8¢

1 % ‘ .
(0, Agricultural Diversion
%‘\ N for Roberts Island

L}

‘” g /
o / m iver AN

Proposed Location of
Middle River Gate

Clifton Court Forebay\ %
. u )

1l

s Proposed Location of

Clifton Coun Gate ~_(w Propdsed Location of ' @ 0 Old River Gate near Head
3 C Grant Line Canal Gate 13
Grant  Line  Canal c ‘ 45
() m@zu@znom@a@“@‘“ (1) e

o, @
©, {9
) O
Proposed Location of
Old River Gate

- Location of City of Tracy
WWTP Discharge

"~ San Joaqum River G%fP
Inflow

Figure 9. Link - Node model configuration for the South Delta. These are the nodal
boints represented in the SDCASS.
(Source : DeGeorge, 1992)



3.4.1.2 Fe#tures of the _Asystem
The SDCASS was originally developed for the Apple Macintosh using the Hypercard environment and has
been rewritten to run under MS- windows on IBM compatible computers. The SDCASS uses a primitive
o geographic information system (GIS) to illustrate the geometry of the Delta channels and also those links of the
| RMA link-node model that occur within the South Delta. The GIS has a feature that allows the user to create a
i new network geometry, to control the placement of nodes and to connect channels on the screen interactively.
l The GIS also has the capability of displaying geo-referenced background maps on the screen, including vector
’ v maps, raster maps and site maps (DeGeorge, 1991). The IBM compatible version of the SDCASS runs within
the MS Windows environment and utilizes the pﬁblic domain GRASS GIS package. This MS-DOS based
~ version contains many features not found in the Macintosh version of the SDCASS.
» The RMA Link Node model is run in steady-state mode with tidally averaged inflows. The model assumes !
that diffusion is proporuonal to mean flow, which eliminates the need to solve the complete advective -
dispersive equation for salt transport ahd helps to decrease model run timé. The SDCASS reads the stage and

flow data directly from the formatted output files of the hydrodynamic model.

3.4.1.3  Capability of the system : flow / flow and water quality
The RMA Link-Node model is typically run in steady-state mode using monthly average water surface
. . - elevations, flows and éalinity for a series of different hYdrblogies given an average daily tidal cycle. Tﬁe : '-

4 SDCASS ;iisplays water surface profiles- and mean daily flow volumes (in cfs) aiong any of the links specified
~ ‘ in the interactive user interface (Figures 10 émd 11). Figures 12 and 13 dembnsirate the help screens available
~ in the Macintosh Hypercard SDCASS and typical tables of mean daily flow that can be iyritten to the screen.

Figures 14 and 15 compare mean water surface elevations and daily mean flow volumes (in cfs) for months

January, July and October for the year 1988.

3.4.1.4 Simulation time step
The RMA Link-Node model is typically run as a tidally averaged model using the monthly averaged flow in
the lower San Joaquin River as a boundary condition. The SDCASS reads the link node model output files and
displays the resuits by year and for any or by month as specified using the system user interface. The SDCASS
can also be used to animate stage durmg the daily tidal cycle, if produced by the RMA Link-Node model when

P run in dynamic mode.

3.4.1.5 Computer requirements and portability
- The RMA Link-Node model takes approximately 14 hours for the flow computation and 1 hour for the water
* quality computation for a 25 year simulation on an IBM compatible 386 machine. The results of each
simulation are typically saved as an ASCII file and, after file trénsfer to the MacIntosh using either diskette or
modem, the SDCASS can display or animate the simulatibn model output. The SDCASS runs relatively
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slowly under Hypercard on a MacIl with 4 MBytes of RAM. One of the reasons for moving to the Windows
environment on an IBM compatible computer was to significantly increase the speed of execution of the

SDCASS. Another is that it increases the likelihood for widespread use of the software.
3.4.2. System development

3.4.2.1 Reasons for development of the system
The South Delta CASS was developed to help the South Delta Water Agency explore actions to unprove the
quantity and quality of its water supply. With the co-operation of the Department of Water Resources and the.
US Bureau of Reclamation several structures have been constructed to help maintain water levels in the South
Delta and to promote adequate movement of water through these South Delta channels (Orlob, 1992). The
RMA Link Node model and the SDCASS, in combination, allow the consequences of operation of these
structural facilities to be simulated under a range of hydrological conditions. The RMA link-node model and
SDCASS have also been used to examine the effect of proposed tidal barners in the South Délta on (a) water
surface elevation and flow in the southern Delta channels; (b) water quality in the South Delta; and'(c) Delta

 exports (DeGeorge, 1991). After appropriate reformatting of the output datafiles the SDCASS could also be

used to examine the output from other Delta hydrodynamic models, once simulation runs have been performed

. A v for these or other scenarios which relate to South Delta channel ﬂow and water quality. '

Ty 3.4.2.2 History of development and use of the system

. The South Delta CASS has been used, in conjunction with the RMA Link-Node model, to (a) examine the

effect of the proposed tidal barriers on South Delta flow, water surface stage and water quality; (b) provide

testimony in the SWRCB Bay-Delta hearings on an investigation of alternative water supply strategies to

_ remedy channel depletions and high TDS concentrations.within Old River, Middle River and Grant Line Canal, _

| , _ in the South Delta. ‘ |

3.4.2.3 Further development of the system and intended future use

The IBM-compatible version of the SDCASS is still under development by Mr John DeGeorge at U.C. Davis.

L 3.4.3. Evaluation of the system
P 3.4.3.1  Predictive capability and model reliability
The SDCASS is a model post-processor and therefore cannot be evaluated in terms of predictive ability or
reliability. However the SDCASS can be of great utility in the interpretation and comparison of model results
 from different models. Should a comparative study be made of the various Delta hydrodynamic models,

described earlier, this system would be invaluable and a tremendous time saver for the required analysis.



3.4.3.2

Data requiremeﬁts
Data requirements for the SDCASS are the same for all hydrodynamic flow and water quality models that include
the South Delta (Table 3). The hydrodynainic flow and water quality models calculate velocities and water
surface elevations at locations throughout the South Delta and require data on channel iength, roughness,
bathymetry, agricultural pumping return flows and diversions. The models also require information on tidal
variations and salinity of the water along each element of the model network, as well as the average salinity of
return flows. The SDCASS reads time, stage, flow and EC data directly from the formattted output files. |
Model boundary conditions are speciﬁed as monthly flows into the Delta from the San Joaquin River, which are

 typically obtained indirectly from river basin flow models such as the SANJASM or the SANTUCM or directly

from water quality models such as the STRIO model.

3.4.3.3 Systen outputs

The SDCASS was designed to produce animations and tabular output from the model in a manner that aids user

comprehension. The SDCASS can be queried to display water elevation output at any of the model nodes and

- mean daily flow out;iut for any of thevmodel links selected using the cursor and the model network. Output can

inciude EC concentrations at the intakes to the State and Federal pumping plants; flow and salinity of water at
SWRCB monitoring sites within the Delta and flow and water quality at the points of diversion for the South
Delta Water Agency. o v '

3.4.3.4  Ease of calibration and performing system runs

Calibration and verification of the various Delta hydrodynamic models is a difficult task and there is lingering
comroversy regarding the reported success with which this has been accomphshed The exxstlng database of
hlstonc Delta diversions and return flows appears inadequate to perform a reliable calibration-of salt transport in

the South Delta. The SDCASS can be of great assistance in both the calibration and model verification -

process.

3.4.3.5 Relative expense of using and mamtammg system

The SDCASS currently runs under Hypercard on the Macintosh but will soon be superceded by the IBM
compatible version of the CASS. Once the output data has been reformatted into a standard format that can be
recognized by the SDCASS the productioo of graphics and animations of tidally variant flow and EC is very
stralghforward aided by well composed pull-down menus. The SDCASS has the potential for saving

con51derable time and human TESOUrces.
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Table 3. “ Input data required for the RMA link-node hydrodynamic model.
The SDCASS reads ASCII output files from the link-node model
- and represents these results graphically on a map of the South Delta.
(Source : DeGeorge, 1992) |

Initial Conditions: N ~concentration of all cénstituents at all nodes

'Quality‘at Tidal Boundafy: node correspbnding to tidal boundary
concentration of all constituents

Quality at Bouﬁdary Flows: | concentration of all constituents for all inflows

Coefficients: | dépth of -1% light penetration

benthic nitrogen source rate
- benthic phosphorous source rate
benthic oxygen sink rate
maximum reaeration rate
minimum reaeration rate
oxygen source rate by forced aeration

Climatological Conditions:  cloud cover :
v - dry bulb temperature
dew point
wind speed
atmospheric pressure
date S e

Model Options: Julian day of start of simulation :
number of hydrodynamic boundary conditions
number of sets of quality boundary conditions
length of water quality time step
number of time steps per day
hour of hydrodynamic output at start of quality run |
number of days of simulation for each quality BC -
number of tidal days for each hydrodynamic BC
quality BC data to be read for each BC set

~
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2.4.3.6 Ease of linking with other models
The SDCASS is a postprocessor specific to the RMA Link-Node model which may be adapted tov work with
other Delta hydrodynamic models. Use with other models will require writing custom computer code to write
the model results into a format that the SDCASS can understand.

2.4.3.7 Previous peer' review : .
The MacIntosh SDCASS has been described in Mr John DeGeorge's MS thesis submitted to the Department of

Civil Engineering at U.C. Davis (DeGeorge, 1991). The Microsoft Windows version of the SDCASS has not -

been completed at the time of writing this report, although it is probably more than 75% complete (DeGeorge,

1992, personal communication).

2.4.3.8  System deficiencies and how these are beiné addressed
The SDCASS is one of three graphics-based, post-processors known to the author for analysis of output from
the Delta hydrodynamic and water quality models. It is the only post-processor that is spe‘ciﬁc to the South |
Delta. The greatest deficiency in the MacIntosh-based version of the SDCASS has been the speed of execution
which is due to the use of the Hypercard software to store graphic images. Use of a MacIntosh SDCASS also
might require that output be transmitted from the computer used to make the model simulation run to the
MacIntosh (running the RMA Link-Node model on a MacIntosh would require a Ilci or Quadra as a minimum).
The IBM compatible version of the SPCASS utilizes the Microsoft WindoWs graphics programming libraries
which has resolved many of the speed and image manipulation problems associated with the Maclntosh
SDCASS.

2.4.4. Utility of the system for Reclamation planning studies

2.4.4.1 Actions to meet water quality objectives in the San Joaquin River _
The SDCASS produces graphic output only for thé South Delta, although the hydrodynamic models used to
produce the resﬁlts typicall); consider the entire Delta. The SDCASS could be used to evaluate the impact of
these actions on flow and water quality in the South Delta if model used for making water quality projections in
the San Joaquin River were linked with the RMA Link-Node model or similar hydrodynamic and water quality
model (Figure 16).

2.4.4.2 Salt balance in the San Joaquin Basin
The SDCASS is useful only in the South Delta when used in conjunction with the Delta hydrodynamic and

water quality models. It is therefore of limited use for this type of study

~
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2.4.4.3  Drainage reduction policies and planning

Drainage reduction policies primarily concern return flows to the San J oaquin River from west-side agricultural
water districts and wetlands in high water table areas. Estimates of drainage flow and quality from Westside
agriculture made using a model such as the WADE model would need to be linked to a water quality model of
the San Joaquin River such as SJRIO and a hydrodynamic model of the Soﬁth Delta such as the RMA Link-
Node model in order for the SDCASS to have any utility for this study.

2.4.4.4  Surface and ground water conjunctive use planning in the San Joaquin Basin

Groundwater conjunctive use practices can affect the quantity and timing of sait loads, primarily along the San
Joéquin River and into the Delta. The RMA Link - Node Model can be used to demonstrate the effect of these
actions on salinity at the export pumps, the intake to Contra Costa Water District and the South Delta Water
District. The model would need to be linked to models such as the SANJASM or the SANTUCM to explore

“the effect of certain changes in reservoir operations, enabled through the adoption of conjunctive use policies.

The SDCASS would have only indirect use in such a study..

2.4.4.5  Structural options to control flow and water quality in the South - Delta

2.4.5

The various Delta hydrodynamic and water quality models have been used to test a number of structural options
for salinity reduction and for maintaining adequate water elevations in the South Delta. These options are
designed to prevent San Joaquin River flow from flowing directly into channele serving the South Delta, during
certain critical times of the year. These models have also been used to evaluate certain non-structural options
such as changing the release pattern of flows down the Merced, Stamslaus and Tuolomne Rivers. The SDCASS

can be used dlrectly to graphlcally represent and ammate the results of these sxmulauon runs.

Overall assessment and recommendations
The SDCASS has some unique features that warrant its consideration by Reclamation. Although the current

MacIntosh version of the system is somewhat limited - ongoing development of the system on IBM

- compatible computers under the windows environment will yield an extremely useful product.

The SDCASS has the potential to significantly i improve mterpretauon and reporting of results from Delta
hydrodynamic and sahmty models. The DWR-DSM model also utilizes a custom designed CASS (the Delta
Graphical User Interface - DGUI). However, the DGUI runs on a SUN workstation and would require
investment in the windowing software as well as significant effort to make the System compatible with
Reclamation’s DataGeneral AViiON workstations. Recent experience with porting graphics software from SUN
workstations by the ADSS group at Colorado State University has revealed significant compatibility problems.
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2.5

2.5.1

2.5.1.1

CVGSM (Central Valley Groundwater Surface
Water Model)

General description and purpose of model
The Central Valley Groundwater Surface Water Model (CVGSM) was developed in 1990 by James M.
Montgoméry Engineers Inc. (JMM) for a consortium of agencies comprised of the Bureau of Reclamation, the
Department of Water Resources, the State Water Resources Control Board and the Contra Costé Water District.
The purpose of the model was to predict water budgets for silbareas of the Central Valley of california, given
variations in water supplies and groundwater demands. The CVGSM is a specific application of the Integrated
Groundwater Simulation Model (IGSM), a finite element model which simulates the flow of water both above
and below the ground surface as well as the interactidn between surface and subsurface through rivers, canals and

the soil matrix.

Geographlc extent of the model
The Central Valley of California covers approxnmately 20,000 square miles and is divided into two general
watersheds which are named for the major rivers that drain them, the Sacramento Valley to the north of the Delta
and the San Joaquin Valley to the south of the Delta (Figl_lre 17). The entire model area has been divided into

v 1392 finite elements with an average size of 14 square miles (9000 acreé). The stream node network in the San

Joaquin Valley is shown in Figure 18. The network accounts for the inajor tributaries to the San Joaquin River

and includes the Kings River and Kern River in the Tulare Basin.

2.5.1.2  Features of model

The model was designed as a planning tool for the comparison and analysis of stmtegies_involving the
conjunctivé use of surface water and groundwater in the Central Valley. The model contains estimated
hydrologic blidoets for water use, streamflow, soil moisture and groundwater. Groundwater pumping, irrigation

diversions and streamflow were estimated for the period of record, 1922 - 1980. The model can be used to make . -

estimates of aquifer response using pmjecuons of future groundwater pumping, river flow, irrigation diversions
and rainfall runoff. The time series of rainfall runoff may be estimated stochastically or estimated sequentially
assuming that the future time series of rainfall will be identical to a past sequence.  The soil moisture
accounting portion of the model employs mass balance calculations. -Groundwater flow is described by the
continuity eqﬁation with source and sink terms and a vertical leakage term. These equations are solved using the
finite element method. .

The CVGSM divides the aquifer into three major units in both the Sacramento Valley and the San
Joaquin Valley, based on 18 geological crbss-sections of the Central Valley and extensive analysis of available
well logs. The elements have been aligned to recognize maj.or geologic features and the major drainage service
area (DSA) boundaries used by the DWR to divide the Sacramento and San Joaquin Valleys into hydrologic
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San Joaquin Valley portion of the CVGSM finite element network

. showing element numbers.
(Squrc_e : James M. Montgomery Inc., 1990)
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units. Surface drainage and stream cross-sections were obtained from USGS topographic maps and USGS
reports. 4

2.5 .1.3  Capability of the 'modél : flow / flow and water quality | \
The CVGSM calculates river gains and losses along.the main stem of the San Joaguin River, along the main
stem of the Sacramento River and along the major tributaries to both rivers. The model also estimates
groundwater flows and the interaction between groundwater and surface water at each stream node. Groundwater
pumping affects water tables, which in turn affects the volume of groundwater flow either in to or out of the
river. The model has been calibrated to snnulate regional water tables and average monthly streamflows. The
CVGSM does not consider water quality, elther in the groundwater or in the streams and tnbutanes in the

Sacramento and San Joaquin Valleys.

2.5.1.4 Simulation time step
The model 6perates on a monthly time step for 59 years (1922 - 1980). Use of a smaller titne step would
involve considefable expansion of the large database required to nun the model and be of limited utility ina
regional groundwater such as the CVGSM because of the lags associated with water infiltration and the large

ﬂuctuatlons in water table and ungauon return flows during the irrigation season.

2.5.1.5 Computer requirements and portability ‘
The CVGSM requires an IBM or compatible 386 or 486 machine capable of utilizing extended memory.
Lahey™ Fortran was used to compile the model owing to its superior speed. The model runs in less than 30

minutes on an IBM compatible 486 - 33 MHz machine for a simulation period of 57 years.

2.5.2  Model development

2.5.2.1 Reasons for development of the model
~The development of the CVGSM was a multi-agency endeavor to standardize the analysis of gronmdwater
conjunctive use in the Central Valley as well as update the model with more recent information. Altbough this _
_objective has ibeen realized and the model has been used by analysts within the offices of the model sponsor's,
there remains some controversy and/or confusion over the hydrologic budgets developed to obtain irrigation

efficiency and aquifer recharge. This has stymied more widespread adoption of the model.

