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20,000 sg. mi. (55,000 sq. 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.


100 million years ago
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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


5 VAN

s B

Tectonic Development

rift CCean ridge i subduction

Olcanc dveraing LS DoBan Wench L 2EIGE £ volcang

MArgin) fault  plate 2 . e | -—conhrent
Qnverging margin) .

I

convection currents



Presenter
Presentation Notes
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 center 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 (which became the Gorda and Juan de Fuca plates), 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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Fourkinds of land surface subsidence occur in the Central Valley. Three are due to human actions.
Conversion of peat soils to carbon dioxide in dried wetland soils
Collapse of aquifer layers due to excessive groundwater withdrawals
Petroleum ‘mining’
Vertical movement of the basement rocks
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 three basic features of the Central Valley hydrologic system:
The greatest tectonic subsidence appears to be occurring beneath Buena Vista Lake, Tulare Lake, and the Sacramento-San Joaquin Delta, 
the current north-south axis of the main river beds is thought to lie along the axis of tectonic subsidence.
(3) 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. 
Repeating cycle: 
Land surface subsides at a fairly constant rate, 
Glaciers create large flux of eroded sediments, filling the subsided space
Soils develop on land surface during the interglacial period as the land surface subsides
Repeat glacial-interglacial cycle, developing alternating layers of silt/clay and sand/gravel
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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
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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 water flowed in the rivers. The high flow rates gouged deep river channels. Large amounts of sediments were discharged into 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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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.
Originally thought this was related to the size of the watershed, but it’s actually the rate of tectonic subsidence.
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One of the distinguishing features of the Central Valley aquifer is the presence of many clay lenses that significantly restrict vertical water movement.
The clay lenses are characterized by wetland sediments, including a lot of silt and clay. 
These were wetlands – vernal pools, lakes, etc. – during interglacial periods, similar to the Central Valley in the 1800s, when paddlewheel steamboats travelled to Firebaugh..
When these wetlands were buried during the next glacial period, they became clay lenses.
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), sometimes as much as 100 times greater.
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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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Shortly after the Delta-Mendota Canal was completed in the early 1950’s, the canal operators noticed impacts of land subsidence which tilted portions of the canal. 
This led to a wider study of the extent of land-surface subsidence.
It also prompted DWR to move the California Aqueduct uphill onto more solid ground in the Coast Ranges foothills
Studies revealed extensive land-surface subsidence due to groundwater pumping (overdraft)
This extensive land-surface subsidence changed flow properties on many canals and also changed the flow paths and accumulation areas during large flood events
This is a famous photograph of Joseph Poland of the USGS near benchmark S661 southwest of Mendota: 9m (~30 ft) subsidence 1925-77
Large-scale imports of surface water were thought to have resolved this problem, and subsidence monitoring was largely discontinued in the early 1980s
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Recent studies of land-surface subsidence suggest that this did not stop on the early 1980s. 
Instead, the areas where extensive overdraft induced land-surface subsidence have moved around.
Subsidence is also thought to be significantly greater during extremely dry years.

This image shows land-surface subsidence over a recent 4-year period, but there may have also been significant subsidence in the 20 years between the early 1980s and early 2000s
This land-surface subsidence is largely the result of overdraft, but there is some thought that a small amount may also be due to tectonic subsidence.

Michelle Sneed of the USGS reports subsidence of about a foot per year in the Eastside Bypass between 2008 and 2010
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We can see that the area that experienced land subsidence in this four-year period is different that the area that experienced subsidence between 1920 and 1977
But we don’t know how much subsidence occurred in the years between 1977 and 2007
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Next we will look at some of the studies of the Central Valley groundwater system
Initial groundwater conditions and development are documented in these two reports plus a report on the Tulare Basin by Twitchell


