
AGENDA 

Seminar / Discussion of  
Sacramento -San Joaquin Delta Watershed Models for Water Supply / Water Quality 

Sponsored by the Central Valley Drinking Water Policy Workgroup 

 
 
Date:  Tuesday April 16, 2013, 1:30 – 3:30pm 
 
Location: 10060 Goethe Road, Sacramento CA  (Sacramento Area Sewer District Building) 

 

1. Introductions and Description of Workgroup Efforts (10 minutes) Sue McConnell, Central Valley Water Board 

2. Development and Capabilities of WARMF Model (30 minutes) Joel Herr, Systech Water Resources, Inc. 

3. Development and Capabilities of DSM2 Model (30 minutes) Marianne Guerin, Resources Management Associates 

4. Implications for Agriculture and Irrigated Lands Stakeholders (15 minutes) John Dickey, PlanTierra LLC 

5. Modeling Needs and Opportunities for Partnering(15 minutes) Tom Grovhoug, Larry Walker Associates 

6. Questions / Answers / General Discussion (remaining time) All 

 

If you have questions regarding this event, please contact Lysa Voight at VoightL@sacsewer.com or 916-876-6038. 

mailto:VoightL@sacsewer.com


Systech Water 
Resources, Inc. 

WARMF Modeling of the  

Central Valley 
Joel Herr 

Systech Water Resources 
 

Sacramento-San Joaquin Delta Watershed Models 
for Water Supply / Water Quality 

April 16, 2013 



Systech Water 
Resources, Inc. 

What is WARMF? 

• “Watershed Analysis Risk Management 
Framework” 

• Watershed modeling software which can be 
applied anywhere 

• Applied to Sacramento, Delta eastside, San 
Joaquin, Tule River watersheds 

• Used by multiple agencies 
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Principles of WARMF 

• Watershed divided into land catchments, river 
segments, reservoir layers 

• Catchments divided into land uses on surface, 
multiple soil layers 

• Water volume balance, mass balance, 
chemical / physical processes and transport 

• Used for surface water, root zone / shallow 
groundwater simulation 
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Watershed Processes in WARMF 
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Nonpoint Source Simulation 

 Wet deposition 

Dry deposition 

Irrigation 

Fertilizer, pesticide, dairy waste 

Soil erosion & wash off 

Mineral weathering  

Septic systems  

Organic matter decay 

Nitrification/Denitrification 

Cation exchange 

Plant uptake/nutrient cycling 

 

Dissolution, advection, decay 
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Theory of WARMF 

• CSTR = canopy, land surface, soil layers, stream          
segments, and lake layers 

• Hydrologic network  = 1,000’s of interconnected CSTR 

• Mass-heat balance equation for each CSTR =  
Advection + Diffusion + Sink + Source 

• Sink & Source = kinetic expressions of processes  

• Solve mass-heat balance equations for each CSTR with hourly 
or daily time step 

• Inputs change: meteorology, atmospheric deposition, point 
sources, reservoir releases, diversions 
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Dynamic Mass & Heat Balance 

• Dynamic mass balance equation 
V [dC/dt] + C [dV/dt] = inflow (QinCin) – 
outflow (QoutC) + sinks & sources 

• Dynamic heat budget equation 
V [dT/dt] + T [dV/dt] = inflow (QinTin) – outflow 
(QoutT) + sinks & sources 
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Simulated Constituents 

• Hydrology: flow, precipitation, irrigation, ET, snow 
water depth, reservoir surface elevation 

• Conventional water quality 
– Temperature 
– Suspended sediment / turbidity 
– Major ions (Ca, Mg, K, Na, SO4, Cl, inorganic carbon, 

TDS/EC) 
– Nutrients (NH4, NO3, TKN, TN, PO4, TP) 
– Organic carbon, phytoplankton, BOD, DO 

• Trace metals (optional) 
– Hg, Se, As, Fe, Zn, Mn, Al, Cu, Cd, Pb etc. 
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Output Types 

• Time series output 
– Values for each model time step compared against 

measured data 

• Loading output 
– Loading from land regions or total attenuated loading in 

rivers traced back to land use 

• Flux output 
– Tracks transport and transformations 

• Gowdy output 
– Shows loading sources and sinks for any simulation day 

and any location 
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Questions Answered by WARMF 

• What is the source of loading observed in the 
river? 

