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55,000 sg. km. (20,000 sqg. mi.)
25 MAF/yr Surface Water Discharge

Agricultural Production
® 6.8 million acres (27,500 sq. km)
® <1% of US farm land
® 10% of US crops value in 2002

® Population Growth

® 1970: 2.9 million
® 2005: 6.4 million

® Groundwater Pumping



C2VSim Development

Derived from the CVGSM model
— WY 1922-1980 Boyle & JM Montgomery (1990)
— WY 1981-1998 CH,M Hill

Steady modification
— DWR IWFM/C2VSim development began in 2000
— IWFM process and solver improvements

— C2VSim data sets reviewed and refined
— C2VSim input data extended through WY 2009

2k Calibration
— PEST parameter estimation program
— Three phases: Regional, Local, Nodal




C2VSim Versions

C2VSim CG 3.02 (R367): Pre-Release Version

— Water Years 1922-2009, monthly time step
— IWFM version 3.02
— Expected release in January 2013

C2VSim FG 3.02 (R356): Draft Version
— Based on C2VSim 3.02 CG of Jan 2012
— Refine rivers, inflows, land use
— Next: Update to R367
— Expected release in Spring 2013

o o7 Planned Improvements
— C2VSim 3.02 CG/FG: Extend to WY 2011 or 2012




C2VSim Coarse-Grid

“C2VSim CG-3.02”

Finite Element Grid
— 3 Layers or 9 Layers
— 1393 Nodes & 1392 Elements

Surface Water System
— 75 River Reaches, 2 Lakes
— 243 Surface Water Diversions
— 38 Inflows, 11 Bypasses
— 210 Small-Stream Watersheds

Land Use Process
_ — 21 Subregions (DSAs)
4 — 4 Land Use Types
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C2VSim Aquifer Layers

Altitude vs. MSL (feet)
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C2VSim Aquifer Thicknesses
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C2VSim Aquifer Layers

% ClVMiModeLLayErs.E(d - ArcScene - Arcinfo

Fle Edit View Bookmarks Selecon Geoprocessing  Customize  Windows  Help

LECERY > 2 o | IE
Layer;
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Base of Fresh Groundwater in the Sacramento Valley, California

California Department of Water Resources Report name/#

Mick Hightomsas, and
Cetolar, 1012

Abstract

[t — pir—

o L i i
ey s e

Fomat Qe e My e g e o S g T St i {158 ey 1 S8 . sy, rammad o £ 0 mgh T3 st
[ T 3

e 0 e e il S e B ] i [T S i et

Cntenafm.ﬂpprmnail'lg Baseanresh Gmmdmd:er

B el appas . ] i sy e el B S dim 1 B B
b - T

i it

Pt o i . B s s sk g o e A0 |
s
AT O U . T ek D B S, Bk T kit

e ..'.‘:‘.’....5_?.’ w2 s vy |8
s i T -Em-uan-“.-—-.._
i LTI TS A i T T

0w a5 e g wee
e e e L L T

ey

Y s,
T v 8 o

T i o ey B W8 Sere 1 LS 2
s

i ik covaate: Sri e S § B Gt sk s B
"

iy

e ety uts




Faults

4 _ Battle Creek Fault
" .1 — Red Bluff Arch

* — Plainfield Ridge
> Anticline

— Pittsburgh — Kirby
Hills — Vaca Fault

— Vernalis Fault
Graveley Ford Faults
Visalia Fault

Pond-Poso Creek
Fault

Edison Fault




Calibrated Parameters

Aquifer nodes Soil properties
— Conductivity — Field capacity
— Storage — Porosity
— Subsidence — Recharge factor

— Curve Numbers
River nodes

— Conductance Small Watersheds
— Field capacity
bl Unsaturated Zone — Porosity
"ﬁ'%' “_ o — Porosity — Conductivity
4 — Conductivity — Discharge threshold

Recession coefficients



Calibration with PPEST

PEST=>IWFM
PPEST _wlr
Y Input Files
PPEST
, k "  PEST. l
RMSE ! Model

|

Output Files

PEST«IWFM




IWFM-PEST Tools

* Translate parameters from pilot points to IWFM

— CVoverwrite.dat file
— FAC2REALI program

e Convert IWFM hydrographs to SMP format
— IWFM20BS program

e (Calculate vertical head differences to SMP format
— IWFM20BS program

e Stream-groundwater flows to SMP format
— STACDEP20BS program




Calibrate parameter values at each
model node and layer

Using computers at the USDOE
National Energy Research Scientific
Computing Center (NERSC)