Groundwater Studies

= Olmsted and Davis. 1961. Geologic features and ground
~ water storage capacity of the Sacramento Valley,
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California.
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DWR and the USGS collaborated on another study in the 1950s that resulted in these two reports.
This led to a series of comprehensive regional studies in the 1960s and 1970s that resulted in over a dozen reports.
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The information in these regional reports served as the basis for a groundwater synthesis project, the USGS Central Valley RASA Study
This study included reports on the geology and water quality and maps of the base of fresh water. 
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Two early hydrologic models, the USGS CV-RASA model and the CVGSM model (the precursor to the C2VSim model) were developed from the information in the CV-RASA study. 
The USGS model was a groundwater model with inputs based on water budgets. This model did not perform well.
DWR, the USBR, SWRCB and others pooled resources to develop a separate model, the CVGSM model.
The CVGSM model was an integrated model that included annual land use form water years 1922 through 1980 and performed much better. 
The CVGSM model was used for several major studies in the Central Valley, including the CVPIA EIR-EIS


Regional Models
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Currently there are hydrologic models of the Central Valley
The USGS released their Central Valley Hydrologic Model (CVHM) in 2009, and DWR released the C2VSim model in 2012.
DWR and the USGS worked together to some extent when developing these models to assure that the input data and results from the models are similar. Two models are better than one (sort of like ‘two heads are better than one’ ) because when results are similar we feel comfortable, and when they differ we can work to find and resolve errors.
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Next we’ll look at some of the hydrologic features of the Central Valley
One unresolved component of the groundwater flow system is the locations and influence of faults.
Faults can act as flow barriers.
A number of faults are mapped on the Central Valley basement, but we don’t generally know the vertical extent of the faults, or to what degree they influence groundwater flow.
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There are 10 major faults mapped on the Central Valley basement.
Three of these are known to act as barriers to horizontal groundwater flow
There is not enough information on the other seven faults
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The Central Valley aquifer contains deep marine sediments overlain by continental sediments.
The continental sediments were deposited in a fresh water of above-water environment, and therefore were deposited above sea level.
But we can see that now many of these sediments are below sea level.
This is due to the continuing influence of tectonic subsidence.
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 tends to reflect the source rocks
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
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after 1886
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The history of water development in the Central Valley
The major water developments in the 1800s were 
the conversion of hydraulic mining facilities to irrigation and later to power production
Local surface water development along rivers
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Major developments in the 1900s include
Expansion of groundwater pumping
Interbasin transfers: east-to-west then north-to-south
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This figure shows the current water conveyance facilities operated by local agencies, the state and the federal government
Mainly transferring water from north to south and from the wetter east to the drier west
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The change in snpwpack volume has led to a shift to earlier runoff
15 MAF/yr stored in snowpack
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Now we will discuss the Integrated Water Flow Model, the application DWR used to develop the C2VSim model
In the late 1990s, DWR was looking for a freely available integrated hydrologic modeling application that was technically sound and that they could modify to meet their needs.
DWR reviewed existing modeling applications and did not find any that met their needs.
So they acquired the IGSM code, which had originally been developed in part with DWR funding, and then worked to improve the code
The result is IWFM
DWR is still working steadily to improve IWFM, and is releasing the application and source code so others can use it and hopefully improve it.


IWFM History

Derived from the Integrated Ground-Surface Water Model (IGSM)
— Originally developed by Young Yoon, UCLA (1976)
— Integrated model: Land Surface, Surface Water, Groundwater

Significant Models
— Central Valley Ground-Surface Water Model (CVGSM)
— Salinas Valley Groundwater Basin model
— Western San Joaquin Valley (WESTSIM)
— Friant Service Area
0l — Yolo County IGSM Model
“ % — Sacramento County IGSM Model
— North American River Basin Model
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The C2VSim model that was released in late 2012 was actually derived from an older model called CVGSM

The CVGSM model was originally developed in the 1980s. Some of the C2VSim components, like the model grid, were developed in this time of very limited computing power, no GIS, no electronic data sets, etc.

DWR picked up the CVGSM model and enhanced it by improving and documenting model inputs, increasing the input details, and extending the simulation time period.