.2 .5.2.2 History of development and use of the model ‘
The CVGSM relies heavily on previous studies conducted by the USGS (Williamson, Prudic and Swain, 1975)
and by Boyle Engineering (Boyle, 1987) for the Central Valley. The USGS RASA model is a three layer finite
difference groundwater model of the Central Valley, constructed using the public domain software code
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MODFLOW. Many of the interpreted aquifer characteristics end the estimates .of groundwater pumping from
| the USGS model were used, first in the Boyle Central Valley study and then in the CVGSM. The model is
still undergoing testing within the Depaﬁment of Water Resources. An improved version of IGSM is currently-
‘being used for the Friant EIS study, currently being conducted by Reclamation, with assistance from J ames M.
Montgomery Inc. In the Friant EIS study, the CVGSM was used as a first basis for setting boundary conditions
for the more detailed model.

2 '..5 .2.3  Further development of the model and mtended future use
The CVGSM is still under review by the Model Support Branch within the Department of Water Resources.
As previously stated, a more detailed model, the FRIGSM, has been created of the Friant-Kemn Service Area
using an improved IGSM code. Improvements to the original code include the capability of simulating runoff
from small watersheds which drain into the Central Valley. The FRIGSM is being ueed to determine
groundwater pumbing safe yieldé' in this study area as part of the Environmental Impact Statement being
. prepared to justify renewal of water service contracts. Itis aflﬁcipated that these improvements will be applied
to the CVGSM.
The CVGSM database has been updated by Boyle Engineering Inc. to a year 1990 level of project
development. Water budgets being developed for the Friant-Kemn Serice area will help to improve the accuracy
- of the water budgets within the CVGSM, as will more detailed information on croppmg patterns, water
deliveries and surface return flows. It has been suggested that the CVGSM be linked with the SANJASM to
replace the SANTUCM, a linked surface water - groundwater model, which uses the older version of the IGSM.
This may help to standardize analysis of potential groundwater extraction for the purpose of water contracting.
Linking the CVGSM and a surface water model such as the SANJASM is a complicated and time intensive
procedure owing‘ to the different spatial aggregation in the groundwater and surface water models.

2.5.3 Evaluation of the model -

2.5.3.1 Predictive capability and model reliability

The CVGSM is a monthly model which attempts to simulate major watér flow between a number of control
points along the Sacramento and San Joaquin Rivers and along the various east - side tributaries to both rivers.
The model was formulated asa regional planning tool and because of its coarse gﬁd and uncertain input data
should be used with caution forbpredictive purposes. The gr()undweter model was calibrated by comparing
predicted water levels to measﬁrements at selected wells in the Sacramento and San Joaquin Valleys (Figure 19)
for the period 1970 - 1980. Streamﬂow data for the entire hydrologic period were also used for calibration of
stream - aquifer interactions by the model. The calibration experiments performed by JMM and reported in

- JMM (1991) show that the model simulates water levels and streamflows reasdnably well and probabl&

* sufficiently well for most regional planning studies (Figures 20 - 23). '
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A summary of the distribution of error (measured groundwater head - simulated groundwater head) is given
-in Figure 24 and shows that more than 75% of the predicted elevations are within 10 feet of the measured |
values. However, these calibration results are presented on an annual basis - calibration results presentedona
monthly basis are less encouraging and in some cases the hydrographs appear out of phase with the rise and fall
of the watertable. A possible contributing cause for some of the discrepancies can be ascribed to the general
assignment of aquifer parameters to clusters of cells in DSA's and other geohydrologic units rather than to
individual elements, where detailed information of these parameters may have been available. Calibration of a

large regional groundwater model to a small number of local monitoring wells is a difficult task.

2.5.3.2 Data requirements _ _
The primary data requirements for the surface water model of the CVGSM are the stream network and the

groundwater finite element mesh. The surface water model requires data on stream inflows, irrigation

efficiencies, evaporation rates, project and non-project water demands. The groundwater model requires aquifer

parameter data for each polygon in the finite element mesh as well as regional rainfall, pumping, irrigation
" recharge, rainfall, evapotranspiration and initial water table and pieziometric heads. Boundary conditions must
also be established for the groundwater model.

2.5.3.3 Model outputs
v The primary outputs from the CVGSM are flows in the Sacramento and San Joaquin Rivers and their major
tributaries, water table elevauons and aqurfer gains and losses at each nver node The model produces mass
' balance calculations and budgets for water use, streamﬂow soil moisture and groundwater. A graphics package
has been developed to assist with analysrs of water table and streamflow hydrographs and to plot water table

contours.

2.5.3.4 Ease of calibration and performing mo_del runs »

" Themodel results are calibrated against historic stream flows. Stream accretions and depletions are the primary
factors that are adjusted to match these stream flow levels. Performing model runs is relatively easy; bowever
simulating the effects of structural changes or policy actions may involve considerable time expenditure in

: manipulating the data files. The groundwater model was verified by matching measured water levels to predicted
water levels for a time period independent of the period used for model calibration. This is a time consuming
- activity and is complicated by the fact that land-nse, irrigation and drainage data is more readily available in

some areas than in others.

2.5.3.5  Relative expense of using and maintaining model

~ The CVGSM runs quickly relative to othet groundWater flow codes, such as MODFLOW; the code achieves

further efficiencies in performing the transformation of land use, 'cropping and rainfall data into aquifer recharge-
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within the model. This is typically performed by pre-processing programs in other models such as MODFLOW
and the version of the IGSM, used by the SANTUCM. A 59 year simulation takes approximateiy 30 minutes
on a IBM compatible 486 computer. Maintaining the mndel can be expensive - updating the model to present

‘ year hydrology can take a large amount of time and requires a clear understanding of the assumptjons made by

" the model. Although the model runs quickly, it requires more disk storage than it would if it only represented

- the San Joaquin Basin, the study region of interest. To reduce the area of coverage‘ would require considerable
editing of data files and tne establishment of new boundary conditions in the vicinity of the Sacramento - San
Joaquin Delta. | ' '

2.5.3 ..6 Ease of linking with othér models ‘
The model can be linked with other monthly models; an earlier version of the CVGSM for the San Joaquin
Valley wns linked with the San Joai;uin Area Simulation Model (SANJASM) to créate the SANTUCM. . The -
CVGSM éould also be linked with the SWRCB SJRIO-2 model to calculate stream gains or losses for each
reach attributed to each groundwéter node in the San Joaquin Basin.. The SJRIO-2 model currently makes |
estimates of groundwater accretions every mile along the San Joaquin River - the number of river nodes are more
numerous in the SJRIO-2 model than in the CVGSM. The STRIO-2 model has only been calibrated for the
period 1975 - 1990, compared to the 57 years of record simulated by the CVGSM. The SJRIO-2 nodes would
need to be mapped to the CVGSM groundwater nodes to create a linkage between the two models. Linkage of
these two models may not prov1de any advantage for studles of the San Ic oaqum Rlver

For studies of the entire basm the SJRIO-2 model con51ders each tnbutary as a San Joaquin R1ver inflow
whereas the CVGSM attempts to model flow along each tnbutary. Since the CVGSM is not a water quality
model, linkage tn the délta 'hydrodynamicA and water quality models would only be useful in planning studies that . v
are 'interested in evalnating the effect of river basin groundwater pumping and management policigas on flow into

the Sacramento - San Joaquin Delta.”

2.5.3.7 Prevnous peer revnew i
The model has been demonstrated to the pubhc ina number of workshops. Formal review of the model has
been performed by the USBR, SWRCB and the DWR. : g f

2.5.3.8 ‘Model deficiencies and how these are bemg addressed
The unportance of some of the deficiencies of the current CVGSM depend on the nature of the planning studles :
to be conducted. Like other regional models such as the WADE model and the SANTUCM, the CVGSM uses |
a cnarse grid to represent the hydrology of the Central Valley. Ai this scale the model simulates aquifer
hydrology rather crudely. The model utilizes a finite element mesh which is not aligned with the mesh used in
- any of the existing Central Valley models which makes it difficult to compare the predictive capability of the
CVGSM against other verified and more generally accepted groundwater models. The groundwater simulation



model of the Panoche Fan, developed by the USGS (Belitz and Phillips, 1992), and which uses a 1 mile square
mesh and 6 aquifer layers, would be a good model to use for the purpose of verifying the CVGSM. The USGS

model was able to match water levels to an error tolerance of +/- 2 feet. The groundwater budgets used to

_ provide monthly recharge estimates to the model have been criticized by analysts with the DWR and by several

members of the Bay-Delta Subcommittee on Water Use.

@

®)

2.5.4

©

@

2.5.4.1

The model has other conceptual deficiencies :

Although the coding exists to consider subsurface drainage the CVGSM does not take advantage of

this code in calculating irrigation return flows. This omission is of greatest significance in areas on the
west side of the San Joaquin Valley where subsurface drainage ﬂot;vs have been as high as 25% of surface
applied water. Subsurface drainage volumes can change substantially with-the nse and fall of water tables
and can lead to fairly large discepancies in monthly hydrologic mass balance. Drainage volumes are known
to vary frem year to year and cannot be estimated reliably as a percentage of surface water deliveries.

Excess rainfall and mﬁltratlon are modeled usmg the SCS method. This method is more typically applied
to non - agricultural soils in humid zones, where there may be a large antecedent moisture content in the

soil, and is more typically used in models which run on a daily time-step. Use of the SCS method with a

» ntonthly timestep may be difficult to justify on theoretical grounds.

Reservoirs are not modeled explicitly but rather as point sources with inputs. This problem could be
overcome through linking the model with water budgeting models such as the SANJASM for the San
Joaquin Rlver Basin or the PROSIM for the Sacramento vaer Basin. '

The model database does not recognize local subregional d1fferences in aqu1fer pumping and in aquifer
recharge. Pumping estimates and irrigation efficiency numbers were developed for large regional areas and
assumed to apply to all elements within these areas. This severely limits the predictive power of the
model. On the west side of the San Joaquin Valley a number of subregional studies have been conducted by
the USGS and other private consultants which could improve the quality of the aquifer and hydrologlc data

used in the model to s1mulate the groundwater hydrology of these areas.

Utility of the model for Reclamation planning studies

. o €
Actions to meet water quality objectives in the San Joaquin River

" The CVGSM can be used to evaluate the effect of gfoundwater pumping, land retirement or idling and source

control on groundwater accretions to the river. However, because the model assumes that return flows are a

fixed proportion of irrigation applied water it cannot predict the volume of subsurface returns explicitly, nor can

it account for the effect of drainage recycling and certain other irrigation and drainage management techniques.

The model does not transport' solute in its present implementation and therefore cannot be used directly to assess

compliance with water quality objectives. Even though the CVGSM can be coupled with other models such as

" SJRIO-2, litde would be gained by creating this linkage.
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2.5.4.2  Salt balance in the San Joaquin Basin
The CVGSM cannot be used to estimate salt balance in the San Joaquin Basin. A crude salt balance can be
constructed by assigning salinity levelé to the various component inflows and outflows to and from the
groundwater aquifer. This, in essence, would create a model similar to the San Joaquin River Basin Salinity
Model used by Professor Gerald Orlob to construct flow and salinity balances for the main stem of the San
Joaquin River and its tributaries. '

2.5.4.3 Drainage reduction policies and planning
The CVGSM, like the SANTUCM, treats surface and subsurface return flows as a combined inflow to the San
Joaquin River. The major impact of drainage redﬁction policies will be on the load of contaminants transported

- to the San Joaquin River and on resulting in-stream water quality. Drainage reduction policies can often be

simulated by a (eddction in groundwater recharge, in which case the CVGSM can make reasbnéble estimates of
drainage return flows to the river. These policies can also reduce stream gains through accretions from the
regional aquifér, or in the case of a losing stream, increase ldéses through depletions. In the western San
Joaquin Valley drainage reduction may also be achieved through drainage recycling and water table‘ management,
which cannot be simulated at this time by the CVGSM. '

2.5.4.4  Surface émd ground water conjunctive use planning in the San Joaquin Basin ‘

”Ihé CVGSM was originally constructed to perform conjunctive use planming analysis in the Central Valley.
Conjunctive use of groundwater resources in some parts of the San Joaquin basin may be used to offset increased

- water supply to fish and wildlife resources, greater in-stream flows during critical periods, or additional refuge
water supply. The San Joaquin Valley Drainage Program recommended a plan for long term management of
drainage and drainage related problems in the westem San Joaquin Valley which included surface and ’
groundwater conjunctive use. The hydrologic implications of this plan could be analyzed with a model such as
the CVGSM. |

2.5.4.5  Structural options to control stage and water quality in the South - Delta
The CVGSM does not extend into the South Delta and therefore cannot be used directl); for this analysis. The
current version of the CVGSM does not simulate‘ solute transport and therefore the model has limited potential
for linkage to Delta hydrodynamic, water quality models to analyze solutions to South Delta water .quality
problems, without making simplifying assumptions about the relationship between flow and in-stre;am TDS. If
linked with a Delta hydrodynamic model for the purposes of analyzing flows, the CVGSM could be used to .

evaluate the effect of certain conjunctive use policies on flows into the Delta.

/
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2.5.5  Overall assessment and recommendations |
The CVGSM is a comprehensive model of groundwater and surface water hydrology in the Central Valley of
California. However approximately half of the model is applicable to the present study area. Although the
model mesh does not differ significantly from that used by ihe SANTUCM groundwater model, the CYVGSM
has been independently calibrated and therefore yields different results when presented with the same conjunctive
~ use scenarios. The CVGSM has not been linked with a surface water allocation model, as is the case of the
. SANTUCM, and therefore has limited ability to consider hydrologies other than those in the 1922 - 1990 time
series. This time series is considerably longer than that crea;ed for the SANTUCM - and, since the data has
been updated to considef a 1990 level of development, this may more than make up for the lack of reservoir
operating rules and constraints for the analysis of certain scenarios. A major ad\}antage of the CVGSM is its
general supportina number of public agencies, although the model results and calibration are not universally
accepted. This makes the model a more suitable candidaté for linkage with other models. A report by U.C
Berkeley (Tabios and Shén, 1991) recommended that a linkage be developed between the CVGSM and the
SANJASM to replace the existing SANTUCM. Such a model would have increased utility for San Joaquin
Basin studies if the algorithms for estimating sub-surface drainage were implemented and the mbdel 'recglibrated

to reproduce historic drainage return flows.
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3. SUB-REGIONAL MODELS
"3.0. NRWS (Natural Resources Workstation)

3.1.0  General description and purpose of model

The Natural Resources Workstation (NRWS) is an advanced graphics-based décision support system for the
analysis of wetland land use and hydrology being built under contract with the Integrated Decision Support
Group (IDSG) at Colorado State University. The NRWS combines a public domain geographic information
system (GRASS), a consumptive use model for estimating water demands and a hydrbdynamic water quality
model (I-tEC-SQ). Implementation of the HEC-5Q model is ongoing at the present time.

The NRWS builds upon a previous model, the Grasslands Water Supply and Drainage Network Model
(GWSDN), which simulates monthly surface water operations and wetland drainage releases within the

: Grasslands subarea of the western San Joaquin Valley. The GWSDN model was originally conceived as a means

of linking the WADE and SJRIO models to allow certain scenarios, simulated by the WADE model, tobe -
compared in their effect on water quality in the San Joaquin Rivef. A simplified version of the original model is
under development (GWSDN-STELLA) to study selenium losses within the Gra_séland channels. This model
will simulate the impact of diverting agricultural drainage water into the San Luis Drain on effluent selenium
concentrations. .

This model review is concemed primarily with the NRWS which is currently under developmeﬁt The major
features of the GWSDN and GWSDN-STELLA models are reviewed only in subsection 3.1.1.2. - the reader

should refer to the references for more information of the GWSDN model.

3.1.1.1 Geographic extent of- the models

- The NRWS currently includes the areas which were r::cently purchased by Reclamation within the San Joaquin
Basin for the development of new habitats for waterfowl and other. migratory bird populations (Figures 25 and
26). These lands lie mostly to the north of the model area considered in the GWSDN and GWSDN-STELLA
models. The model area considered in the original GWSDN model is shown in Figure 27 and includes the
Grassland Resource Management Distn'ct; the Los Banos, and Volta Refuges operated by the State of California

- Department of Fish and Game; and the Kesterson and San Luis National Wildlife Refuges, operated by the
Federal Fish and Wildlife Department. The GWSDN-STELLA model considers the same general area using a

simplified network and considers only the major conveyances of agricultural drainage water.
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3.1.1.2 - Features of the various models |
The Natural Resources Workstation (NRWS) is currently under development by Dr Luis Garcia, Director of the
Integrated Decision Support Group at Colorado State University. The model uses the Army Corns of Engineers
reservoir system and water quality software HEC-SQ for simulating flow and contaminant concentrations within
the distribution system. A network generating and editing module has been added for making changes to the
network of fresh water and drainage conveyances within the project area (Figure 28). A routine for estimating
water requirements from a GIS land use database has already been implemented within the NRWS, similar to the
routine employed in the GWSDN model. It is anticipated that the NRWS will be extended south into the area
currently simulated by the GWSDN model and will replace the GWSDN model. -The AViiON workstation has
become the platform of choice for software applications within Reclamation.
l The GWSDN model was constructed using computer code from the DWR COMP model. The COMP

model is a database manipula‘tion program, set up as a series of matrices that can be addressed by user defined

‘ commands in the same manner as a spreadsheet. Each channel within the network of channels, illustrated in
Fxgure 27, is represented by a single matrix. User defined commands can add, subtract, multxply and divide
flow, contaminant load or contaminant concentration data contained in each matrix. Each channel in the
network is either assigned a monthly ﬂew anda monthly mean concentration or has these parameters determined
by mass balance calculations. The model contains a sub-program WETDEM to determine the demand for water
by seasonal and permanent wetlands and agricultural areas within the Grassland area. These demands are serviced
by deliveries from Mendota Pool and the Delta Mendota Canal, which are routed along the CCID Main CanatI,
the San Luis Canal and a network of smaller mnals and ditches. Drainage releases are also simulated. These _

 are specified discharges along certain channels of the grid network during the spring months. The mentnly
‘contaminant concentration of these discharges is also assigned. The GWSDN was calibrated using one year
(1985) of ﬂow and selenium concentration data.

