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Some Features
– Comprehensive accounting of water resources system

• represents the rainfall runoff and snow processes
• represents infrastructure such as dams, canals, diversions, etc
• represents operations rules 

– Objects are pre-built which simplifies model construction
– Several options are available for the representation of demands 

and supplies
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5

Well developed 
graphical user 
interface
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Data View

6

All model 
parameters are 
easily accessed 
through a “data tree”
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Results View
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Results can be 
shown as graphs
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Help Screen
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Help is available!
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Scenarios
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Scenarios are easily created
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Scenarios

10

WEAP tracks parameters in each scenario
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Scenarios

• Results from each scenario can be displayed 
simultaneously
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Water Allocation
• Solved within each time 

step
• Solved using a Linear 

Program (LP)
• Demands are assigned a 

“priority”
• Sources are assigned a 

“preference”
• Problem is solved using 

“allocation order”
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40

Different Supply Preferences

The large 
demand (70 units) has 
higher priority for river 
water, but has a 
greater preference for 
groundwater.
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WEAP Licensing…

14

SacWAM Users
• CA public agencies – Free

• This includes irrigation districts, flood control districts, water 
agencies, etc.

• University students – Free
• Academic institutions – Free
• Federal Gov/Non-Profits/etc. – Free
• Consultants

• Single project – $3,000
• Enterprise – $10,000

Note: the unlicensed version can be used to explore a model
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Web site…

www.weap21.org
– Licensing 
– Downloads
– Tutorial
– Training videos
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AN INTRODUCTION TO SACWAM
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Model Extent

17

– Sacramento Basin and 
Trinity Imports

– East Side Streams
– Delta
– South of Delta
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Model Features

1. Current period of  simulation 1922 – 2009
2. Monthly time step
3. Simulation of:

1. upper watershed hydrology (optional)
2. upper watershed operations
3. unimpaired flows
4. agricultural, urban, and refuge water use
5. stream flows at points of  interest to SWRCB
6. Delta flows and salinity
7. CVP/SWP operations
8. Local project operations
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Rivers and Streams
Reservoirs (52)
Urban Demands (103)
Ag Demand Sites (76)
Refuges (9)
Streamflow Gauges (173)
Flow Requirements (110)

Model Schematic
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South of  Delta has a simplified 
representation of  San Luis 
Reservoir, Delta Mendota Canal, 
and the California Aqueduct

Model Schematic
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Upper Watersheds
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Upper Watersheds
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Two simulation options:
1. Specified inflows
2. Catchments



surface runoff = 

Baseflow = f(Z, HC)

Ufa

WC

zfa interflow =

Percolation =
f( fa Hc

ET= f(zfa, kcfa, PET)

Pe = f(Pobs, Snow Accum,
Melt rate, Tl, Ts)

Pobs

Z

f(zfa, RRFfa, Pe) 

f(zfa, Hcfa, 1-f) 

WcfaLfa

z , )ffa,

Upper Watershed Hydrology 

23October 19, 2016



Upper Watersheds
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Upper watershed operations
• based on average monthly historical 

operations 
• will soon be refined



Valley Floor
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Valley Floor
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• Divided into 22 Water 
Budget Areas (WBAs)

• Based on DWR Planning 
boundaries



Valley Floor
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Within WBAs demands are 
represented for agriculture, wildlife 
refuges, and urban areas.
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• Daily model (MABIA)
• Infiltration is based on  a 

curve number approach
• ET is based on the dual 

crop coefficient approach 
in FAO 56

• ET was calibrated to DWR 
CUP (SIMETAW) model 
for consistency

Evaporation Layer

Root Zone

E

T

SR

DP

P

I

Valley Floor Hydrology 

29October 19, 2016



Streamflow Simulation
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New flow requirements are easily 
added.  Currently they exist at the 
mouth of  each stream, below the 
main reservoirs,  and at important 
locations on the Sacramento River.

Flow Requirements
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• 173 streamflow gauges provide 
points of  comparison.

• HIS – historical data
• EST – estimated data
• FNF – full natural flow gauges 

represent historical flows with 
effects of  upstream operations 
removed

Stream Gauges
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Groundwater Simulation

• Eleven groundwater basins 
based on Bulletin 118.

• Interactions include:
– Areal recharge
– Canal losses
– Groundwater pumping
– Stream-aquifer interactions
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Groundwater Simulation

• Stream aquifer interactions are based on a 
linear approximation of C2VSim 
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SACWAM
VALIDATION OF SIMULATED OPERATIONS
COMPARISON WITH HISTORICAL DATA
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SacWAM Reservoir Operations

• Reservoir types
– mean annual inflow/storage capacity > 1
– mean annual inflow/storage capacity < 1

October 19, 2016 38
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Reservoir Operations
• Performance metrics

– Storage (bias, RMSE, Nash-Sutcliffe)
– Exercising reservoir for water supply

• Annual storage range

– Hedging
• End-of-September carryover storage

• Validation Period
– 25 yrs: 1985-2009 or 30 yrs: 1986-2015

• 6-year drought, 1997 flood event, 1998 El Nino, 4-year drought
• Water year types: 12 C, 4 D, 2 BN, 3 AN, 9 W
• 4-River index 96% of 1922-2015 average
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Reservoir Operational Adjustments