DWR’s vision for the future is that this model will be used for water resources studies in the Central Valley, with users contributing corrections so the model improves over time. 
The availability of this model should also facilitate future development of water resources management studies



IWFM History

California Department of Water Resources
— Required a Central Valley Model for CalSim3 development
— Acquired IGSM source code
— Peer review to identify strengths and weaknesses
— Comprehensive update, port to Object Oriented FORTRAN
— Release as open-source software
— Continued development and improvement

Release
— Rename “Integrated Water Flow Model” in 2005
N — Version 3.02 with subregional water budgets
27 (%, * i — Version 4.0 with elemental water budgets
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The C2VSim model that was released in late 2012 was actually derived from an older model called CVGSM

The CVGSM model was originally developed in the 1980s. Some of the C2VSim components, like the model grid, were developed in this time of very limited computing power, no GIS, no electronic data sets, etc.

DWR picked up the CVGSM model and enhanced it by improving and documenting model inputs, increasing the input details, and extending the simulation time period.

DWR’s vision for the future is that this model will be used for water resources studies in the Central Valley, with users contributing corrections so the model improves over time. 
The availability of this model should also facilitate future development of water resources management studies
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Presentation Notes
IWFM – Logically separate the water flow system into four parts:
	Groundwater flow system
	Surface water flow system
	Land surface process
	Small-stream watersheds
Each process is fully self-contained and can be run separately


Land Surface Process

Evapotranspiration Precipitation

Runoff Diversions

Return Flows
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Presentation Notes
Land Surface Process
Precipitation, runoff and infiltration
ET-based water demands
Use soil moisture
Apply surface water
Calculate groundwater pumping to meet the remaining demand



Surface Water Process

Inflow

Diversions

1' Return Flows

Groundwater
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Surface Water Process
Each reach has inflow and outflow
Additional inflows from rainfall runoff, irrigation return flows
Outflows to diversions
Two-way interaction with the groundwater flow system

One-direction flow or bidirectional flow in a new version


Groundwater Process

Surface Water

Deep Percolation
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Groundwater Flow Process
Finite element mesh
Quasi-three dimensional (based on MODFLOW formulation)
Flows to and from the land surface and surface water processes
Storage, flow and subsidence


IWFM Small Watersheds

Evapotranspiration

Precipitation

ol

Surface Water

Groundwater
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Small watersheds
Capability for estimating surface water and groundwater flows form small ungaged watersheds adjacent to the model boundary.
A simple ‘bucket model’
These flows account for approximately 5% of the inflows to the Central valley
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Presentation Notes
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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b
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- IWFM Water Balance Diagram

Simulated Annual Water Budget

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

Atmosphere

Native &
Riparian

Small Water-
S

Surface Delta
Water Inflow : . Outflow
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This ‘cartoon’ shows how the flow system components are defined in IWFM and the flow terms that link the components.


Object-Oriented Design
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The IWFM application is written in object-oriented FORTRAN
Each of the components can be used as a stand-alone application, and different versions of each component can be easily swapped in and out.
The vision is that users can start with a simple version of a component, and then replace it with a more complicated version as the need arises.
IWFM has many capabilities beyond what is used in the C2VSim model.


Link with Other Models

IWFM Demand
Calculator (IDC)

CalSim3

--- WEAP?

Text
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Presentation Notes
The modular nature of IWFM is allowing us to use one hydrologic modeling system for many different purposes.
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.
Easy to switch between different IWFM capabilities by using for example different Land Use or Surface Water packages
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 link to Excel create an Excel add-in, to create a tool to put results into a geodatabase for ArcMap, and to write output files compatible with TecPlot. It is fairly straight-forward for Can to add 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)
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Next we will briefly look at how a model is set up within the IWFM application
A model is essentially a collection of text files that are read by the IWFM programs
The model is set up and run in three basic steps
Pre-processor
Simulation
Post-processing


Pre-processor

IWFM Pre-Processor

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
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The first partis the pre-processor
This is where the model “Framework” is compiled
This is the static model components: 
Nodes
Elements
Streams
Lakes
land surface altitude
Aquifer stratigraphy


IWFM Simulation

Simulation

 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

Deep percolation

Stream-groundwater flows

Calculate groundwater pumping

e Write out results for each time step to a
series of files:
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The Simulation program is where the work is done
Inputs include time series of distributed hydrologic information
All components of the linked flow system are calculated and written to text and binary files


5 VAN
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Simulation Scheme
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Presentation Notes
This schematic shows how the Simulation program works.
Start each time step with an initial condition
Calculate the inflows and outflows based on precipitation, surface water inflows, crop water demand, surface water diversions, etc.


