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Model development
Data collection

Conversion of mput files from IGSM to
IWFM

Extending simulation period and input data
from 1970-1993 to 1970-2000

Development of calibration tools
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MODELING TOOL:

Integrated Water Flow Model (IWFM), formefiy :
known as IGSM2, developed by the Modeling =
Support Branch of the Bay-Delta Office of DWR

* Simulates GW, SW, stream-groundwater
interaction, and other components of the
hydrologic system

Models GW flow as a quasi 3-D system and

solves the governing flow equation using the
Galerkin finite element method

Land use based approach of calculating water
demand

Z-budget post-processor for subsurface tlow
computations




WESTSIM MODE

West-side of San Joaquin River Basin
Monthly time step

Contains 63 subregions, which are defined by collections
of finite elements, to represent individual water districts,
refuges, or cities

Contains detailed inputs of surface water use, land use,
evapotranspiration, streamflow, return flows, and aquifer
characteristics for the period of 1970-2000

Would simulate agricultural water demand, groundwater
pumping, groundwater recharge, and stream-aquifer
interaction
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Possible Applications b

* Groundwater impact analysis
* Land retirement

e Conjunctive use planning
 Safe yield analysis

 Salinity management




WESTSIM MODELM

Model region
Subregions
Elements

Groundwater Nodes
Crop types

Aquifer layers

Land use types

Streams Modeled
Stream Nodes
Small Watersheds

Rainfall Stations
Kettleman City

Simulation Time Step

1,550,874
63

2,602
2,716

16

7

4

11

351
6

acres
WDs/IDs, Cities, Refuges

S above Corcoran Clay

Agricultural, urban, native
vegetation, riparian

Tracy, Los Banos,

Monthly
1970-2000
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SUBREGION LIST
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- Westside Water District

- City of Tracy

- Banta Carbona Irrigation District

- Plainview Water District

- San Joaquin\Stanislaus Unincorporated
- Hospital Water District

- West Stanislaus Irrigation District

- El Solyo Water District

- Kern Canyon Water District

- Patterson Water District

- Del Puerto Water District

- Central California Irrigation District (Central)
- Sunflower Water District

- Stanislaus\Merced Unicorporated

- Orestimba Water District

- City of Los Banos

- Foothill Water District

- Davis Water District

- San Luis/Kesterson (North)

- West Gallo

22-
23-
24 -
25-
26 -
27 -
28 -
29-
30-
3 -
32-
33-
34-
35-
36 -
37 -
38-
39-
40 -
41 -

Mustang Water District

San Luis/Kesterson (South)

San Luis Canal Company

Salt Slough

Quinto Water District

Lansdale Water District

Los Banos Water Management Agency
Volta Water Management Agency
Centinella Water District

Romero Water District

Central California Irrigation District (South)
San Luis Water District (DMC)
Grasslands Water District (South)
Eagle Field/CCID Contractors

San Luis Water District (SLC)
Panoche Water District (DMC/SLC)
Eagle Field Water District (South)
Pacheco Water District

Mercy Springs Water District

Oro Loma Water District
Firebaugh Canal Co (North)

43-
44 -
45 -
46 -
47 -
48 -
49-
50 -
- Tranquility Irrigation District
52-
53-
54 -
55 -
56 -
57-
58 -
59-
60 -
61 -
62-
63-

51

Widren Water District

Firebaugh Canal Co (South)
Broadview Water District

Westlands Water District (Northeast)
Mendota Water Management Agency
Fresno Slough Water District
Westlands Water District (West)
Traction Ranch

James Irrigation District

Stinson Water District

Mid Valley Water Authority (North)

Mid Valley Water Authority (South)
City of Coalinga (West)
Pleasant Valley Water District (South)
Fresno County Unincorporated

City of Avenal

City of Coalinga (East)
Pleasant Valley Water District (North)
Westlands Water District (East)
Westlands Water District (Southeast)

121 - Grasslands Water District (North)

42 -
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WESTSIM INPUT DATA

Landuse/cropping (DWR Surveys, USBR)
Precipitation (NCDC)

Evapotranspiration (USGS, CIMIS)
Streamflow (USGS, DWR)