• High inflow/storage capacity
– Downstream demands
– Downstream stream seepage 

• Low inflow/storage capacity
– Allocation logic: delivery vs carryover

October 19, 2016 40



VALIDATION OF LOCAL OPERATIONS
COMPARISON WITH HISTORICAL DATA
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Camp Far West, Bear River
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East Park, Stony Gorge, Black Butte, Stony 
Creek
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Clear Lake, Cache Creek
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Indian Valley, NF Cache Creek
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Yolo County FCWCD Deliveries
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Lake Berryessa, Putah Creek
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New Hogan, Calaveras River
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New Hogan, Calaveras River
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Cautionary Note
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New Melones 
Conveyance 

System

WTP expansion to 
40 mgd

Petersen Pipeline

OID-SSJID transfer

Increasing urban demand

WTP expansion to 
60 mgd

Delta Water Supply 
Project

Court ruling on 
Reclamation 

contract deliveries



VALIDATION OF CVP-SWP OPERATIONS
COMPARISON WITH HISTORICAL DATA
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Combined CVP-SWP Storage
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Cautionary Note
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2009-2015

• Extend period of simulation to:
– validate model performance post NMFS/USFWS BOs
– During extreme drought
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VALIDATION OF CVP-SWP OPERATIONS
COMPARISON WITH CALSIM II
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Hydrology Alignment

• For consistency with DSM2, Delta net channel 
depletions uses monthly time series of Delta 
inflows/outflows
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Delta Regions
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Hydrology Alignment

• For validation of operating rules introduced 
monthly time series of Delta inflows/outflows to 
temporarily align SacWAM hydrology to that of 
CalSim II
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Delta Inflow less Storage Release and Imports

• SacWAM 3% greater than 
CalSim II 1922-2003
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Delta Inflow
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Delta Inflow
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Delta Inflow – February 1998
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Sacramento at Freeport

Yolo Bypass near Woodland

Putah Creek near 
Davis

Cache Creek at 
Yolo

Sacramento at Verona

American at
Fair Oaks

Feather River at Nicolaus

Colusa Basin Drain at 
Outfall

Sacramento below Wilkins Slough

Sacramento Slough near 
Karnak

5.38 MAF

0.71 MAF

0.59 MAF

Discrepancy = 2.20 MAF

4.52 MAF

0.69 MAF

3.89 MAF

Discrepancy = 0.09 MAF

0.00 MAF



Validation of CVP-SWP Operations

• Trinity River imports
• CVP storage north of the Delta 
• SWP storage north of the Delta
• Delta required outflow
• CVP and SWP exports
• San Luis Reservoir

63October 19, 2016



Trinity River Imports
CalSim II 542 TAF/yr,   SacWAM -6%
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Combined CVP-SWP
CalSim II 4,561 TAF,   SacWAM +3%
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CVP North of Delta Storage – Trinity, Shasta, Folsom
CalSim II 4,561 TAF,   SacWAM +3%
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SWP North of Delta Storage - Oroville
CalSim II 1,677 TAF,   SacWAM +4%
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Required Delta Outflow
CalSim II 5,146 TAF/yr,   SacWAM +1%
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CVP South of Delta Exports
CalSim II 2,233 TAF/yr,   SacWAM +0.2%

69October 19, 2016

0.0

50.0

100.0

150.0

200.0

250.0

300.0

0%10%20%30%40%50%60%70%80%90%100%

Fl
ow

 (T
AF

/m
on

th
)

Jones Pumping Plant Monthly Exceedence: 1922-2003

SacWAM Base CalSim II

0.0

50.0

100.0

150.0

200.0

250.0

300.0

O
ct

-2
1

Ju
l-2

3
Ap

r-2
5

Ja
n-

27
O

ct
-2

8
Ju

l-3
0

Ap
r-3

2
Ja

n-
34

O
ct

-3
5

Ju
l-3

7
Ap

r-3
9

Ja
n-

41
O

ct
-4

2
Ju

l-4
4

Ap
r-4

6
Ja

n-
48

O
ct

-4
9

Ju
l-5

1
Ap

r-5
3

Ja
n-

55
O

ct
-5

6
Ju

l-5
8

Ap
r-6

0
Ja

n-
62

O
ct

-6
3

Ju
l-6

5
Ap

r-6
7

Ja
n-

69
O

ct
-7

0
Ju

l-7
2

Ap
r-7

4
Ja

n-
76

O
ct

-7
7

Ju
l-7

9
Ap

r-8
1

Ja
n-

83
O

ct
-8

4
Ju

l-8
6

Ap
r-8

8
Ja

n-
90

O
ct

-9
1

Ju
l-9

3
Ap

r-9
5

Ja
n-

97
O

ct
-9

8
Ju

l-0
0

Ap
r-0

2

Fl
ow

 (T
AF

/m
on

th
)

Jones Pumping Plant Monthly Flows: 1922-2003

CalSim II SacWAM Base

0.0

500.0

1,000.0

1,500.0

2,000.0

2,500.0

3,000.0

3,500.0

Fl
ow

 (T
AF

/Y
ea

r)

Jones Pumping Plant Annual Flows: 1922-2003

SacWAM Base CalSim II

0.0

50.0

100.0

150.0

200.0

250.0

300.0

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

Fl
ow

 (T
AF

/m
on

th
)

Jones Pumping Plant Average Flows: 1922-2003

SacWAM Base CalSim II



SWP South of Delta Exports
CalSim II 2,708 TAF/yr,   SacWAM +5%
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CVP San Luis Reservoir
CalSim II 184 TAF,   SacWAM -1%
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SWP San Luis Reservoir
CalSim II 342 TAF,   SacWAM +15%
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Summary

• Validation and model refinement on-going
• Extension of period of simulation would provide 

additional checks on model performance
• Reasonable match with CalSim II simulation 

after temporary alignment of model hydrologies
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