The GWSDN- STELLA model is a simplified version of GWSDN constructed using the Macintosh
software package STELLA. This model considers only the major drainage conveyances in the Grassland area as
well as the San Luis Drain (Figure 29). Flow and water quality data are defined separately for each channel of v
the network using a methodolgy similar to that used in the GWSDN model. The model has yet to be calxbrated :

3.1.1.3 Capability of the model : flow / flow and water quality

. The NRWS water guality simulation model (HEC-5Q) is a physics based, hydrodynamic model which will
report stage, ﬂoW and concentrations of conservative constituents within the channel network at user-specified
time intervals. In contrast the GWSDN and GWSDN-STELLA models are primarily data driven.and utilize a
monthly timestep, assuming steady-state conditions during each month of the year. The HEC-5Q model has the
capability of simulating_ both conservative and non-conservative constituents - however, for the NRWS only
conservative trace elements and TDS will be'conSidered. Accurate simulation of flow and water quality within

the channel network will require calibration of the HEC-5Q model, a task which will demand more
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comprehensive and more frequently sampled data than is currently collcted as part of existing monitoring
programs. Real time monitoring of flow and TDS in the channels that will potentially supply water to these
wetlands will be needed in order to use the NRWS for making water management decisions.

3 1.1. 4 Simulation time step . v
The NRWS is capable of simulating the hydrodynanucs of flow through the project area, given adequate data for
model calibration. The model will likely require a timestep in the order of minutes or hours to solve the

momentum and continuity equauons in the HEC-5Q, water qua_llty model.

- 3.1.1.5  Computer requirements and portability _
’ The NRWS model of Grasslands was first implemerited onaSUN workstation (UNIX operating system). The
NRWS is currently being ported to run on the Data General AViiON workstation. The Data General AViiON
- workstation is the platform of choice within tlie USGS and the US Bureau of Reclamation. The capability to
_peiform GIS manipulations, and the application of a hydrodynamic model to simulate flow in the channel
network, require the use of a'powerf‘ul computer such as the Aviion workstation. The graphic interface to the
model was created using the proprietary software TELEUSE, copies of which can be run on most'Uriix-based

workstations.
3.1.2 Model development

3.1.2.1 - Reasons for development of the models

‘The NRWS was preceded by the GWSDN model. The GWSDN model was originally developed to provide a- -
link between the San J oaquin Valley Drainage Program's WADE model and the SJRIO model, developed by the
SWRCB. Limitations of the GRASDN model include the problem of accounting for wetland water storage _
during the period these wetlands are ﬂooded and the model's inability to estimate the concentration of suri"ace 4
drainage from these wetlands during spring releases. The NRWS is being developed to assist in determining
water deliveries and planning water delivery 'schedules to lands prOposed fbr acquisition as refuges for waterfowl
and use by other migratory birds The NRWS will be extended to srmulate both water deliveries and surface

dramage return flows from managed wetlands and refuges within the Grasslands Basin.

3 1.2.2° History of development and use of the model ‘
" The NRWS is still under developmem and has not enjoyed any w1despread use to date
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3.1.2.3  Further development of the model and intended future use .
- The NRWSis slated for completion by the end of 1992. The NRWS will be used to assist in allocation of
water supplies among State and federal wildlife refuges and within the Grasslands Water District and to simulate

the effect of operations changes on the qnality of surface discharges to the San Joaquin River. *

3.1.3  Evaluation of the model

©3.1.3.1 Predictive capability and model rellablhty
The NRWS will be prov1ded with a surface water routmg model, HEC-5Q, that can run in either dynamic or
steady-state mode. In steady -state mode the model can be provided with mean monthly inflows and consutuent
concentrations. In dynamic mode the HEC—SQ model within the NRWS can perform hydrodynamic and water
quality calculations from user-defined initial and boundary conditions such as water stage and initial water supplyv
concentrations. Real-time monitoring stations are being installed in Mud and Salt Sloughs and in the San Luis
Drain and will be able to supply continuous flow and EC data, once in place. Analysis of monitoring data for

A certain Grasslands channels demonstrates that concenuations and flows can change dramatically from day to day,
especially durm0 the irrigation season. Likewise, wetland releases of short duration during the spring months
can increase the salt load transported by the sloughs in transit to the San Joaquin River. .

The complexrty of the water delivery system and the dearth of continuous flow and EC records w1thm the

system will limit the accuracy of the NRWS flow.model as a predrctrve tool. However the model has
significant value as a planning tool when used to calculate mean monthly flow and water qualrty andalsoasa

reposrtory of mformatmn on the hydrology of the Grasslands Basin.

3.1.3.2 Data requlrements
Data requrrements for the NRWS flow model includes stage, inflow, channel hydxauhc radius, channel roughness
and water quality at a sampling frequency consistent with the type of analysis to be performed with the model.
The geometry of tne model network should also be specified, in particular, channel length and channel branches.
Other components of a water delivery system such as small ponds and diversion points can also be specified
within the NRWS. Infonnation on soil type, land use and vegetation cover type are used within the NRWS to
estimate evapotransplrauon losses and predict water requirements, The NRWS flow model is used to formulate

operanonal scanarios designed to sausfy these water reqmrements

3.1.3.3  Model outputs _ _
The NRWS also calculates the monthly water demand for each of the different vegetation types within an area.
Outputs from the NRWS flow model will inelude monthly canal discharges to each of the new wetland areas.
The quantity and quality of the water resources'needed to Ineet demands, based on various wetland development
“scenarios, and the quantjty' and quality of return‘ﬂows will also be estimated with the NRWS flow model. The
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NRWS can access GIS dlgmzed aerial photographs of the study area and overlay these coverages with a number
of land use types to facilitate

3.1.3.4  Ease of calibration and performmg model runs
The NRWS flow model will utilize HEC-5Q for snmulatmg the conveyance of wetland and refuge water supply
within the Grasslands Basin. There are insufficient flow gauging stations and water quality monitoring sites
within the Grasslands Bosin to allow proper calibration of the NRWS flow model. However the model should |
be adequate for initial planning studies related to development planning of new weltlands.; Diversions‘and water
delivefy operations within the Grasslands area occur on a schedule that is difficult to develop rules for - hence it
may be unrealistic to run the modelv dynamically, except when the model might be used to estimate channel
residence time or timelag ih water deliveries. The NRWS flow model is complex and requires considerable data
inputs much of which must be obtained from the literature. The ease of making model runs will be evaluated
when the user interfaee has been completed for the NRWS flow model.

-3.1.3.5 ' Relative expense of using and maintaining model V
The NRWS will mh only on Unix workstations. This model will likely be the mostv expensive to maintain.
Model bugs will likely require the involvement of the deveiOper. Because of the graphic nature of the interface,
the increased complexity of the model may be m part offset by visual appeal and intuitive feel of the user
interface. . ‘ ’ '
3.1.3.6  Ease of linking with other models |
The NRWS has been linked with a public domain geographical information system GRASS and empioys
seperate subroutines, linked to the GIS, to calculate water requiremems according to land use and seepage losses
| from both seasonal and permanent wetlands. The NRWS also has the capability of viewing dlgmzed aerial
photographs of the study area and supenmposmg channels and other features over these unages (Figure 30).
The NRWS could be linked to SJRIO-2, to supply the San Joaquin River model with both drainage flow
" and contaminant loads from Mud and Salt Slough and with the flow and contaminant loads to the river produced

by sprmg releases of wetland water

3.1.3.7 - Previous peer review : . : : .
A prelmunary version of the NRWS has been demonstrated to Reclamatlon personnel as well as to refuge

managers and representatives of the State and Federal fish and wildlife agencies.
3.1.3.8 Model deficiencies and how. these are being addressed

The HEC-5Q model, when fully functional within the NRWS, will be capable of considering carry -over

storage as well as other hydrologic variables such as evaporation that are currently user specified in the GWSDN
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Figure 30.  Digitized aerial photographs associated with the study area can be -
viewed in the NRWS. Nadir points, superiniposed on the map in the
background, are used to select individual aerial photographs.
(Source : Garcia, 1992)
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and in the GWSDN-STELLA versions of this model. HoWever, until this development has been ébmpleted it
will be difficult to ascertain model deficiencies. The HEC-5Q model was originally designed as a reservoir
operations and flow routing model and is both complex and data intensive. Creating a user-friendly interface for
the model wi]l be a challenging task.

3.1.4 Utility of the model for Reclamation planning studies

3.1.4.1 Actions to meet water quality objectives Iin the San- Joaquin River

" Although the NRWS was specifically designed to explore options for water deliveries to newly created wetlands
and refuges the model might also be used to link the IRDROP (or WADE) and the SJRIO models. Drainage
flows containing high contaminant concentrations that are prediétéd by the WADE model can be routed using.
the NRWS to the San Joaquin River via Mud and Salt Sloughs (or the San Luis Draih, if the current proposed
project to use the drain wins final approval). When completed, the model should allow a more accurate
prediction of wetland water quality than is now possible and hence allow better estimates of éalt and boron
loading to the San Joaquin River. This would prove useful, hot only for helping to manage drainage releases to
meet SWRCB objectives for selenium and Boron at Newman, but also to help manage salt loads in the river that

‘currently concern the South Delta Water Agency..

3.1.4.2 / Salt balance in the San Joaquin Basin , ,
The NRWS may be capable of simulating water deliveries to newly created wetlands and refuges as well as the
transport of contaxilmants through the Grasslands Water District once completed. Although, in theory, the
model could be extended to téke account of contaminant transport in the San Joaquin River it would be more |
sensible and cost effective to use the model to provide inpilts to the STRIO model at Mud Slough, Salt Slough

and the SanJoaquin River.

3.1.4.3 Drainage reduction policies and planning
. Drainage reduction policies have been shown to reduce the mass loading of salts and trace elements in
agricultural subsurface return flows. Thé extent to which these reductions in mass loading help to meet
SWRCB objectives may be influenced by in-transit losses, in the case of selenium or accretions to mass loading '
in the case of spring wetland releasg:s. The NRWS may have some utility in estimating the impact of these
poli_cies'on water quality in the San Joaquin River if linked with the WASE or IRDROP models.

3.1.4.4 Surface and groimd water conjunctive use planning in the San Joaquin Basin
The NRWS “does not simulate groundwater levels or solute transport in the groundwater explicitly nor does it
simulate the effect of groundwater pumping on aquifer storage or st}eam-aquifer interactions. The NRWS is

therefore not appropriate for this purpose.
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3.1.4.5 Strﬁctural options to control stage and water quality in the South - Delta
The NRWS may have some utility in allowing better prediction of potential salt loading from spring wetland
releases prior to their occurrence. The model will be capable of simulating evapofation and salinity build up in
ponded areas and hence allow estimation of the total flow and mass loading of salts. Operation of barriers and
other control structures in the South Delta to limit salinity intrusion into the South Delta might be assisted
with information provided by this model. Also, under D-1630 the NRWS might be used to independently
determine optimal schedules for wetland releases if linked to the STRIO-2 model, and assist in planning studies

to ensure compliance with SWRCB objectives.

3.1.5  Overall assessment and recommendations
The NRWS may prove useful for the following purposes; (2) as a simulation tool for compéring different
operational strategies for delivering water to hewly created wetlands and wildlife refuges; (b) as a linkage between
regionél drainage models such as WADE or IRDROP and water quality models of the San Joaquin River, such
as SJRIO-2; and (c) as a means of sihmlating changes in contaminant loading when égricultuxal return flows are
vrouted through Grasslands channels. The NRWS Grasslands model can be used to estimate the volume dischargev |

and mass loading of contaminants and can help in planning release schedules to minimize downstream impacts.
3.1.6  References
- Garcia L. 1992. Natural Resource Workstation. Report of éccomplishmems to the U.S. Bureau of Reclamation.

‘Philip A. and N.W.T. Quinn. 1989. Grasslands fresh water supply and drainage model. Preliminary draft report.

San Joaquin Valley Drainage Program, Sacramento, CA.
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- 3.2 IRDROP (Irrlgatlon and Drainage Operatlons
| ‘Model)

'~ 3.2.1  General description and purpose of model

B . The IRDROP model simulates water district level decisions regarding drainage recycling, groundwatcr pumpmg,
short term storage, direct discharge and dilution to optimize use of San Joaquin River assimilative capacity
without exceeding State Water Resources Control Board water quality objeétives for selénium or boron. The
modei isan adéptation of the hydrosalinity rout.ines within the WADE model, previously described in this
report, to assess the feasibility and effects of dramage re-use and recycling pracﬂces proposed as part of a long
term management plan for agricultural water districts in the Grasslands Basin. Recoding of the WADE
hydrosalinity model was performed by CH2M-Hill, the deve;opers of the model, because the seasonal time step - |
employed wifhin the WADE model was too coarse to simulate draihagé ma_nagementv decisions and timed
drainage releases to the San Joaquin River to coincide with peﬂodsof assimilative capacity. The model
simulates interactions betwéen agn’cultﬁral decisions such as cropping patterns and irrigation prac_ticés and

- hydrologic parameters'such as crbp ET, drainwater volume and quality and soil salinity. The model is capable of

mx{ning a 30 year simulation, gi\?en a time series of assimilative capacity estimates for the San 'Joaqiiin River
for the time period 1960 - 1990. .

- 3.2.1.1  Geographic extent of- the model
The model performs subreglonal mass balances on the water dlsmct scale (Figure 31) Within each water
(istrict the model recognizes three land categories based on dramage conditions: (a) land with existing tile drams,_
(b) land without tile drains and (c) undrained land with water table-depths less than 10 feet (CH2M-Hill, 1991).
The geographical location 6f fhese land categories within each water district is not specified by the model. Most
‘water districts in the Grasslands basin are assumed to have central ’col]ec;tioﬁ facilities for temporary storage of
drainage water prior to discharge to the San Joaquin River. These storége facilities could also be used for |
blending fresh Water.' supply With recycled hilwatﬂ and/or subsurface drainage within the district (Figure 32).
' The model deals with the managetment of this stored or redistributed water. : . \

3.2.1.2 Featlsres of model -

' The IRDROP model calculates monthly agricultural drainage voiu_me and quality and compéres the mass
loading .of selenium and boron contained in the drainage watsr to established water quality objectives for these
constituents in the San J oaquin River (Figuré 33). The model then dctermines optimal combinétidns of actions
such as direct discharge, drainage recycling or temporary storage to manage these drainage flows in the most
efficient and cost effective manner. | |

. The irrigation routines within the IRDROP model opgrzite on a monthly time step and simulate ii'rigation'

~ operations based on root zone mass balance calculations. The model applies water to meet the monthly
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management allowed depletidh which is the percentage of the available water holding capacity of a soil that is
available for crop use. When this depletion is exceeded it is an indjcator that water should be re-applied. These
calculations are made uniquely for each combination of agricultural crop, drainage condition and pre-inigatioh
regime. Water stored in the root zone and that is available to crops comes from three sources; applied surface
water, effective rainfall and crop use of shallow groundwater tables. The model uses the depth to shallow
groundwater to calculate potential crop use and combines this with estimates of effective precipitation to
determine monthly water requirements. The algoﬁthm used in the model assumes an extinction depth of 8.5 feet
for shallow groundwater contribution to evapolrahspiration and assumes a linear increase in this contribution to
a maximum of 50% of potential evapotranspiration. This algorithm is the same as that used to calculate

" groundwater upflux in thé WADE model. Drainage calculations are made in a similar manner to those in the
WADE model. The average water table elevation and the effectiveness of the tile drainage system are uéed to
estimate drainage flow and mass loading. !

The IRDROP model attempts to discharge as much water as possible directly to the San Joaquin River
subject to chpliance' with SWRCB water quality objectives. Boron and selenium loads are determined from
regression felaﬁon;hips between salt (as TDS) and the boron and selenium concentrations. Water that cannot be
discharged directly is eithér recycled or stored. Cqsts associated with surface sto°rage and with salinity build up
due to drainage recycling are factored into the decision to store water or recycle drainage water. Augmentation
water is used by the model to increase allowable discharge and offset storage requirements during those months
when supplemental water supplies are available. | |

3.2.1.3 - Capability of the | model : flow / flow and water quality

Drainage flow is estimated by the model as a function of water table _elevatioh, which in turn is a

| function of irrigation applied water, evapotranspiration, drainage récycling and irrigation sy.stem losses
(previously illustrated in Figure 31). A mass balance is performed for salts in the root zone to
calculate the concentration of TDS in deep percolation. Drainége water quality is dete_lmined by =
’aSsurrﬁﬁg afixed ratio blend of deep percolation, shallow groundwater (watcr table less than 20 ft below
the surface ) and deep groundwater (water table greater than 20ft below the ground surface). Saliniiy
levels assigned to each component are blended at the drain according to the ratio 35% deep percolation,'
40% shallow groundwater and 25% deep grdundwater. Selenium and boron concentrations are
determined by regression from TDS data. Improved regression coefﬁciénts were obtained when the
afmual.data was split into three seasons and independent regression equations determined for TDS and

trace element concentrations for each season.
3.2.1.4  Simulation time step

The IRDROP model currently uses a monthly time step élthough there is no conceptual impediment why the

model should not run at a smaller time step. The only limitation to using a smaller time step is the availability
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of data for model calibration. Real time monitoring stations are being placed in the main stem of the San
Joaquin River and will also be placed at Mud and Salt Sloughs, which are tributary to the San Joaquin River.
The data from these stations might allow the IRDROP model to be calibrated for a smaller time step and allow

the model to be more effectively used in drainage operations planning and management.