— Carver

IBM iDataPlex

3,200 CPU cores, 34 Tflop/s ¥

Comparison:

PPs

Compter

Run Time

137

15 PCs

1 week

394

15 PCs

3 weeks

1393

15 PCs

16 weeks

1393

NERSC

2 weeks




Model Performance

No.
Observation Type Observation No. , Range
. Observations
Sites
Groundwater heads 1,378 62,981 1,252
Vert. Groundwater Head Difference 163 3,017 698
River Flows 22 5,636 6,561,453
River-Groundwater Flows 33 33 38,117
Subsidence 24 3,700 6.2
TOTAL 1,620 75,367
Root Mean .
Observation Type Squared Residual RMSE Residual
Range Range
Error
Groundwater heads 65.4 2.14 0.052 0.002
Vert. Groundwater Head Difference 96.2 -13.3 0.138 -0.019
River Flows 145,591 -13,720 0.022 -0.002
River-Groundwater Flows 8,875 3,620 0.233 0.095
Subsidence 17.4 -11.5 2.81 -1.86
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Groundwater Hydrographs
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Groundwater Hydrographs

Well ID = 17NO4E30R001M
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Surface Water Flows

Simulated Flows (MAF/mo)
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Storage Parameters
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Simulated Annual Water Budget

Average Flows for water years 2000-2009
[Million Acre-Feet/Year]
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Land-Surface Water Balance

Water Supply Water Year Water Use

2000
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]
[l
2003 -

|

|

|
2004 | -
2005 | O
2006 m

2007 | |
2008 |
2009 |
30

) . B0 4 30 20 10 0 0 10 20
ARIE Inflows (MAF/year) Outflows (MAF/year)

M Precipitation ™ Diversions M Storage™* M Recharge
W Groundwater M Storage™ Runoff
* Storage values are

40 50

Evapotranspiration

generally too small to appear on these figures.
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Surface Water Deliveries
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Groundwater Pumping

2000-2009

Pumping Rate
(Ac-ft/Aclyr)
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Aquifer Water Balance

Water Year

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

14 12 10 8 6 4 2 0 0 2 4 6 8 10 12 14
» T Inflows (MAF/year) Outflows (MAF/year)

m Deep Percolation Streams Streams m Storage

= Boundary Flows = Storage = Tile Drains = Subsidence
= Recharge = Lakes = Pumping = Lakes

= Subsidence




Groundwater Pumping

2000-2009

Hydrologic Regions
Sacramento Valley
45%
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San Joaquin River Basin

Tulare Basin




10N
|

Water Year

Deep Percolat

Land Use

M Agriculture
M Native & Riparian




Tulare Basin

| Sacramento Valley
" East Side Streams
I sacramento-San Joaquin Delta

. San Joaquin River Basin
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Groundwater Depletion

2000-2009

Hydrologic Regions
Sacramento Valley
East Side Streams

Sacramento-San Joaquin Delta

San Joaquin River Basin

Tulare Basin

68%




Groundwater Depletion
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Subsidence, 2000-2009
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Stream-Groundwater Flows
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Key Limitations

Time step and stream routing: Stream flow must travel from upstream to
downstream within the length of time step for the zero-storage assumption
to be valid

Time step and rainfall runoff: Re-calibrate curve numbers for different time
steps (for C2VSim, the input data time step is itself a limitation)

Spatial scale of demand and supply: Demand and supply computations are
performed at the subregion level

Vertical distribution of pumping: Static distribution limits the ability to
simulate changes in the pumping depth during simulation period

Aquifer and root zone thickness: Aquifer thickness should be large
compared to root zone thickness to minimize error in case groundwater
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C2VSim ArcGIS Tool

ArcGIS tool to display model output (based on RMC-WRIME tool)

