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Python scripts are used to automate multiple PTM simulations. In our ex-
ample we constructed PTM runs starting on consecutive days, each running 
until >95% of the particles had a fate. From the regional fate time series 
(one from each PTM run) one can construct a time series index of regional 
fate for a given percent of the particles. We constructed three Delta fate 
time series of 25, 50, and 75% particle fate for each injection day. The figure 
below illustrates the three indices for 2003. The example shows how three 
data points originate from one of many time series of regional particle fate. 
Each day’s data is from a separate PTM simulation.
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A destination fingerprint can be estimated to determine where a source water will flow. 
Below is a one day example and a time series example of destination percentages 
associated with release days. The release can be made anywhere in the modeled system. 
This helps us better understand the effects of a release location and timing into the Delta 
water ways.

The indices  reflect the 
hydrodynamics of the Delta which 
in turn reflect the boundary tide, 
Delta inflows and exports and 
barrier operations. Particles are 
introduced at strategic locations 
and simulation of advection and 
dispersion provide quasi 
three-dimensional representations 
of moving water parcels.  
Residence time is generally 
lengthened with lower inflows to 
the Delta and barrier operations 
which result in more circuitious 
travel paths. Residence time for 
particles introduced at Freeport 
depends primarily upon 
Sacramento River inflow and 
operation of the Delta Cross 
Channel. Residence time for 
particles introduced at Vernalis 
depends primarily upon San 
Joaquin River inflow, SWP and 
CVP pumping, and south Delta 
barrier installation / operation.

This example shows the particle fate, expressed as the percent of 
injected particles no longer in  Delta channels, for a Vernalis par-
ticle injection on June 15, 2003. Residence time is estimated to be 
5, 9, and 18 days for 25, 50, and 75% level of particle removal.

Three one-year time series have been assembled from 365 PTM simulations. The values for June 
15, 2003 as shown are from the June 15, 2003 particle injection simulation (the results of which 
are shown in the graph to the left).

Delta Particle Fate of June 15, 2003
Release at Vernalis
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For a specific location and time PTM can 
indicate the water sources, quantity of each 
source water, and the times each source 
water originated. For example the graph to 
the right shows for a given date (e.g. Sept. 
23, 2003), the portion of water in Clifton 
Court Forebay that once passed by Freeport 
and when this occurred. This technique may 
be useful when analyzing a location’s peak 
constituent concentration to estimate where 
the source may have originated and when it 
was introduced to the system.

D
ai

ly
 A

ve
ra

ge
 F

lo
w

 (c
fs

)
D

ai
ly

 A
ve

ra
ge

 F
lo

w
 (c

fs
)

D
ai

ly
 A

ve
ra

ge
 F

lo
w

 (c
fs

)
D

ai
ly

 A
ve

ra
ge

 F
lo

w
 (c

fs
)

M
on

th
ly

 A
ve

ra
ge

 F
lo

w
 (c

fs
)

Te
m

po
ra

ry
B

ar
rie

r
In

st
al

la
tio

n
S

ch
ed

ul
e

D
ai

ly
 A

ve
ra

ge
 F

lo
w

 (c
fs

)
D

ai
ly

 A
ve

ra
ge

 F
lo

w
To

w
ar

ds
 E

xp
or

ts
 (c

fs
)

D
ai

ly
 A

ve
ra

ge
 F

lo
w

To
w

ar
ds

 E
xp

or
ts

 (c
fs

)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Turner Cut

Middle R. above Columbia Cut

Old River at San Joaquin River

Old River at Byron Tract

Head of Old River
Barrier In

Head of Old River
Barrier In

Delta Cross Channel Open

San Joaquin River
Inflow

Sacramento River Inflow

SWP + CVP Export

Total Delta
Consumptive Use

SWP Export

Grant Line Canal Barrier In

ORH Bar. InORH Bar. In

Old River near Tracy & Middle River Barriers In

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

For this study, residence time was defined as the time taken for a specified percent of 
injected particles to leave or be removed from Delta channels in a specified region. The 
residence time then varies daily with Delta hydrodynamics, the percent of particles 
removed criterion, the region specified, and the location(s) of the injections. 

