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Geology and Geography
Historical and Current Water System

Integrated Water Flow Model




i

20,000 sqg. mi. (55,000 sqg. km.)
30 MAF/yr Surface Water Inflow

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
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Central Valley Hydrogeology

* Tectonic development
e Alluvial stratigraphy

e Geologic cross-section

e Groundwater studies & models
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For 200 million years, there was a spreading center between the Pacific Plate and Farallones Plate, and a subduction zone between the Farallones Plate and the North American Plate.
The Farallones Plate acted like a conveyer belt, moving from the west to the east.
As the Farallones Plate moved beneath the North American Plate, the leading edge melted and the resulting material led to the creation of the Sierra Nevada Mountains.
Material was also scraped off and accreted along the edge where the two plates met.
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As the Farallones Plate slid beneath the North American Plate, some materials from the leading edge became attached to the North American Plate.
The plate edge descended into the mantle where it melted and mixed with magma, creating the Sierra Nevada batholith; 
The down-warping between the two plates created a long, narrow trough that eventually filled with eroded sediment and became the Central Valley.
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Initially, this depression filled with sea water, and material eroded from the mountains became today’s marine sediments
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Over this 200-million-year period, the Pacific and North American Plates were moving closer together, and the Farallones Plate was shrinking.
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3 million years ago, neither the Coast Ranges nor the Sierra Nevada were visible above the horizon.
When the Farallones Plate was consumed, the Pacific Plate and North American Plate met near Los Angeles.
The spreading canter and subduction zone became a transform fault
The Pacific Plate slid under the North American Plate, and moved northward.
The “Triple Junction” between the North American Plate, Pacific Plate, and the remainder of the Farallones Plate, the Gorda and Juan de Fuca Plate, is now at Cape Mendocino.
As the Pacific Plate moved northward, if acted like a giant spatula, pushing the Coast Ranges upward.
It also pushed against the Sierra Batholith, pushing the western edge downward and causing it to tilt sharply.
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The present Central Valley is between the Coast Ranges and Sierra Nevada, with the Tehachapi Mountains to the south and the Klamath Mountains and Cascades to the north.
The Coast Ranges and Sierra Nevada are not static, and their movement affects the Central Valley land surface and aquifer.
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There is continuing tectonic subsidence of the Central Valley basement. 
(The ‘mantle drip’ below Tulare Lake is the most dramatic example of tectonic subsidence within the Central Valley)
This tectonic subsidence is important because it underlies two basic features of the Central Valley hydrologic system:
(1) The greatest tectonic subsidence appears to be occurring beneath Buena Vista Lake, Tulare Lake, and the Sacramento-San Joaquin Delta, and the current north-south axis of the main river beds is thought to lie along the axis of tectonic subsidence.
(2) The interplay between the steady subsidence of the land surface over the past millions of years, and the intermittent deliveries of sediments to the valley during glacial periods have significantly affected the hydraulic character of the Central Valley aquifer.



Arc volcanism

Fluidweakened
mantle

Slab window infill =t.
(Asthenosphere) *\

n © ~10-3 Myr ago: Initiation of drip

. Pliocene high-K volcanism

% | & N ) £ =), - ; > €, high-K
> ( 4 " Tantle
Asthenosphere

d ~3-0 Myr ago: Drip downwelling

Owens Valley
salinia Great Valley

Tulare basin TEE."’ Nevada _ guaternary volcanism

gt

Counterflow


Presenter
Presentation Notes
This tectonic subsidence continues today. 
It is greatest in the Tulare Lake region, where hypothesized ‘mantle drip’ is pulling the crust downward.
Basement material melted from the basement below Mount Whitney and flowed laterally southwestward, 
Causing Mount Whitney to rise and the Tulare Lake region to fall
This ‘mantle drip’ is hypothesized as the reason the valley is so wide at this point.
Essentially, the Tulare Basin is not filling with sediment because the descent rate of the land surface is greater than the erosion rate of the adjacent mountains.
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We will take a closer look at the Central Valley
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We can slice through the Tulare Basin and look at a cross section


Current Central Valley
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Over time, material from the eroding Sierra Nevada and Coast Ranges filled the depression, until eventually the land surface rose above sea level, creating the Central Valley.
The mechanisms that created the Central Valley aquifer are reflected in the hydraulic and hydrogeologic properties of the aquifer.
Most of the sediment filling the Central Valley was delivered in pulses during glacial periods. This caused distinct layering of the Central Valley sediments.
Also, the forces that created the Central Valley are still at work today.
The east-west pressure between the Pacific and North American plates is pushing the Central valley basement downward, creating tectonic subsidence.
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Next, we’ll look closer at the alluvial deposits where rivers discharge into the Central Valley. 
This is the area of the Kings River Fan


Floodplain deposits
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Fig. 2. Schematic diagram of the Kings River alluvial fan and
its geologic elements.