• How much benefit would be achieved with 
implementation of BMPs? 

• What are the mass fluxes between the 
groundwater and surface water systems? 

• What will be the water quality next week? 

• What is the impact of climate change on 
water supply and water quality? 
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Sacramento River / Delta Eastside Watersheds 

Model Domain 
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Sacramento River / Delta Eastside Watersheds 

Model Setup 

• Use inputs from reservoirs around the valley 

• Rivers simulated to Delta tidal boundaries  

• Land Use 
– DWR for agricultural areas 

– Enhanced treatment of urban areas 

– NLCD used for natural land cover 

• Irrigation 
– Primary source is surface waters 
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Sacramento / Delta Eastside Watersheds 

Model Uses 

• CUWA / Drinking Water Policy Work Group 
– loading of nutrients, organic carbon to Delta 

• Metropolitan Water District 
– Real-time forecasting of flow, turbidity entering 

the Delta in winter 

• CV-SALTS Coalition 
– Analyses of salt, nitrate loading to surface water, 

groundwater  
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Example Output: Time Series 
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Example Output: Loading 
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Sacramento / Delta Eastside 

Watersheds: Potential Upgrades 

• Adjustment of applied water rates 

– Rates currently too low in central watershed 

– Loading from agricultural areas underestimated 

• Mercury simulation 

– WARMF includes peer-reviewed mercury 
processes and bioaccumulation, not currently 
used in California 
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San Joaquin River Watershed 

Model Domain 
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San Joaquin River Watershed 

Model Setup 

• Uses flow, loading inputs from Friant Dam, 
east side tributaries, Delta-Mendota Canal 

• Catchment boundaries aligned with irrigation 
district boundaries 

• Land use 

– DWR, NLCD for general coverage 

– Advanced treatment of urban areas, dairies 
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San Joaquin River Watershed 

Model Uses 

• CUWA / Drinking Water Policy Work Group 

• Metropolitan Water District 

• CV-SALTS Coalition 

• Bureau of Reclamation 

– Tracking of salt, nitrate loading 

– Tracking contribution from Delta-Mendota Canal 

• California Department of Fish & Game 

– Simulation of organic loading entering Delta 

– Focused study of agricultural loading 
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Example Output: Flux Output 
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 Example Output: Gowdy Output 
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San Joaquin River Watershed 

Potential Model Upgrades 

• Real-time water quality forecasting 

• Completion of dry reach watersheds 

– Currently set up for winter conditions only 

– Upgrade would improve groundwater loading 
analysis 

– Could be used for river restoration studies 



Systech Water 
Resources, Inc. 

Model Linkages 

• CALSIM with WARMF 

– CALSIM output replaces historical WARMF input 

– Reservoir releases, major diversions 

• WARMF with groundwater models 

– Groundwater models provide irrigation amount, recharge 

– WARMF calculates mass loading to groundwater 

• WARMF with Delta / DSM2 models 

– WARMF provides flow, water quality at tidal boundaries 
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Model Linkages 

 

Boundary Inflows from CALSIM 

(diversions not shown) 

WARMF Output to Delta Model 
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Questions? 
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Quantifying Influence (impacts and 
value added) 

• How does a discharge concentration relate to impacts 
elsewhere in the watershed? 
– What is the seasonal influence of dilution? Of other discharges? 

• In-stream flow and water quality 
• At drinking water intakes 
• On groundwater recharge volume & quality 

– What is the influence and value of a management approach: 
• Of current management practices 
• Of hypothetical future practices and facilities 

• What are the likely alternatives to knowing? 
– Guilty until proven innocent (every source becomes significant), 

+ the tributary rule  more stringent constraints and more 
costly solutions 

 



Irrigated Lands Coalitions 
& General Permit 

• Dairy 

• East Side SJV 

• West Side  

• South SJV 

• Delta 

• Sac Valley 

• Rice Commission 

• Westlands 

• Goose Lake 

 



CV-SALTS 
Analysis 

Area 




