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CVHM overview

—
B Uniform one sqg. mile cells &) o Yl 7
B \Water years 1962 — 2003 " g
(monthly stress periods) b
B MODFLOW-2000 with Farm
Process (FMP) A
Stream flow routing (SFR) A
Wells (MNW) (municipal/ 1

farm)

Subsidence (SUB)
Flow barriers (HFB)
B Sensitivity Analysis and
Calibration with Parameter

EXPLANATION
D Ground-water Model Boundary A

= _Major streams and canals




CVHM — emphasis on groundwater
avallability and changes in stoyage

Obijectives: \J

TEXTURE ANALYSIS: Des the
sediment characteristics.o@ aquifer
system to estimate hyd properties.

FARM PROCESS: op an approach
for systematically ating water budget
components fo quifer system in an
area domina irrigated agriculture.

GROUNDWATER MODEL: Develop a
model of the Central Valley aquifer system

ca I@ f being accurate at scales
refevant to water management decisions.




Alkali desert scrub
er floodplain habitat

EXPLANATION




EXPLANATION
nd use—2000

rd, groves and vineyards (none shown)
fHay (none shown)

ops (none shown)

Small grains (mone shown)

Icdlefallow

Truck, nursery and berry crops

10 Citrus and subtropical

11 Field crops

12 Vimeyards

13 Pasture

14 Grain and hay

Feed lots and diaries (none shown)

16 Deciduous fruits and nuts

17 Rice

18 Cotton

19 Developed (none shown)

20 Cropland and pasture (none shown)

21 Cropland (none shown)

22 Imigated row and field crops inone shown)

Water Use:

Municipal/Industrial (urban)

Agricultural

= Measure of the amount of
water used to irrigate '
crops

- Depends on:
Crop type

Climate ' VR

Soils | @

Efficiency K
- Central Valley 7 millio O

acres of irrigated cro

Sacramento Valley. ( 16
San Joaquin Ba )
Tulare Basi%ve 3)

Environment
_| Del ta S Peroe;:t:ge o:t&atal :rea
by land-use type
- San Joaquin River

1
[=]

W

'_,_l_ Water-budget area boundaries—
Seetable

Active model grid boundary—
Sea figure 1
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WaterUse:

Representative Water Year L
Typical
1875

Hio Ave
l -
Wet

A

1=

§

E

§

precipitation and

runoff not dlstrlbuted%
uniformly in space or
tlme u

E

E

E

FLOWﬁﬂTE, INTHOUSANDS OF ACRE-FEET PER YEAR

EXPLANATION
r [[] Yuba River B Kings River B Merced River
[[] Cottonwood Creek [ TuclumneRiver [ Kem River

[ ] Other SacramentoValley straams [ Stanislaus River || Other San Joaquin Valley straams

25t parcentile

(10.8)
o B Typical Diry Wet 7
i 1975 1990 1998
W Fearhar v [ Representative Water Year [ ] [ ]
W fevirie B W el a I o [ Il I I [ il
T B 1 Morruc B - =+ r = m © o ] " o - - - m
vt e s & & 58 B 5 B B % B 3 3 & % &



Water Use:

Seasonal

Most of the water is
withdrawn and applied
during the spring-summer
growing season

Opposite natural delivery
Urban

seasonal fluctuation may

change

use about the same,
timing of these
withdrawals may

O\

O

NVERIGE PRECPITATON, I INCHES
- N ¥

60

9
8
7
~ 6
%]
£ 5 -
g
S 4
[ .
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“1 _l
1 o
0 T T T
1 5 6 7 8 9 10 11 12
Month




Federal Water Prejects

Local Canals/
Agueducts Projects

madel_streams

Additional Reservoirs

Historic Lakes

= conal24ca arg




Water Use_:

Climatic changes
= Droughts

surface water allocation
cutbacks from the SWP

and the CVP

Ground-wate
increases

Lower water

Allow prime
lie fallow.

B

TIMATED WATER USAGE,
MILLIONS OF ACRE-FEET PER YEAR

(=]

/5

A Water Year 1975

[=J % TR O < R ]

OcT "Nov " DEC T JAN T FEB

— B Water Year 1990

-FEET PER WATERYEAR
= ;%) F=Y L= [+:]

— | =

RAowoutofground-

—

Flowinio ground-
waber system

waber syshem

Flosa into ground-
waker system

AL
1978 1979 1980 1981
WATER YEAR
EXPLANATION

Total farm delivery requirements
Routed surface-water deliveries

——— Non-routed surface-water deliveries

Groundwater pumpage




Pre-development

Precipitation Evapotranspiration
(12.4) (12.6)
l :m.g)f
Gentral[\.-"alley,
Surface Rrocesses;
1L a7 Surface Water
Gain (0.3)
Central Valley [swout]
Aq uifer Surface Water
JEmmm Loss (0.5)
[swin]

Natural s Engi

feet/year

et/year

neered

harge

recharge O
/dischargQ discharge

I
I
I
I
I
I
I
\

Agricultural
(86)

| I
Municipal r—
(1.1 -

\ﬂered

potranspiration
(25.6)

1

INFLOW
(26.3)

|
I
I I
| Surface Water |
centrall\Valley, |
I I
Su rfacelPlrucesses. | |
—|—F Runoff I
I (1.1 I
4 | |
I I

Surface Water
Ground-water Recharge from | System |
Irrigation and Precipitation : Y :
(7.8) | Ground Water |
' : Flow to Deita (0.1) :
: Surface Water :
Central Vall R ooincutor |
roung-water

entra a ev | System (2.2) :
Aq u IfB r : Surface Water :
-— o
| | Ground-water I
| W System25)
| |
: Change in Storage \ I

| (including Subsidence) pa—— ——

] (1.4)
-
QUTFLOW
<l —Indicates loss of storage in aguifer system to DELTA

(21.2)



WATER BUDGET COMPONENTS

Climate
Precipitation Evaporatlpn
Transpiration
> A\ d

FARM-WANY,
BUDG

Crop-Soi pper part of
uppgrmest-activelLayer)

VAN

Ground-water Ground-water
Pumpage Evaporation

roundwater Model

<



rea identifier with red highlight
indicates area receiving deliveries not
shown by arrows

Major streams and canals

Diversion locations

Direction of water movement
from diversion location and
water balance area affected.
Length of arrow does not relate
to volume of diversion