Harter et al. 2005.
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Here we are looking at a 10-mile by 10-mile slice taken from the Kings River fan south of Fresno, where the river enters the Central Valley.
The Central Valley aquifer is composed of layers of fairly conductive sediments separated by thinner layers of low-conductivity material. 
Over millions of years, the valley was filled through repeated glacial and interglacial cycles.
During interglacial periods, the river channels filled with sediment, and soils developed on the land surface. During these periods, the rate of tectonic subsidence was greater than the rate of sediment accumulation, and the land surface tilted toward the center of the valley, creating what is called ‘accumulation space’. This is similar to water leaving a reservoir during the summer months.
During glacial periods, vast amounts of sediments were discharged in the valley, filling the ‘accumulation space’. Once this space was filled, additional sediments were washed out to the ocean.
During the glacial periods, deep river channels formed with the sediments discharged into overbank areas.
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Fig. 6. Schematic cross-sections through: (A) the Kings River fluvial fan (based on Weissmann er al. 20024, 2004):
(B) the Tuolumne River fluvial fan (based on Burow et al. 2004); and (C) the Chowchilla River fluvial fan (based on
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“a Weissmann et al. 2005.


Presenter
Presentation Notes
The other river fans in the Central Valley exhibit the same pattern
The vertical distance between layers is a function of the differing rates of tectonic subsidence at different locations in the Central Valley.
The thickest layers occur in the Tulare Basin, where the tectonic subsidence rate is greatest.
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These wetlands were characterized by wetland sediments, including a lot of silt and clay. 
When these were buried during the next glacial period, they become clay lenses.
One of the distinguishing features of the Central Valley aquifer is the presence of these clay lenses which significantly restrict vertical water movement.
This causes a condition in which there is generally no clear transition from unconfined aquifer (at atmospheric pressure) to a confined aquifer (at some other pressure).
This also means that horizontal flow rates (hydraulic conductivities) are generally significantly greater than vertical flow rates (hydraulic conductivities).
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During several of the interglacial periods, the Central Valley outlet to the ocean was apparently some distance higher than the sea level, and a large inland lake formed.
The buried remnants of these lakes are present today as extensive clay layers
The most significant of these is the Corcoran Clay, which covers an area of approximately 110 square miles in the western San Joaquin and Tulare Basins.
The deformation of the Corcoran Clay is one of the key indicators of the historic rates of tectonic subsidence in the Central Valley
The Corcoran Clay is a significant hydrogeologic feature of the Central Valley aquifer. 
Groundwater pumping from the confined aquifer beneath this confining unit caused a severe drop in the water pressure, which led to significant land surface subsidence.
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Land-surface subsidence due to groundwater pumping (overdraft)
Joseph Poland of the USGS near benchmark S661 southwest of Mendota: 9m (~30 ft) subsidence 1925-77
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Bryan, 1923. Geology and
ground-water resources of
Sacramento Valley, California.

Mendenhall et al. 1916.
Ground water in San Joaquin
Valley, California.
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Initial groundwater conditions and development are documented in these two reports plus a report on the Tulare Basin by Twitchell


T

5, %

Groundwater Studies

.= Olmsted and Davis. 1961. Geologic features and ground
% water storage capacity of the Sacramento Valley,
— California.

Davis et al. 1959.
Ground-water
conditions and storage
capacity in the San
Joaquin Valley
California.




e Page. 1986. Geology of the fresh ground-
= water basin of the Central Valley,
California.



Presenter
Presentation Notes
Groundwater synthesis through the USGS Central Valley RASA Study
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Two early hydrologic models, the USGS CV-RASA model and the CVGSM model (the precursor to the C2VSim model)
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Two current hydrologic models
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Three faults are know to act as barriers to horizontal groundwater flow
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The local tectonic subsidence rates are reflected to some extent in the thickness of the freshwater aquifer.
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The chemical nature of Central Valley groundwater is reflected in the water quality
The Coast Ranges were derived from marine sediments, and thus groundwater in these sediments are of poorer quality
Groundwater in Sierran sediments generally has very low dissolved solids unless it is interacting with conate marine waters


1800s

e Water development to
support hydraulic mining

e Converted to irrigation
after 1886
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irrigation canals within a
watershed




~History of Central Valley
’ Water Development

1980
e Groundwater pumping

* Inter-basin Transfers
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— State Water Project
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integrated hydrologic model
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IWFM – Logically separate the water flow system into four parts:
	Groundwater flow system
	Surface water flow system
	Land surface process
	Small-stream watersheds