3.2.1.5 Computer requirements and portability
IRDROP will run on any machine that successfully runs the General Algebraic Modeling System package. -
This inchides IBM 386 and 486 machines, Apollo, Sun and Data General workstations running UNIX.

3.2.2 Model development

3.2.2.1° Reasons for deveiophent of the mod.el , _
The IRDROP model was developed to assist in the comparison of alternative drainage- management policies for
the Grasslands Basin within the San Luis Unit of the Central Valley Project. The Grasslands Basin can be
distinguished from the Westlands and Tulare areas to the south in that it possesses a drainage outlet. A long
term plan for drainage management in the agricultural areas of Grasslands Basin, formulated by the San Luis
Drainage Program, called for the construction of temporary holding ponds for agricultural drainage. The;e ponds
would be filled during those months when the assimilative capacity of the San Joaquin River is not sufficient to
accommodéte the total volume.a‘md cbntaminant load of the drainage produced. The IRDROP model was used to
minimize the total storage volume while maintaining compliance with SWRCB river criteria and other -

i

environmental requirements.

3.2.2.2 History of development and use of the model
The San Luis Drainage Program (SLDP) was foﬁned after the San Joaquin Drainage Program disbanded in
. 1990. The SLDP was charged with developing a long-term solution to the drainage problem in the San Luis
Unit of the CVP and comﬁliance with the Barcellds Judgment, a lawspit filed byWestlaﬁds, mandating ihe
preparation of a drainage plan for drainage problem areas within Westlands. The IRDROP model was used in
the San Luis Drainage Program in the Grasslands Basin to help understand the monihly patterns of water use and
drainage flow and to predict the effect of various policy changes on district operations (CH2M-Hill, 1991).

3.2.2.3  Further development of the model and intended future use
The IRDROP model is not being used for planning studies at this time. The model has beén placed on the
Drainage Workstation and, in the next several months, will be linked with the interactive data query and analysis
system currently under development within MP-405. Once this linkage is developed, the model could be useful
in démonstrating the potential for timing subsurface drainage releases to match San Joaquin River assimilative

capacity and also to coincide with any future scheduled pulse flows from the tributaries to the main stem of the

~
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San Joaquin River. Decision v1630, released for review by the SWRCB, suggests the use of pulse flows during
critical periods to aid fish migration. The model's utility will be enhanced as the San Joaquin River
Management Program makes progress in the installation and creation of a real time monitoring network along
the main stem of the San Joaquin vaer and once the institutional issues surroundmg use of the San Lms Drain

for conveyance of subsurface dramage wuhm the Gmsslands Basin are resolved.

’

3.2.3 Evaluation of the model

3.2.3.1 Predictive capability and model reliability

The IRDROP model is regibnal in its coverage and treats each water district as the unit of analysis. Although
each water district has been divided into three land categories according to drainage éonditi_ons these areas are -
considered lumped parameters in the model and are not associated with specific tracts. Hence the model's
predictive capability does not really extend beyond the water district scale. The IRDROP model has been
calibrated against five years of measured water district surface water deliveries and drainage flows. Figures 34-
37 show the results of these calibration experiments. The major calibration variables used in developing water
district water balances were irrigation efficiency, (venical groundwater flux and drainage conductance. The
IRDROP model was also calibratéd for salinity against avérage monthly TDS readings at four monitoring
stations, located at the major drainage outfalls for San Luis, Broadview, Panoche and Pacheco Water Districts.
The simplicity of the hydrology and salinity méss balances made by the IRDROP model allow the model to '
perform reasonably };ood'estimation of monthly drainage flow and salinity load at the water district level. Where

-large discrepancies occur these are likely the result of flows not accounted for in the water and salt mass v
balances, such as intercepted drainage from adjacent water districts or from adjacent unincorporated areas. The
utility of the current model as a planning tool depends on the accuracy with which river assimilative capacity
can be measured for each month and the validity of the regression relationships den'véd between concentrations of

dissolved salts and the concentrations of both selenium and boron.

3.2.3.2 Data requirements »
The parameters used in the IRDROP model are similar to those for the WADE hydrology and salinity models,
however the monthly time step utilized by the IRDROP model greatly increases the data requirements.
Individual water districts were consulted for historical records of water deliveries, cropping pattems, |
evapotranspiration, groundwater use, drainage flow and drainage water quality. Mass balances for water and salt
imported and exported from each water district were constructed using this data. Intercepted flows were set equai

to residuals, not accounted for in the mass balance computations.
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Calibrated Tilewater Flow
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Calibrated Tilewater Flow
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3.2.3.3  Model .outputs
The intermediate outputs of the IRDROP model are calibrated monthly flow volumes and salinity concentrations
- from San Luis, Broadview, Panoche and Pacheco water districts that constitute the northern division of the San
Luis Unit. The final outputs of the model are monthly targets for drainage ﬂov?, temporary on-farm storage and
drainage recycling for each water district that maximize assimilative capacny opportunities within the San

Joaquin River and still meet San Joaquin Rlver ob_;ectwes for boron and selenium.

3.2.3.4  Ease of calibration and performing model runs
Calibration of the IRDROP model was performed first at the water district level and then against combined water
district discharges into the San Joaquin River (previously shown in figures 34 - 37). Model calibration required
the exercise of considerable judgment owing to a dearth of data on intercepted'sm'face flows, gromldWater
~ pumping and seepage losses in the surface water distribution system. Although the IRDROP model was quite

successful at matching flow hydrographs from most of the water districts the model waé less successful at
matching salt loads exported by each water district. Hence the estimates of selenium and boron loading from

" each water district were also subject to error. Improved calibration of the model will. be easier if greater numbers
of sumps are monitored for flow and cohtaminént concentrations in future district monitoring programs and if
these is amore concerted effort within each water district to monitor soil and shallow groundwater '
concentrations of salts and important trace elements.

It is relatively easy to make IRDROP model once the data has been entered - the GAMS input format 1s

intuitive and easy to understand. Although a knowledge of GAMS is important for makmg changes to the

model it is not necessary for the user to make model runs.

.3 .2.3.5 Relative expense of using and maintaining vmodel )
- The IRDROP model requires two software packages to be resident on the computer bg:fbre it can be run. The v
Generalized Algebraic Modeling System (GAMS) software is a pre-processor and post-processor, which sets up '
the model objective function and constraints for inierpretation by the MINOS optimization package. GAMS
allows data to be input to the ﬁMel inv tabular format and output from the model in the same general format.

All model programming is written in the GAMS language. The GAMS-MINOS program package is expensive
and is required software for any computer'that it used to run the model. This is in contrast to Fortran - based
models such as the CV_GSM, the SANJASM, the SANTUCM, the SJRIO-2 model and the TPDSM which can
-bevtransfelred td the end-user as an executable program. The input data can be readily changed in the IRDROP

~ model simply by substituting new values for existing values ih the data files. Program changes, howei'er,
require some experience of the GAMS syntax. | | o

The model execution time is considerably faster than the WADE model. A .complete 30 year run ﬁsing

input values of San Joaquin River assimilative capacity for sel_enium and boron at Newman (measured at Crows

Landing) takes less than 30 minutes on an IBM compatible computer. A separate analysis must be made using.
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a customized spreadsheet model or the SJRIO-2 model to make projections of assimilative capacity in the San

J oaduin River at the compliance site.

. 3.2.3.6 Ease of linking with other models

The IRDROP model requires information on river 'assimila\ti\}e capacity for selenium and bbron prior to making
monthly allocation decisions between direct discharge, temporary surface storagé and drainage recycling. The
SJRIO-2 model could be modified with little effort to pfovide these estimates for future projections of reservoir
releases and other tributary and groundwater inflows into the San Joaquin River. The SJRIO-2 model could also
be used to predict the impact of the monthly target drainage flows on concentrations of selenium, boron and
TDS at Vernalis and other sites downstream of the compliance site at Newman. e

Other more detailed hydrologic models could be used to refine the drainage flow and quality calculations
made by the IRDROP model, in instances where more detailed hydrolbgy and water quality data is available.
The HYSAM, discussed later in this repdrt, would be one such model. The HYSAM could also be used to
predict the long term impact of drainage recycling at the levels suggested by the IRDROP model.

The WADE model could also be linked to the IRDROP model to supply seasonal projections of water
deliveﬁeé and cropping patterns, subject to various economic incentives or penalties. These cropping patterns

and seasonal deliveries could taken as input to the IRDROP model.

3.2.3.7 Previous peer review

The IRDROP model has not been formally reviewed. Informal review of the IRDROP model occurred within-
3 .

the San Luis Drainage Program by Reclamation personnel in Denver.

3.2.3.8 Model deficiencies and how these are being addressed

The IRDROP model is mostly data driven - hence the best way to improve the predictive capabiliiy of the
~model is to impfove the database upon which the model depends. Certain assumptions such as the percentage
contribution to drainage from deep percolation and the shallow and deep semi-confined aquifer neegl to be field
tested‘- at present these peroentageé are extrapolations from published USGS drainage studies in the Panoche
Water District. Errors in estimates of seepage from canals and ditches and intercepted ﬂows from other districts
can cause substantial errors in mass balance computations for each district and should be corrected through
improved design of the existing monitoring system. . Initial conditioné fof groundwater salinity can have a large
effect on the prediction of drainage loads for each water district - more extensive monitoring of groundwater

levels and groundwater quality in these districts will help improve these estimates.
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3.2.4  Utility of the model for Reclamation planning studies

3.2.4.1 Actions to meet water quality objectives in the San Joaquin River
The IRDROP model is provided with estimates of San Joaquin River assimilative capacity for selenium and .
boron to determine an optimal management strategy that combines direct dischafge, temporary storage and
drainage recycling. These estimates of assimilative capacity are based on the SWRCB water quality objectives
for selenium and boron at Newman. The inodel currently operates on a monthly time step but could be adapted
to consider a shorter interval. Considerable effort would be required to re-design the model to work with daily
data, in particular that transit times within the dfainage conveyance system would need to be considered. .
However, the general attributes of the model are a gobd basis for the eventual design of a tool to work with real-
time data.

3.2.4.2 Salt balance in the San Joaquin Basin
The IRDROP model performs salt budgets for each of the four water districts that comprise the San Luis Unit.
The combined flow and salt load from the four water distn'ds provide an estimate of salt export from the
. northern section of the San Luis Unit of the CVP. '

3.2.4.3 i)rainage reduction policies and planning
The model was designed to récommer_xd district drainage operations invblvin g direct discharge, témporary storagev
in holding ponds and drainage recycling after making estimates of flow and salt loading from each of the four ’
water districts that make up the northern section of the San Luis Unit. Certain drainage reduction policies, A
notably those that limit total flow or salt load can be readily analyzed within the IRDROP model. Policies that
' affect the economics of drainage are better analyzed within the WADE model and the results of these model runs
used to constrain the monthly drainage flow and load in the IRDROP model. This could be performed using
percentage reductions in flow or salt load relative to ﬁe values of these factors obtained using the base
. condition. Alternatively annual total drainage flow and salt load obtained from the WADE model could be
distributed by month using a typlcal flow volume distribution curve.
The various drainage reduction policies that have been analyzed with the WADE model and that could be
» include (a) drainage fees based on volume of discharge, (b) .drainage fees based on salt (or boron, selenium)
loads; (c) tiered water pricing; (d) drainage load allocations for water districts (represented by several polygons in
the model); (¢) regional groundwater pumping; and (é) land retirement apd idling of selected lands.

3.2.4.4 Surface and ground water conjunctive use planning in the -San Joaquin Basin .
The IRDROP model does not recognize the streams and tributaries to the San Joaquin River. Neither does the
model recognize stream - aquifer interactions. Conjunctive use actions can be analysed by the IRDROP model _

as a trade - Off between surface water supply and groundwater supply at the regional level. The major impact
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that pumping would have on model results is in the TDS of surface applied water and the effect tlns would have
\ : on rootzone salinity. The IRDROP model is a limped pararheter model and does not consider the effect of

groundwater pumping on water table levels.

3.2.4.5  Structural optlons to control stage and water quality in the South - Delta
The IRDROP model can be uséd to make projections of drainage loads and ﬂows from the west side of the San
- - Joaquin Valley, which directly affects water quality in the San Francisco Bay-Delta. Much of the salt load
' carried into the Delta and Bay Estuary derives from agricultural operations on the west side. The model would -
_ . need to run in conjunction with one of the Delta hydrodynamic and salinity models to be useful in this type of
- © analysis. Iflinked to one of the Delta hydrodynatnic models and the STRIO-2 model, the IRDROP model could
- : be used to predict a future time series of drainage flows and salt Aloads, which could then be routed down the San

Joaquin River into the Delta.

L 3.2.5 Overall assessment and recommendatnons
' The IRDROP model ‘was developed as a tool for making dec1smns about dramage operauons to maximize export

of salts and drain water high in trace elemem concentrations w1thout violating SWRCB objectives for the San

_ Joaquin River. The model is unique in thls capability. The current IRDROP model operates on a monthly
\ T txme step, which makes it easy model 1o link to the SJ RIO-2 model. The IRDROP model should be acuvely

o o ' _ retained within Reclamation since, with further development, it could provide a basis for making real time
decisions on the management of drainage into the San Joaquin Ri\;er Current investments in flow and water
quality telemetry stations along the San Joaquin River and w1th1n its major tributaries mcludmg Mud and Salt

Slough will help to provide the data to make this feasible. '

el
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3.3

3.3.1

San Joaquin River Input-Output Model (SJRIO-2)

General description and purpose of model
This mode] has evolved from the San Joaquin River Input Output model (SJRIO) developed In 1986 for the
State Water Resources Control Board to study the effects of agricultural drainage on water quality in the San

Joaquin River between Lander Avenue and the Vernalis monitoring statron (Pickett et al., 1987). The original

“SJIRIO model was used to estimate monthly flows and concentrations of TDS, boron and selenium at

approximately 180 locations along the 60 mile reach of the San Joaquin River. SJRIO-2 is a more physics-
based version of SJRIO that calculates the groundwater contribution to flow within the model and includes a
stochastic streamflow simulator to allow a larger range of monthly streamflow conditions to be analyzed.

Future enhancements of the SJRIO-2 model will allow the model to route streamflow down the San Joaquin

* River by considering the flow hydrodynamics. This will allow the model to consider the time of travel between

3.3.1.1

monitoring stations along the river, a feature not available in the present model or the oriOinal SJ'RIO model.
Agrrcultural drainage reduction scenarios can also be analyzed with Monte Carlo 51mu1atlons to assess the effect

of load reductions on concentrations of TDS, boron and selenium in the San Joaquin River.

Geographlc extent of the model
The SJRIO-2 model simulates the same 60 mile reach of the San Joaqum River as SJRIO (Floure 38) extendmg

from Lander Avenue to Vernalrs and including major west side contaminant load contributions at Mud and Salt

' Sloughs and major east-side flow contributions from the Merced, Tuolumne and Stariislaus Rivers.

3.3.1.2

Groundwater contributions to the river and groundwater losses from the river are calculated every mile along the

60 mile reach (Figures 39 and 40).

Features of model.
SJRIO-2 is a deterministic mass balance water quality simulation model. The.model can be run w1th historical
data, stochastic data or a combination of both (Grober and Kratzer, 1989). The model can be used to performa -
multivariate time series analysis of the data describing inflow to the San Joaquin River inflow and can generate a
stochastic time series from these data. Monthiy diversion.data were assembled from DWR reports for water

years 1976 through 1990, based on agricultural crop water use and cropping patterns (Figures 40 - 42).

- Agricultural surface and subsurface return flows were estimated asa percentage of the supplied irrigation water in

most 'instances where return flows have not been measured. An assumption of constant monthly water quality
was made of these return flows. Grab sample water quality data was used, where available, to establish these
return flow concentrations. Groundwater accretions or depletions to the riyer were calculated assuming Darcy »
flow and hydraulic gradients determined between the u'nconﬁned water table level and the river stage for each

month. The model can be run in deterministic fashion for a 14 year period or stochastically for 250 years of

.. generated data.
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(Source : Grober et al. 1992)
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Figure 39. Hydrologic components of the SJRIO-2 model. Groundwater accretions
are simulated every one half mile, evaporation, precipitation and evapo-
transpiration every five miles. Other gains and losses along the main
stem of the San Joaquin River occur at discrete locations .

(Source : Grober et al. 1992)
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Figure 40.  Gains and losses to the San Joaquin River from Lander Avenue to Mile 112
simulated by SJRIO-2. (Source : Grober et al., 1992)
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Gains and losses to the San Joaquin River from Mile 112 to Del Puerto Creek
simulated by SJRIO-2. (Source : Grober et al., 1992)
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‘ Figure 42. - Gains and losses to the_ San Joaquin River from Del Puerto ‘C‘reek tq Vernalis
' ‘simulated by SJRIO-2. (Source : Groberet al., 1992)
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3.3.1.3

-Capability of the model : flow / flow and water quality »
The model simulates both flow and water quality on a monthly time step. Water quality values for the
tributaries were calculated using a simple least squares linear regression of flow versus constituent concentration
(U.C. Davis, 1992). This appreéch appears to be defensible owing to the small contribution of the east-side

streams to the salt load in the San Joaquin River.