Water budget
areas In the
western San

rediscretize CVHM
water-balance
subregions inte

/8 subregions In
SLDMWA and

32 In delta area
|\

Explanation

——— Delta Mendota Canal
—— C(alifornia Aqueduct
—— Stream Network

| | SF bay and Delta
CVHM water balance regions
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EXPLANATION

ard, groves and vineyards (none shown)
re/Hay (none shawn)
crops (none shown)
Small grains (none shown)
Idle/fallow
Truck, nursery and berry crops
Citrus and subtropical
Field crops
Vineyards
Pasture
Grain and hay
Feed lots and diaries (none shown)
Deciduous fruits and nuts
Rice
Cottan
Developed (none shown)
Cropland and pasture (none shown)
Cropland (none shown)
Irrigated row and feld crops {none shown)

RER RNNRCAERND

'_J_J_ Water-balance area boundaries—
See table 1

F Active model grid boundary—
See figure 1

Percentage of total area by land-use type




Detailed DWR'La'n_-'d' Use =» Simplified Land Use (Crops/Natural/Urban)




i EXPLANATION
: Land use—2000

Land use type—
Water
Urban
Native vegetation
Orchard, groves anc
Pasture/Hay (none s
Row crops (none sh
Small grains (none s
Idle/fallow
Truck, nursery and
10 Citrus and subtropic
11 Field crops
12 Vineyards
13 Pasture
14 Grain and hay
15 Feed lots and diarie
16 Deciduous fruits ani
17 Rice
18 Cotton
19 Developed (none sk
20 Cropland and pastu
21 Cropland (none sho
22 lrrigated row and fie

400l

Virtual Crops

W00 s o ds R =

2D-Atray (GIS) of
Crops, with the . R\
following dﬁ;ribute: .

O

Water-balance area bot

L e . ¢ - See table 1
The sequence and spatial distribution of \ Gy sl B
- : e See figure 1
the Crop-ID may be random. - ’ by
Other attributes are not represente w ]2

in a GIS coverage, but as data li's,{

related to Crop-1D y
\Q 13-
S s
11 1w 2
Q O Percentage of total area by land-use type




EXPLANATION
Land use—2000
Land use type—

Water

1
2 Urban

3 Native vegetation
4

a

6

Virtual Crops
landuse maps for all stress
periods

Orchard, groves anc

40° Ll Pasture/Hay (nane s

Row crops (none sh
7 Small grains (none s
8 Idle/fallow
9 Truck, nursery and L
10 Citrus and subtropic
11 Field crops
12 Vineyards
13 Pasture
14 Grain and hay
15 Feed lots and diarie
16 Deciduous fruits ani
17 Rice
18 Cotton
19 Developed (none sk

Specified for each stress
penod

20 Cropland and pastu
21 Cropland (none sho
22 lrrigated row and fie

Water-balance area bot
See table 1

o~ Active model grid bour
See figure 1

For Central .alley __22'- |
landuse categories“

Base on GIS coverages‘ Qr

imagery

Q é Percentage of total area by land-use type
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2w EXPLANATION
i S Land use—2000
. Land use type—

Water

Urban

ative vegetation

rchard, groves and vineyards (none shown)
sture/Hay (none shown)

w crops (none shown)

Small grains (none shown)
Idle/fallow

9 Truck, nursery and berry crops

10 Citrus and subtropical

11 Field crops

12 Vineyards

13 Pasture

14 Grain and hay

Feed lots and diaries (none shown)
16 Deciduous fruits and nuts

17 Rice

18 Cotton

19 Developed (none shown)

20 Cropland and pasture (none shown)
21 Cropland (none shown)

22 lrrigated row and feld crops {none shown)

RER RNNRCAERND

'_J_J_ Water-balance area boundaries—
See table 1

Active model grid boundary—

See figure 1
Time frame land; s were applied, from Chapter C
Figure C8 Fgure Figure C10 Figure C11 Figure C12
4/61-3/68 4/68-378 478-3/93 4/93-3/99 4/39-9/03
T 1T 1T 17T 17T 1T 1T 1T T 1 1t 11117101t 1 10 17T 17T 1° 17 1T 1T 1T T T T T]
“Variable" “Variable” “Variable”
to to D Wet Dry Wet to
Dry Wet Dry
Representative wate ; Typical Dry Wet
‘ [] [] []
| | | & P+ v’

1962 1964 1966 WA9G#” 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996

USGS

),

)
\

1998 2000 2002

3ov—== >




USGS




Remotely Sensed Data ®Upcoming Approaches to Land ard\% Attributes

(1) Land Use changes

(2) Crop Types Q
(3) Canopy (FTR)
(4) Crop Coefficients (Spatial/Temporal)

(5) Actual ET for Model Comparison/lnplso

(6) Soil Moisture <
(7) Climate Data - Precipitation/R e ET
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Initial Conditions:

40°0'

Development began in 1800s

{7 Cabormia Land & Waler Lse - Windows Inbernel Explorer

atic

=101x]

G-

& Faverites

Little data for early

= M Googe @ Home @ SenDigo Ofce In-Out Basrd
_:._l.l.mfm..mam..- )(I@nu-r | |

cago. Bl

Y Pagre Saketyv Teows - 7

DE

development period

Land Use Survey

LAND AND WATER USE

“® Land & Water Uso Data
Cofactons

“® Annual Land & Water Use
Estimates

* Agricultural Water Use
m

on of Statewide
tegrated Waier
Management

Watar Use and Efficlency
301 P Street
Sacramento. CA

SEE14-3515

Mailing Addrass
PO Box 4335
Sacramente, CA 84235

@:

ity Search

PARTMENT OF s

g n

tem Reope

mis = Lamd Use Survey

armphasts of DWR's land s sunveys is the mappeg of agncutural land. Over 70 diflerent crops of Crop Calegomes B
s and water sources have also been magped in some, bul ot all suriys. Urban and native vegetation (undevtloped) areas
witural land

. satelirte imagery 1o define Beld boundarses. For earlier surveys, DWR staff used

s as base maps for delineating Sald boundaries and recording land uses. As large format printing of aenal photographs became

0% wire used o8 Feld sheets for recordng land e Mlitutes. Cusently, most of the kand use sutviry G i3 enersd diectly ino 2 digaal
on gystem [GIS) soliware 0n 2 laplop compuler. Geonebicencad, ortharectfied imagery is used as a hackdrop, and the land use

tha smagary. Departmant staff visit and visually identify land uses on ovar 35 percent of the developed agricultiural areas within sach

d work has baen complsted and the mags have bewn checked for emers, @ digdal composite map of the suney aea is croated froe the werk of indradual
Usang GIS seftware, dgial maps of quads, sounlies, water Satnets, and the DVWR'S fydeologes: planming wiets [Detaded Anahyses Unis) can be et on
use data to develop acreage summaries of land vse by these areas

wery dhgptal suney has 3 metadats Ele which explains more specrbcally snd in mone detsl how that surery was performad
Land Use Data - Following is a st (by year) of the fand use sutvey data that are svaslable from this site. The shapefiie of the land use survey data, the metadata

the land use legend, and an sxcplanation of the land use aftribates in the shapefle have baen combined into a single zipped Sla for each suney. Click on the suney
area e select "Save” o dovnlond the data to your comgater