River Diversions (SJRIO2)

Central Valley Project deliveries (USBR)
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WESTSIM SIMULATION OUTPUT- -

* Water Budgets

— Land and Water Use
— Groundwater
— Root Zone Moisture

— Stream

 Groundwater Surface Elevations

e Stream Flows




GROUNDWATER BUD
(In - Out = A Storage)

e Inflows:
— Deep Percolation
— Stream Losses to GW
— Horizontal Flows In
— Artificial Recharge

e Outflows:

— Tile Drainage

— Groundwater Pumping
— Stream Gains from GW
— Horizontal Flows Out
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SURFACE AND GROUNDWATER _ -
BUDGETS

 Water use and groundwater budgets 1n tabular and
graphical format.

* Wanted to develop a water balance on a subregion
basis to aid 1n calibration and to encourage
interaction with water districts. (Water Budgets
are required for USBR Contract Renewal)




Water Use Budget (acre-feet)

Summary Subregion 48_Fresno Slough WD.xIs

Fresno Slough Water District Water Use Budget (acre-feet)
Water Use Budget 1996 1997 1998 1999 2000 5-Year Average 140,00
DEMANL . :
Ag Demand 107,286 T02 525 T2 08 125,548 TI5.651 104 oo & 120,000 | P ——
Urban Demand (o] [+] (o] [+] 0 0 3
Total Demand 107,386 102,525 72908 125548 115651 104,803 ? . 100,000 — 3 Damang
—_— 'g g 20,000 4 I S urface Viater Export
River Diversion 5] o__ 5] 0 0 0 g 2 e0.000] C——35urface Viater Import
Groundwater Pumping 1UUJTU 84735 €846 118._719 109&7 98,255 3 E ==y Groundwater Pumging|
Surface Water Import 4781 5292 2663 3552 3,258 3000 - 40,000 4
Total Supply 104,951 100,028 711 122,270 112,415 102,165 2 20000 ——JFiver Civersin
* 000
Suace Water Export 6l T 6l ) 0 i = ol o - Nt Tom Supey
Non-recoverable Loss — - — .
Net Totl Supply 104,951 100,028 71,150 122,270 112,415 102,165 1995 1987 1988 1999 2000
Year
m 255 Za07 1735 T8 325
E— E— — E—
Groundwater Budget (acre-feet)
Fresno Slough Water District Groundwater Budget - Inflow (acre-feet)
Groundwater Budget 1996 1997 1998 1999 2000 5-Year Avera 120,000
_mm_l_ — — et E S lverage
Tet Deep Perc 13.052 1455 13.234 12.535 12243 73,584 100,000 4
Stream Loss to GW 805616 80,542 80.871 78616 82 868 80,703 3 @ AtAdal Recharge
Lake (Wetland) Loss to GW ] [+] 0 [+] 0 0 o 80,000
Model Boundsry Inflow 7.537 7130 4185 7.809 10278 7.388 s ™ B utregon Scundary Inflow
Subregion Boundary Inflow 0 0 0 0 0 0 o]
Artfical Recharge 0 0 5] 7] 0 0 28 wond Wlodel Boundary Hfiaw
Total Inflow 102,104 102,330 58 250 100,261 105,389 101,675 g e — .
Q Lake (Wetland) Loss %o GW
[ ouTrLOW §& oot
—W ] T 5 0 5 ) ° BSteam Loss to G
Pumzing 100,170 54,795 EXES 118,719 109,157 98,255 o 20000 4
Stream Gain from G 3 3 5 3 0 0 et Doep Paru
Lake (\\etland) Gan from GW [5] [ 5] [ 5] 0
Wiodel Boundary OUtiow 0 T 0 0 0 0 01
Subregion Boundary Outflow 9,434 10,537 17.555 4222 5,404 5,431
Total Qutflow 109 E04 105273 86 051 122,941 114561 107 686
Change in Storage 7,499 -2.943 12239 -22 680 9172 5011
Change in Storage (AFIacreJ .65 .26 1.08 -1.97 -0.80 -0.52
140,000
= 12000 F - - - ————————————=————1 D — QFuTeng
o
b 100,cCo —— = —— - — - — — — — — — — B Sutreg on Soundary Oufiow
‘ x 7 2=
ater us e and g 3 60,000 - I - —— = WModel Boundary Cuttiow
)
S § 60,000 -— —_— - S—— BlLake (Wetiand) Gain trom GW|
t t g = 40,000 _ e ] __ _ EStream Gan from GW
°
WTie Crain
groundwa cr budge S & o B B S ) I x
0 . - —
1997 1088 1999 2000
Year
i ¥ = g =T - 2 __ R W R o S | a—. e