& C2vsim_CG_19211C_R366.mxd - ArcMap - Arclnfo

Ele Edit View Bookmarks [Insert GSelection Geoprocessing Customize Windows Help
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IWFM Excel Add-In

|,:!5! L
A jome nsel 'age Layou ormulas ata
La/ oy Insert  Pagelayout  Formul Dat:

ookl - Mic

soft Excel

Review View Developer Add-Ins IWFM Tools Acrobat @ - 2 X
:'QJ_ IWFMversion |3.02 v (@) About Budget To Excel (v3.02) =10 ]
Space
Delimited Text Choose Budget Input File
Data Export Budget To Excel Help "
IZ “temp'r36541921-2009-D55\Budget\CVBudget in Browse... Import
H S & 5 e ]S G BB 2 2) &) [l | Q- @R Q20 . _—
(n
| X64 bl ™ F | Land and water use budget ﬂ Transfer to Excel I
A B C D E |Stream budget

1 [IWFM (V3.02.DD53} Groundwater budget ﬂ

2 GROUND WATER BUDGET IN AC.FT. FOR SUBREGION 22 (ENTIRE MOD

3 |AREA=12793138.59 AC Complete!

4

Time Deep Beginning Ending Storage P';I:;zaet?:n Gain from Recharge  Gainfrom Boundary Subsidence s;: :;::
Percolation  Storage (+) (=) *) Stream (¥) +) Lake (+)  Inflow (¥) +) *)

5

6 | 10/31/1921 12:00 AM 107,891 70 3,102,558 944 94 3 101 455762 76 1 545662 55 -1, 38021655 1,027 128 06 -1,807,079.49 3109013 9040500
7 | 11/30/1921 12:00 AM 10,499.60 3,101,455762.76 3,101,687,810.88 02209497 -853966.91 25490492 -78310.97 36,201.50 56,617.07
8 | 12/31/1921 12:00 AM  388,957.48 3,101,687,810.88 3,102,682,423.77 741,696.22 -216,093.75 34628430 17,852.75 72,838.18  39597.99
9 | 01/31/1922 12:00 AM  288,004.05 3,102,682,423.77 3,103,133,215.27 599,366.24 -560,360.70 313,857.01 18,054.57 6£9,790.60  34,261.40
10 | 02/28/1922 12:00 AM 459,924 77 3103,133,215.27 3,104,249 438.91 598,605.79 15,574.91 39643261 12,344.91 77,750.28 2791573
11 03/31/1922 12:00 AM  79,849.93 3,104,249,438.91 3,104,396,762.34 433,088.52 -505,423.51 27218724 1,602.94 67,726.33  36,638.00
12 | 04/30/1922 12:00 AM  111,986.03 3,104,396,762.34 3,104,289,059.02 386,101.08 -297,765.27 240572.35 -5,210.40 41,92763  37,081.13
13 | 05/31/1922 12-00 AM 300,406 95 3 104,280,059 02 3,105,144 81192 398,053 82 9404118 60944805 -1482596 4401581 2913190
14 | 06/30/1922 12:00 AM  205835.03 3,105,144,811.92 3,105,311,640.26 398,037.38 -465298.77 61837260 -16,319.23 38,860.57 48,762.12
15 | 07/31/1922 12:00 AM  117,767.33 3,105,311,640.26 3,104,218 74941 320,944 80 -99882249 287627168 -12,15549 3765036 77.713.66
16 | 08/31/1922 12:00 AM  83,349.87 3,104,218,749.41 3,103,179917.61 287,97570 -764,044.06 201,662.00 -9,568.70 37,24550  80,870.22
17 | 09/30/11922 12:00 AM  28,923.90 3,103,179,917.61 3,102,820,892.00 253,92433 -596,84142 14068552 -7,59587 36,84520 2326559
18 | 10/31/1922 12:00 AM 10,428.49 3,102,820,892.90 3,102,682,016.856 225 377.20 -452920.73 127.476.29 -4.115.67 4339452 2424499
19 | 11/3011922 12:.00 AM  70,374.76 3,102,582,016.85 3,102,721,899.687 22203787 -270,795.03 14047799 -1,73260 50,286.94 12,802.53
20 | 12/31/1922 12-:00 AM 53375617 3,102,721,899 87 3103584 67376 34505700 17096655 267 78560 164219 7472235 968382
21 01/31/1923 12:00 AM  261,607.92 3,103,684,673.76 3,103,741,171.42 31576247 -394511.54 20249985 -744.76 5974068  11,617.37
22 | 02/28/1923 12-:00 AM 936759 3,103,741 17142 3103 65889263 22309159 -50557967 18179497 -168315 4725154 1118723
23 | 03/31/1923 12:00 AM  44164.47 3,103,658,892.63 3,103,171,074.682 201,887.756 -412,750.01 165,605.02 -3,402.00 4124775  44107.47
24 | 04/30/1923 12:00 AM  233,033.44 3103,171,074.82 3,103,587 456.36  232,389.77 80,022.76 291,067.94 -6,032.68 70,1553  13,045.71
25 | 06/31/1923 12:00 AM 33524596 3,103,687 456.36 3,103,564,048.83 28165776 -22371169 35545074 -16,428.24 40,60098 3311255
26 | 06/3011923 12:.00 AM  233,136.62 3,103,564,048.83 3,102,891,317.04 27014756 -527,062.02 28195657 -15,056.77 40,22426 63,912.58
27 | 07/3171923 12:.00 AM 10587222 3,102,891,317.94 3,101,996,265.57 22150744 -57191433 23761353 -13,251.18 3947215 8503894
28 | 08/31/1923 12:00 AM  89,867.15 3,101,996,265.57 3,101,039,103.09 20599789 -566,873.80 16845490 -11,201.68 39,056.09 84,120.98
29 | 09/30/11923 12-:00 AM 40,347 40 3101,039,103.09 3,100,856 48857 18665219 -421 75699 12675362 -8,781.12 45086 41 11,231.73
30 | 10/31/1923 12:00 AM 10,213.68 3,100,856,488.57 3,100,601,491.95 16524516 -337797.06 104,846.44 -5,843.04 40,668.26  20,628.35
31 | 11/30/1923 12:00 AM §,320.47 3,100,591,491.95 3,100,474,310.43 15101016 -372,397.35 9289494 -3,338.63 38,773.25