Vector Data
1576 Dokta (TBOL) - inchedes portions of Alamada_ Contra Costa, Sacramento, San Joaguin, Solano, and Yolo Counties
1586 1385 Fresno County (BEFR) 5
158 unty (BBSJ)
1588 1459 Yelo County {83Y0)
1530 rity (SO
1= 1931 Lagal Datta (910L) - inciudes portions of Alamaeda. Contra Costa. Sacramento, San Joaguin. Selano. and Yolo Counties
1 ounty (F1KG)
1993 ¥ (300}
{33GL)
{930L) - mchedes portions of Alameda, Contra Costa, Sacramento, San Joaguin, Solano, and Yolo Counties
v {3354}
Fiwat [33US) - includes portsomes of Les Angeles. Riverside. and San Bemarding Counties
194 1554 Butte County (MBU)
1384 Freano County (MFR)
134 Placer County (94PL)
1334 Saians County (MS0)
1934 Tehama County {HTE)
1995 ]
1996 1595 Dat Horte County (96DN)
1535 Hemboldt County (M6EHU)
1535 Kingys County (%K)
1435 San Joagun Courty (SRSS)
1936 Squth Caniral Coas! (365X) - includes San Lias Obespa and Santa Barta Counties.
1%35 Staniskaus County (9635}
1455 Tty County [36TR)
il ia7a ——— ; =l

Mo v

h T

12e'v Lral v nav e
EXPLANATION
tion types
Alkali desert scrub




consum ptive Use: Q\%

Consumptive use based on O
- Reference Eto

- Crop Coefﬁment (Kc) @

« ' =FT0 * Ke

NITLESS

JAN FEB MAR APR MAY JUN JUL AUG SEP OcT NOV DEC
MONTH

EXPLANATION

—— Single cropped
meifpe==  Double cropped

Figure C24. Single and double cropped crop coefficient values for truck crops.



Red :

bu. 0 A

EXPLANAT =
Land use—"—"_

1

2

3
aorhatgen 0.80
5 Pasture/ti 2
&
7
8

ROW CrOpS —
Small grait
die/fallow = —

9 Truck, nun

10 Citrus and

n Fieh:lcn:»p!m

12 Vineyards 0.60

13 Pasture d

14 Grain and | ==

15 Feed lots o L

16 Deciduow O

17 Rice i

18 Cotton &

19 Develope b

0 Croptand S

21 (ropiannlu
] 21 Irrigated r Q. 040
b =

; A Water-balana €5
o See table 1

o T Active model
W7 £ See hgure 1

T | | | | | | | | |
FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC
MONTH
EXPLANATION

Land use type—

—p— Water “—— Pasture/Hay

Percentage of total area by land-use type S — Urban + RUW CTODF

Native vegetation Small grains

~ QOrchard, groves and vineyards dle/fallow




Reference ET:

EXPLANATION

2D-Array (GIS) of
Reference ET for each
stress period

Can be calculated from
temperature data |

Data sources:. @
PRISM data K

CIMIS data Q\O



Fractions of transpiration ar&
evaporation: FTR FEP FEI,Q\

O

External (specified In
name file) Row crops

FTR -fraction of K =08

. . KP=04
transpiration -
FEP - fraction of
evapO I‘a'[iOn frO M Scale for row crops ifor example 2 m)
precipitation ‘
. ‘ EXPLANATION
FEI -fraction of
evaporatlon er - Henedaenlrmpeersed :;J:Z:iamr'la:iaraa awailable for:
Irrlgathn & I:I Wetted area {exposzed) - '
O Non wetted area [exposed) @ Transpiratian
@ Evaporation related to irrigation

N

@ Evaporation related to precipitation



Fractions of transpiration ar&
evaporation: FTR FEP FEI,Q\

Notes: O

FTR plus FEP =1
FEI must be <= FEP —
Function of growth stage:  « -

vegetation cover .,
reaches close to 100%,
then FTR = 1 while F% e e
and FEI = 0 5\
EXPLAMATION
\Q B vt e coen :ml'ma1 lable 1
I:l Wetted area (expozed) vaction of area avaliable for



/= CIMIS - [ Welcome ] - Windows Internet Explorer

E

Som o=

@ - IE http:/fwwwdmis, water . ca.gov /dmis jwelcome . jsp
<5 Favorites | 5 o

gg| v| @& cIMIs - [ Welcome ] » | (€ Home

Google & | Home @  San Diego Office In-Out Board

[ f= - Page - Safety~

KPLANATION

Land use—2000
Land use type—

Water

Usban

Mative vegetation

Qrchard, groves and vineyards (none shown
Pastiares/Hay (o shicwi|

Fiow: £rops (none shown)
Semall grains (none shown)
Idle/Fallow

Truck, nursery and berry crops.
Cirrus and subtrnnical

=10l

10—
3

Tools ~ ®v » o shiown)

CALIFORNIA tne

Events
System News

FAQs
CIMIS Staff

Upcoming Events

New Feature - Email
Scheduler

CIMIS Data Uses

tion #30 Nicolaus
Discontinued

Spatial CIMIS Data

Sample FAQ

ET Overview

CROP COEFFICIENT BY LAND-USE TYPE, UNITLESS

Can I get CIMIS data productivity. (mere...)
automatically delivered
to my email?

What is the Email
Scheduler?

JUN

MONT
EXPLANATION

How do I use set up the
Email Scheduler?

Native vegetation
Orchard, groves and vineyards

GCOoOLDEN STATE

e of Water Use Efficiency (OWUE), California
Resources (DWR) that manages a network of over
ather stations in the state of California. CIMIS was

of Califernia at Davis to assist California's irrigators.
eir water rezsources efficiently. Efficient use of water

Since the beginning of the CIMIS weather station network in 1982, the
primary purpose of CIMIS was to make available to the public, free of CIMIS System Status:
charge, information useful in estimating crop water use for irrigation
scheduling. Akhough irrigation scheduling continues to be the main use
of CIMIS, the uses have been constantly expanding over the years. At
present, there are approximately 8,000 registered CIMIS users from FEEISER

diverse backgrounds accessing the CIMIS computer directly. I is instantjweather data access
estimated requests for CIMIS information on the WWW average about
70,000 per year. There are also many secondary suppliers of CIMIS
weather data, such as other web sites, radio, newspapers,
consultants, and local water agencies. (more...)