0.160
FromZone §
Select Zone Number 10 0.140 4
Notes 0.120
Zone 73 is Below Corcoran Clay
Zone 10 Area= 20802 ACRES 0.100 4
Numnber of Zones = 126 0,060
[ Volume (Acre-Feet) WOiflowe
) 0.060 -
Select ResultUnits 1 a1 Depin (1) “Violume divided by the Totdl Zone Area” 0.040
[ Water Depth (ft) *Volume divided by the Imigated Area ONLY" 0.020
0.000 4
1991 1992 1993 1994 1995 1996 1997 1998 1993 2000 2001
Years
IGSM2 ZONE BUDGET IN Ft FOR ZONE 10
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Strearns Loss to GW 1.43 0.79 0.51 0.49 014 043 017 019 0.16 0.26 018 043
Tile Drains - - - - - - - - - - - -
Subsidence = - < = - = - = - =
Net Deep Percolation 6.27 3.07 332 378 075 213 1.48 137 177 1.22 137 241
General Head BC 0.03 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.0 0.00 0.00 001
Srmall Watershed Baseflow = = = = = - = - = =
Diversion Recaverable Loss - - - - - - - - - - - -
Bypass Recoverable Loss - - - - - - - - - - -
Lakes(Wetland)Loss to GV B & & = & = B e : = 2 B
Pumping by Elerment B = = - = - - = - - z Z
From Zone 5 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 001
From Zone 7 1.14 030 0.25 0.20 0.08 013 011 012 013 014 015 025
FromZone 11 0.69 033 0.31 019 0.07 017 018 020 019 022 022 025
FromZone12 0.51 035 0.31 018 0.06 0.08 0.05 005 0.07 0.06 0.05 016
FromZone 73 013 0.3 0.16 0.06 0.03 0.03 0.02 0.02 001 0.01 0.01 008
Total 10.23 5.0 4.89 493 113 298 20 1.95 234 1.91 1.99 359
Outflow 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Strearrs Gain From GV 1.51 1.60 1.38 075 0.46 073 0.58 059 0.69 074 0.67 088
Tile Drains - - - - - - - - - - - -
Suhsidence - - - - - - - - - - -
Net Deep Percolation - - - - - - - - - - - -
General Head BC 212 243 210 1.38 058 080 063 066 0.66 068 0.69 116
Srmall Watershed Baseflow - £ 3 2 E 2 E - 5 £ E -
Diversion Recoverable Loss S = = = = = o = N = S o
Bypass Recoverahle Loss - - - - - - - - - - - -
Lakes(Wetland) Gain F rom GW - - - - - - - - - - - -
Purmping by Elerment - - - - - - - - 0.02 - 0.02 0.00
To Zone 5 0.08 015 013 0.08 0.03 0.04 0.03 0.03 0.02 0.02 0.03 006
To Zone 7 0.08 019 0.14 010 0.03 0.05 0.03 0.03 0.02 0.02 0.03 007
To Zone 11 0.01 0.03 0.02 0.02 0.01 0.01 0.00 0.00 0.00 2 0.00 0.01
ToZone12 0.05 0.05 0.05 0.06 0.03 0.05 0.05 0.07 0.06 0.07 010 0.06
To Zone 73 0.27 0.03 0.04 0.04 0.02 0.04 0.04 0.05 0.06 0.07 0.07 007
Total 413 448 3.86 2.44 115 1.7 136 1.43 153 1.61 162 230
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
IN 1.34 132 0.93 025 0.46 0.42 038 0.41 0.43 043 0.44 062
ouT 7.44 1.93 197 273 0.45 168 1.03 093 125 073 082 1.91
Change 6.10 061 1.03 2.49 (0.01) 1.26 0.65 052 0.81 030 038 1.29
Soil Budget 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Agricuttural Area (1000 Acres) 4.1 a1 36 59 14.2 106 14.3 14.4 147 147 147 10.39
Precipitation 0.61 058 0582 1.51 0.80 1.02 111 0.94 1.68 0.86 0.80 098
Runoff 023 0.16 0.25 0.44 010 019 015 016 0.45 0.07 012 021
Prime Applied Water 12.46 17.11 1437 9.98 369 5.06 379 345 338 327 3.42 7.27
Reused Water 6.81 10.56 852 5.41 031 1.42 0.34 0.24 0.43 024 0.20 314
Return Flow 5.80 10.21 7.81 415 0.08 038 0.08 0.08 011 0.06 0.05 262
Actual ET 410 442 4.30 412 321 368 318 303 280 282 284 350
TR T s WA S ==