- 120 024 02 1T TAQ 2T o2 £E49 20 1. 708 80 AA EDA 22

i i el i R 2 e raiar

Root zone budget

Ready | 5 |
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HEC-DSS

C2VSim_R365.D55 - HEC-DSSVue = |EI|5|
File Edit Wiew Display WUtilities Help

J = u §|: @ fx ‘ CDEC  Excel Precision USGS

File Name: IZ:Itemp'trSES't‘l921-EDDQ-DSSIResultleEVSim_RSES.DSS
Pathnames Shown: 4204 Pathnames Selected: 0 Pathnames in File: 37836 File Size: 339587 KB

Search A LI C LI E: LI
ByParts: g |IWFM_DIVERDTL_BLID | o = F =l
IWFM_GW_BLID
Mumber WFh_| ! | C part D partfrange | E part F part |
1 [MFRIAFM_LAKE BLID A OLUME 01 JAR1920 - 01 JAN2000 1M CELI |
2WMFN i ROOTZN BUD +OLUME 01 J1 520 - 01 JAN2000 MO DELI_SHORT [
s 1-STREAN_BUD VOLUME sz 01 anzoto oo oiveR SHORT
5 hF MAFM_STRMRCH_BUD — ¢ OLUME 01 JARTE20 - 09 JAN2000 1RO CIVER
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3 hFM_DIVERDTL_EUD SRA0DYY31R115 OLUME 01 JART 920 - 09 JAN2000 1 RN CiIER
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11 [WAFM_DIVERDTL _BUD SR10:DY TR0 OLUME O1JAM1920 - 07 JAN2000 RN DELI
12 |WAFM_DIVERDTL _BUD SRA0:DYY TR0 ¢ OLUME 01 JARTE20 - 09 JAN2000 1RO DELI_SHORT
13 |WAFM_DIVERDTL _BUD SR10:.DY TERD W OLUME O01JAM1920 - 01 JANZ000 1RO DELI
14 |WAFM_DIVERDTL _BUD SRA0:D% TERO ¢ OLUME 01 JART920 - 01 JAN2000 1RO DELI_SHORT
15[WFM_DIVERDTL_EUD SRA0:DV 4RO Y OLUME 01 JARH1920 - 01 JAN2000 MM CELI
16 |WAFM_DIVERDTL _BUD SRA0:0% T4RD OLUME 01 JART 920 - 09 JAN2000 1 RN DELI_SHORT
17 [WFM_DIVERDTL _EUD SR10:DW1 7E:RD v OLUME 01.JAH1920 - 01 JAN2000 1MCN CELI
18 |WAFM_DIVERDTL _BUD SR10:0%1 TERD OLUME O1JAM1920 - 07 JAN2000 RN DELI_SHORT
19|AFM_DIVERDTL _BUD SRA0:DYY TTRO ¢ OLUME 01 JARTE20 - 09 JAN2000 1RO DELI
20|WAFM_DIVERDTL _BUD SR10:DMYTTRD W OLUME O01JAM1920 - 01 JANZ000 1RO DELI_SHORT
21 IWFM DIVERDTL BUD SRA0:DY TERD ¢ OLUME 01 JART 920 - 09 JAN2000 1RO DELI
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C2VSim Reports