Land Surface Process
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These flow terms were given unique identifiers, and then equations were developed to describe the water flow. 
These are all linked by terms that occur in more than one equation. For example, stream-groundwater flow occurs in both the stream water balance equation and the groundwater balace equation.
The equations are then simultaneously solved at each time step
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The modular nature of IWFM is allowing us to unify hydrologic models.
The IWFM Land Surface Process has been separately released as the IWFM Demand Calculator. This was used to develop demands for CalSim 3 and is also being used by irrigation consultants to schedule irrigation deliveries. Improvements to IDC suggested by these irrigation consultants are then available in IWFM and for other DWR modeling efforts.
Similarly, the IWFM Groundwater Process is dynamically linked to CalSim 3 through a DLL. We are also exploring linking this to other modeling applications including SEI’s WEAP..
The file reading and writing code is also easy to modify, and has been used for example to read and write  to the HEC-DSS database format, to create an Excel add-in, and to write output files compatible with TecPlot. It is fairly straight-forward for Can to ad code to read from or write to other file formats if they are needed.


IWEFM Application

IWFM consists four programs executed in sequence

Pre-processor

Post-processors
(Budget, Z-Budget)




Pre-processor

IWEFM Application

Read nodal coordinates
Link nodes to form elements

Compile vertical aquifer stratigraphy at
each node

Link selected nodes to form river reaches
Link river reaches into a flow network
Compile profiles for river nodes

Apply soil properties to elements

Apply drainage patterns to elements
Assign elements to subregions




IWEFM Application

 Read binary file produced by Preprocessor

e C(Calculate a balanced water budget for each
model component for each time step

* Precipitation, river inflow, diversions

* Land use, crop acreage * ET, urban demands
* Runoff and return flow

e Deep percolation

e Stream-groundwater flows

e (Calculate groundwater pumping

e Write out results for each time step to a
¥ series of files:




IWEFM Application

 Read binary files produced by Simulation
Post-processors e Budget tabulates a set of water budgets:

(Budget, Z-Budget) * Land and Water Use
* Root Zone

e Groundwater
e Stream Reaches
e  Small-Stream Watersheds

e Z-Budget compiles water budgets for
user-specified aquifer zones of one to
many elements. Example zones:

e Subregions
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Simulation Scheme
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Input and Ou

tput Files

C
o Q C Rainfall Data Specifications
* Input files contain ¢
C HEAIN : Humber of rainfall stations (or pathnanss if DSES files are used)
. [ used in the model
t f |d [ FACTRH: Conversion factor for rainfall rate
COI I ” I Ien Ie S C It iz u=ed to conwvert only the spatial component of the unit:
C DO HOT include the conversion factor for time component of the unit.
C *# =.g. Tnit of rainfall rate listed in thi= file = INCHES-MONTH
[ Consistent unit used in simulation = FEET-DAY
C Enter FACTRN (INCHES-MONTH —»> FEET-MONTH) = 8. 33333E-02
C (converszion of MOHNTH —: DAY iz performed automaticallwy)
C HSFEN : Humber of time steps to update the precipitation data
C * Enter anvy number if time-tracking option is on
C HFQRN : Repetition fregquency of the precipitation data
. . C * Enter 0 if full time series data is supplied
[ ] Ta b_dellmlted for easy C * Enter any numbesr if time—tracking option is on
C DSSFL © The name of the DSS file for data input (maximum 50 characters):
C * Leave blank if DSS file i= not used for data input
d with Excel |c
= = C
CUt an paSte It Xce C VALUE DESCRIFTION
.
1602 ~ HRAIN
0.08333 7/ FACTREN ({in-month —: ft-month)
1 ~ HSPRH
0 ~ HFQRH
~ DSSFL
C
. . . . C Rainfall Data
C ({FEAD FROM THIS FILE)
e Time-tracking simulations ¢
C Li=st the rainfall rates for sach of the rainfall station below, i1f 1t will
C not be read from a DSS file (i1i.e. DSSFL is left blank above) .
o are aware of thedateand :© ., ..
d ' s C ARAIN: Rainfall rate at the corresponding rainfall station: [L-T]
. . C
L]
A time; input and output ¢
o sl EITRN ARATN(1) ARATN(2) ARAIN{3)
i
'm 1 | S 1 2 3 4 5 6 7 5
tl E‘Serles data have a 10-31-1921_24:00 1.34 1.34 1.32 1.27 1.34 1.31 1.30 1.34
11-30-1921_24:00 3.64 3.62 3.59 3.49 3.62 3.51 3.56 3.62
12-31-1921_24:00 g.15 g.14 7. 86 7.49 g.08 7.43 g.01 7.97
01-31-1922_24:00 1.32 1.46 1.62 1.80 1.22 1.40 1.27 1.11
02-28-,1922_24:00 7.61 7.95 7.98 .02 7.25 7.23 7.09 6.63
03-31-1922_24:00 4.33 4.39 4.31 4.28 4.22 4.03 4.09 4.06
04.-30,1922_24:00 0.94 0.91 0.9z n.91 0.94 0.93 0.93 0.94
- 05-31-1922_24:00 2.20 2.18 2.1%8 2.09 2.22 2.19 2.18 2. 26
06-30-1922_24:00 0.71 0.72 0.67 n.62 0.76 0.58 0.74 0.8z
07-31-1922_24:00 0.oo0 0.oo 0.0o0 n.oo 0.00 0.oo 0.oo 0.o0
o 08-31-1922_24:00 0.oo0 0.oo 0.0o0 n.oo 0.00 0.oo 0.oo 0.o0
09.-30-1922_24:00 0.0o0 0.oo 0.0o0 n.oo 0.00 0.oo 0.oo 0.o0
10-31-1922_24:00 .44 3.45 3.39 3.23 3.42 3.28 3.39 3.40
) 11-30-1922_24:00 3.54 3.64 3.74 3.79 3.47 3.51 3.41 3.22
12-31-1922_24:00 g.44 g.84 8.63 8.94 g.22 8.27 g.01 7.75
01-31-1923_24: 4 .06 4.09 4.02 3.90 4 .05 3.95 3.99 4.01
2 02-28-,1923_24: 1.14 1.14 1.14 1.22 1.11 1.11 1.12 1.08