e AR = i ooy



SHEDTOOL

-

* Graphical User Interface
« Data Storage and Security
* Well Construction Data
* Well Location and Siting Constraints
* Long-term Monitoring
— Extraction Volumes
— Water Elevations
— Water Quality
» Aquifer Characterization




Database Edit Print Options ‘“Window Help

Well Data

Select Water Purveyor:

INDRTHRIDGE WATER DISTRICT

|

ell ID: 22
Purveyor Well ID:

State Well ID: 09N/05E-12B01

Well Name: NOR-17

NORTHRIDGE WATER DISTRICT - Well Inventory
Lo Wil 22 Wifell Location

Elgyation (MSL)

A NORTHRIDGE WATER DISTRICT - Well Inventory

Well Location Well Construction Pump/Matar Info Geo-Aqui Info
1
: i LY
Vellhead Protection G Levels G Extraction Surface Water Well Injection
.
Water Quality Well Images

=% Well 22 Well Location

Row 6 of 28

Row Dof 0

Well ID |Wwell Name| Agen
5 NOR-15 >
[ NOR-11 Alternate Name WELL 17 - 04KDALE
7 NOR-10 Street Address 3710 Myrtle Ave.
8 NOR-07 Nearest Cross Street Watt Ave.
3 NOR-08 Community Area Served North Highlands
k| NOR-14 Reference Point
e NOR-21 Reference Point Location
24 NOR-23 Reference Point Source
25 NOR-22 Reference Point Datum
26 NOR-03 Reference Point Elevation 0
]BD NOR-01 Ground Surface Elevation (ft) 87.229
4




LITHOLOGY PROF

Print  Options Window Help

ii GWDMS - [Cross Section aa]
B3 . Database Edit

Select Water Purveyor:

INURTHRIDGE WATER DISTRICT

LI r;lell ID: 22 State Well ID: 09N/05E-12B01

urveyor Well ID: Well Name: NOR-17

NORTHR g - i
w Cross Section Setup
Table Dz .

— Cross Section

Draw Section Line

Name Iﬁvl New |

Elgysti - Locate Wells

Band Width | feet

Auto Select Wells within Band

\

(Dbl Click for Well Info)

Add New |
B-ﬁ_‘-ﬂ_ Remove I
Clear Al |

List of Selected Wells:

~mm

-T00 7| Select/Remave on Map |

[ Show Cross Section

AL ]

UL BTN |
LI T
[]
%]
o

42439 4058
cL 45530 208




CONTOURING AQUIFER CHARA

.. GWDMS - [Cross Section aa]

B3 Database Edit

Options  “Window Help

Select Water Purveyor:

State Well ID: 09N/05E-12B01

INDHTHHIDGE WATER DISTRICT

Purveyor Well ID: Well Name: NOR-17

NORTHR =
w Cross Section Setup
Table Dz :

—

. Profile Contour Setup B4

— Grid Spa\.;rlg
Horizontal Spacing

Vertical Density on

Horizontal Magnification

Power Weighting Factor

Max Search Distance

- — Contour Settings

oL LLL

750 - Surfer Export

1

Clear I Stop | Cancell




§ GWDMS - [Graphics Form] - |5 x|E
B3 Database Edit Map Print Model Options Window Help _|ﬂ|5] E