Historical Rim Inflows, Surface Water Diversions and Bypass Flows
for the
California Central Valley I Surface Water Simulation Model
(C2VSim), Version 3.0

Charles F. Brush Depart

User Manual
for the

(California Central Valley Ground Surface Water Simulation Model
(€2VSim), Version 3.02-CG

IS Charles F. Brush, Emin C. Dogrul

1118, (S

Bay-Delta Office, Califarnia Deparimant of Water Resceroes, 1416 Ninth Street, Sacraments, CA 35814
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C2VSim Coarse Gri

“C2VSim CG-3.02”

DWR Web Site
— Model files
— User Manual
— ArcGIS shapefiles
— C2VSim Tools
— IWFM Application
— IWFM Tools

Support

— Training: IWFM and
C2VSim workshops will be
offered through CWEMF
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Delta Conveyance (Web Site Last Updated: September 20, 2012}

Description

The California Central Valley Groundwater-Surface Water Simulation Model
(C2WSim}) is an integrated numerical model that simulates water movement through
the linked land surface, groundwater and surface water flow systems in
I Califernia’s Central Valley. The C2VSim model contains menthly historical stream
inflows, surface water diversions, precipitation, land use and crop acreages from
October 1821 through September 2008. C2VSim dynamically calculates crop water
demands, allocates contributions from precipitation, soil moisture and surface
water diversions, and calculates the groundwater pumpage required to meet the
remaining demand. The model simulates the historical response of the Central
Valley's groundwater and surface water flow system to historical stresses, and
SAPESS can also be used to simulate the response to projected future stresses.

Modeling Support
South Delta

BDO Currents
DVVR Forms

Organization Charts

BDO Computer

The C2VSim model can be run with either a coarse finite element grid (C2VSim-CG
Su rt uest

with 1,392 elements, run-time 8 minutes) or with a fine finite element grid (C2VSim-
FG with over 35,000 elements, run-time & hours). For both versions, the elements
are grouped inte 21 water budget subregions. Hydrologic parameters were
calibrated to match observed surface water flows, groundwater heads,
groundwater head differences between well pairs, and stream-groundwater
flows for the period between September 1975 and October 2003.

Training

The C2VSim-CG model is being used as the basis for the groundwater flow
component of CalSim 3, and has alzo been used to investigate how Sacramento
Valley water transfers may affect Delta flows and how an extended drought may
impact groundwater levels. Both C2VSim versions will also be useful tools for
integrated regional water management plans, planning studies, groundwater
storage investigations, assessing infrastructure improvements, evaluating
ecosystem enhancement scenarios, conducting climate change studies, and
assessing the impacts of changes to water operations.

Bay-Delta Office
Department of Water
Resources

1416 5th Street,
Sacramento, Ca 95814

» C2VSim was developed using the Integrated Water Flow Model (IWFM ) Version
Mailing Address: 302

P. 0. Box 942836,
Sacramento, Ca 94235-0001

C2V5im Model

» Model Files
* ArcGIS GUI
+ User's Manual

« Surface Water Data Report

IWFM Support Tools

[ W
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Section Pages

* Central Valley Water
Resources System
Modeling

* Delta Modeling

* Computer Assistance

Quick Hits
* WRIMS/CalSim
CallLite
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C2VSim Fine Grid
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"?‘.’}'" DI TR ,’p
., — Fine Grid (FG)

4
i

S

b}

Nodal Spacing:
— 0.5 mionrivers
— 1.5 mionedge
— Average 0.6 mi?
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Model grid:
— 32,537 elements
— 30,179 nodes
— 4,529 river nodes

Run times: '
— CG 88yrsin3-6 min 0% e
— FG 88yrsinappx6 hrs / NS

Suggested uses:
— CG region-scale analyses
— FG local-scale analyses
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C2VSim Applications

CalSim 3 groundwater component

Integrated Regional Water Management Plans
Stream-groundwater flows

Climate change assessments

Groundwater storage investigations

Planning studies

Ecosystem enhancement scenarios
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