IWFM Post-Processors

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

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

e Groundwater
e Stream Reaches
¢  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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The Simulation program doesn’t tell you very much. It runs and stores information in files
You then use one or more post-processors to see these results
Budget
Zbudget
Excel
TecPlot
ArcMap
DSS-Vue

Budget and Zbudget read Simulation output files and produce tables in text files


Input and Output Files

C
Q o C Rainfall Data Specifications
* Input files contain ¢ | _ N
C HEATIH : Humber of rainfall stations {or pathnames if DSS files are used)
. C used in the model
Comment flelds C FACTRN. Conversion factor for rainfall rate ]
C It i= u=ed to convert only the spatial component of the unit:
C DO HOT include the conversion factor for time component of the unit.
C *# 2.g. Unit of rainfall rate listed in thi= file = IHCHES-HMONTH
C Consistent unit used in simulation = FEET-DAY
C Enter FACTREN {INCHES-MONTH -: FEET-MONTH) = B§.33333E-02
C (conversion of MOHTH —» DAY 1= performed automatically)
C HSFPRH : Humber of time steps to update the precipitation data
C #* Enter any number if time—tracking option i= on
C HFQRH ;| Repetition fregquency of the precipitation data
° T b d I. . d f C # Enter 0 if full time =eries data i= =supplied
= C #* Enter any number if time-tracking option 1= on
a e Imlte Or easy C DSS5FL ;. The name of the DSS file for data input {(maxzimum 50 characters):
C # Leave blank 1f DSS file is not used for data input
. C
cut-and-paste with Excel |c
C VALUE DESCRIFTION
C
1602 # NRAIN
0.08333 # FACTEN ({in-month —3> ftsmonth)
2 1 # NEFRN
i} # NFQRN
# DESFL
C
. . . N C Rainfall Data
C (READ FROM THIS FILE)
e Time-tracking simulations :
C List the rainfall rates for each of the rainfall station below, if it will
f th d t d E not be read from a D55 file {i1.=. DSSFL 1= left blank abowe).
are aware o € aate an Sl . Tine
C ARATH: Rainfall rate at the corresponding rainfall station: [L-T]
. o o
time; input and output :
’ C ITEH ARATH(1) ARAIN{2) ARAIN{3)
. . C
time-series data have a ot fy Lw o tmofwm o tm lawo |
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 a.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 g.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 0.92 0.91 0.94 0.93 0.93 0.94
o 05-31-,1922_24:00 2.20 2.18 2.18 2.09 2.22 2.19 2.18 2.26
06-30,1922_24:00 0.71 0.72 0.67 0.62 0.76 0.58 0.74 0.82
07-31-,1922_24:00 0.0o 0.oo0 0.oo 0.0o0 n.oo 0.00 0.oo 0.oo
S 08-,31-,1922_24:00 0.0o 0.oo0 0.oo 0.0o0 n.oo 0.00 0.oo 0.oo
09-30,1922_24:00 0.0o0 0.o00 0.oo 0.0o0 n.oo 0.00 0.oo 0.oo
10-31-,1922_24:00 344 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
q 12,31-,1922_24:00 8. 44 g.84 8.63 g.94 a.22 g.27 g.01 7.75
N 01-31-,1923_24: 4. 06 4.09 4.02 3.90 4.05 3.95 3.99 4.01
» 02-,28-,1923_24: 1.14 1.14 1.14 1.22 1.11 1.11 1.12 1.08

S L T T T T N Ry
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IWFM uses a standard format for all input files.
There are comment fields (begin with C, c or *)
This allows us to include directions in the files
This also allows users to include documentation inside the files, explaining what scenario is being modeled and what changes have been made

IWFM uses time tracking, with times in the HEC-DSS format displayed here

Data items can be separated with a space, tab or comma. A tab makes it easy to cut and paste between IWFM files and Excel