3.3.1 . 4 Simulation time step

3.3.1.5

The model operates on a monthly time step and summarizes results by water year. Using a monthly time step,

the model assumes that both flow and water quality remain reasonably constant over the time step - hence the

hydrodynamics of flow and water quality are assumed not to be important. At lesser, the hydrodynamics of flow

becomes more important since water can take upwards of one: week to pass from Lander Avenue to the gauaino :

station at Vernalis. Groundwater flow, on the other hand, owing to the assumptions made in its predxctlon is

independent of the time step chosen.

Computer requirements and portablllty
SJRIO-2 currently runs on the SWRCB MicroVax II. The model cannot be run on other workstations or MS-
DOS based machines without changes to the dimensioning of the arrays used in the model. The SWRCB
intends to make these eode modifications so that the model vvvillvrun on these machines (Grober, 1992; persohal
communication). The STRIO medel took less than 1 minute to simulate ﬂbw and water quality on an Apollo

workstation for each of 12 months when a study was made of model sensitivity to Mud.Slough drainage loads.

Owing to the increase in the model computation required STRIO-2 would likely take 5 to 10 times longer to run

3.3.2

than the original model. ‘When used with stochastic input data the model execution time will increase

proportionately 'aceording to the number of realizations of the independent variables used in the analysis.

Model development

3.3.2.1 Reasons for development of the model

The model was developed to study the effects of agricultural drainage on water quality in the San Ji oaquin River
and assist in the formulatJon and evaluation of water quality ob_]ectlves for selemum and boron at Newman and

within Mud and Salt Sloughs.

3.3.2.2 History of development and use of the model

- The SWRCB has used the original SJRIO model in planning studies related to the development of water quality

objectives for the San Joaquin River and for major contaminant load-bearing return flows at Mud and Salt .

. Sloughs. The model was subsequently used by the San Joaquin Valley Drainage Program for evaluation of the

impacts of various drainage reduction strategies and in the development of a management plan for control of
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3.3.2.3

selenium and boron loading on the San Joaquin River. A graphics-based version of the current SJRIO-2 model

will be developed for the Data General AV1iON workstation during the next 6 months.

Further development of the model and intended future use .
The SJRIO-2 model is currently being considered by the EPA and the EDF as a means of allocating contaminant
waste loads frorn agricultural water districts, given the assimilative capacity of the San Joaquin River. The
model is the best available database of discharges to and diuersions from the SanJoaquin River and, if further
enhanced to allow it to utilize real time data, the: model could be used to calculate daily assimilative capacity for

_the.San Joaduin River and in the setting of daily drainage release targets. To make these calculations STRIO-2

‘would need to be run as a hydrodynamic flow and water quality model.

’

3.3.3

Evaluation' of the mode.l'.

3.3.3.1 = Predictive capablllty and model reliability

SJRIO-2 is a data dnven mass balance model which attempts to simulate mean monthly flows and contaminant
loads along the San Joaquin River. Although SJRIO-2 is more physically based than the original SJRIO.

model, assumptlons of the relationship between flow and contaminant load -for the various tributaries and .

- drainage channels, which transport agricultural return flows, are necessary for the mass balance computation

along the San Joaquin River. The assurnp_tion that these relationships remain static over time is not justified
for some areas where the raising or lowering of the regional water tehle‘can change the concentration of .drainage ,
return flows that end up in the San JoaquinRiv_er. Between 60% and 85% of the annual selenium and boron
loads are transported through Mud and Salt Sloughs, which are inpurs to the model. Hence the load
contnbutlons from other sources do not have a great 1mpact on the model's ability to predrct water quality along

.the reach of the river. Prediction of flow is less reliable because of the large volumes of water contributed by

- sources other than Mud and Salt Slough and the major tnbutanes

3.3.3.2 Data_ réqui_rements _

SIRIO-2 requires flow and eonstituent concentration information for the contributions made by surface and
subsurface return flows and the monthly volume of water diverted at each turnout or pump location along the
river (Figure 39). Groundwater water tables are compared wrth calculated monthly average river stage elevations

to calculate groundwater accretions or depletions. Cahbratlon of the model is performed at four control pomts

along the length of the San Joaquin River. Flow and contaminant concentrations are required at these locations.

3.3.3.3 Model outputs

The model produces outputs of flow and contaminant concentration each river mile along the length of the San

- Joaquin River and at the location of each major diversion or point of inflow. When the model is run with the
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stochastically generated data the results can be presented as probabilities.of exceedance of a particular flow or
contaminant concentration. This is particularly helpful for risk assessment and is a parameter particularly useful

to agencies such as the EPA for the analysis of compliance.

3.3.3.4 Ease of calibration and performing model runs
The original SJRIO model was provided with a user interface with prompts to assist the user during calibration
of the model and while performing sensitivity analj/ses using the model. The SJRIO model is easy to calibrate
and to run; these steps are performed by separate computer programs. SJRIO-2 is a more complex model and -
requires_ more data. Calibration is more dlfﬁcult with S.lRIOJZ because groundwater accr_etions ordepletlons are
calculated within the model and are a function of the ,head gradient betweeu'mean aquifer water table'aud the river .
vstage. Once calibration has been performed, the model can be run in either deterministic or stochastic mode.
This can be accomplished relatively easily with SJRIO—Z - however, the execution time can’r\ange from minutes
to hours, depending on whether the model is run usihg historical time series data or stochastically - generated,

time - series data.

- 3.3.3.5 Relatlve expense of usmg and maintaining model

| v SIRIO-2 requires more data to perform simulation runs because the model calculates many of the variables that

~ areread in from external datafiles in the STRIO model. At present the SJRIO-2 model has not been successfu_lly
1mplemented ona computer other than the SWRCB MicroVax minicomputer - hence it would require a
computer of similar power to successfully run the model. SJRIO, on the other hand is currently avaJlable on
Apollo, IBM and Macintosh computers. The speed of execution is relatively fast on the MicroVax, a run can be -

) completed in under 5 minutes of CPU time. However, if using the Monte Carlo simulator, the model takes

several hours to run a 250 year simulation. This could take considerably lonéer on a less powerful workstation
or IBMahased machine. The model de{/eloper plans to have a working version of the model on an MS-DOS

platform by early 1993,

'3.3.3.6 Ease of lmkmg wrth other models
| The SJRIO-2 model can be linked with minimal dlfﬁculty and minor codrng changes to several models The

mode] can be directly linked with the SANJASM and the SANTUCM for analyzing the effect of Teservoir re-
operation on water qualrty in the mainstem of the San Joaqum River. The SANJASM would be a more surtable
model to lmk to the model than the SANTUCM since the SANTUCM contains a groundwater flow model,

| which is inferior to the groundwater subroutine contamed in the SJRIO-2 model. Since the salinity model for
the SANTUCM was not completed by the model's developer, this would be another redundant subroutine that

' could be eliminated by linking the STRIO-2 model with the SANJASM

For drainage reduction planning the IRDROP model could be used to estimate dramage production by the :

Grassland water districts and estimate the flow and salinity load delrvered to Mud and Salt Sloughs for
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conveyance to the San Joaquin River. The NRWS, when completed, should be abie to estimate in-transit losses
or additions to salt load. The SJRIO-2 model could also be used to provide input to‘thc Sacramento - San
Joéquih Delta hydrodynamié flow and salinity models. The boundary inﬁow along the San Joaquin River could
be provided by the STRIO-2 model. ' ’ '

0 3.3.3.7 Previous peer reviéw

The model has undergone internal peer review within the SWRCB and within the Civil Engiheéring Department
at U.C. Davis. |

.3._3.3.8 Model deficiencies and how these are being addressed

The model makes a number of simplifying assumptions regarding the annual variability of the water quality of
agricultural and non-agricultural return flows. These same average monthly subsurface- flows are used for all
water years simulated by the model (Grober ét al, 1992). A large proportion of the salt and trace element
loading to the San Joaquin River is contributed by Mud {émd Salt Sloughs, which are gauged and typicaliy
sampled at least once-per month - hence the error caused by this assumption is not large. However, there is
evider;ce to sﬁow that the on-farm relationship between load and flow on the west side of the San JoaquinValley
is not consistent for all water year types. The 'assumption that the constituent concentrations of river accreﬁoné
remain unchanged during the year needs to be verified through increased drainage flow and water quality |
monitoring and the completion of constituent mass balance studies on short reaches of the San Joaquin River.

West side surface return flows were estimated to be approximately 30%. of supplied irrigation water. This
assumption is unlikely to provide accurate estimates of monthl}; flow from upslope agrichltural areas into the
San Joaqum River, owing to the complexity of the tailwater re-use practices in the area. Improved subreglonal
mass balance studies are required to improve prediction of these surface return flows.

Although the model can calculate changes in groundwater accretions to the river in response to changes in

water table levels in the semiconfined aquifer, the salt and trace element concentrations of these accretions to the

" river are assumed to remain constant over time. There is insufficient available data to challenge this

assumption. The volume flow rate of groundwater acéretions to the river have been estimated by the USGS to
be between 2-3 cubic feet per second per mile. Accretions can account for as much as 20% of the monthly flow
in the San Joaquih River and 'up to 50% of the monthly salt load.

The model time step is sufficient for most planning studies but may not be suitable fdr operations studies
where the SJRIO-2 model is linked with the Delta hydrodynamic flow and salinity models. There is a limit in

this type of mass balance model to the degree the time step can be reduced without seriously compromising its

‘predictive~capabi1ity. At time steps of a week or less the total travel time from Lander Avenue to Vernalis is of

" the same order of the model time step. Hence a fully hydrodynamic model of flow in the river may needed if a

smaller time step is contemplated.
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3.3.4 Utility of the model for Reclamation planning studies

3.3.4.1 Actions to meet water quality objectives in the San Joaquin River
The SJRIO model has been used by the SWRCB and the SIVDP to evaluate the effect of actions such as source
control and drainage management practices on compliance with monthly water quality objectives for selenium

and boron in the San Joaquin River. The SJRIO-2 model can similarly be used directly to make these analyses. ‘

'3.3.4.2  Salt balance in the San Jocqﬁih Basin _
" The STRIO and SJRIO-2 models can be used to estimate salt and trace element loads leaving the San Joaquin
-Valley. ‘To perform a salt balance a separate analysis must be made of salt impcrted into the Valley through the
State Water Project and Federal CVP and ﬂdWing through ‘the Valley from eastside tributaries to the San Joaquin
River. The San Joaq.uin River Model (STRMOD), included in Section 3.4 of this report, i$ a more conceptually

simple mass balance model which incorporates some of the same features.

'3.3.4.3 Drainage reduction pollcles and planning

The SJRIO and SJRIO-2 models both lend themselves to the analysis of dramage reductlon policies when linked

to drainage policy models such as the WADE and IRDROP models. The WADE and IRDROP models predlct

flow and salt loads from agricultural water districts to the San Joaquin River. For analysis of the effects of on-

farm management policies on selenium loading to the San Joaquin River, the SJRIO and SJRIO-2 models could .

be linked to the NRWS, upon its completion. .

3.3 44 Surface and ground water conjunctive. use planning in the San Joaquin Basin
~ The SJRIO and SJRIO-2 models do not explicitly consider ground\ilziter pumping, or the effect of groundwater
pumping in the vicinity of the San Joaquin River. This analysis is more appropriately performed in mcdels
such as tﬁe SANTUCM or the CVGSM. If the effects of these conjunctive use practices on water flow in the
east-side tributaries or oﬁ flow and contaminant loading from Mud and Salt Sloughs can be obtained from other
modeis, the SJRIO and SJRIO-2 models could then be used to estimate the effect of_thesc actions on water

quality at the various compliance sites along the San Joaquin River.

3.3.4.5  Structural options to ccntrol stage and water quélity in the South - Delta
" When linked to any of the four hydrodynamic ﬂow"'and salinity models described in Tables 1 and 2, the STRIO
and STRIO-2 models can be most useful in investigations of the effect of drainage flow and load reductions on
water quality in the San Francisco Bay-Delta. These reductions can be simulated as percentage reductions in
flow and contaminant load contﬁbuted at Mud and Salt Sloughs or from any of the large number of sources of
flow or contaminant load along the main stem of the San Joaquin River. The SJRIO model was provided with a

user interface to allow the STVDP to make quantitative changes in the load or flow of TDS, boron or selenium,
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expressed eifher as a percentage of the historical mass load or as a mass of contaminant contributed during any
particular month. The SJRIO and SJRIO-2 models can be linked with the SANJASM and the hydrodynamic
flow and salinify models to look at the effect of reservoir re-operation on flow and water quality in the Bay-

* estuary. The model cannot directly assist in this analysis except to provide average monthly ﬂbw and v
contaminant concentration levels as a San Joaquin boundary condition to the hydrodynamic ﬂow and salinity

models previously described in Section 1 (Tables 1 and 2).

3.3.5.0 - Overall assessment and récommendations

The SJRIO and SJRIO-2 models are important models for the analyéis of policy options and actions affecting
flow and water quality iﬁ the San Joaquin River. The models constitute the best repository of flow and water -
quality data for the San Joaquin River. The SJRIO-2 model contains 14 years (1975 - 1990) of monthly flow
and water quality data that includes TDS, boron and selenium The models can be readily linked with Delta -
hydrodynamic flow and salinity models to provide these models with monthly averaged flow and constituent load
levels at the upsfream boundary and with simulation models of irrigation and drainage pracﬁces to evaluate the

- effect ‘of source control and drainage reduction actions on compliance with SWRCB water quality objectives for
the San Joaquin River. A graphical user interface is currently being developed for the STRIO-2 model to aid
understanding of the model by the end-user and to aid interpretation of model results. |
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3.4

3.4.1

San Joaquin- River Model (SJRMOD)

General description and purpose of model
The South Delta Water Agency sponsored the development and apphcatlon ofa 51mp1e salt balance computer
model to be applied to the main stem of the San Joaqum River from Mendota to Vernalis. The model,
identified as STRMOD, is designed to assist in the evaluation of alternative management strategies to regulate
the accretion of salts (measured as TDS) from the west side of the San Joaquin Valley. The model is also
expected to have genéral utility in the assessment of any alternative concerned with regulation of runoff and

water quality along the course of the river (Orlob, 1993 - written communication).

3.4.1.1 Geographic extent of the model

The STJRMOD accounts for flow and TDS concentrations over a 60 mile reach of the San Joaquin River from

eight river reaches from Lander Avenue to Vernalis, including the major west side contaminant load contributors

at Mud and Salt Sloughs and major east-side flow contributions from the Merced, Tuo}umhe and Stanislaus

Rivers. The model does not deal with groundwater contributions to the river explicitly.

34.1.2

Features of model ,
The SJRMOD is a deterministic mass balance surface Water'quality simulation model and is similar in
design to the original San Joaquin River Input-Output model. The model can be run with historical or

synthetic data or a combination of both types of data .

3.4.1.3 Capability of the model : flow / flow and water quality

3.4.1.4

The STRMOD simulates both flow and water quality on a monthly time step.

Simulation time step
The STRMOD operates on a monthly time step and summarizes results by water year.‘ Using a monthly time
step, the model assumes that both flow and water quality remain reasonably -constant over the time step - hence

the hydrodynamics of flow and water quality are assumed not to be important.

3.4.1.5 Computer requirements and portability

The STRMOD runs on an IBM - compatible computer under Microsoft Windows. The model executes in
approximately one minute on an IBM-compatible 486 computer. When used with stochastic input data the
model execution time will increase proportionately according to the number of realizations of the independent

variables used in the analysis.
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3.4.2

- 3.4.2.1

Model development

_Reasons for development of the model
The STRMOD was developed to study the effects of agricultural drainage on water quality in the San Joaquin
River and to assist 1n the formulation of a plan for optimal management of salt in the river. The model
simulates seasonal patterns of flow and water quality along the river and at specific locations between Mendota

and Vernalis. and can estimate the changes in salt Joad and TDS concentrations resulting from alternative control °

options. These control options include; regulating flows below impoundments on the east side of the San

Joaquin Valley; augmenting water quality conujol releases frorn reservoirs such as New Melones that have
storage of water for quality control; and controlled drainage releases from tile drainage sumps on the west side of

the San Joaquin Valley.

3 4.2. 2 History of development and use o.f the model

An earlier vers1on of the model was used by Orlob (1991) to examine the effect of various changes to current
east-side reservoir operatlons and release schedules to ﬂow and salt concentratlons in the Old River and I\/hddle
River, that- prov1de water supply to the South Delta. Th1s spreadsheet version of STRMOD provided mean
monthly flow and salt concentratxon data to the RMA lmk-node model, which was used to transport salt loads
from the upstream boundary nodes at Vernalis through the South Delta. The RMA 11nk node model was linked
to the SDCASS ( described in sectxon 2.4) to produce graphic dlsplays and animations of flow and slat

” concentratlons at selected stations w1thm the South Delta

3;4;2.3 Further development of the model and intended future use

The major enhancement to the SIRMOD, being undertaken at the present time, is the addition of graphics to the

model code using the graphics development software'toolb_ox Visual Basic ™. This enhancement will make the

model easier to use and make the resuits of model runs easier to interpret. The model may be used in a linked

' fashion with the RMA hydrodynamic model to allow the effects of future reservoir operating rules and drainage

releases from the west-side agricultural water districts on South Delta water quality and ﬂow to be evaluated.
The model could be linked with SANJASM, m the same way as has been done with SJIRIO-2, for detailed

studles of projected reserv01r releases using ex1st1ng reservoir operating rules.