o LR P T T T e T e B e e T o B e B T O T R, B N ST
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Detailed Budget Tables

IWFM (+3.02.0036)
GROUND WATER BUDGET IN AC . FT. FOR SUBREGICH 1 (DSA 58)
AREA: 328277 68 AC

Deep Beginning Ending Het Deep Gain from Gain from Boundary Subsurface
Time Percolation Storage Storage Percolation Strean Recharge Lake Inflow Sub=idence Irrigation

(+) (=) (+) (+) (+) (+) (+) {+) (+)

10-31-1921_24:00 0.
11-30-,1921_24:00 0.
l2-31-1921_24:00 1774
01-31-1922_24:00 187.
n2-28-,1922_24:00 969 .
03-s31-s1922_24:00 34
04-30-,1922_24:00 2196 .
05-31-,1922_24:00 2993 .
06-30-s1922_24:00 10397
07-31-1922_24:00 12958
N8-31-s1922_24:00 14326 .
09-30-s,1922_24:00 9271
10-31-1922_24:00 5154
11-30-,1922_24:00 478,
la2-s31-s1922_24:00 1856.
01-,31-1923_24:00 1198,
N2-28-,1923_24:00 1]
03-31-1923_24:00 0.
04-30-1923_24:00 1834 .
05-31-,1923_24:00 8555 .
06-30-,1923_24:00 10818.
07-31-1923_24:00 12950
08-31,1923_24:00 14467 .
09-30-,1923_24:00 10163
10-,31-19223_24:00 0.
11-30,1923_24:00 1]
12-31-1923_24:00 0.
01311924 _24:00 603,
N2-29-1924_24:00 421
033171924 _24:00 0.
04-30-1924_24:00 4172
05-31-,1924_24:00 5a0g.
06-30-,1924_24:00 7155.
07-31-1924_24:00 2853 .
08-31-,1924_24:00 9954
09-30-,1924_24:00 10544 .
10311924 _24:00 5726
11-30-,1924_24:00 g211.
12-31-1924_24:00 1522.
01-,31-1925_24:00 a75.
N2-28-,1925_24:00 1493,
03-31-1925_24:00 33
04-30-1925_24:00 1228,
05-31-,1925_24:00 7670,
06-30-,1925_24:00 10936,
07-31-1925_24:00 13349,
08-31-,1925_24:00 14753,
09-30-,1925_24:00 14694 .
10-,31-1925_24:00 962 .
11-30-,1925_24:00 498 .
12-31-1925_24:00 757.
01-31-1926_24:00 1661.
N2-28-,1926_24:00 1101.
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A sAd A OAE A MM