Suggested File Hierarchy

C2VSim bin

VA -

Preprocessor

S o ~—

Simulation

Budget

A

ZBudget

/SN

Results
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A model can consist of more than 100 input and output files. 
We generally organize them by the IWFM program involves, with one directory for the programs (bin) and one for the results
This can get more complex when you have scenarios

We also use version control software to keep track of things.
Have used Subversion in the past, but now considering using Linus Torvalds’ git program



Detailed Budget Tables

IWFH (+2.02.0036)
GROUND WATER BUDGET IN AC FT. FOR SUEREGICH 1 (DSA 58)
AREA: 328277 .68 AC

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

(+) -l (+) (+) (+) (+) L+ (+) (+)

10-31-1921_24:00 0.
11-230-1921_24:00 0.
12-31-1921_24:00 1774,
01-31-1922_24:00 187.
n2-28-1922_24:00 969.
03-31-1922_24:00 4.
04-30-1922_24:00 2196,
05-31-1922_24:00 8993,
06-30-1922_24:00 10397
07-31-1922_24:00 12958,
0e-31-1922_24:00 14326
09-30-1922_24:00 9271.
10-31-1922_24:00 5154,
11-230-1922_24:00 478,
12-31-1922_24:00 1856.
01-31-1923_24:00 1198,
n2-28-1923_24:00 0.
03-31-1923_24:00 0.
04-30-1923_24:00 1834.
05-31-1923_24:00 BEEE.
06-30-1923_24:00 10818,
07-31-1923_24:00 12950,
02-31-1923_24:00 14467
09-30-1923_24:00 10163,
10-31-1923_24:00 0.
11-230-1923_24:00 0.
12-31-1923_24:00 0.
01-31-1924_24:00 603.
n2-29-1924_24:00 421.
03-31-1924_24:00 0.
04-30-1924_24:00 4172
05-31-1924_24:00 cang.
06-30-1924_24:00 7155,
07-31-1924_24:00 8853,
08-31-1924_24:00 9954
09.-30-1924_24:00 10544,
10-31-1924_24:00 5726
11-230-1924_24:00 211,
12-31-1924_24:00 1522
01-31-1925_24:00 875.
n2-28-1925_24:00 1493
03-31-1925_24:00 3.
04-30-1925_24:00 l228.
05-31-1925_24:00 7E70.
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.
11-230-1925_24:00 498
12-31-1925_24:00 7E7.
01-31-1926_24:00 1661.
n2-28-1926_24:00 1101.

ey

=]

41093269 40825799 a0152. —-364317. 867 . 5580.
40825799 40787589 46959 —-102230. 1] 526
40787589 40781748 . 32677 -55414. 6173,
40781748 . 40770213 . 24643 —-52693. 6281.
40770213 40770676 . 19687, —37994. 9451 .
40770676, 40763511, 16261, -41925. 8745
40763511, 40755221 13895, —39956. 8377
40755221 40740694 . 12612, —46117. 8295,
40740684 . 40716832 . 12115, -55090. 8213
40716832 40696603 . 12348, —-51668. 8013,
40696603 . 40680795 . 12962, —47632. 7933,
40680795, 40665417 . 12704. -45693. 7854
40665417 40650780 11835, —-43101. 7896
40650720 40636197 . 10724, —40814. 7819
40636197 40631348 . 9674 -31697. 2430
40631348, 40621470 8846 —36887. 10470.
40621470 40604148 . a079. —43167. 10158,
406041445 40588048 . 7412 —-40767. 10058.
40588048 . 40580201 6917 —32751. 10333.
40580201 . 40556339 . 935, —493248. 9949
40556339 40534626, 7422 -47830. 9851 .
40534626, 40515163 . 8459 —-46713. 9634
40515163 40499071 . 9894 —44624. 9538,
40499071 40484602 . 10552, -42589. 9563
40484602 40468059 . 9538. —-41652. 9469
40468059 40450811 8501, —40492. 9376
40450811, 40436600, FLER -37125. 9284 .
40436600 40422598 . 6936 —36112. 9264 .
40422594 40411736 . E346. —33109. 9932,
40411736 40392170 5843, —-40672. 9636,
40392170, 40372684 . S5580. —-39141. 2460
40372684 . 40355592, EEEE. —38876. 9324
40355592 40338481 . 5723 —-39233. 9231
40338481, 40322659 6144, —3g8418. 9139
40322659 40308146 . 804, —37605. 053,
40308146 40294384 . TE23. —37206. 2958,
40294384 . 40286744 . 7853, —30520. 9234
40286744 . 40280979 . 7421 —27E05. 9341.
40280979 40277307 . E90E. —26190. 10544,
40277307 40272288 . 6382, —27490. 11054.
402722849, 40296453 . £939. -1284. 13899,
40296453 40276792 . £487. —44426. 14054
40276792, 40272302 5129. —-26339. 14141.
40272302, 40256625 . £139. —-41007. 13782,
40256625 40238249 £ana. —44772. 13575,
40238249 40223940 G609 . —-41601. 13322.
40223940, 40214409 . a070. —3g8148. 13189,
40214408, 40207991 . 9669 . —36047. 13178,
40207991 40200886 . 9171 —34263. 12954,
40200886, 40195273 . 218, —31269. 12920.
40195273 40192688 . 7332, —-27186. 12797
40192688 40192766, G636 —-25291. 14167.
40192766, 40207715 EOEE. —-12240. 16132,