3.4.3°

3.4.3.1  Predictive capablllty ‘and model rellablllty

Evaluation ,of the model

The SJRMOD is a data driven mass balance model which attempts to srmulate mean monthly ﬂows and salt
loads along the San Joaquin River. The model is less phy51cally based than the SJRIO-2 model since it does

not explicitly simulate groundwater flow to the San Joaquin River, nor does it recognize some of the minor

-
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triburaty flows to the river. As in the case of SJRIO-2, assumptionsb must be made of the relationship between
flow and contaminant load for the various tributan'es and drainage channels, which transport agricultural return
flows, are necessaxy for thie mass balance computation along the San Joaquin River. The assumption that these
relationships remain static over time is not justified for some areas where the raising or lowering of the regional -

water table can change the concentration of drainage return flows that end up in the San Joaquin River.

3.4.3.2 Data requirements v
The STRMOD requires monthly flow and TDS concentration data for the contributions made by the major .
surface and subsurface return flows and the rnontllly volume of water diverted at each major turnout along the
San Joaquin river, when run with historic time series data. The model can also accept synthetic tributary flow
data, which must be supphed to the model, unhke SIRIO-2 which can generate flow data using Monte Carlo
techmques Subsurface dramage to the river is lumped and apphed at three sites along the main stem of the San

Joaquin River. Groundwater inflow i is ignored.

3.4.3.3 Model outputs . _
» The model can produce monthly output of flow and TDS concentrations at each juncnon node along the main

- stem of the San Joaquin River.

3.4.3.4 ° Ease of calibration and performing model runs
The STRMOD is simple to calibrate because of the relatively small number of model inputs and the g'r’aphic
interface being created for the model should make it easy to perform simulation runs. Once calibration has been’
_‘perfonned the model can be run using real or synthetic data. This:can be»accornplishe‘d relatively easﬂy with
the STRMOD - execution time should range from seconds to minutes, depending on whether the model is run

using hlstoncal time series data or with stochastlcally generated time - series data

3.4.3.5 Relative . ex>pensev of using and maintaining model .
The SJRMOD requir'es less data to perform simulation runs than the STRIO-2 model because of its relatively
simple conﬁguration compared to the State Water Resources Control Board SIRIO-2 model. The SJRMOD

- uses contmonly available data for input, requiring no additional data collection activities, and hence should be

inexpensive to maintain.

3.4.3.6 Ease of linking with eother models
- The STRMOD could be hnked with minimal dlfﬁculty and minor coding- changes to several models. The model
could be linked with the SANJASM and the SANTUCM for analyzing the effect of reservoir re-operation on
water quality in the mainstem of the vSan Joaquin River. Inflows from the major tributaries would be provided

by these USBR surface water contracting and accounting models. For drainage reduction planning the IRDROP

-
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model could be used to estimate drainage production by the Grassland water districts ahd estimate the flow and
salinity load delivered to Mud and Salt Sloughs for conveyaﬁce to the San Joaqﬁin River.’ The NRWS, when
completed, should be able to estimate in-transit losses or additions to salt load. Both of these models would
provide inputs of flow and TDS from‘w_est-side sources to the SJRMOD. The SJRMCD ‘can be used, in turn,
to provide input to the Sacramento - San Joaquin Delta hydrodynamic flow and salinity models. The boundary

inflow along the San Joaquin River are provided by the SIRMOD.

3.4.3.7 Previous peer review

An earlier spreadsheet-version of the current model was informally reviewed by the San Joaquin Valley Drainage
Program and the State Water Resources Control Board. The current model has not published nor has it

undergone external peer review.

3.4.3.8 Model deficiencies and how these are being addressed

As with the STRIO-2 the STRMOD makes a number of simplifying assumptions regarding the annual
variability of the water quality of agricultural and nbn—agricultural return flows. These same average montﬁly
subsurface ﬂéws are used for all water years simulated by }he model. A large proportion of the salt and trace
elémem loading to the San Joaquin River is contributed by Mud and Salt Sloughs, which are gauged and
typically sampled at least once per month - hence the error caused by this assumption-is not large.

West side surface return flows were estimated in the STRMOD based upon historical records. For future
scenarios the historical concentration of salts in these return flows and total salt loading from west-side sources
cannot be relied upon to remair; constant or be well correlated with water year type owing to the dynamic nature
of drainage reduction and Water conservation programs within the Grasslands Basin.

Unlike the SJRIO-2 model the STRMOD cannot calculate changes in groundwater accretions to the river in
respofise to cha.ﬂges in water table levels in the semiconfined aquifer. The volume flow rate of groundwater
accretions to the river have been estimated by the USGS to be between 2-3 cubic feet per second per mile.
Accretions can account for as much as 20% of the monthly flow in the San Joaquin River and up to 50% of the
monthly salt load. _ ' ‘

The model time step is sufficient for most planning studies but may not be suitable for' operations studies
where the SJRMOD is linked with the Delta hydrodynamic flow and salinity models. There is a limit in this
type of mass balance model to the degree the time step can be reduced without seriously compromising its
predictive capability. At time steps of a week or less the-total travel time from Lander Avenue to Vernalis is of
~ the same order of the model time step. Hence 2 fully'hydrodynaxnic model of flow in the riirér may needed if a |

stnaller time step is contemplated.
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3.4.4 Utilify of the model for Reclamation planning studies

3.4.4.1 Actions to meet water quality objectives in the San Joaquin River
An early version of the SJRMOD has been used by Professor Gerald Orlob (Orlob, 1990), working under.
contract with the South Delta Water Agency, to evaluate the effect of changes to increasing releases from east- -
side rese_rvoirs and amending curTent reservoir operating rules on flows and TDS concentrations in the South
Delta. The model could be used, like STRIO-2, to evaluate the effect of these changes on SWRCB objectives
for TDS at Vernalis and to evaluate the ability to maintain required USBR water quality standards at Vemaiis
through releases from New Melones Reservoir. Like STRIO-2 this model could be linked to the USBR
SANJASM to simulate monthly reservoir operations in east-side reservoirs, route these releases down the San -
joaquin River and provide input average monthly boundary inflows to Delta hydrodynamic and salinity models.
Unlike SJRIO-2, the STRMOD only performs salinity mass balances and does not deal with boron and

~ selenium.

3. 4 4.2 Salt balance in the San Joaquin Basin . '
| The STRMOD can be used to estimate salt loads entering and leaving the San Joaquin Basin. Unlike the
SJRIO-2 model, the STRMOD performs a salt balance which includes salts imported into the Valley throﬁgh the.
State Water Project and Féder'al CVP as well as the salts entering Valley from eastside tn'buiaries into the San
Joaquin Riyer.
-3.4.4.3 Drainage reduction policies and planning ‘ )
The SJRMOD can only be used for the analysis of drainage reduction policies when linked to drainage policy“
models such as the WADE or IRDROP models or other groundwater models that permit éstjmation of drainage
return flows. The WADE and IRDROP models predict flow and salt loads from agricultural water districts to
the San Joaquin River. The current STRMOD uses estimates of mean annual drainage return flow from the |
historical record. Drainage policies are simulated by multiplying the flow and salinity data from each of the

three drain flow sites by fixed percentages to emulate the hydrochemical effect of each policy scenariov.'

3.4.4.4  Surface and ground water conjunctive use planning in the San Joaquin Basin
The STRMOD does not explicitly consider groundwater pumping, or the effect of groundwater pumping in the
vicinity of the San vJoaquin River. This analysis is more appropriately performed in models such as the
SANTUCM or the CVGSM. However, even if groundwater accretions o depletions to the river were
~ determined through use of another model, the STRMOD treats groundwater as a lumped pé.rameter input to the
river and therefore cannot be used for detailed analyéis of the effect of groundwater conjunctive use on flow or

salinity at compliance sites along the San Joaquin River.
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3.4.4.5

Structural. options to control stage and water quality in the South - Delta
When linked to any of the four hydrodynamic flow and salinity models described in Tables 1 and 2, the
SJRMOD could be useful in investigations of the effect of drainage flow and load reductions on water quality in

the San Francisco Bay-Delta. These reductions can be simulated as percentage reductions in flow and

| contaminant load contributed at Mud and Salt Sloughs or from any of the large number of sources of flow or

contaminant load along the main stem of the San Joaquin River. The STRMOD could also be linked with the

SANJASM and the hydrodynamic flow and salinity models to simulate the effect of reservoir re-operatlon on

3.4.5.

flow and water quality in the Sacramento - San Joaqum Delta. The model cannot directly assist in this ana1y51s
except to provide average monthly flow and contaminant concentration levels as a San Joaquin boundary
condition to the hydrodynamic flow and salinity models previoilsly described in Section 1 (Tables 1 and 2).

.
0 Overall assessment and recommendations
The STRMOD is an important model for the evaluation of possible actions that affect flow and water quality in
the San Joaquin River. The model can be readily linked with reservoir operation simulation models , such as
SANJASM, and Delta hydrodynamic flow and salirﬁty models such as the RMA link-node model, to simuléte
flow and. the transport and mixing of salts from the water storage faciliti;s in the mountains, into and along the
San Joa.quin_Ri_ver and through the Sactamento - San Joaquin Delta. Simulation models of irrigation and
drainage practices could be linked to this model to evaluate the effect of drainage reduction actions on

compliance with Vernalis (a) SWRCB wéter quality objectives and (b) USBR salinity standards and of these

_ actions on flow and water quality in the South Delta. As with SJRIO-2, a graphical user interface is being

3.4.6

constructed for the model to improve understanding of the model and to improve communication of model
results. . ’ _ )

The model is not as detailed as the STRIO-2 model and should defer to this model wheré the study calls for
the analysis of actions that could alter irrigation diveréions, draigae and groundwater return flows to the San

Joaquin River.
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4. FIELD-SCALE MODELS
41 HYSAM (Hydrosalinity model)

4.1.1 General description and purpose of model
This model is an extension of a hydrosalinity model, previously developed by Professor Ken Tanijii and co-
workers at U.C. Davis for analysis of subsurface return flows from irrigation projects in the Glenn-Colusa and
Panoche irrigation districts in California. The most recent version of the steady-state model (Karajeh, 1991) was
modified by CH2M-Hill to simulate annhal transients in root zone and shallow aquifer salinity (Dickey,
personal communication, 1992). Both anions and cations are accounted for in the HYSAM an_d drainage
constituent concentrations are estimated from the initial composition and fluxes of these constituents during the

irrigation season.

4.1.1.1  Geographic extent of the model .
The geographic extent of the model is defined by the user and may vary from field to water dism’ét scale,’
' depending on thé data availability. The hydrologic unit of analysis should be chosen at a scale that allows
estimation of all maj:or hydrologic variab}es including recharge, lateral inflow/outflow, deep percolation,

evaporation and evapotranspiration.

4.1.1.2 . Features of model

HYSAM is a mass balance, deterministic simulation model which has been modified to perform annual
salinity budgets over a 50 year planning horizon as a result of cropping practices, irrigation recharge,
drainage and drainage recycling practices. The original model is time independent hence it can be
adapted to analyze root zone salt fluxes for any time step selected by the user, provided data are
available to make these analyses; Of particular importance is the model's ability to éstimate gypsum
eqﬁilibrium chemistry within-the crop root zone. Gypsum is present in high concentrations in much
of the western San Joaquin Valley and can add significantly to the tofal dissolved solids in subsuiface.

~ drainage watér. The model can be used in planning studies to investigate the sensitivity of root zone
salinity to various source control options including irrigation recyclihg, water conservation, improved

cropping practices and controlled tile drainage.
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4.1.1.3 ° Capability of the model : flow / flow and water quality
HYSAM is a water quality model and is provided with all hydrologic inputs and the time duration during which

these hydrologic inputs occurred. Table 4 lists the various flow and water quality inputs to the model.

4.1.1.4 Simulation time step v ‘
 As previously stated the HYSAM can be used to simulate salt fluxes at any time step. Most applicatiens of the
model have utilized an annual time sfep. The San Luis Drainage Program utilized the model to investigate the
potential harmful effects’of the long term application of drainage reduction practices such as drainage recycling
on reot zone salinity. The assumption made to convé_rt the steady-state model to a transient model was that the
| final root zo_ne'salt' concentration at the end of one irrigation season is the initial root zonve salinity at the

N

beginning of the next season. °

4.1.1.5 Compi;ter vrequi'rements and porta'l')ility _
The original version of the HYSAM was written for the Macintosh computer in BASIC. The model has been
modified to run on IBM compatible computers and translated to the FORTRAN language. The computer code is

completely portable. ' : : S
' 4.1.2  Model development

4.1.2.1 Reasons for development. of the model‘
“Recent modiﬁcatiqns to the HYSAM were made to provide an independent means of estimating the transients in
‘Toot zone ealinity predicted by fhe WADE model. The WADE model was used by Reclamation to evaluate the .
v impacts of various drainage control and reducﬁon policies on agricultufél preducﬁon and drainage ﬂb'_v;/ and
quality. R_e-;'unning the WADE Model using the output frqm the IRDROP Model would have required setting
constraints on many of the paremeters nonnally chosen by the WADE Model and would have been a time
coﬁsuming activity. The comparative simplicity of the HYSAM Model, its fast execution time and its

capability to account for-gypsum concentrations made it a good choice of model for the purpose.

. 4.1.2.2 Hlstory of development and use of the model .

' ‘The original steady-state model (HYSAM) was developed by Tan_m and Aragues (Aragues et al., 1990) to
perform hydrologic and salinity mass balances of the Vlolada Imgatlon District in Spain. The model was later
modified by Quilez to improve the salinity balan;e algorithms of the model (Quilez, written communication,
1988). CH2M-Hi11 modified the mbdel for use in eQaluating drainage réduétion and management plans for the
Sah Luis Unit, in the San Joaquin Valley. The model has also been used to evaluate irrigation practices at
agroforestry sites and to determine the required annual leaching requirement to prevent salt accumulation in the

root zone of eucalyptus trees.
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(481

Input data values for the HYSAM model. When HYSAM is linked with the WADE model,

Table 4.
the land area and the drainage water volume are fixed by the WADE model simulation.
The HYSAM model calculates equilibrium salt concentratlon in the root zone,
(Source : chkey, 1991)
Varlable Meaning __Units Value Used to Model Dralnwater and Salt Flows
AA Surface Area ~ha Total fixed by Wade mode! simulation. For each year, divided among 4 ECe levels.
c Eff. Prec. Coef. ha-mma-m  |0.5, anapproximate weighted average for Westlands.
Cdiw TDS of Diverted Irr. Wat. mg/ 250. )
Clat - Concentration of Lateral Flow mgn 0.
Cp TDS of Precipitation “mgA 10.
Cptw Salt Pickup by Tailwater mg/ 1. ' .
Crim TDS of Rim Int./Outfl. mgt 0. . _ o .
Csppr " Sall Pickup of Prec. Runoft -mgh 1. : : :
Db Soil Bulk Density - g/em3 1.4
Or Ave, Rooting Depth “m |6 feet, anapproximate welghted average for Westiands.
Dwhe Unlt Water Hold. Cap. m/m Total porosity, assumed to be 0.47.
ECe EC of Soil Sat. Paste Extract dS/m Modeled from an Initial value.
ECgw ECw of Shallow Groundwater dS/m Modeled from an Initial value.
f Deep Percolation Coef. ha-mha-m '|The amount of water percolating past the drains. This was assumed 0.1 acre-foot/acre, and {=0.1/(0.1+fm"drain ﬂow)
fm Rootzone Portion of Drainflow . .ha-m/ha-m  [Assumed to be 0.8, or 20% ot drain flow contrlbuted by existing shallow groundwatar.
Gypsum - Gypsum In Rootzone MT/ha . {Modeled from an Initial value
Initec Inltial Sallnity dS/m See Table 2.
Initgw " Initial Shallow GW ECw dS/m See Table 2.
Inltgypp Initlal Rootzone Gypsum MTmha  [See Table 2.
Qdiw Diverted Irr. Wat, - ha-m Qet - 6°Qp + (IM*FLOW+0.03048)°AA, to force drainflow to equal FLOW plus contribution from shallow
: groundwater. Assumes 0.1 a-¥a percolates past drains.
Qet Evapotransplration ‘ha-m 2.31 acre-feet/acre, an approxlmate welghted average for Wesllands.
Qisw Final Stored Soll Water ha-m 0.25 inch per inch. .
Qisw Init. Stored Soil Water - ha-m 0.25 Inch per inch,
Qiat Laterat Influx of Water ha-m 0.
Qp Precipitation ha-m AA*(annual preclpnatlon of 0. 6 ac- h/ac)
Qpet Pot. Evapotranspiration ha-m Assumed.5.51 acre-leeVacre.
Qrim Rim Inflow/Outflow ha-m 0. - )
Qsdw ‘Drainage Water Volume ac-fvac ‘| Fixed by,Wadevmode'I simulation.
- Sp Saturation Percentage g water/g soil |0.8 . .
yeat Year Modeled na Year number, i :




" 4.1.2.3  Further development of the model and intended future use
The HYSAM has been used for a number of conceptual studies by Ken Ténjii and his graduate students in the
Land, Air and Water Resources Department at U.C. Davis. Plans for future development of the model are

-unknown at this time.
4.1.3. Evaluation of the model

4.1.3.1 Predictive capability and model reliability
The model employs a simple mass balance algorithm for determining salt balance within the root zone and
hence is as reliable as the data used to calibrate the model. The comparative simplicity of the model makes it

easy to follow the computational logic and eliminate data entry errors.