As defined, the residence time depends upon:
 Delta hydrodynamics
 the location(s) of the injections 
 the region specified
 the percent of particles removed criterion
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Onto Delta Islands 
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Example: Determining the Residence Time for:
 June 15, 2003 injection
 Vernalis injection site
 Region specified: the Delta to Chipps Island
 Percent of particles criteria: 25%, 50%, and 75% removed
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Example: Residence Time for Particles Injected at Vernalis on June 15, 2003 Example: Results of Daily Injections for the Entire 2003

To create this graph for the entire Delta region on a given day, 
particles are released at a location such as Vernalis or Freeport
and a time series of particle fate by percent of total injection as 
they leave the Delta channels is generated.

Possible fates other than remaining in the Delta channels are:
- Passing Chipps Island
- Exiting via SWP and CVP exports
- Exiting via agricultural diversions
- Exiting via Contra Costa diversions

The time series of these fates, excluding particles remaining in the 
Delta, are then summed to derive a net fate time series. This is
shown in the chart above. From this, the time for 25, 50, and 75%
of released particles to have a fate out of the Delta can be determined.
This process is repeated for each day in order to produce a year-long
time series of residence time (as shown in step 3). Particle tracking
simulation duration for a given particle release to ensure at least 75%
of particles have left the Delta channels ranges from a few days to 
over 90.

Freeport

Vernalis

Delta Cross Channel 
Open

No South Delta 
Barriers Installed

Relatively Longer Residence 
Times for Freeport Injection
but Shorter Residence Times 
for Vernalis Injection

Freeport

Vernalis

Delta Cross Channel 
Closed

South Delta 
Barriers Installed

Relatively Shorter Residence 
Times for Freeport Injection
but Longer Residence Times 
for Vernalis Injection

To aid the Pelagic Organism Decline Hydrology and 
Project Operations Satellite Team’s analysis of trends 
in Delta hydrodynamics, DWR Delta Modeling staff also 
used DWR’s Particle Tracking Model to develop time 
series of indices of residence times for specific regions 
in the Delta. Two regions were of particular interest: 
the lower Sacramento River surrounding Decker Island
and the lower San Joaquin River from downstream of 
the Mokelumne River to Jersey Point.

To help analysis of fish salvage data at Skinner Fish
facility, the Particle Tracking Model was run with 
particles released daily for historical 2005 hydrodynamic 
conditions at eight locations in the Delta to determine 
what percent of particles eventually ended up in Clifton 
Court Forebay. These simulations indicate potential for 
entrainment by date and location. 

This poster was prepared by Jim Wilde with assistance from 
 Michael Mierzwa and Bob Suits, Delta Modeling Section, DWR
For information on DSM2 and PTM tools:  
 http://modeling.water.ca.gov Jim Wilde at  wildej@water.ca.gov
Acknowledgements: The Pelagic Organism Decline Project Workteam,  
 Aaron Miller of DWR

Example of a one day destination fingerprint for
Sacramento River passing Freeport

Example of a time series destination fingerprint for
Sacramento River passing Freeport
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Calibration Period

C2VSIM was calibrated to ground-
water head and streamflow mea-
surements for October 1975 to 
September 2003.  The model was 
then run for the period from Octo-
ber 1921 to September 2003. 
Simulated heads and flows gener-
ally match observed values. This 
should continue to improve with 
more locally refined calibration.

Simulation Results & Model Verification

1.  Hydrology Development Unit, Bay-Delta Office, California 
Department of Water Resources, 1416 Ninth Street, Sacramento 
CA 95814; cbrush@water.ca.gov, dogrul@water.ca.gov, 
kadir@water.ca.gov

2.  Currently with MBK Engineers, 2450 Alhambra Boulevard, 
Sacramento, CA 95817; moncrief@mbkengineers.com

3.  CH2M Hill, 155 Grand Avenue, Suite 1000, Oakland, CA 94612; 
Steven.Shultz@ch2m.com, Daniel.Wendell@ch2m.com

4.  S.S. Papadopulos & Associates, Inc., 120 Main Street, Yarmouth 
Port, MA 02675; matt@sspa.com

4.6

8.3

1.7

12.1

Ag

1.2

Storage
1.0

Groundwater
Flow System

0.6

0.8

0.7

0.4

Urban

0.9

Native &
Riparian

1.1

7.6
21.6

6.7
4.7

1.0
1.5

Atmosphere

Surface
Water

Outflow

Surface
Water
Inflow

30.2

25.5

1972 - 2003 Average Flows, in Million Acre-Feet per Year

Simulated Annual Water Budget

Suggested improvements to the C2VSIM model framework include:
 Developing a rice/managed wetland process in IWFM
 Increasing the horizontal spatial resolution of the model grid
 Increasing the number of water budget areas to better simulate 

the areal distribution of agricultural crops
 Refining the vertical discretization by increasing the number of 

model layers, and defining model layer boundaries to encom-
pass geologic units and aquifers