Evapotranspiration (ET) is the loss of water to the atmosphere by the

What is CIMIS? combined processes of evaporation (from soil and plant surfaces) and
transpiration (from plant tissues). it is an indicator of how much water ’

How does CIMIS work? | your crops, lawn, garden, and trees need for healthy growth and

CALIFORNIA — GOVERNOR'S
HOMEFAGE HOMEFAGE

CALIFORNIA IRR!  TION MA, “EMENT INFORMATION SYSTEM
DEPA! .M

[ENT OF WATER RESOURCES
OF WATER USE EFFICIENCY

gement Information System (CIMIS) iz a

The normal Maintenance window is:
Wednesday 06:00 - 08:00 PM

Department of
Water Resources

Office of Water Use
Efficiency

Y ¢ Adobe’| Required for POF
reports.

Conditions of Use | Privacy Pelicy | Comments or Suggestions?

@ 2009 State of California.

ops (none shown|

1og—




Root Zone

r specified stress response function, aly)

lified stress response function in FMP

lyd ly s ure head distribution in unsaturated root
] = . zone: |y |=|y |(d) solved by analytical solution
/ = 1 m— Hydrostatic pressure heads in saturated root
! 2 -~ zone: y =h -z =head minus elevation
]
4 % : Unsaturated Zone within Root Zone
't Qu:) : L Saturated Zone within Root Zone
'l g : ! Saturated Zone below Root Zone
1
< |/ 2l a=0 : > Zero uptake Full uptake
R 1 L
In(ly |).forly <0  Soil Wi sure Head y,fory< 0
] & =
Gicind 0 Stress Response 1

Surface

»a
Wilting Zone with
zero uptake (WZ)

heads In feet

Anoxia
Lower Optimal Range
Upper Optimal Range
Wilting

Depth of root zone [L] s\:
List based on Iiterx kst

Ay |

4

v

Active Unsaturated
Root Zone with full
uptake (AURZ)

Ground-Water

Active Saturated
Root Zone with
full uptake
(ASRZ1)

e —— ..----....-!..

ey

Active Saturated
Root Zone with
reduced
uptake
(ASRZ2)

Inactive
Saturated
Zone below
Root Zone
with zero uptake

e

Inactive Saturated
Zone with zero
uptake due to

High Pressure (>y )
and Anoxia

Depth below Surface
Depth below Surface

<



Runoff

Fraction of in-efficient los es to surface-
water related to precipitation

Fraction of in-efficigntddsses to surface-
water related to |{{ tion

Estimates bi&%}on Irrigation type and
slope of Ia\é&urface and so on

(su%aé‘water flow sensitive to)




Farm Irrigation EfficienC)(Q

Table C6. Average area-weighted gompasite effciency for each
water-balance subregion of tp@Begtral Valley, California, through
the simulation period.

External (SpeCIerd In nE [Efficiencies m percent]

Water-

Farm-ID, EFF for each ( baance  1%8s N\ 1870s  1980s  19%s  2000s

subregion,
Array (header multiplier 1% N\» ¢ » =© 7
. o] 74 74 79 82 83
perlod p 71 70 74 78 70
¥ 73 12 78 80 80
—= G 6% 69 4 17 77
Columns = crop X i o e 73 - 77
Rows = farms & o & 1 18 1 78
10 6o 12 ES %D z%
Values from loc nm .
: 13 71 72 77 80 79
Determines a tofe 1+ s B 8 K g

15 67 69 75 76 76

(recharg@& A

18 71 712 77 79 79
19 68 12 78 79 77
20 12 13 78 81 81
21 /1 13 70 81 81




Today’'s Agenda:

Part 3 - Irrigated Agriculture

=-u T
== () ()




XPLANATION

s0il classes and (capillary fringe)
used il Process

Sapdy loam (1.25 meters)
Silty clay (1.50 meters)
B sit (180 meters)

<3 Active model boundary

California Department of Water Resources
water balance areas

100 Miles

1 | | J
T T T T

50 100 Kilometers




Soils
Sources:
=« STATSGO

« SURGO _
- County SOI| surveys

3 types @
~ SILTYCLAY Q

- SILT
- SANDYL 1&

Capillar

< o




Detailed Lumped STATSGO Soils = Lumped Majorityer cell
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rea identifier with red highlight
indicates area receiving deliveries not
shown by arrows

Major streams and canals

Diversion locations

Direction of water movement
from diversion location and
water balance area affected.
Length of arrow does not relate
to volume of diversion




Hlerarcny

Irrigation Sources
of Supply-and-

SW supply
lotal farm delivery lesser of potential SW
requirement delvery or SW allotment

V Supply
requirement = aximum well
SW Supply minus [g capacilies

Demand Modeling

Overall order of sources of
water to satisfy Potential ET = Loml] [ (e, | [
(A) Natural Sources l l l l
(1) Precipitation = dependontilow tenms at each iteration

(2) GW-uptake L M "

(B) Surface-water Sources

(1) NRDs

(2) SRDs

(C) Groundwater Sources

Fi
(1) ASR WEI Iflelds (|f used) héWusing MF2K with the FMP1, this process dynamically integrates the following terms for a farm unit (fig. 3):
Farm irrigation delivery requirement {irrigation demand}, which depends on changing climate (evapotranspiration and

Zero Defeit l Water- l l."l:;reageA

d head-dependent inflow/outflow terms at each iteration

Stream and canal Ground-water
leakage well pumpage

f sufficiency and insufficiency of irrigation water supply in a surface-water dominated irrigation setting.

4.

(2) FM P Wel IS & FM P— M NW precipitation) and variable aquifer head;
wells

Actual surface-water delivery to the farm, which is driven by irrigation demand, but limited to canal stream inflow at the
farm’s diversion head gate, limited by water-rights allotments, or nonrouted deliveries;

+ Supplemental ground-water pumpage, which is the difference between the irrigation demand and the actual surface-water
From MF-FMP Documentation delivery, but limited by a specified maximum capacity for all of the wells associated with a farm; and

(SChmld and Othel"S, 2006, K + Net recharge to ground water, which is the excess of irrigation and of precipitation minus surface-water runoff and minus

evapotranspiration from ground water.