4.1.3.2 - Data requirements
The model requirés data on all sburces of water to the crop root zone and all sinks that extract water from the
crop root zone. Major water sources include precipitation, applied irrigation Water, groundwater, flow into the
system, recycled drainage and water in storage. Major water sinks include evaporation, transpiration, deep
percolation and subsurface drainage. Lateral groundwater flow can be either a source or a sink. Each of the

sources and sinks is assigned a salt concentration.

4.1.3.3 Model outputs

The primary output variable is the salinity of the crop root zone.

| 4.1.3.4 Ease of calibration and performing model runs :
| HYSAM can be run interactively or can read from a data input file. CH2M-Hill vcalibrated the HYSAM with
predicted drainage flows obtained from the WADE model. “The volume of diverted irrigation water was
calculated witlﬁn the model such that the WADE model drainage prediction was matcﬁed for each major subarea.

The irrigation efficiency and the leaching fraction were the calibration variables used.

4.1.3.5 Relative expense of using and maintainihg model

A 50 year simulation ori an IBM - 486 33 Mhz computer takes less than one minute to run .

4.1.3.6  Ease of linking with other models _

| The model is relatively simple and it would not be difficult to link it to another hydrologic mc;del. For

v example, the model could be used with the SANTUCM (assuming the salinity module is completed by lthe
model's oﬁ'ginal developer) or with the STRIO-2 model to develop salt budgets within the semiconfined aquifer

and to determine long - term salinity levels of accretions to the San Joaquin River. The HYSAM may also be
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used with the NRWS Grasslands Model to help develop salinity budgets for managed wetlands and agricultural

lands within the Grasslands area.

4.1.3.7 Previous peer review

The HYSAM has been published and peer reviewed in journal articles (Aragues et al, 1990).

4.1.3.8 Model deficiencies and how these are being addressed
The model is conceptually simple and has no obvious deficiencies. The model serves the purpose for which it

was developed.

4.1.4  Utility of the model for Reclamation planning studies

4.1.4.1 Actions to meet water quality objecfives in the San Joaquin River
The model cannot be vused by itself to make this type of study. Howevef the HYSAM can be used in
~ combination with models such as the WADE modél or the IRDROP model to improve the accounting of salts
'~ within each of the agronomic and hydrological areas defined by the models. The HYSAM could also be used in
combination with the SJRIO—Z model to simulate potential changes in the chemistry of the shallow groundwaterl

_aquifer and hence the quality of groundwater accretions to the San Joaquin River.

4.1.4.2  Salt balance in the San Joéquin -Basin
.Because the HYSAM is a simple mass balance model it can used for eithervﬁeld scale or regional scale analysis
of salt fluxes. Tﬁe model was successfully calibrated Qim hydrologic and salinity data from the Panoche Water
District (Tanjii et al., 1977). The model was modified by CH2M-Hill to run sequentially and hence simulate
long term average drainage flow and quality from an area of ixﬁgatéd, ar;iﬁciall'y‘drained land over a 50 year

period.

i 4.1.4.3." Drainage reduction policies and planning
Thé model was used by CHZM—Hill in their examinatidn of drainage management options for Westlands Water
District and the agricultural water district th'ét comprise the remainder of the San Luis Unit. The IRDROP and

' WADElmodel outputs for drajnage flow and salinity were compared to results obtained from the HYSAM for the

purpose of verifying the trend of the results produced by the two less-detailed mass balance models.

. 4.1.4.4 Surface and ground water conjunctive use planning in the San J oaquin Basin
The model does not predict grouridwater flow or the effect of groundwater pumping and treats them both as
inputs. The model could be linked to other models such as the CVGSM or the SANTUCM, neither of which

 are currently capable of performing salinity mass balances, as long as there exists sufficient information on the
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depth distribution of water quality in both the shallow and deep grbundwater aquifers. Information on the deep
aquifer is of importance if the quality of groundwater pumpage is an important component of the overall salinity

mass balance.

| 4.1.4.5 Struc_tural 6ptions to control stage and water quality in the South .(- Delta -
Aithough the model is not directly relevant to this analysis it may have value if it can i)e used to improve
' predictions made by models such as the IRDROP and the SJRIO-2 models. These models help in prediction of
the monthly salt load reaching Vernalis prior to reaching the South Delta. ' '
v )
4.1.5 Overall assessment and recommendations
| The HYSAM is a conceptually simple, easy to use model of salt fluxes in the crop rooting zone and thé shallow
groundwater aquifer. The model has been used in place of the WADE salinity model to evaluate tﬁe long-term
potential for drainage reduction scenarios, such as the combination of water table management, drainage
{ reéycliﬁg, ktemporary storage and discharge to the San Joaquin R_iiler, as suggested by the San Luis Drainage
| Program. The model has also been-used to evaluate leaching requirements for eucalyptus plantations in the San
Jdaqﬁin Valley with applied water of various salt concentrations. The model has been implemented on
Macintosh and IBM‘- compatible pefsonal computers and on an Apollo workstation. The execution time of the
model is fast and the model interfacé allows ‘the user to conduct sensitivity analysis studies quickly.and o

inexpensively.
4.1.6 References
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4.2. TOUGH2-DSM (Drainage simulation model)

4.2.1 General description and purpose of model
The TOUGH2-DSM (Transport of Unsaturated Groundwater and Heat- Drainage Simulation Model) is a case
specific application of the numerical simulation code TOUGH2, which was developed at Lawrence Berkeley
Laboratory to simulate the coupled transport of groundwater, air and heat in porous and fractured media (Pruess, v
1987;1991). Fluid flow in the generic TOUGH2 code is based on a multiphasE form of Darcy's law with -
relative permeability and capilliary pressure of the porous ‘medium, given as functions of phase saturation.
Although the TOUGH2 code was designed for geothermal and reservoir engineering applications, and is
generally considered a tool for scientific rather than engineering investigations, the generality, versatility and
accepfance of the code make it useful as a standard against which to cdmpare other simulation models.

The TOUGH2-DSM application is to assist in the conceptual design of new drainage systems and in the
retrofit design of existing drainage systems to control the flow of salts and certain trace elements into the tile
drains. Controlled drainage can be achieved by a number of methods. Two of the most effective of these
methods are (a) the installation of tile drains at shallower depths and closer drain spacings and (b) the
installation of in-line weir§ or other flow control devicés (Figure 43). The model is being used to investigate

and contrast the effect of each of tﬁese methods on ﬂow and annual contaminant 10ads from the tile drains.

4.2.1.1 —G‘eographic extent of the model
The TOUGH2-DSM considers a two-dimensional cross section of the unconfined or semiconfined acjuifer
between subsurface drains. The TOUGH2-DSM considers a single ﬁlé drain, located on the right boundary of
the model grid, and a left boundary located a distance equivalent to half the typical drain spacing from the right
hand boundary (Figure 44). Streamlines into the tile drain are assumed to be symmetrical on either side of the
tile drain - hence actual drain flow from each drainage lateral is twice the simulated value. The model simulates

an aquifer cross section ('Y and Z directions) and assumes a model thickness of 1 meter in the X direction.

4.2.1.2  Features of model .

The TOUGH?2 model, used to construct the TOUGHZ-DSM, is a two phase, multicomponen't heat and
mass transport code that has recently been augmented with brine and dispersion modules capable of
modeling the migration of dissolved salts to tile drains (Oldenberg and Pruess, 1993). The TOUGH2
model is very versatile and can be used to study a wide variety of multiphase (unsaturated)
hydrogeological and reservoir engineering prbblems. However, this generality also places more
demands on the model user to make correct choices of model boundary conditions and functional
relationships between liquid saturation and parameters such as relative permeability and capillary .

pressure.
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Figure 43. Cross sectional diagram of water table managernent using a DOS-IR valve with
| an adjustable weir. Raising the weir setting reduces tile draihage flow and keeps
* water table close to the soil surface for a longer period of time. This permits greater
upward capilliary flow and allows the crop to take advantage of this moisture. |
Careful management of saits in the rootihg zone is important if crop yields are to

be sustained.‘
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- Figure 44.

Cross - secticnal diagram of the. DSM using the LBL TOUGH2 model. The top grid layer
of the ‘DSM is an air reservoir. Irrigation recharge and evapotranspiration occur in the
second grid layer; .the tile drain is located 2 meters below the ground surface in the ninth
vertical grid block on the right side model boundary. The shallow aquifer is assumed to be’

* stratified with respect to salts as shown in the diagram.



The TOUGH2-DSM utilizes a tWo-dfinensional flow field in the Y and Z directions, the.
specification of zefo flow at the right and left hand boundaries, a seepage face for a portion of the right
hand béundary, and a specified flow condition at the top boundai’y ‘con"esponding to irrigation or
‘evaporation and a no-flow condition at the bottom boundary (Figure 44). Initial salt concentrations

* within the aquifer in the TOUGH2-DSM are assigned fréctional values with respectto a fefcrence salt
concentration of 20,000 ppm TDS, which has a value of 1.00 in TOUGHZ-DSM. '

4.2.1.3 Capability of the model : flow / flow and water quality »
The TOUGH2-DSM is a two dimensional solute transport model and considers ﬂow of dissolved salts through
the regional aquifer into a t11e dr_am. Transport is by hydrodynamic dispersion and advection including the effects

of the dissolved salts on liquid phase density.

4.2.1.4  Simulation time. step _‘
The time step size is automatically determined such that it is the mafdmum possible size that permits solution
within a pre-specified number of iterations and error tolerance. The user can specify the frequency with which
" output is produ(:éd by the simulation model. This is typically done by providing t_he'elapsed time after wtlich

each output is produced.

4.2.1.5 Computer requirements and portability _ | o
The TOUGH2-DSM simulates flow which includes dispersion, fluid density and fluid viscosity éffects wiihin a
porous niedia and is Very demahding of computer time. The curren’t‘TOUGHZ-DSM model should be limited to '-
mainframe computers, RISC-based computers or supercomputers. The TOUGHZ-DSM currently takes

. approximafely 1 hour of CPU time ona CRAY YMP to fun al yeaf irrigation and drajnagé simulation.

1

4.2.2  Model development

4.2.2.1 " Reasons for development of the model ‘ _ _
. The TOUGH2-DSM was developed to allow the extrapolatwn of results from a dramagc experiment,
: ongmally conducted in the Fallon Irrigation District i in Nevada, to sites in the western San Joaquin Valley
' experiencing drainage problems. The experiments at the Fallon Irrigation District were initiated to test the
 short-term effect on water quality of reducing the depth of agricultural tile drains. Hence the model will help to
" determine the aquifer conditions under which an inv’estniént in water table control technologies might regult ina
marked improvement in drainage water quality. The model may also help in devising operating ‘stratég'ies for the

use of these technologies to minimize the load of salts and trace elements in drainage return flows.

119



4,2.2.2 Hrstory of development and use of the model ‘
The TOUGH2-DSM is still under development When completed it will be the first applrcatlon of the the
TOUGH 2 code to an agricultural drainage problem.

4.2.2.3 Further development of the model and intended future use
The TOUGH2-DSM may be of most future utility in verifyino other more conceptually simple and faster -
running solute transport codes. The TOUGH2-DSM model is too cumbersome and its computer requrrements
are too great for it to be useful as a design tool. A solute transport model has been developed at Colorado State
University which considers flow in the unsaturated zone in one dimension and flow in the saturated zone (below
the water table) in two dimensions. This model may have great potential as a substitute for the TOUGH2-DSM
since the Colorado State University model should run 10 to 20 times faster. Computation of ﬂow and solute
transport in the unsaturated zone is more time intensive'tha-n when performed for the saturated zone. This model
will be built with a graphic user mterface on the Data General AViiON workstatlon and may be available for

_ evaluation in the Fall of 1993

4.2.3.0 Evaluation of the model
: b ‘
4.2.3.1 Predictive capability and model reliability
This has yet to be evaluated.

4.2.3.2 Data requirements _ _
The TOUGH2-DSM requires information on the quantity and timing of surface applications of irrigation water
and detailed data on aquifer geohydrological properties to a depth. of 20 meters below the ground surface.
‘Cropping data and average daily evapo'transpiration data' are also required, in addition to water table data, to.
determine hydrologic balances of the shallow semiconfined aquifer. The depth dlstnbutlon of salt or any other

trace element of study must also be provided.

4.2.3.3 ° Model outputs _ ‘ _
. The model predicts water table elevations and the flow and TDS concentration of tile drainage water at a
‘reporting interval chosen by the analyst. Primary variables pressure, gas saturation and mass fractionalong with

secondary variables (e.g. density, capilliary pressure) are alsg output at each nodal point in the model domain. ’
4.2.3.4 Ease of calibration and:performing model runs

The current TOUGH2-DSM is handicapped by the time it takes to make runs. The modular structure of

TOUGH?2 and the data structures that has been created for model input facilitate understanding and make it
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relatively easy to make changes to the data and set up model runs. Model calibration has not yet been completed

for the Fallon site.

4.2.3.5 Relative expense of using and maintaining model
The model is very expensive to-use in its present form oWing to the time it takes to run. The TOUGH2-DSM
currently takee more than 1 hour ef CPU time on a Cray YMP to perform an annual simulation using the
Fallon data. Simplification of the current que] by reducing the number of phases to one and neglecting

hydrodynamic dispersion would reduce model-execution time con_siderably.

4.2.3.6 Ease of linking with other models
Linkage with other models may be unrealistic ewing to the slow execution speed of TOUGH-DSM. However,
the model could poten_tiallj‘/ be used to calibrate the drainage equations in the WADE and IRDROP models for a
number of specific aquifer conditions. These conditions might include different salinity profiles in the semi-
confined aquifer; a number of different tile depth and tile spacing designs; and a range of semiconfined aquifer

heterogeneities.

4.2.3.7 Prevnous peer review
The TOUGH2-DSM has not been peer reviewed. However, the TOUGH and TOUGH2 codes have been
extensively ven'ﬁed and validated (Moridis and Pruess, 1992; Pruess, 1987).

4.2.3.8  Model deficiencies and how these are being addressed
The major deﬁciency of the current model is its slow execution time. Simplifications of the model will help to
address this problem and conjugate grédient iterative solvers are aslo to being impleinented to speeed solution of
the dispersion equations at the present time. Adoption of the Colorado State University solute transport model
is an alternative to the continued use of the TOUGH2-DSM - this alternative model will be evaluated when
made available in the Fall of 1993.

4.2.4 Utility of the mo'del for Reclamation planning studies .

4.2.4.1° Actions to meet water quality objectives in the San Joaquin River
The model cannot be used directly for this analysis: However, the model can be used to 1mprove predlctxon of
drainage flow and salinity in the WADE and IRDROP models, previously described.

~ 4.2.4.2  Salt balance in the San Joaquin Basin : : _ .

The model can be used indirectly, as described above, to improve regional estimates of salt export from the

drainage basin.
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4.2.4.3 Drainage reduction pohcnes and planning
The TOUGH2-DSM model can be used directly to evaluate the potential for improvement of dramage water
quality through installation of shallow drainage systems or through in-line weirs and other water table control
technologies. The model can also be used, as stated above, to improve the predictive capability of WADE and
IRDROP models.

4.2.4.4  Surface and ground water conjunctive use planning in the San Joaquin Basin

The model is not relevant to this study,

4.2.4.5 Structural options to control stage and ‘water quality in the South - Delta
The model is not directly relevant to this study, although it can be used indirectly to improve drainage
predictions in the IRDROP model, which, in turn, can be linked to Delta hydrodynamlc flow and salinity

models to make this type of analysis.

4.2.5 Overall assessment and recommendations
The TOUGH2-DSM can be used to calibrate the drainage and hydrosalinity equations within the WADE and
IRDROP models. The model may also be useful in calibration of more simple models that simu’iate unsaturated
- saturated zone interactions and the transport of salts to subsurface tile drains. Linkage of this model with other
hydrosalinity models is not appropriate at the present time because of the large amount of time it takes to make
model runs. Simplifying the model by .assuming strictly advective flow without dispersion would not
seroiusly affect its utility for the analysis of contaminant flow into tile drains and would significantly increase
the speed of execution. The model will continue to be developed unless it is determined that the Colorado State

University solute transport model is superior, after it has been evaluated.
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S. DEVELOPMENT OF DECISION
SUPPORT SYSTEMS

5.1 Introductlon

This section discusses the 1mportance of user interfaces in creating decision support systems from models, such as
those described in this review. Decision support systems can be developed by linking existing databases and simulation
models, by making databases more accessible and models easier to understand, and by enhancing the capability of these
existing models to éxplore more creative solutions to problems. Linkage of relevant models and the creation of graphical
user interfaces to these models can lead to a more comprehehsive anaiysis of a particular issue and can increase the
éfﬁciency with which the analysis is performed. A good user interface limits dialog with the analyst to modify those
factors or model parameters that are mbst important in making decisions or which have the greatest impact on model
results. A necessary capability of a good user interface is graphic display of output in a form that provides an appropnate

level of information for making decisions without overwhelming the analyst with unnecessary deta11

5.2  Graphic User Interfaces

- Of the models selected in this review only four have graphic user mterfaces With the exception of the SDCASS
user interface, developed by John DeGeorge at U.C. Davis for post-processing of results from the RMA link-node model,
and the CVGSM post-processing' software, all of these systems are still under development. The user interfaces under
development are being constructed on different platforms: the NRWS, which currently runs on the SUN workstation, is
being ported to the DataGeneral AViiON; the GWSDN-STELLA model (described briefly in Section 3.1) is implémented
using the highbend laﬁguage STELLA, which is currently availabie on the Macintosh only; the SDCASS, currently
available on the Maclntosh will soon be available on IBM compétible computers. The CVGSM postprocessing software
on the IBM-PC allows flow and water table Hydrographs to be plotted direcﬂy from output data files and supports
contouring of water level data_. This post-processing software is not transportable to other computer systems. The
marriage of user interfaces to particular computer system causes difficulties in making linkages between some of the
models summarized in this review. Graphics development software packages have yet to be developed that allow graphics
based user mterfaces to work on more than one system. ' ' '
There is a current initiative within Reclamation to move existing models from mainframe and IBM compatible
computers to Unix- based workstations. The DataGeneral AViiON workstation offers advantages of superior speed and
built-in graphics libraries that aid the development of user interfaces for models. Co-processor cards and software
emulators are being perfected which will allow those simulation models, that currently run only on MS-DOS or
Macintosh - based systems, to be run within a window on the AViiON workstation. Thxs will eliminate the need for
software conversion between systems, which is a costly procedure and which invariably results i in competitive versions of

the same decision support system.
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Factors that should be considered in future development of decision support sysrems and graphical user interfaces on

the DataGeneral AViiON workstations and other platforms within Reclamation are :

o)

0o

5.3.