C2VSIM is currently being calibrated for the period from October 1921 
to September 2003. Model calibration will include:

 Local calibration, especially in the Tulare Basin
 Expansion of the streamflow accretion/depletion database
 Review of the crop demand calculations and crop acreage data
 Adjustment of observation weights 
 Review of the surface water diversion data to determine why 

winter diversions are greater than simulated crop water demand

Future Work

100 - 150
10 - 100
1.0 - 10
0.1 - 1.0
1E-2 - 0.1
1E-3 - 1E-2
1E-4 - 1E-3

Streambed
Conductance 
(feet2 / day)

Vertical Hydraulic 
Conductivity of
Corcoran Clay 

(feet / day)

2.0 E-3
1.0 E-3
5.0 E-4
2.0 E-4
1.0 E-4
5.0 E-5

0.20
0.18
0.16
0.14
0.12
0.10

Specific Yield
Layer 1

Hydraulic Conductivity
Layer 3

(feet / day)
100

75
50
40
30
20
10

5

Hydraulic Conductivity
Layer 2

(feet / day)
100

75
50
40
30
20
10

5

Hydraulic Conductivity
Layer 1

(feet / day)
100

75
50
40
30
20
10

5

Calibrated Parameters

!

!

! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

19 Pilot Points
for Hydraulic Parameters

of Corcoran Clay

!

!

!

!

! !

! !

! !

!

!

! !

!

!

!

!

!

! !

!

!

!
!

!

!

!

!

!

!

!

! !

!
!

!
!

!
!

!

!

!

!

! !

! !

! !

!

!

! !

!

!

!

!

!

! !

!

!

!
!

!

!

!

!

!

!

!

! !

!
!

!
!

!
!

!

!

!

!

! !

! !

! !

!

!

! !

!

!

!

!

!

! !

!

!

!
!

!

!

!

!

!

!

!

! !

!
!

!
!

!
!

!

!

!

!

! !

! !

! !

!

!

! !

!

!

!

!

!

! !

!

!

!
!

!

!

!

!

!

!

!

! !

!
!

!
!

!
!

!

!

!

!

! !

! !

! !

!

!

! !

!

!

!

!

!

! !

!

!

!
!

!

!

!

!

!

!

!

! !

!
!

!
!

!
!

!

!

!

!

! !

! !

! !

!

!

! !

!

!

!

!

!

! !

!

!

!
!

!

!

!

!

!

!

!

! !

!
!

!
!

!
!

!

!

!

!

! !

! !

! !

!

!

! !

!

!

!

!

!

! !

!

!

!
!

!

!

!

!

!

!

!

! !

!
!

!
!

!
!

40 Pilot Points
for Hydraulic Parameters

in Layer 3

!
!

!!!

!
!

!
!

!
!

! !

! !

! !
!

!
! ! !

! ! !

!
!

! !

!
!

!

! !

!
!

! !

!
! ! !

!
!

! !

! !
!

!
! ! !

! ! ! !

! ! ! !

!
! !

!

! !
!

!

! !
! !

!

! ! ! !

!

!

!
!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
! !

!

!
!

!

!

!
!

!

!
!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!
!

!!!

!
!

!
!

!
!

! !

! !

! !
!

!
! ! !

! ! !

!
!

! !

!
!

!

! !

!
!

! !

!
! ! !

!
!

! !

! !
!

!
! ! !

! ! ! !

! ! ! !

!
! !

!

! !
!

!

! !
! !

!

! ! ! !

!

!

!
!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
! !

!

!
!

!

!

!
!

!

!
!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

! !

! !

!

!

! !

!

!

!

!

!

! !

!

!

!
!

!

!

!

!

!

!

!

! !

!
!

!
!

!
!

!

!

!
!

!!!

!
!

!
!

!
!

! !

! !

! !
!

!
! ! !

! ! !

!
!

! !

!
!

!

! !

!
!

! !

!
! ! !

!
!

! !

! !
!

!
! ! !

! ! ! !

! ! ! !

!
! !

!

! !
!

!

! !
! !

!

! ! ! !

!

!

!
!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
! !