Schmid and Hanson, 200 :
In general, the FMP1 provides [our improvements compared to previous approaches ol integrated surface-water/ground-
water modeling:
+ Dynamic dependency of crop water demand on changing climate and variable aquifer head;

+ Analytical steady state approximation of unsaturated flow (confirmed with HYDRUS2D simulations for several typical
soil types) underlying the derivation of crop water demand and in-excess farm net recharge;

Allocation of surface-water and ground-water supply driven dynamically by crop water demand, and allowing for the
estimation of historic and future ground-water pumping supplemental to surface-water supply; and



Non-routed
Deliveries

Surface-water delivery (Volume
for each month) without
simulation of conveyance | Y i
that change through time S\

Multiple NRDs that represent
different sources of water
deliveries to WBS = Upto 7
potential sources

Pre-processing pgm assembly ‘

of NRD inputs ARh> 58 WES
Allows for Supply-constrai Early years
. 5,7,10,13,15,
Demand-driven surf g\

EXPLANATION

Calf@gnia Depattment of Water Resources
! ce ak@as and identifier. Water
ﬁalguﬁ:i"\.':.’a;m idefififier with red highlight
indlidates area receiving deliveries not
show by arrows

J Major streams and canals

r 17,18,20
water deliveries §
Only delivers par ON me NRD=13 WBS
needed to s TFDR after  Later years Iy
precipitatiofi/gW-uptake & s 1617 k. GRS

before 'S 18,19,20,21 _— .



Semi-routed
Deliveries

SFR routing modified to include
SRD delivery and returnflow
segments

If multiple diversions to WBS &
“collected” into collector
segment added to SFR
network & SRD delivered to

WBS
GIS tool to help with SFR @
modifications K

Allows for Supply- constr@
Demand-driven sur
water deliveries c X

Direction of water movement
from diversion location and
water balance area affected.
Length of arrow does not relate
to volume of diversion



Example of F
Response of
Changes buil

Drought '76-
Wet Period

MP and
Climate
tinto CVHM

77, '88-°92

‘83, 99

&

used or NG
rto -.

ground wat
/jary from y

—_— o 4 g _

IN MILLIONS OF ACRE-FEET PER YEAR

s .
I|'|'||||||l'||Il||||||||l|li|||||||ii[ii||||||lil|l|u|||| RN AR AR AR AR

proportions ﬁf surface Wat I

response to climate

‘ \ “«

Q

\
o I (
*ln“ | 1 ' 1980

—— Total farm delivery requirements
Routed surface-water deliveries

.h\ H A l ﬂ. “

1981 1982 1983 1985
WATER YEAR

EXPLANATION

Non-routed surface-water deliveries
Ground-water pumpage




Example of FMP Seasonal Changes
Drought '77
High pumping all growing season \
Typically Q
Early in growing season dominantly surface Wateeries

Later in growing season, surface—water shortfall made up by ground-
water pumpage

Il||||||Ill|II||||||||l||||||||||||[||||||||l|||l|‘|||| RN AR AR AR AR

|/ /\ -

\ *‘k hi _. 4ﬂ‘ . l‘l\ | ‘M\ A l i‘l th 1l
1978 1979 1980 1981 1982 1983 1985
WATER YEAR
EXPLANATION
Total farm delivery reguirements Non-routed surface-water deliveries

Routed surface-water deliveries Ground-water pumpage

IN MILLIONS OF ACRE-FEET PER YEAR




Example of FMP
Change of Dominant Water
Source

Non-routed Water Transfers
start in late 60s



Example of FMP Seasonal Changes

TFDR =» Total Farm Delivery Requirement

----- Subregion FMP Net Pumpage
WaterBalance Region Example

R-SWD=>» Semi-routed Surface-Water
Deliveries (from 2 Diversions)

NR-SWD =>» Nonrouted Surface-water
Delivery to Subregion (very small)

SWD early in season

Pumping increases and SWD decrease later
in season

Explanation
Inflows
Diversions

Simulated streams
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"Variable” “Variable® Dry Wet Dry
| to to

0.8

04

SURFACE-WATER DELIVERIES, IN MILLIONS OF ACRE-FEET PER YEAR

1962 1964

1966 1968

Wet

“Variable™
to
Dry

1976

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002

YEAR

300
[TTTTITI

ACRE-FEET PER YEAR

SURFACE-WATER DELIVERIES, |

1978

1979

1980 1981
WATER YEAR

1982

1983

1384
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Part 3 - Irrigated Agriculture
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EXPLANATION

Wells

Virtual wells

Perforation based on
construction information

Where none was
available upper and
lower interval
Interpolated from
closest wells

Wells crossing

Corcoran Clay é

Maximum pumpage li

Area of Corcor: El
Model grid boun

ater Re§burces

e

40° __Laos

Perforate@in upper 3 layers only
Perforatediin upper and lower parts of system
d in lower 5 layers only

Multi-node irrigation wells

Multi-node urban wells

0 50 100 Miles
| I I |

[ I T I

0

50 100 Kilometers



EXPLANATION

o  Areaof Corcor. la
Model grid boun
™\ California De nt ater Resburces
\  waterba ea

Wells

Well types
Irrigation

Well in each cell
with irrigated cro

Many areas wher
wells cross
corcoran-clay

(non-linearity)
Municipal

Well in each ce
with majority

land use \ x
Wells crgss : _
multi ers vean
EXPLANATION
Q T_ Pumpage reported by U.5. Geologicel Survey Pumpage reported by Califormia Department of

g

1.

8

1

E

140 —

B

8
T

RO MDWATER PUMPAGE, [N THEIIJSANGBEI FATQDFEET PER YEAR

=Q

1861
1964

27
1970
1973
1976
179

an2
1905
1888
1891

==
1897
2000
2003

[Wiliams and athers, 1929]{1981 ta 1977) for— Water Resaurces [ 1961 to 2008] for—
O Tulare Basin O Tulare Basin

B 5an Joaguin Valley B San Jozguin Valley CA_ DWR

B Sacramento Valley and Delta B Sazcramento Valley and Delta
T TN



Recharge from
water banking:?




1
20 Miles

Water Banking Facilities

I All others

I Arvin-Edison WSD

I Berrenda Mesa WD
. COB - 2800 Acres

I Fresno
Kern Water Bank

Il Pioneer

20 Miles
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Initial Conditions and
calibration strategy:{

No steady-state initial

condition

Calibration with Parameter

Estimation (PEST/UCODE)§
Sensitivity Analysis
Water level and water

level change
observations

Stream flow
observations

Subsidence

Comparisons to
previous mo

«©

Explanation

|:| Groundwater Model Boundary
l—l e ks ator Bacime




Parameters

K coarse grained deposits
K fine grained deposits

K Corcoran Clay (vertical
and horizontal)

Streambed conductance
zones

Specific yield multiplier
K multipliers

Depth

Zone :

Farm process paramete .
Efficiencies
% runoff
Crop coefficients

Fraction of
evaporation/t iration

Many.ot
Estimation (PEST/UCODE) Explanation

|:| Groundwater Model Boundary
l—l e ks ator Bacime




Hydraulic Conductivity \*

Geologic/Stratigraphic
] QP&&M coﬂe:;s:grain material
Bl 100001020
B 200001 t030
D —

units
= Corcoran Clay (zones/layers)