A e A A A A PR [ ——

1703,
2070.
2579
2559,
1666 .

3.

15.
1115.
1469,
1811.
2109,
2030,
1921.

R L R R T R e R R e R e L e e e T R A Y=L RN L, TR Y]
NPl N N N NN W N R R e O W W el e et PE R o e T e WL § N W T W BT B e RN RS S A NN | XY
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Presentation Notes
The Budget and Zbudget programs produce standard tables in text files.
Everything is tabular and easy to read
Each line has a complete water balance, so there is no hidden or missing information.



Excel Add-In

Cia
@ Home Insert Page Layout Formulas Data Review View

Book2 - Microsoft Excel

Developer  Adddns | IWFMTools | Acrobat

=IEX
(7 I 4

Space
Delimited Text

% IWFMversion 302 * (@) About

Budget To Excel (v3.02)

Choose Budget Input File

- ]Z:\temp\r3€5\1921—Z{HHDSS\Budget\CVBudget in

ACE9

Choose Budget Table

=loix]

Land and water use budget

A

Stream budget

Root zone budget
Groundwater budget :_I

Complete!

ﬂ Transfer to Excel |

il
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The budget tables can be imported into Excel using the IWFM Excel Add-In


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
i—?g IWFM version |3.02  ~| | (@) About Budget To Excel (v3.02) (ol
Space
Delimited Text Choose Budget Input File
DetaEERoIy RN kil [Z-temp v 365119212009 DS\ Budget\CVBudget in Browse... | _Import |
A& (5 BE)[ QR Qe’le
| X64 ™ £ | Land and water use budget ﬂ Transfer to Excel I
A B C D E |Stream budget
i IWFM (v3.02.0063) Crounmeer st -l
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 12:00AM  83,349.87 3,104 218,740.41 3103,179,917.61 28797570 764,04406 20166200 956870 3724550 8087022
% 17 | 09/30/1922 12:00 AM  28,923.90 3,103,179,017.61 3,102,820,892.00 25392433 50684142 14068552  -7,505.87 3684529 2326559

] 18| 10/31/1922 12:00AM  10,428.49 3,102,820,892.90 3,102,582,016.85 225377.20 -45202073 12747629  -411557 4339452 2424499
O 19 11/30/1922 12.00AM  70,374.76 3,102,562,016.85 3,102,721,899.87 222.037.67 -270,795.03 14047799  -1,73260 50,286.94 12,80253

% 20 | 12/31/1922 12:00 AW 533,756.17 3,102,721,899.87 3,100,584 673.76 345057.00 170,986.55 267,785.60 164219 7472235 968382