!

!
!

!

!

!
!

!

!
!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!
!

!!!

!
!

!
!

!
!

! !

! !

! !
!

!
! ! !

! ! !

!
!

! !

!
!

!

! !

!
!

! !

!
! ! !

!
!

! !

! !
!

!
! ! !

! ! ! !

! ! ! !

!
! !

!

! !
!

!

! !
! !

!

! ! ! !

!

!

!
!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
! !

!

!
!

!

!

!
!

!

!
!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

137 Pilot Points
for Hydraulic Parameters

in Layers 1 & 2

Hydraulic parameters were calibrated using the PEST Pilot Point Frame-
work. Nodal parameter values were determined by kriging from the op-
timum values determined at the pilot points.

Calibration
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Winters
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Sacramento
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Daily precipitation at 32 sites in 
the Central Valley was com-
piled for the period from Octo-
ber 1921 through September 
2003. Model elements and 
simulated watersheds were as-
sociated with individual pre-
cipitation stations using Theis-
sen polygons. Elemental 
weighting factors were then 
computed to match simulated 
average annual precipitation 
for 1971-2000 for each element 
to PRISM annual average pre-
cipitation for the same period. 

Precipitation Stations & Zones
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to honor aquitards 
such as the Corco-
ran Clay.  
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Explanation

FINITE ELEMENT GRID
 1393 nodes
 1392 elements
 3 model layers
 
RIVER NETWORK
 428 stream nodes
 72 stream reaches
 

Model Framework

The linkage between C2VSIM and 
the CALSIM-III water resources 
planning model is accomplished by 
mirroring stream nodes in the two 
models.  For example, the circles la-
beled SAC correspond to C2VSIM 
stream nodes. A discrete kernel is 
calibrated for each of these points 
using C2VSIM. These discrete ker-
nels provide CALSIM-III with a 
robust and rapid estimation of the 
groundwater-surface water interac-
tion at each of these points in re-
sponse to decision variables such as 
groundwater pumping rates.
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CALSIM Integration

IWFM couples a 3-D finite element 
groundwater flow process with1-D land 
surface, lake, stream flow and vertical 
unsaturated-zone flow processes. 

The groundwater flow process can 
simulate pumping wells, injection wells, 
tile drains and subsidence. 

The surface water flow and lake pro-
cesses route flows through the stream 
and lake network, calculating groundwa-
ter-surface water interactions and in-
flows from runoff, and allocating avail-
able stream flows to meet specified deliveries.

The land surface process simulates agricultural, urban, native and ri-
parian areas.  Agricultural areas can have multiple crops. Areal land use can 
change through time. 

Distributed soil properties, land use and crop data, precipitation and 
evapotranspiration rates are used to dynamically calculate water demands, 
runoff to streams and deep percolation through the unsaturated zone. Sur-
face water diversions and groundwater pumping can each be either speci-
fied or calculated at run time. 

Integrated Water Flow Model (IWFM)

A groundwater-surface water simulation of California’s Central Valley 
with a monthly time step from October 1921 through September 2003 was 
developed using the Integrated Water Flow Model (IWFM) application. The 
model simulates groundwater flow, surface water flow and land use pro-
cesses over an area of approximately 20,000 mi2. Model results are being 
used to calibrate discrete kernels to simulate groundwater responses to 
pumping in CALSIM-III, a water resources planning model used to simulate 
operation of the California State Water Project and Federal Central Valley 
Project.

C2VSIM is being calibrated in three phases. In the first phase, tools 
were developed to link IWFM and the PEST parameter estimation suite. The 
second phase involved refining the conceptual model and calibrating hori-
zontal and vertical hydraulic conductivities, specific yield and stream-bed 
conductances for 1975-1998 using the PEST pilot point framework. The 
third phase, currently in progress, involves calibrating the remaining hydro-
logic parameters and extending the calibration time-frame to 1921-2003. 
Results of the second phase are presented in this poster, including model 
verification against observations taken prior to the calibration period.

A calibrated groundwater-surface water flow model can provide 
robust estimates of important water resources properties that are not cur-
rently available. These include groundwater pumping rates, changes in 
groundwater storage, and groundwater-surface water interaction. In addi-
tion, the model can be used for a variety of purposes, including analyzing 
conjunctive use projects and assessing the impacts on the Central Valley’s 
streams and aquifers resulting from changes in surface water flows (for ex-
ample due to climate variability).
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