Standardization of graphic input and output formats for all models

Modular design of interfaces that allow its application to more than one model. For example menus developed
for the CVGSM could also be used by the groundwater submodel of the SANTUCM. Elements of the Deita
Graphical User Interface (DGUI), currently under development for the DWR-Delta Simulation Model could also
be applied to the Natural Resource Workstation (NRWS).

Selection of alternative input and eutput formats that allow linkage to geographic information systems such as
GRASS or ARC-INFO that allow seamless linkage to other models. This has been addressed ir1 the NRWS
modeling effort being conducted for the USBR by Colorado State. Unlversrty

Selection of optimization modules for use with river basin models such as the SANJASM, the SANTUCM and
the CVGSM that aliow projections to be made of parameters such as reservoir releases or groundwater pumping
based on economic or policy considerations. Tabios and Shen (1993 - in review) have recently completed a
dynamic optimization module for the USBR PROSIM model, a water allocation model for the Sacramento
Valley, similar in concept to the SANJASM. This module allows the evaluation of current rules that

decide operations of Shasta, Clair Engle and Fulsom reservoirs by comparing the performance of current rules

' With the optimal strategy, given perfect foresight of future reservoir.inflows. This module also permits optimal

operating rules to be evaluated where the relative weightings of power revenues, penalties for allocation shortfall
to water contractors and fish release constraints are adjusted. o

Optimization methods have also been developed for error minimization purposes to assist in model
calibration. These corr_ld be used with those models where sufficient historic data is available for calibration
purposes. |

Modules containing stochastic data generators using techniques such as the Monte Carlo method to increase the

variety of conditions simulated by the model. A module has been corrstructed for the SANJASM to

provide the STRIO-2 model with a 250 year time series of tributary inflow data and to the allow the construction

of probability of exceedance statistics for water quality at the Vernalis gauging station.

Linkage of existing models

A conceptual organization of decision support models into a number of "workstations is presented in Figure 45.

_Eai:h of the four workstations shown contain models and decision support systems relevant to the themes of (a) drainage

and salinity; (b) surface water and groundwater flow; (c) surface and groundwater data management and access; and (d)

geographic information display and analysis. These workstations have been named, in order: the Drainage Workstation

(a), the Planning Workstation (b), the Groundwater Workstation (¢) and the GIS Workstation (d). The GIS Workstation

is shown in the centre of the other three workstations (Figure 45) because of its role in facilitating information exchange

between the various models residing on the other workstations. Linkage of model databases is the primary first step in

being able to perform integrated analyses of planning decisions, proposed changes to existing structures, newly
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Figure 45. = Conceptual organization of decision support system tools within Reclamation into
a number of networked workstations. Each workstation can access any of the
models, data and appllcatlons on the other workstations. The GIS workstatlon is
- central to each of surrounding workstations, providing a reposntory of all geographnc
data and provndmg data processing capability. '
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" promulgated water quality objectives or criteria and othor actions that might perturb the existing hydrologicaf and -
geochemical environment in the San Joaquin Valley. The second step is linkage of the various computer-based
simulation models and decision support systems residing on each of the Workstations. This will be more challonging
since, in most cases, each model or decision support system was developed for a different nurpose. Existing models may
| need to be broken down into modules or, at a later staée recreated as "objects". (Computer languages and database
management Systems have been created that treat data, equations and heuristics as objects - this promises to revolutionize
the way computer modeling is ‘perforrned in the future and will have a profound effect on model integration). Analysis of
' aparticular problém or event may be performed by linking these self contained modules (or assembling these "objects”
| ona computer screen) and then creating a linkage with a database to provide initial conditions and parameter values for |
each rnodel. - .

- The ﬁrsf step of this model integration nnd linkage process has been started with the development of GIS-based
database and tfend anal_ysis software. Two prociucts, SAGIS and SABRINA, are being deveiope’d for the Groundwater
Workstation, described below, which will allow display and analysis of surface water and groundwater data for bothv the
San Joaquin and Sacramento Valleys.' On the Drainage Workstation a GIS-based.database and trend analysis package;
PT2, has been implemented with data and coverages for the Grasslands drainage_ basin on the west side of the San Joaquin
Valley. The GIS is a useful tool for model linkage where (a) the data associated with the model can be associated with
geographic areas and (b) in instances where the data values romain relatively constant ovef time periods of a week or

~more. Examples of data which lend themselves to representation in a GIS are land use, water table elevations,
groundwater salinity or groundwater trace élement concentrations. Othér data, not as readily displayed as maps or GIS
‘coverages, may belassociated with these features as linked attributes. These attributes may also be shgred_ by different
models and across workstations. '

The following sections describe the models currently in place on the Drainagc; Planning and Groundwater
Workstations; The GIS Workstation is the repository of all the general_ized coverages and INFO databases that contain
information on such themes as_ the land use, geology; hydrology and geochemistry of the San Joaquin and Sacraxnento
Valleys. The ARC-INFO software package is used to make all GIS data rnanipulations and to perform GIS modelling on
the GIS Workstation. The list of dedicated workstations may :expan_d to binclude a Fisheries Workstation and an

Economics Workstation in the near future. -

5.3.1 The Drainage Workstation
The Drainagé Workstation contains a series of models , speciﬁcall); cnosen for the analysis of issues and actions that
affect the hydrology and water quality of subsurface drainage within the San Joaquin Valley. Figure 46 illustrates the
important models and decision support systems that currently reside on the Drainage Workstation and examplos of typical
data transfer between these models. External communication with the Planning Workstation occurs for access to the
'SANJASM and the CVGSM, where these models reside. : _ ' | .
| Linkage of models within the Drainage Workstation is best described using an e?(ample. A sequence of steps

designed to improve timing of subsurface discharges to the San Joaquin River is illustrated in Figure 47. This sequence '
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| DRAINAGE WORKSTATION

Irrigation technologies
Annual water requirements
Annual land idling or retirement
Annua] drainage recycling
Seasonal groundwater pumping
Seasonal drainage flow and load

Monthly surface water supply
Monthly drainage pond storage
Monthly drainage recycling

Monthly groundwater pumping
Monthly drainage flow and load
Monthly dilution requirement

Annual root zone salinity balance 3\
Annual groundwater salinity .

TPDSM

IRDROP

Monthly groundwater accretions
Monthly Se, B and TDS inflows
Monthly diversions '
Monthly tributary inflows
Monthly river assimilative capacity

Drainage flow
Drainage water quality
.{Root zone salinity

SJRIO-2

Wetland water requirements
Water flows in channels
Drainage releases from wetlands
Trace element concentrations
Water quality and flow at Mud and
Salt Sloughs

NRWS

Figure 46.  The important computer-based simulation models and decision support systems
available on the Drainage Workstation. Linkages between these models and
these decision support systems are shown. ’
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Figure 47.  The sequence of operations and decisions that need to be made in managing draihage
discharges to the San Joaquin River, ensuring compliance with SWRCB water quality
objectives and optimizing opportunities for salt export from agricultural water districts
in the Grasslands Basin. This sequence is 'ba'sedv on the plan formulation methodology
adopted by the San Joaquin Valley Drainage Program. |
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is based on the planning methodology adopted by the San Joaquin Valley Drajnage Program during the development of a
long term management plan for the Grasslands Basin. Projections of drainage volume and constituent load based on the
costs of agricultural production can be made with the WADE model. The WADE model can provide generalized
projections of levels of land idling and retirement, groundwater pumping, irrigation and drainage technology investment
and drainage recycling based on constraints placed on allowable drainage production from each water district (roughly
matched with model polygons) or from multiple water districts that discharge drainage ﬂirough the Grasslands Basin to
the San Joaquin River. Refinement of each of these components on a monthiy basis can be made with the IRDROP
Model, once the amount of retired ]and, .availabie water for dilution purposes and irrigation water requirements have been
set by the WADE model. Thus, linkage between the two models would provide a more comprehensive decision tool by
" combining the forecasting capabrhty of the WADE model with the operatlons planmng capability of the IRDROP
model.
Routing of surface water and drainage flows through the Grasslands area will be permitted once the Natural Resources
Workstation (NRWS) has been successfully implemented on the Drainage ‘Workstation. Estimated .monthly selenium
‘removal in trancit through the network of Grassland channels and ditches may be determined using either the NRWS or
the GWSDN-STELLA model (described briefly in Section 3.1. Interative solution of the IRDROP model and the NRWS
will. help to further refine the estimates of selenium losses and correct target drainage flow loading to meet monthly mean
" assimilative capacity in the San Joaquin River. Monthly projections of San Joaquin River assimilative capacity might
be derived from past records of San Joaquin River flows during different classifications of the water year. Water year type
typically" ranges from wet to critically dry. ' '

At present the IRDROP model runs on a monthly timestep - hence the model cannot be used to develop da11y or
weekly targets for drainage loading to the San Joaquin River. The model will need further development to run with, ‘
ehorter timesteps if it is to be useful to water districts for making daily or weekly operations decisions to take advantage
of real-time gaged and forecasted river flows. Data processing software for converting the information from telemetered
water quality sites on the San Joaquin River to estimates of daily assimilative capacity also needs to be developed. The
hydrodynamic \rersion of the current STRIO-2 model, currently being developed by Leslie Grober at U.C. Davis, could be
adapted to estimate these daily assimilative capacities for selenium, boron and TDS. Iterations of the IRDROP and
hydrodynamic SJRIO-2 model might be required dependino on the short-term options chosen for drainage load
management, to ensure comphance with water quallty objectivesin the San Joaquin River.

A schematic of how this system might be constructed is shown in Figure 48. The models shown in the box on the
right of the diagram in Figure 48 perform various functions including data reduction, analysis and process simulation
which terminate in a set of recommended actions. These steps> are performed sequentially, as follows:

(a) pre-process real time data from telemetry stations; |

() perform the time series analysis of flow and electrical conductivity;

(c) perform seasonally-based multiple regression analysis to calculate boron and selenium concentrations;

(d) determine in stream assimilative capacity for the limiting constituent;
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Figure 48. = Schematic of mformatlon flow through a conceptual system for managing drainage discharges to the
San Joaqum River, ensuring compliance with SWRCB water quality objectives and optimizing
opportunities for salt export from agricultural water districts in the Grasslands Basin.



~(e) choose between drfferent management strategies that either hold or release dramage flows to the limit of river
assxmnlatwe capac1ty, (
® calculate the in-transit selenium loss within the system at the planned discharge rate and recalculate flow if.
selenium is the constituent limiting the assimilative capacity of the San Joaquin River;
(g) determine periodic (daily, weekly, monthly) targets for drainage discharges based on forecasted drainage flow and
 river assimilative capacity. ' v
Telemetry data will be provided by stations in Mud and Salt Sloughs; at upstream and downstream sites on the San
Joaquin River from these tributary inﬂows; and at sites at the outlet from each water district and, in some cases frorn
locations within local water districts. At the present time only the site at Salt Slough is telernetered for flow, EC and
 temperature. Panoche Water District intends to add telemetry capability to the existing monitoring site at PE14, at the
northern boundary of the Panoche Drainage District. The site will monitor continuous flow, EC and temperature data. |
| Implementation and linkage of the various models on the Drainage Workstation will be an-ongoing activity during
1993 and 1994, | |

5.3.2  The Planning Workstation
| The Planning Workstation will be operatedvby MP-710 within Reclamation to address water allocation isssues in the
~ Federal Service Areas in the San Joaquin Valley. The models with application to the San Joaquin Basin are SANJASM,
SANTUCM, CVGSM and the Delta hydrodynamic models, notably the Fischer Delta Model and the Wong Model.
Flaure 49 shows an internal 11nkage between these models on the Plannlng Workstation for water allocation studies and
their impacts in the San Joaquin Valley. The FRIGSM is the most recent model to be added to the Planning -
.Workstatlon and can be used to generate scenarios that might impact flows from Millerton Reservorr down the San-
Joaqum River. This analysis might be of utility in forecasting monthly assimilative capacity in the San Joaquin R1ver
The major purpose of the FRIGSM is the estlmatxon of safe y1e1d in the Fnant—Kem Service Area for the purposes of

exarmnlng future water confracts.

5.3. 3 The Groundwater Workstatlon

' The Groundwater Workstation currently includes the GIS-based data storage, retrieval and ana]ysrs programs, SAGIS -
" and SABRINA. SAGIS provides the GIS and graphics component of the Groundwater Workstatlon. SAGIS uses ARC-
INFO and also uses a small database management system (using ‘the database program ORACLE) to store the results of
analysis and to communicate with SABRINA. 'SABRINA is the database component of the Groundwater Workstation
and is composed using ORACLE. SABRINA is owned by the Santa Ana Watershed Authority and used for basic data
storage, data manipulation, data analysis and presentation (David Moore, MP710 - written co’mmunication'). The
combination of SAGIS - SABRINA accomodates any number of water quantity and water quality parameters and a variety

of monitoring station types, including stream gages, groundwater wells and weather stations.

131



I - PLANNING WORKSTATION I

l_ SANJASM Iq.__>| CVGSM «———| SANTUCM

Surface water contract allocation
Water quality (EC) at Vernalis
Stream flows : :
Reservoir releases

Gtoundwater pumping
Stream-aquifer interactions
Irrigation recharge

Aquifer safe yield

Groundwater flow .

Surface water contract allocation
Water quality (EC) at Vernalis
Stream flows
Reservoir releases

Groundwater pumping
Stream-aquifer interactions
Irrigation recharge

Aquifer safe yield
Groundwater flow

. DELTA
HYDRODYNAMIC

FLOW AND WATER

QUALITY MODELS

SDSM-CASS

- Other models :

: PROSIM (CVPOP)
TEMPERATURE MODEL
DWRSIM .

Flow in Delta channels
1 TDS in Delta channels

Stage in Delta channels
Dynamic animations of tides -

Flow in Delta channels
TDS in Delta channels
Stage in Delta channels
Delta outflow

Permissible Delta exports

’

Figure 49.  The important computer-base_d simulation models and decision support systems
available on the Planning Workstation. Linkages between these models and
between these decision support systems are shown. ‘
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Figure 50.  The important computer-based simulation models and decision support systems
' available on the Groundwater Workstation. |
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Also mounted on the Groundwater Workstation is the SAS statistical analysis package. This is a powerful
analytical tool for performing a variety of statistical analyses and creating sophisticated graphics. Output from SAGIS or
SABRINA can be exported directly into SAS. Figure 50 shows linkage between these software tools on the Groundwater

Workstation.

5.3.4  The GIS workstation

The GIS Workstation is the central repository of all the base maps and combined feature covefages, developed since
1987 by Reclamation and the San Joaquin Valley Drainage Program. Other coverages and maps have been incorporated
into the databage from other agencies and private concerns in addition to those digitized by Reclamation. The GIS
Workstation is networked to other GIS workstations within California including those owned by the Department of
Water Resources and the US Geological Survey. The PT2 package, which is GIS based, resides on the GIS workstation
and can be networked to access the relevant models oh the Drainage Workstation. In a similar Way, models that reside on
the Drainage Wo;ksiation can seek out files on the GIS workstation for data input énd can be networked to diréct output

' tothe INFO database on the GIS Workstation. Figure 51 illustrates how this flow of. information might occur.
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Figure 51.  The important graphics - based software and GIS software available on the
GIS Workstation. '
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6. SUMMARY

This document is a prelimary effort to draw together some of the important simufation models that are available to
Reclamation or that have been developed by Reclamation since 1987. This document has also attempted to lay-out a
framework by which these models might be used both for the purposes for which they were originally intended and to
support the analysis of other issues that relate to the hydrology and to salt and water quality management within the San

Joaquin Valley. To be successful as components of a lafger Decision Support System the models should to be linked |
together using custom designed interfaces that permit data sharing between models and that are easy to use.

Several initiatives are currently underway within Reclamation to develop GIS - based and graphics - based decision
support systems to improve the géneral level of understandihg of the models currently in use, to standardize the
methodology used in making planning énd operations studies and to permit improved data analysis, interpretaﬁon and
display. The decision support systems should allow greater participation in the planning proéess, allow the analysis of
innovative actions that are currently difficult to study with present models and should lead to better integrated and more

comprehensive plans and policy decisions in future years.
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