41093269 40825799, 20152, 867 ELan.
40825799 40787589 46959 . 68, EL26.
40787589 40781748 . 32677 6173
40781748 40770213 24643 £281.
40770213 40770676 19687 2451 .
40770676 40763511, 16261. 8745
40763511 40755221 13895, 8377,
40755221, 40740684 . 12612 8295
40740684 . 40716832 12115. 8213,
40716832 40696603 . 12348 2013,
40696603, 40680795 . 12962 7933
40680795 40665417 . 12704. 7854 .
40665417 . 40650780 11835, 7896
40650780, 40636197 . 10724 7819,
40636197 40631348, 9674 . 9430,
40631348 40621470 2946 . 10470,
40621470 40604148 2079, 10158,
40604148, 40588048 7412 10058,
40588048, 40580201 . 6917 . 10333,
40580201, 40556339 935 . 9949
40556339, 40534626, 7422 9851
40534626, 40515163 2459 9634 .
40515163, 40499071 . 9894 . 9538,
40499071 . 40484602, 10552 9563
40484602 40468059 9538, 9469 .
40468059, 40450811 . 2501, 9376
40450811 . 40436600. 7669 . 9284 .
40436600 40422599 6936 . 9264 .
40422598, 40411736 346 . 9932,
40411736 40392170, 5843, 9636
40392170, 40372694 . ELan. 9460
40372684 . 40355592, EEEE. 9324
40355592 40338481 5723, 9231
40338481, 40322659 6144 9139,
40322659, 40308146 E204 . 9053,
40308146, 40294384 . 7623, 8958
40294384 40286744 . 7853, 9234
40286744 40280979 7421 9341,
40280979 40277307 . 6906 . 10544,
40277307 . 40272289 6382, 11054,
40272288, 40296453 £939. 13899,
40296453, 40276792, 5487 . 14054,
40276792 40272302 £129. 14141,
40272302, 40256625 . £139. 13782,
40256625, 40238249 5803, 13575,
40238249, 40223940, E609 . 13322,
40223940, 40214408, 2070, 13189,
40214408, 40207991 . 9669 . 13178,
40207991 40200886 . 9171. 12954
40200886 . 40195273, 8218, 12920
40195273 40192688 7332, 12797
40192688 . 40192766 . 131 14167
40192766 . 40207715 EOSE . 16132,
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-102230.
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—-41925.
—399%6 .
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—L1668.
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—-45693.
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—40814.
-31697.
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—43167.
—40767.
—32751.
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—-46713.
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Excel Add-In

Book2 - Microsoft Excel EEE -
Home  Insert  Pagelayout  Formulas  Data  Review  View  Developsr  Adddns | IWFMTaols | Acrabat @ - 7 x
iﬂ ‘:]WFMVEISiDnB-UE v | @ About | Budget To Excel (v3.02) =10l x]
Space .
Delimited Text Choose Budget Input File
L eta bk | Beel e Bl Hep : [Z:terp 365119212005 D55 Budget\CVBudget in Browse.. | _Import_|
WSS B0 AR 8 Chacse Budget Table
ACES -3 -E] Land and water use budget - Transfer to Excel I
¢ Y Y Y Y Y [ =S Y =00 T | 2 L 3 ©
Root zone budget :
L Groundwater budget ll
2
z Complete!
L4 |
E
| 6
[ 7 |
[ 8 |
L9 |
10
(41|
12
13
44
15
16 3
|17 |

34
35
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Excel Add-In

On Bookl - Microsoft Excel -8B X
(Cla) —
Q Home Insert Page Layout Formulas Data Review View Developer Add-Ins ‘ IWFM Tools | Acrobat @ - 3 X
?j IWFM version |3.02  + | () About Budget To Excel (v3.02) ol xi
Space
Delimited Text Choose Budget Input File
Deta Export GhdpelT DRIt Help [Z-temp v 365\1921-2003-DSS" Budget\CVBudget in Brawse... | _Import |
3 & (5 G~ (e i@ QR] 20
| X64 ™ £ | Land and water use budget ﬂ Transfer to Excel I
A B C D E |Stream budget
Rioot zone budget
1 IWFM (V3.02.Dﬂﬁ3} 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 PI::;DE:;?:“ Gain from Recharge Gainfrom Boundary Subsidence s;: :s::
Percolation Storage (+) (-) #) Stream (+) (+) Lake (+)  Inflow (+) (+) ?'_}
£

6  10/31/1921 1200 AM 107,891 70 3,102,558,944 94 3101455762 76 154566255 -1 360,21655 1,027 128.06 -1,807,079.49 31,09013  90,405.00
7 | 11/30/1921 12:00AM  10,499.60 3,101,455,762.76 3,101,6687,610.86 92200497 -853.066.91 25400492 7831097 3620150 56,617.07
8 | 12/3111921 12:00 AM  388,957.48 3,101,667,810.88 3,102,682,423.77 74169622 21609375 34628430  17,852.75 7283818  39,597.99
9 | 01/31/1922 1200 AM  288,004.05 3,102,662,423.77 3,103,133,215.27 599,366.24 -560,369.70 313,857.01 1895457 59,790.60  34,261.40
10| 02/28/1922 12.00 AM  459,924.77 3,103,133,215.27 3,104,249438.91 59860579 1557491 39643261 1234491 77,750.28 2791573
11 02/31/1922 1200 AM  79,849.93 3,104,249,438.91 3,104,396762.34 43308852 -505423561 27218724 1602.94 6772633  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 24057235 521040 41,927.63  37,081.13
13 05/31/1922 12:00 AM 300,406 95 3,104,289,050.02 310514481192 39805382 9404118 60944805 1482596 4401581  29131.90
14 06/30/1922 12:00 AM  295.835.03 3,105,144,811.92 3,105,311,640.26 2398,037.38 46520877 61837260 1631923 238,869.57 48762.12
: 15 07/31/1922 12:00 AM  117,767.33 3,105,311,640.26 310421874941 32004480 99582249 28762718 1215549 37,65036 77,71366
4 % 16 08/31/1922 1200 AM  83,349.87 3,104,218,749.41 3,103,179.917.61 287,975.70 764,044.06 20166200 956870 37,24550 80,870.22