~ San Joaquin Formation 400001 1050
50.0001 to 60

(zones) 000011070
70.0001 to 80

| 80.0001 to 90

Generally based on
texture model (percent
coarse)

Hydraulic conductivity

- Power mean

Horizontal (approx. K of
%coarse)

Vertical (approx. K of %fKO
=

- Storage and subsidenc

% fine) @
Elastic
Inelastic &W
Com so ater

Bl 900001 to 100

Inactive in model

o

Model boundary

Line of cross section
shown on figure 3
(Cell 355)

Approximate extent
of Tulare Lake bed

Corcoran
Clay



Calibration points

Heads
206 wells — 19,725 obs.

continuous record through time
frame

specific time (wet/dry) and
spatial distribution

Head gradients

Spatial (upper to lower system in wells
that penetrate both)

Temporal (200 wells > 10 years)

Subsidence

24 locations &
Streamflow K

43 inflows O

66 diversions & Explanation

mu It' ple pa| I’ed o \Mater-level observation sites
Gal n S/LOSSES ( = A) 4  Syubsidence observation sites

® |nflows

+  [Diversions

Power reco rb&umpag e) Graes

Q — Simulated streams and canals

I:l Groundwater Model Bound ary



WATER-LEVEL

ANALYSIS

Data from multiple agencies
[ Watar Wall Information

Hydrology

U SG S [ Aqufiar Tests

[ Aquifer Proparites

CA-DWR [ Surface Water Data

Combine data into one database
ldentify common wells
Remove duplicate data
QA/QC

Construction information
Example:

60 wells with construction datﬂ haeol
water level data rang
<mid-1960s to >mid

Use adjacent wells r
time-frame

Creative methgds for estimating
constructiop=igformation

USGS

Water [Bvals Watar Levals
Locations Locations
Canstruction Construction

Combined

Water-Level
Database
21817 wells

873,073 water levels

Overlapping records
Missing information
Locationdiserapancies
Construction

Measurament discrapancias

)

Data
Analysis

Temporal distribution
Spacific ime perods
Chmata control
Continuvous record

Spatial distribution
Watar balance areas
Basin to foothills

¥

\ 19,725 water levels

CVHM
Subset
206 wells

3

v

Hydrographs

Calibration
Observations

Water levals
Water-level gradiants
Change in water leveals



WATER-LEVEL
ANALYSIS

Data from multiple agencies
USGS
CA-DWR

Combine data into one database
W\

Identify common wells

Remove duplicate data

QA/QC
Construction information @
Example: §
60 wells with construction dat&
water level data rang Q
<mid-1960s to >mid&
Use adjacent we® r
time-frame
Creative m% for estimating
constgo formation

206 wells
19,725 water levels

R

WATER-LEVEL
ANALYSIS

Head
Observations

Groundwater Model




S
i e
| Time and spatial |

75 wells

206 wells
19,725 water levels

Head
Observations




——OSNDBE26000TM 263 - 359 —— OSNDEE10FO0TM 1689 - 381

Consumnes

Selection of wells

1) continuous record
through time frame

170 wells selected

f T 4[| ——pasoeE3tioozm 2040
" | AN —— D1SO3E1SA001M  35-45
1 03S0SE4HDDTM 120 - 140

T —— D1503ED3MD0AM 165 185

) ——— D3S06EDYJDD2M 167 - 790
Tracy —— 03SDSE17QO0TM 182 - 825

-120

1 T T T T
: 1/1/60 12/31/69 1/1/80 12/31/89 1/1/00

representative o . i =

01NO6E12GD01M 210-230 —— DINOTED7FD0IM 260 - 414

20 ——02507E12R002M 20 - 120 —— D2507E12R001M 200 - 300

1960 — 2003
Subareas

SAA— =
W WV AN

- A /.:w. ‘ W,Ny\j.&'/v
VAT

7§ ' \\J".."\’,-.,.l Y ~‘ v \/ East San Joaquin
: 171760 121'3.1.'69 IH;BG 11'3.1.'89 IH.IO(]
40
2) specific time and
spatial distribution - I
.1$: Modesto

Time intervals
- drought
- wet periods
Spatial
- Subareas
- trough and marg

Additional 36
selected times Explanation

ApprOXimately 6 We“S Water Levels used in model

T T T
12/31/69 12/31/89 1/1/00

C h r On O I O g I C t ;z::::i:jirographs

S p at I al Iy S ed fO r Water Levels in model - wet/dry ranking
h yd ro g I" an a yS | S an d () Ideal location and values for all 10 years

S p Ot C O m p I S 0 n S 0 Ideal location and values for most years

Sites filling in missing years

[] cvrasA boundary



Water-level

maps:
Water Table and
Potentiometric surface

Original CV-RASA maps
used for 1961 and 1977

Large seasonal fluctuations:

— spring

New maps developed for

2000 using co-kriging
existing 2000 data
segregated by open

intervals O&

1976 maps

Large vertical gradie
especially in south

~

0
1 to 50
51 to 100

& EXPLANATION
{21/ )
“gJ level, spring 1976
A0°0 - s vl alevation,
| 109 inféct above NGVD 29
S
L L MR

101 1o 200
201 1o 400
401 1o 800

s Major streams and canals

N
o | ®
¢

360 -

350




NATION
Centra

| Valley boundary
ne of equal depth-to-water,
2000, in fest

Area with depth-to-water

less than 50 feat
Depth-to-water by well
0to 50
50t0 100
100 to 150
150 to 200
200 to 500




g

Decline from 80 to 120
[ pecline from 120 to 200
I oecline from 200 to 300
B o<cline from 300 to 400
.llemmdnmmﬁmﬂm

oo




Calibration points

Heads
206 wells — 19,725 obs.

continuous record through time
frame

specific time (wet/dry) and
spatial distribution

Head gradients

Spatial (upper to lower system in wells
that penetrate both)

Temporal (200 wells > 10 years)

Subsidence

24 locations &
Streamflow K

43 inflows O

66 diversions & Explanation

mu It' ple pa| I’ed o \Mater-level observation sites
Gal n S/LOSSES ( = A) 4  Syubsidence observation sites

® |nflows

+  [Diversions

Power reco rb&umpag e) Graes

Q — Simulated streams and canals

I:l Groundwater Model Bound ary



Subsidence:

In1960s, groundwater
pumping caused water
levels to decline

Water-level declines
cause compaction of

NATION

. \Ac e model grid
boundary
<%, Model water balance
i *  subregion

Model streams and
canals
Simulated subsidence
contours (1962 to 2003),

. . . } > . in fee
fine-grained deposits, | ¢ - i
which results in ¢ it
subsidence 5\'\ . e

Surface-water deliveries @» |
since the late 1960s

have reduced the
dependence on
groundwater

Recently water levels

were again reachin
their historic Iowséél

California -
Aqueduct

Qs

T T T
A

. FEETf
7
o
=
-

subsidence renetwed

Management
constrai

5
%
[
—

GROUNDWATER ALTITUDE

o

960 1975 1990
DATE



Subsidence Damages Natural
Resources and Infrastructure

Natural resources
Reduces aquifer-system storage. capacity.
Impacts to wetland, riparian, and aguatic ecosystems
Restricted land uses

Infrastructure

Damage to water cocnveyance systems and other
Infrastructure

Lost freeboard, panel damage, water surface and liner.
misalignment, reduced conveyance capacity

Roads, rails, bridges, pipelines, wells, etc.