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
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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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The budget tables are identical to the text files produced by the Budget program
Each table is in a separate tab of the excel workbook


HEC-DSS
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13[WFh_DIVERDTL_EUD SR10:DYITIRD OLLME 0121920 - 010402000 1hION DELI
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15|WFk_DIVERDTL_BID SRA0:DVT4RD “OLUME 01 JAM1920 - 01 JAN2000 1MON DELI
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Clear Selections

Eestore Selections

Set Time YWindow:

Mo time window set.
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Optional time-series data input from and output to HEC-DSS database
With this program, users can manipulate hydrologic data, calculate statistics, produce graphs, etc.
HEC-DSS is used by other DWR and USBR programs including CalSim
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TecPlot ready output for 2-D and 3-D animations of groundwater heads and subsidence
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ArcGIS tool to display model output (developed by RMC-WRIME and modified by Can Dogrul)


Calibration Tools

Input Files

|

Model
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Output Files

PEST
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We used PEST, a model-independent parameter estimation suite, to calibrate the C2VSim model
To do this, we needed to write programs to convert PEST instructions into IWFM input files, and to convert IWFM output into forms PEST could read


PEST-IWFM Tools

PEST=IWFM —‘L

Input Files

|

Model

|

Output Files

PEST«IWFM

PEST
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So we developed the PEST-IWFM tools
We released the PEST-IWFM tools and a report describing how to use them


PEST-IWFM Tools

* Translate parameters from pilot points to IWFM

— CVoverwrite.dat file
— FAC2REALI program

e Convert IWFM hydrographs to SMP format
— IWFM2O0BS program

Calculate vertical head differences to SMP format
— IWFMZ2O0BS program

e Stream-groundwater flows to SMP format
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These are the PEST-IWFM tools
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“IWFM”)

e Technical support by DWR staff

 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
revision 36

\ Theoretical Documentation
]
L
%-9

W

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

DEPARTMENT OF

¥ WATER RESOURCES

BAY-DELTA

Integrated Water Flow Model
ITWFM 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

S Ny

DEPARTMENT OF

WATER RESOURCES

BAY-DELTA
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DWR produces complete documentation for the IWFM program
We are also available for technical support.
We’ve worked with many users to help resolve issues when they were building or running IWFM models


VERIFICATION PROBLEMS FOR ITWFM

This report is prepared under the direction of

Emin C. Dogrul, PhID, P.E.,
Tarig N. Kadir, P.Ii.

By

All Ercan

s . Department of Water Resources
Bay-Delta Office

% Modeling Support Branch

> i Hydrology and Operations Seetion

July 2006

Validation and Verification

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

Test
la/lbllec|ld][2al2b

3[4[5i6a6b

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 watersheds

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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The IWFM code has been verified to replicate the results of a series of analytical solutions
CWEMF also conducted a peer review, with Thomas Harter of the UC Groundwater Program as the lead reviewer
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alidation of Z-Budget Post-processor

7Z.-Budget:

Sub-Domain Water Budgeting Post-Processor for TWFM

Theoretical Documentation and User’s Manual

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

ARTMENT OF

WATER RESOURCES

BAY-DELTA
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There’s also documentation for the Zbudget program


Key Limitations

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

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

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

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

Aquifer and root zone thickness: Aquifer thickness should be large
compared to root zone thickness to minimize error in case groundwater
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We are working steadily to improve the IWFM program
The current versions have a number of limitations
Users need to keep these limitations in mind when using IWFM


IWEFM Development

- * Version 3.02:
N ’_ — Subregion water budgets
© /. e Version 4

— Element water budgets
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C2VSim will always be several versions behind IWFM
We will have a release version of C2VSim, and one or more beta versions that may use newer IWFM versions
There are also other IWFM models, some of which use IWFM version 4.


s
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New Features of IWFM v4

Improved root zone module (a.k.a. IDC v4)

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

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

_* 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
Butte County Groundwater Model (Heywood, CDM)

Walla Walla River Basin Model (Petrides, OSU)

Yolo County Integrated Model (DWR, UCD)

Kings River Model (HydroMetrics)
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