% 17 1 09/30/1922 12:00 AM ~ 28,923.90 3,103,179,917.61 3,102,820,802.90 253,024.33 -596,841.42 149,685.52 -7,595.87 36,84529  23,265.59

' 18 | 10/31/1922 12:00 AM 10,428.49 3,102,820,892.90 3,102,582,016.85 22537720 -452,020.73 127,476.29 -4,116.67 4339452 2424499
“a 19 1 11/30/1922 12.00 AM  70,374.76 3,102,582,016.85 3,102,721,899.87 222037.87 -270,795.03 140,477.99 -1,732.60 50,286.94  12,802.53

- 20 | 12/31/1922 12:00 AM ~ 533,756.17 3,102,721,899.87 3,103,584,673.76 345,057.00 170,966.55 267,785.60 1,642.19 74,722.35 9,683.82

: 21/ 01/31/1923 12:00 AM  261,607.92 3,103,584,673.76 3,103,741171.42 315,762.47 -394,511.54 202,499.85 -744.76 5974068  11,617.37

22 | 02/28/1923 12:00 AM 9,367.59 3,103,741,171.42 3,103 65889263 22309159 -505579.67 181,794.97 -1,683.15 4725154 1118723
231 03/31/1923 12:00 AM  44,164.47 3,103,658,892.63 3,103,171,074.82 201,887.756 -412,750.01 165,605.02 -3,402.00 M41.24775  44107.47
24 | 04/30/1923 12:00 AM  233,033.44 3,103,171,074.82 3,103,587 456.36  232,380.77 80,022.76 291,067.94 -6,032.68 70,155.38  13,045.71
25 | 06/31/1923 12:00 AM 33524596 3,103,687,456.36 3,103,564,048.83 28165776 -223,711.69 355450.74 -16,428.24 4060098  33,112.55
26 | 06/30/1923 12:.00 AM  233,136.62 3,103,564,048.83 3,102,891,317.94 27014756 -527,062.02 28195657 -15,056.77 40,22426  63,912.58
27 | 07/31/1923 12:00 AM  105,872.22 3,102,891,317.94 3,101,996,265.67 22150744 -571,814.33 23761353 -13251.18 39,47215  85,038.94
28 | 08/31/1923 12.00 AM  89,867.15 3,101,996,265.57 3,101,039,103.09 205,097.89 -566,873.80 16845490 -11,201.68 39,056.09  84,120.98
29 | 09/30/1923 12:00 AM 40,347 40 3,101,039,103.09 3,100,856,488.57 1B6,652.19 -421,756.99 12675362 -8,781.12 45,086.41 11,231.73
30 | 10/31/1923 12:00 AM 10,213.68 3,100,856,488.57 3,100,591,491.95 165,245.16 -337,797.06 104,846.44 -5,843.04 40,668.26  20,628.35
31| 11/30/1923 12:00 AM 8,320.47 3,100,581,491.95 310047431043 15101016 -372397.35  92894.94 -3,338.63 38,773.25 792713

o le ] 41202474022 12-N0 ARL ANE12 22 2 40N ATA 2410 A2 2 400 421 2472 A4 120 0724 02 1T TAQ 2T 02 E17 20 1 708 &N AA E2A BT
W 4 » M|~ Subregion 19 (DSA60F) - Subregion 20 (DSA 60G) .~ Subregion 21 (D34 60H) | Subregion 22 (ENTIRE M] [ I

Ready | 73 |
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HEC-DSS

4 C2V5im_R365.055 - HEC-DS5Vue ] 34
File Edit View Display Milities Help

% \ J = | dZELE = | CDEC Bxcel Precision USGS

File Hame: |Z:‘Ltemp1r36511921—20DQ-DSSIResultleNSim_RBES.DSS
s s Pathnames Shower: 4204 Pathnames Selected: 0 Pathnames in File: 37836 File Size: 33987 KB