&

a USGS

m‘amfnrachmgmgwmfd




Impact on Infrastructure

» The deck had to be raised and gates
extended

Pictures courtesy of Chris White, Central California Irrigation District

» Constructed with 2 ft of friceboard; side
walls on the bridge weare later added to
_keep the road ury




What Is the Economic Impact?

Vastly underestimated and tnder reported

Estimated Costs of Supsidence

Site Dami o 2 Costs?!, M$
Santa Clara V. Leveg

SeoRs,
— San Joaquin “ S
Flood; structural

1Costs in year 2007 $US
Sources: Fowler, 1981; Freeze, 2000; NRC, 1991

a USGS

Courtesy of Devin Galloway, USGS science for a changing world



Subsidence Observations:
Deformation Measurement Methods

Land Survey

Spirit leveling: usually along highways; iaiireads, and canals
vertical accuracy varies

Global Positioning System (GPS)
- vertical accuracy of 15 cm or less

Extensometer

vertical resolution of 1 cim or less

Interferometric Synthetic Aperture Radar (InSAR)

vertical resolution 6f' 5 mm under ideal conditions;
however, a resolution of 2 cm Is expected In this study

Hydrogeonlogic framework (water levels, geology, etc.)

a USGS

science for a changing world



Calibration points

Heads
206 wells — 19,725 obs.

continuous record through time
frame

specific time (wet/dry) and
spatial distribution

Head gradients

Spatial (upper to lower system in wells
that penetrate both)

Temporal (200 wells > 10 years)

Subsidence

24 locations &
Streamflow K

43 inflows O

66 diversions & Explanation

mu It' ple pa| I’ed o \Mater-level observation sites
Gal n S/LOSSES ( = A) 4  Syubsidence observation sites

® |nflows

+  [Diversions

Power reco rb&umpag e) Graes

Q — Simulated streams and canals

I:l Groundwater Model Bound ary



EXPLANAGION

Stream flow
gains/losses:

CV-RASA tabulated data
for 1961-1977

Seasonal (spring/fall)
SFR gage package

Script to convert model N

output to same time

frame to compare @'

observations

Pictures show average ..

Reality some years
gains and some years

losses on some
segments \ wr

Gain or Loss, in thousands of acre-feet

11—

0 3
z /- =
5 49, 910 —!
4. 909000 t
00001 to 5.000000
5.000001 to 50.000000
50.000007 o 150.000000

150.000007 to 381.729958

=
=]
T

s Model stream cell
—— Central Valley model boundary

1] 100 Miles
l 1 I 1 |
I
0

50 100 Kilometers




Calibration points

Heads
206 wells — 19,725 obs.

continuous record through time
frame

specific time (wet/dry) and
spatial distribution

Head gradients

Spatial (upper to lower system in wells
that penetrate both)

Temporal (200 wells > 10 years)

Subsidence

24 locations &
Streamflow K

43 inflows O

66 diversions & Explanation

mu It' ple pa| I’ed o \Mater-level observation sites
Gal n S/LOSSES ( = A) 4  Syubsidence observation sites

® |nflows

+  [Diversions

Power reco rb&umpag e) Graes

Q — Simulated streams and canals

I:l Groundwater Model Bound ary



PUMPAGE, IN MILLIONS OF ACRE-FEET PER YEAR

I S N e N I ) I
1974 1976 1978 1980 1982 1984 1986 1948 1300 1992 1994 1996 1986 2000 2002

YEAR

EXPLANATION

+ Simulated agricultural

—— Estimated from
power usage

ol



70

1,000,000

100,000

135/15E-35D5

1970 1980 1990 2000

14S/12E-12H1

1970 1980 1990 2000 1890 2000 2010

SIMULATED SUBSIDENCI

14S/13E-11D6

128/12E-16H3

1970 1980 1990 2000 1990 2000

135/15E-31J3
158/13E-11D2

1970 1980 1990 2000 2010 1980 1990 2000 2010
WATER YEAR WATER YEAR

EXPLANATION
e Simulated subsidence @ Measured subsidence




Today’'s Agenda:




Monitoring Networks ’&

State or Hydrologic Condition

»> State of System = Quantity (selected Basins) and Quality (USGS/DWR -
GAMA)

» Compliance =» Regulatory requirements QD\/Q SGEM)

» Safety/Management/Water Rights = St@ , Reservoirs, & Diversions

Simulation of System & Decision Lt Systems
Data Networks in support of Hydrol




Online data
Self-updating

Stream

Inflows (43)

Website
link to source for each

inflow

Pull data individually
or as a group

A o~

R [N

~A

w [=22] [s2]
A

~

~

Name Node period of
No. number USGS record
1 Sacramento R A Keswick 205 11870500 1938-2009
2 Cow C NR Millville 211 000 1949-2009
3 Battle C BL Coleman FH 22 50 1961-2009 e
4 Cottonwood Creek 1376000 1940-2009
7 Mill Creek 3 11381500 1928-2009
8 Elder Creek m 11379500 1948-2009
100000 -
10000 -
1000 -
L |
100 - \
10 -
1 1 T T T T T T T T T

(graphically tabulatec DATE (SACRW205 _cowc_211 BATT 220 COTT_218 PAYS_225 ANTL 233 MILL 243 ELDE_237
) R

_ _ 196104 16162777 1444281 1283805 1567724 123443 534919 822952 16459

Hyd rograph visualize(  igi0s, 18114235 947722 1242392 899938 39820 438023 836225 7964

for site s (196705 ©22832180 448509 934050 493771 0 246886 822952 4114

_ Wag6107 28021515 67604 613232 191137 0 159281 358382 (

Choose \ 196108 27209181 39820 489789 163263 0 159281 278742 (

_ 196109 17969156 61721 489656 197508 0 164590 246886 (

time frame, 196110 14299454 139371 561466 203083 0 159281 238922 (

time period groupi 196111 13002641 720083 678935 300377 41148 329181 329181 4114

(monthly) 196112 9190515 3030322 1226464 1401673 597304 1075147 676944 11946

_ \ 196201 7916267 1174698 820297 752603 159281 477843 438023 3982

Sele |0|@3 cal 196202 17599416 5008251 1811964 5647508 1234428 2424769 1631208 57312

metho 196203 14219814 2918825 1198590 3516129 358382 915866 676944 43802

T abul‘a data 196204 11282672 1217969 1234428 1888675 82295 617214 946395 28803
downloaded

11274000 SAN JOAQUIN R NR NEWMAN

37.350493

-120.977150
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w
- IGATED AGRICULTURE WITH MODFLOW g
olfgang, Hanson, R.T, Maddock I, TM, and Leake S.A.

