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e Open-source, regional-scale
integrated hydrologic model

 Simulates land surface,
groundwater, surface water, and
surface-groundwater
interactions

e Represent agricultural and urban

water management practices,  |; oo | o meecee
| and their effects on the water et e R o o
1 system e PR i
|~ ¢ Aplanning and analysis tool as it computes agricultural and urban
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IWFM

Object-Oriented Design




IWFM

Linked with Other Models

IDC

CalSim3
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IWFM Applications

- California Central Valley Groundwater-Surface
Water Model (C2VSim)

- Butte County Groundwater Model (Heywood, CDM)

- Walla Walla River Basin Model (Petrides, OSU)

Yolo County Integrated Model
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TCZVSim Coarse-Grid

" iy - Finite Element Grid
"\ —3Llayers or 9 Layers
— 1393 Nodes & 1392 Elements

) Surface Water System

— 75 River Reaches, 2 Lakes

— 243 Surface Water Diversions
— 11 Bypasses

— 210 Small-Stream Watersheds

Land Use Process
e — 21 Subregions (DSAs)
4 . —4land Use Types

C2VSim

§r

Subregions Legend

Hydrologic Regions

7] Sacramento Valley
East Side Streams
Sacramento-5an Joaquin Delta
. San Joaquin River Basin

Tulare Basin

Small-Stream Watersheds [ |
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"’ C2VSim

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

C2VSim Aquifer Layers

Altitude vs. MSL (feet)
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Model Performance

C2VSim

River-Groundwater Flows
Subsidence

8,875
17.4

3,620
-11.5

No.
Observation Type Obse.rvatlon Observations Range
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 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

0.233
2.81

0.095
-1.86
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Results

Simulated Annual Water Budget

Average Flows for water years 2000-2009
[Million Acre-Feet/Year]

Small Water-
sheds

Surface

Water Inflow

Atmosphere

Native & Urban
Riparian

o e

Groundwater Flow System e

Streams and Rivers

Delta
Outflow
& Exports




Results

River-Groundwater Flows

Greater than zero means a net flow from Groundwater to the River

Groundwater Discharge to River (+) (Thousand Acre-Feet'month)

Water Year

Groundwater Pumping

m Agricultural
Urban

Groundwater Pumping (Million Acre-Feet/Year)

2006
nna

Urban Water Supply

M Surface Water
W Groundwater

0

Total Volume (Million Acre-Feet/Year)

Water Year

Change in Groundwater Storage

40

20

I (-) and Revovery (+) (Million Acre-Feet)
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er Storage Withd
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.~ Sacramento Valley

.~ East Side Streams

.~ Sacramento-5an Joaguin Delta

-~ San Joaquin River Basin
Tulare Basin

o~ Central Valley




Results

Land Surface Budget
Water Supply Water Year Water Use

2000
| | |

2001

2002 ' : -

2003 ' : —
, , -

2004 -
| |

2005 -

2006 : : N
| |

2007

2008 : :

2009 : :

50 40 30 20 10 0 0 10 20 30 40 50
Inflows (MAF/year) Outflows (MAF/year)
M Precipitation M Diversions M Storage™ M Recharge
M Groundwater M Storage” Runoff Evapotranspiration
* Storage values are generally too small to appear on these figures. G ro u n dwate r B u d g et

Water Year

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

16 14 12 10 8

Inflows (MAF/year)

4 6 8 10

Outflows (MAF/year)

12

m Deep Percolation Streams Streams = Storage

':’f = Boundary Flows = Storage = Tile Drains = Subsidence
= Recharge = Lakes = Pumping = Lakes
B, = Subsidence
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Final Heads
September 2009

itude

Initial Heads
October 1921

Water Table Alt
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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

Release

[ cavsim: California Central va

C fi

im/index_C2V!

[ baydeltaoffice.water.ca.gov/modeling/

ydrology/C2V

DVV/R Home

AF INT

ITER

BDO Home

Organization
Administration &
Program Control
Delta Conveyance (Web Site Last Updated: September 20, 2012}

Description
The California Central Valley Groundwater-Surface Water Simulation Model

Modeling Support

South Delta (C2V'Sim) 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
BDO Currents October 1821 through September 2008. C2VSim dynamically calculates crop water
DWR Forms 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
can also be used to simulate the response to projected future stresses.

Organization Charts
SAPESS

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
o R ® My

Section Pages

* Central Valley Water
Resources System
Modeling

* Delta Modeling

* Computer Assistance

Quick Hits
* WRIMS/CalSim
CallLite
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Release

C2VSim ArcGIS Tool

C2VSIM Feature Shapefiles
and Data Tables
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Customize Windows Help

— ArcGIS tool to display model output (developed by RMC-WRIME)

Time Series Graphing

2 x

ArcToolbox

5]

= = layers

&l ArcToolbox

9 3D Analyst Tools

(SR R L
£ B ModelData
O Node
Element

[ StreamR
O Calibrati
O Producti

Bud_GW
Bud_Reach

Bud_Soil
Bud_Stream
Bud_WU
Mames_
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Output_Stre;

