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Sacramento Valley
Water Management Program

e Sacramento Valley Water Mgmt. Agreement
« SWRCB D-1641, A15
e Sacramento Valley water users
« California DWR
« USBR
e Export water users

e Conjunctive water management projects
« Groundwater substitution for surface water
e Approximately 30 proponents

e Operate in non-wet years (Sacramento River Index)
« 173 TAF/year, June 1 — October 31
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Sacramento Valley Geology

e Formation dominated by inter-glacial cycles

Glacial melting drives large sediment volumes to valley
During inter-glacial periods, soil formation

Buried lakes and wetlands form low-impermeability lenses
Tilting and deformation of basement rocks

Result is a layer cake with wedge-shaped layers

e Differentiating properties from texture
e Same source material
e Same distance from source
e Same transport mechanism

e Vertical flow barriers

« Fault locations delineated on basement rock
 Vertical projection and importance uncertain
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A. Aquifer System
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Generalized Cross Section Near Woodland, California
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IWFM - Integrated Water Flow Model
® IGSM

 Integrated groundwater with surface water & land surface
* Finite-element groundwater flow simulation

e Developed in 1980’s

» Peer review identified several issues

o (WFM
Developed by DWR staff (Can Dogrul), free
Uses IGSM input files with minor modifications
Correct issues identified in IGSM peer review
Modular structure facilitates component re-use
CALSIM 3: land surface and groundwater components
» v4: saturated land uses: wetlands and rice
e Auxiliary utilities
« PEST interaction facilitates model calibration
* ArcGlS-based tools: grid generator, post-processor
« MS Excel-based tools: post-processing
* Ruby scripts: post-processing



IWFM - Integrated Water Flow Model

e Groundwater Flow Process
* Finite Element Grid
e Saturated and unsaturated flow
e Land Surface Process
« Precipitation and Evapotranspiration
e Land Type and Crop Acreages
e Irrigation with Surface Water & Groundwater
e Surface Water Processes
« Streamflow routing
e Lakes
e Surface Water Diversions

e Ungaged Boundary Watersheds
e Adjustments

e Estimate surface water diversions vs. demand
o Estimate groundwater pumping vs. supply & demand



IWFM Inputs and Outputs

Input Data OQutput
Precipitation Simulated heads & flows
Evapotranspiration Detailed budgets including:
Land use & crop acreages . Recharge to water table
Surface water inflows . Crop water use
Surface water diversions . Surface water reaches
Parameters . Surface water-Groundwater
Interaction

Pumping distribution
Crops: K, rooting depth
Solls: curve number, K,

Groundwater pumping
Small watershed inputs



Integrated Model Components
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IWFM — ArcGIS GUI
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IWFM — ArcGIS GUI
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IWFM — ArcGIS GUI
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IWFM — ArcGIS GUI
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IWFM — Post-Processin
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IWFM — Mesh Generator
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IWFM — Mesh Generator
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C2VSIM Model Grid

Finite Element Grid
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C2VSIM Subregions

Water Budget Calculations
e Land use by element
« Aggregate to subregion
By land use in subregion:
e Calculate water demands
* Apply soil moisture

* Apply surface water
diversions

« Apply/estimate
groundwater pumping

e Calculate soil moisture,
recharge, return flows

Allocate to elements by land
use areas




Generalized Cross Section Near Woodland, California
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C2VSIM Calibration

Water Years 1972-2003

PEST & regional pilot points
1976 head maps, layers 1 & 2
Head observations at 221 wells

 Single screen coincides with
model layering

e Measurements 1977-1997

 No more than one well per
model element

Vertical head gradients at 9
locations

Average stream accretions and
depletions

Parameters: K, K, K, Sy, Sq



Hydraulic Conductivity
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Streambed Conductance
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Calibration Results - Heads
Simulated vs. Observed Water Levels, WY1973-2003
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Calibration Results - Heads
Simulated vs. Observed Water Levels, WY1973-2003
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Calibration Results — Sacramento Valley

Groundwater Observations (ft)

Subregion Wells Obs RMSE
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Calibration Results - Flows

Simulated vs. Observed Stream Flows, Oct 1972 - Sep 2003
Sacramento and San Joaquin Valleys (3,276 observations)
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Calibration Results - Flows

Simulated vs. Observed Stream Flows, Oct 1972 - Sep 2003
Sacramento Valley (1,488 observations)
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Calibration Results — Sacramento Valley

Surface Water Observations (TAF/mo)
Gage Obs Bias RMSE Max

Sacramento River at Red Bluff 372 6.3 56.6 4,688
Sacramento River at Ords Ferry 372 -15.3 118.9 6,546
Sacramento River at Knights Landing 372 0.4 166.3 2,779
Sacramento River at Freeport 372 63.2 364.8 5,356
Sacramento River 13.7 211.0

San Joaquin River at Vernalis -69.9 201.3 2,462
San Joaquin River at Newman -46.4 153.7 1,532
Tuolomne River at Modesto 12.8 74.2 953
Merced River near Stevinson -1.6 13.9 337
Stanislaus River at Ripon -0.1 9.8 386

San Joaquin River 120.6

167.8




Water Budget

1975 - 2003 Average Flows, in Million Acre-Feet per Year
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C2VSIM Simulation of the Sacramento
Valley Water Management Program

e |dentify individual wells and pumping rates
e Prepare IWFM input files

e October 1972 through September 2003

e Pumps on in non-wet years
e C2VSIM runs

1. Turn on groundwater adjustment

2. Turn on surface water adjustment

3. Turn on SVWMP wells & reduce diversions in
non-wet years (Sacramento River Index)




Sacramento River Index
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Sacramento River Index

Year Types, Water Years 1973-2003
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Explanation
Finite Element Grid
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Proponent Districts
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Flow Increase vs.Years of Sequential Operation
SVWMP vs. Base Case, Sacramento River at Freeport
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WATER YEAR
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WATER YEAR
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WATER YEAR
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WATER YEAR
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Simulated vs. Observed Groundwater Heads
16NO4E0OBACD1

——lLayer 2

Layer 3
= * — 16NO4E0BADOTM

Simulated vs. Observed Groundwater Heads
15M03E05D002M

Simulated

LEGEND

Model Layer

Round #1




Preliminary Findings

e C2VSIM simulation of SVWMP operations

SVWMP simulation is easy to implement in C2VSIM
Average flow increase at Freeport is 128 MAF (68%)
Lots of information — areal recharge, storage, GW-SW

e [ssues regarding C2VSIM and SVWMP

Scale: C2VSIM is a ‘regional’ model

Water budget: Subregional ‘virtual farms’
Calibration data set: few deep wells

Groundwater pumping: largely unknown (estimated)

All currently being addressed in continued
development of C2VSIM and IWFM



Future Work

e Refine C2VSIM calibration & water budgets
* Increase accretions-depletions data set
o Calibrate small watershed parameters
 Modify pumping distribution (spatial and vertical)
e High wet-season diversions (refuges?)
e Crop ET looks high in some areas
e Refine SVWMP simulation
e |dentify individual pumping wells
* Directly reduce diversions (vs. automated)
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