% . Search A LI c ;I E: LI
% N By Parts: E: |lWFM_DIVERDTL_EUD - o ~| F -]
i WWFRM_GW_BLID
Mumber WF [l u ] | C part O partf range | E part F part |
%, Fosy, 1 |MFNAFR_LAKE_BILD OLUME 0 Jas 920 - 01 JAn2000 e DELI |
g, 2MFNWF ROGTZN BUD AOLUME 01 JA N1 920 - 01 JANZ000 1MOR DELI_SHORT -
2V FH_STREAM LD OLME otJanosn -1 ANz000 o ONVER SHORT
5| WAF M_STRMRCH_BUD — SOLUME 01 JAM1920 - 01 JAMN2000 MM CiI%ER:
4 5 |hF IEUFM_SW%HED_EIUD = W OLUME 01 JAMN1920 - 01 JAN2000 1 MON DIVER_SHORT
7 |hFh_DIVERDTL_ELD SRA0 D130 R34 SOLUWE 01 JAMT920 - 01 JAMNZ000 1MON CiI%ER:
. 8|hFh_DIVERDTL_BUD SRA0:DYIS0 R34 “OLUME 01 JAM1920 - 01 JAN2000 1MON DIWER_SHORT
9|hFh_DIVERDTL_ELD SE10DYVISTR11E SOLUME 01 JAM1920 - 01 JAMNZ000 TMON CIWER
i 10|0Fk_DIYERDTL_BID SR DY R115 “OLUME 01 JAM1920 - 01 JANZ000 1MON CIWER_SHORT
7 & 11 |WFhi_DIVERDTL_BUD SR10:DY1 72RO OLUME 01 JAR1920 - 01 J2AR2000 1 MR DELI
: 12{0MFhl_DIVERDTL _BID SR10:DYVT2R0 SOLUME 01 JAM1920 - 01 JAMN2000 MM DELI_SHORT
% %, 13|MyFM_DIVERDTL_BID SR10:DY173:R0 W OLUME 01 JAMN1920 - 01 JAN2000 1 MON DELI
% 14 (0MF_DIVERDTL_BID SR10:DY 73 R0 SOLUME 01 JAM1920 - 07 JAMNZ2000 TMON DELI_SHORT
) 15|WFk_DIVERDTL_BID SRA0:DVT4RD “OLUME 01 JAM1920 - 01 JAN2000 1MON DELI
o), % 4l 16| _DIVERDTL_BIUD SEI0:DVT4RD SOLUME 01 JAM1920 - 01 JAMNZ000 TMON DELI_SHORT
a 17 |AFk_DIYERDTL_BID SRA0:DYVM TERD “OLUME 01 JAM1920 - 01 JANZ000 1MON CELI
&, 18|0Fhd_DIVERDTL_BUD SR10:0Y1 7E:RD OLUME 01 JAR1920 - 01 J2AR2000 1 MR DELI_SHORT
19|AFW_DIYERDTL_BID SRV TT.RO SOLUME 01 JAMT 920 - 01 JAMNZ000 MM CELI
20|Fh_DIVERDTL_BUD SR10:DY1 77RO W OLUME 01 JAMN1920 - 01 JAN2000 1 MON DELI_SHORT
211WFk DIVERDTL BUD SR DYV TERD SOLUME 01 JAMT920 - 01 JAMNZ000 TMOM DELI

De-Select Clear Selections Eestore Selections Set Time Windaw

Mo time window set.



Presenter
Presentation Notes
Optional time-series data input from and output to HEC-DSS database



) Tecplot 360 2011
File Edit ‘Wiew Plob  Insert

I 20 Cartesian hd l

Zone Surfaces
Layers:
[~ Mesh
v Contour
[~ Wector
[ Scatter
" Shade
v Edge

Zone Shyle... |

Derived Objects:

[T Streamtraces JEI
Time 0 =

= Siam o Paper,
I~ Sriapito Grid

Quick Edi... |

Fedraw Redraw
Al Framne

[V Auto Redraw
¥ Cache Graphics

Animate  Data Frame Options  Scripting  Tools

DB & A Q] @] o]l o] w222 5] slz0oiolo] A - @le

TecPlot-Ready Output

09/30/2009_24:00

Mode by Mumber

]

X

Start Zone |1 - 09/30/1921_24:00

End Zone I‘IDE?: 03/30/2003_24:00

|
[

Zone Skip |2

GWHEAD1
1600
1400
1200
1000
800
600
400
200

0

Current Zone : 1057

A£|¥]

Anirnate IDn Screen 'l

Animate | Cloze I

Help

[ Plat &pproimations



Presenter
Presentation Notes
TecPlot ready output for 2-D and 3-D animations of groundwater heads and subsidence



A

€, C2vSim_CG_19211C_|
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Calibration Tools