B2 TSData_Obs
& TsData_Obs

[ StreamMNode

Subregion
= B ModelSupport
O Small_Watersheds

Bud_SmallWatershed

MNTSData_DiversionSpecification
NTSData_ElementPump
NTSData_Well

Output_GWHead
Output_GWHydrograph

A TSData_Crophrea

B TSData_CropCharacteristics
5 TSData_Demand

B TsData_Indoorlse

B2 TSData_Inflow

5 TSData_LandUse

B2 TSData_Precipitation
& TSData_Pumping

B TSData_SWDV

B UniqueValue_GWHead

ST RPECTS:

eaches
onWell
ionWell

W RITEETOO
& C2vsIM ArcGls GUI
-8 C2VSIM Analyst
=& Import
5 Import C2VSIM Data
=& Run
5 Run Executable
(=-&s Time Series Data Analysis

5 Time Series Data Statistical Analysis Tool
5 Create GWL Raster/Contour Tool

amHydrograph

ervedGWL
ervedSF

—_ v
B Conversion Tools

B Data Interoperability Tools
B Data Management Toals
By Editing Teols

B Geocoding Tools

By Geostatistical Analyst Tools
B Linear Referencing Toals
B Multidimension Tools

B Network Analyst Tools

8y Parcel Fabric Tools

B Schematics Tools

B Server Tools

B Spatial Analyst Tools

By Spatial Statistics Tools

B Tracking Analyst Tools

C2VSIM Toolbox
- Input C2VSim Data tool
- Run Executables tool
- Time Series Data
Statistical Analysis tool
- Create GW Level
Raster/Contour tool
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IWFM Tools

— Import model output tables to MS Excel

D1 IWFM_Root zone budget.xls [Compatib
N&V)ome Insert | Pagelayout | Fommuls | Data Review view Developer Addins | wFMTools | Acabat
% TWFM version = @Abou‘t
=loix]
Space
Crelimited Text
Data Export Budget To Excel Help Choose Budget Input File
=N @ @, E S — % |- Al Al ID:\Work_Documerﬂs\CZ\u’SIM\ModeI\HBEB’\]BZ‘I-ZDDB\Budget\CV Browse... | Import |
Al -0 f<| IWFM (v3.02.00  Choose Budget Table
A B | C | D |Land and water use budget - Transfer to Excel |
1 [WFM (v3.02.0083) Sz budset
| 2 |[ROOT ZONE MOISTURE BUDGET IN AC.FT. FC Groundwster budgst =
3 AREA= 652847.11 AC
L Fal" FRA LY
Gain
Ag. Ag. Prime Ag. Ag. Total Ag. Ag. from
Ag. Area Precipitat Ag. Applied Reused Applied Return Beginnin Land
| 5 | Time (AC) ion Runoff Water Water Water Flow g Storage Expansio
| 6 10/31/1921 12:00 AM 146552.02  1405.91 000 823172 000 823172 0.00 8228058 0.00
| 7 11/30/1921 12:00 AM 146552.02  4036.19 0.00 16031.33 0.00 16031.33 0.00 5138745 0.00
| 8 12/31/1921 12:00 AM 146552.02 17370.27 0.00 0.00 0.00 0.00 0.00 5240047 0.00
o | 9 | 01/31/1922 12:00 AM 146552.02 20308.99 433 176364 0.00 176364 0.00 58127.27 0.00
Uy 10 | 09/28/1022 12-00 AM 14REET 07  INERT B can 058 01 oon 058 01 000 RARAE A 000

-5' =] % — Import IWFM model to ArcGIS and create shapefiles




4 Future

C2VSim Fine Grid

ko)

Nodal Spacing:
— 0.5 mionrivers
— 1.5 mion edge
— Average 0.6 mi?

Model grid
— 32,537 elements
— 30,179 nodes | N
— 4,529 river nodes g RSN
Run times: > S5 ANy 3;
R — CG 88yrsin 6 min COREOCRET SR
B B — FG 88 yrsinappx 6 hrs
Suggested uses: S A o




N ™% Uses

C2VSim Applications

- CalSim 3 groundwater component

- Integrated regional water management plans
- Climate change assessments

- Planning studies

- Ecosystem enhancement scenarios

- Stream-groundwater flows for fish passage

- Infrastructure improvements




Acknowledgements

Tariq Kadir, Can Dogrul, Francis Chung, Michael Moncrief?,
Guobiao Huang, Jane Shafer-Kramer, Messele E1jeta, Lihen
Zhong, Linda Bond, Chris Bonds, Dong Chen, Jeft Galef, Todd
Hillaire, Abdul Khan, Seth Lawrence, Dan McManus, Paul
Mendoza, Chris Montoya, Bob Niblack, Scott Olling, Eric
Senter, Steven Springhorn, Jean Woods and Brett Wyckoff

Steve Shultz, Dan Wendell? and Rob Leaf, CH,M Hill
Matt Tonkin and Gil Barth, SS Papadopulos & Associates

* Zhaojun Bai, Matthew Dixon?® and Hieu Nguyen?, CSE, UC Davis

— Walter Bourez and Lee Bergfeld, MBK Engineers
Charles Burt and staff, ITRC




	Public Release of C2VSim�The California Central Valley Groundwater-Surface Water Simulation Model
	Outline
	Outline
	Integrated Water Flow Model (IWFM)
	Object-Oriented Design
	Linked with Other Models
	IWFM Applications
	Outline
	C2VSim Coarse-Grid
	C2VSim Development
	C2VSim Aquifer Layers
	Model Performance
	Outline
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Water Table Altitude
	Outline
	C2VSim Coarse Grid
	C2VSim ArcGIS Tool
	IWFM Tools
	C2VSim Fine Grid
	C2VSim Applications
	Acknowledgements
	Slide Number 25