SGS Techniques and Methods 6-A17

b 2 > T&M 6-A32 -

The Farm Process: '

FULLY COUPLED LAND USE—SURFACE-
WATER FLOW—GROUNDWATER FLOW




USGS MODLOW with the FARM PROCESS—Features and Capabilities

Supply-and-Demand Modeling Framework Connected to Nature afd Humanity
Farm Demand for Irrigation i

Non-Routed Deliveries as Water Transfers

Routed Surface-Water Delivery to Farm

Groundwater Pumpage by Well
uifer-Storage- and -Recovery Systems

Streamflow Conveyance and
Drain Network . upply-and-Demand Analysis
Transpiration from Native and

Riparian Vegetation

Fully Coupled ;
Groundwater/S, fa@er
and Landsca Use of Water

"Accounts for Al Water Everywhere
in the Simulated

a USGS

science for a changing world

(Schmid and Hanson, 2009; Hanson et al., 2010)



FARM MASS BALANCE:
Farm Inflow — Farm Outflows
= Change in Farm Water Storage '

Q T st T ng Qet Ineff
=dS.,./dt =0 (in FI\/IPl) QQ




New MF-FMP Developments:

(1) ASR Simulation =>Artificial Recharge through SRD or NRD deliveries Recovery
through Wellfield Option to supply one or more WES with water from one or
more ASR locations.

(2) Linkage to Land Subsidence =>» Vertically deforrning mesh affects hydraulic
properties (T & S) and surface processes (Streamiiow/gains-losses [SFR],
Deliveries, Runoff/Returnflows, and Roct Uptake [FMP], and Canal
Flows/Freeboard [SWR]

(3) Embedded models =» More detailed simulation of localized regions [MFLGR-
FMP]

(4) New Surface-water Routing Process (SWR) = Full momentum equation
based routing

(5) Dynamic Accounting Units -» Variable WBS through time to allow for changes
In land use (urbanization, ASR’s, more detailed deliveries, splits in ownership,
etc)

(6) Groundwater Allctments =» Analysis of groundwater rights, sustainability
analysis, BMP analysis, linkage to optimization [GWM]



Task SB Groundwater modelr

2 phases of modeling

» Update regional CVHM

» Develop new more detailed
model along DMC

» Calibrate and build together
Much infermation identical
» “farms”/water budgets
» streams
» layer numbers
More detailed cells

» Possibility of expanaiig
detail into area 15 with

Thomas Harter's group
UC Davis

Explanation

Delta Mendota Canal
California Aqueduct
— Stream Network

| | SFbay and Delta

CVHM water balance regions :



Model Code Changes :

MODELOW and CVHM updated to include:

(1) more accurate details in the tiiiing of the
subsidence by incorporating delay beds,

(2) separation of the ine'astic and elastic
portions of subsidence I tne SUB package, and

(3) changes In lancd-surface altitudes caused by
subsidence - deformable layers

Landscape prucaio Subsurface processes

Farm Process (FMP) Layer-Property Flow Package (LPF)

Streamflo Hm ackage (SFR) Subsidence Package (5UE)
Surface%r ting Process (SWR) Multi-Node Well Package (MNW)

Unsaturated-Zone Flow Package




SWR1 Structures

Culvert

Stage-Discharge

Specified Discharge Fixed and Operable

Fixed and Operable

Spillway Fixed and Operable







PUBLICATIONS (CVHM):

m  Professional Paper: Q

Faunt C.C., ed., 2009, GroundwaterAvallabl \ of the Central Valley
“Aquifer, California: --. al Su Rrofe S|onal Paper 1766,

=L LA gk - 7
—-f-_n-l_
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http://pubs.usgs.gov/pp/1766/
http://pubs.usgs.gov/fs/2009/3057/

PUBLICATIONS (Journal Articles): \ﬁ

m  Texture Model:

Faunt C.C., Belitz, K., and Hanson, R.T., 2009 , Texture Model of the
y Fill Deposits of the Central Ve ey, . ifo '.Hydrogeology




PUBLICATIONS (Climate Change):

m EISOLS Subsidence:

Hanson, R.T., Flint, A.L., Flint, L.E., Faunt, C.C., Schmid,
Wolfgang, Dettinger, M.D. Leake, S.A., andiCa¥yan, D.R., 2010,
Integrated simulation of consumptive ys nd subsidence in the
Central Valley, California, for the pastafhd¥ef a future subject to
urbanization and climate change: Pg&' Ings of the Eight

International Symposium on Lan idence (EISOLS), Queretaro,
Mexico, October, 2010, pp. 46

m  Future Conjun @SJseAnalysis:

Hanson, R.T., Flint, |# lint, A.L., Dettinger, M.D., Faunt, C.C.,
Cayan, D., and, Seh id, Wolfgang, 2012, A method for physically
based model apalysis of conjunctive use in response to potential
climate changes; Special Issue of Water Resources Research, Vol.
48, 25p D@.1029/2011WR010774)



THE END - THANKS !
QUESTIONS & DISCUS& 2

E ,‘\\0

i "ﬁ'i o M
A - *

: o W .
| Valley,

Wi

California

[ c 482 la

e

b h«._ . . y _” s
i TR e Y 3 er%f
o - ;| B i -

." ]

”S. S

-
iyl
a

;@ﬂ’ -

S e w~ e S e 5 e NR N S

)

science for a changing world
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How agencies can share data more easiiy (Nigel)

Self-updating models and decision support (Randy Hanson)

Diversions — planning vs. operaticii aind timing

Data streams and different ag=ncies responsible for different data streams

Linkages to water-allocation inodzls and reservoir operations CALSIM/CALVIN
? et —

’\iﬁ

it

—

2 USGS
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