PEST=IWFM

2

Input Files

PEST

|

Model

|

Output Files

PEST«IWFM
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IWFM-PEST Tools

* Translate parameters from pilot points to IWFM

— CVoverwrite.dat file
— FAC2REALI program

e Convert IWFM hydrographs to SMP format
— IWFMZ2O0BS program

e (Calculate vertical head differences to SMP format
— IWFMZ2O0BS program

e Stream-groundwater flows to SMP format




i}

e

i

“IWFM”)

e Technical support by DWR staff

e Theoretical documentation, user’s manual, reports, technical memorandums,
previous presentations and posters, user’s group presentations, and published
articles in peer reviewed journals are available at the IWFM web site (google

%
Integrated Water Flow Model
TWFM v3.02
1evision 36

r &)
i Theoretical Documentation
%
%, o
.

i 2

Integrated Hydrological Models Development Unit
Modeling Support Branch
Bay-Delta Office
October, 2011

DEPARTMENT OF

¥ WATER RESOURCES

BAY-DELTA

Integrated Water Flow Model
TWFM v3.02

revision 36

User’s Manual

Integrated Hydrological Models Development Unit
Modeling Support Branch
Bay-Delta Office
October, 2011

DEPARTMENT OF

¥ WATER RESOURCES

BAY-DELTA

Z-Budget:
Sub-Domain Water Budgeting Post-Processor for ITWFM

Theoretical Documentation and User’s Manual

Hydrology Development Unit
Modeling Support Branch
Bay-Delta Office
February, 2010

DEPARTMENT OF

WATER RESOURCES

BAY-DELTA



b

%

Validation and Verification

Eleven verification runs; report available at IWFM web site (Ercan, 2006)

VERIFICATION PROBLEMS FOR ITWFM

This report is prepared under the direction of

Emin C. Dogrul, PhDD, P.E.,
Tariq N. Kadir, P.IX.

By
Ali Ercan
Department of Water Resources
Bay-Delta Office
Modeling Support Branch
Hydrology and Operations Section

July 2006

Test
la|lblle|ld[2a]2b

3/4|5 6al6b

Hydrological processes

Groundwater flow

Confined aquifer

Semi-confined aquifer

Unconfined aquifer

Recharge/pumping wells

Pumping

Recharge

Partially penetrating

Multiple wells

Tile drainage and
subsurface irrigation

Land subsidence

Stream flows

Lakes

Surface flows

Soil moisture in the root
zone
and unsaturated zone

Small waltersheds

Flow characteristics

Steady state flow

Transient flow

Boundary conditions

Zero flow (impermeable
barrier)

Specified flux

Specified head

Rating table

General head

Dimensions

1D

2D

Quasi 3D

Table 1.1 Functionality table of tests performed.
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alidation of Z-Budget Post-processor

%,

Sub-Domain Water Budgeting Post-Processor for TWFM

7Z.-Budget:

Theoretical Documentation and User’s Manual

Hydr ology Development Unit
Modeling Support Branch
Bay-Delta Office
February, 2010

ARTMENT OF

WATER RESOURCES

BAY-DELTA

Fiow Computation and Mass Balance in Galerkin
Finite-Element Groundwater Models

Emin ©. Dogral, PE.% and Tarig N. Kadr, PE?

Abstracts In most groundwater modeling stedies, quassification of the Sow rates at domain and subdomain boundaries is as impariant as
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Key Limitations

“ e 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)

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

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

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




IWFM Development

e Version 3.02:
) | — Subregion water budgets
/e \ersion 4.0

— Element water budgets




New Features of IWFM v4.0

"o Improved root zone module (a.k.a. IDC v4.0)

Root zone flow processes and agricultural water demands are
computed at each cell for each land-use type

Agricultural water demands are computed using methods from
irrigation scheduling models

Explicit simulation of rice and refuge operations

Simulation of re-use of agricultural tail water at different spatial
resolutions

Simulation of regulated deficit irrigation

Ability to specify water demands (i.e. contractual demands) instead
of computing them dynamically




New Features of IWFM v4.0

Ability to run the root zone module (IDC) by itself or as linked to
IWFM with the same input data files

Reduced size of Z-Budget binary output file for run-time
efficiency

Water budget output at user-selected stream nodes

Ability to generate water budget tables accumulated to time
steps larger than the simulation time step




Future IWFM Developments

“* |mproved simulation of riparian vegetation
 Improved simulation of rainfall-runoff and overland flow

/¢ Improved hydraulic routing of stream flows that account for
change in storage

e Continue developing ArcGIS based GUI

~¢ Simulation of water quality

+ .« Emulate an agricultural economics model in IWFM




IWFM Applications

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

- Butte County Groundwater Model (Heywood, CDM)

- Walla Walla River Basin Model (Petrides, OSU)
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