DMS Purveyors 9
ell ID: 2260 State Well ID: 21515E01E01 M ?%
ILARSDN.LT LI Purveyor Well ID: null Well Name: null

LARSON.LT - Well Inventorny

| . w Mapping Controls =10l x|

Layer

. 'model node id'

model streams’

model stream id'

model stream nodes’
model stream node id'
model subregions’

‘model subregion id'
model parametric elemen
model parametric elemen
model parametric nodes’
‘model parametric node id

slelrl~
|

- . =

-
v
A
|
T
il
»>
-

€

= a ‘model wells' i

© « 2|
(e

@'\ —Map Region Layers g

Select Regions to GWElevsN Al _@.

Display in Map: s Q

I ey

)

®© — BaseMap Layers - Q

= Select Layers to ﬂ

(+)) / Display in Map: g

Cancel |

2|5 &
i
i
5

[7] [ LILI

0. Well X: 663487 Y:-4091092
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Refresh Data | " hydid7
104 | === Groundwater E levation-IGSM
Single H}!droggﬂh Anal}§is g 2 ® Observed Groundwater Elevation
2
w304
Model Number of Data Points 312|| &
Observed Nummber of Data Points 44]| § -40
Average of Model Data -33.14 -g
Average of Observed Data 4777 o -50 +
Mean Absolute Error 14.63|| @
Correlation (R2) 073 604
Error Autocorrelation 0.81 70
= e e, 11-Jun-68 08-Mar-71 02Dec-73  28-Aug76  25-May-79  18-Feh-82  14-Nov-84  11-Aug-87  O7-May-90  31-Jan-93 28-0ct-95
2 b
25 0 00% T
-30 0 .00%
-25 0 00% = = = = = = = = - 100%
-20 2 4.65%
-15 21 53.49% Lssing
-10 16 90.70% :
—— Cumulative %
0 2 10000% | § T 50%T
5 0 10000% | & /
10 0 100.00% E 1 40%
15 0 100.00%
20 0 100.00% .
25 0 100.00% T30
30 0 100.00%
35 0 100.00% t t t t t t t 00%
More 0 100.00% 35 30 25 20 15 100 5 0 5 10 15 20 25 30 35 More
Error Range of GW Head (ft) (Observed-Simulated)
Multi Hvd h Analvsi
0 L - - - - - - - -
List of Selected Hydrographs .54
i 2 oy () [
ga =y oo
Hyrlid 6 B ® ® e °
Fydlic 9 2 15 T o, 6g g 20°% @
& ° ® 00 B B [ R e
201 G gl WE
- -25
rﬂi’;:?b‘;foﬁiaggcts ] 01_7{; 6111168 37 1202173 8/28/76 5125179 218i82 1114i84 a11i87 57190 13193 10126195
Error Autocorrelation 091 Time
Histogram
Bin Frequency umulative %
-35 0 00% r 100%
-30 0 00%
25 0 00% /
-20 4 2.34%  Freguency B0%
-j]g gg 3221:;0 —m—Cumulative %4
= 2 o >
5 12 5556% | & - 60%
0 22 6842% | 3
o 4i: 7836% | "
10 % 9298% | * %
15 9 98.25%
20 1 98.83% | s
25 2 100.00% N
30 0 100.00%
35 0 100.00% | oaes
M 0 100.00%
s ! 35 30 25 20 5 -0 5 0 5 10 15 20 25 30 35 More
Error Range of GW Head (ft) (Observed-Simulated)




e

Related Efforts - ,,d

* SJR Water Quality Module (Reclamation, 2004)
e CALSIM III (Reclamation/DWR, 2008)

* SJR Restoration Program (reclamation, 2008)

« MERCEDSIM @wBnL)




Status

e The calibration of the water balance and
groundwater system was not completed when
work was suspended in December 2005

* Initial calibration parameters were defined and
well and stream hydrograph locations were
preliminarily 1dentified

 Still a source of data for related analysis and
modeling efforts




Contact:

e Nigel W.T. Quinn, PhD, PE
— Lawrence Berkeley National Lab
— Email: nwquinn@]lbl.gov




