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IWFM Surface Water Process 

Presenter
Presentation Notes
Three components:
Streams
Lakes
Surface water imports

“Surface water imports” means “canals that aren’t modeled” – we just use the inflows and outflows without modeling the canal





Presenter
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



Surface Water Process 

Diversions 

Inflow 

Outflow 

Runoff 

Return Flows 

Groundwater 



IWFM 



Stream Flow and Stream-Aquifer 
Interaction 

• Assumption of zero storage at 
a stream node in computing 
stream flows; i.e. total inflow 
equals total outflow 

• Fully coupled stream and 
groundwater conservation 
equations  

• Simultaneous solution of 
stream and groundwater 
equations results in the 
computation of stream-aquifer 
interaction 

Presenter
Presentation Notes
Three possible ways the stream and groundwater interact
Connected with water flowing from the stream to the groundwater
Connected with the groundwater flowing to the stream
Disconnected with the stream flowing to the groundwater




Stream Flow 
• Assumption of zero storage at a stream node 

Qsin = inflows into stream (flow from upstream nodes, return 
flow, rainfall runoff, tributary inflows, tile drain, lake 
outflow, bypass, user specified flows), (L3/T) 

Qsout = outflows from stream (diversions, bypass flows, stream-
aquifer interaction), (L3/T) 

• Assumption requires simulation time step to be large enough for 
stream flow to travel from upstream to downstream in a single 
time step 

Q     – Q         = 0 s in s out 

Presenter
Presentation Notes
IWFM has a very simple mass balance for the streams
Outflow – Inflow = 0

A major limitation is the time step has to be larger than the time it takes water to flow through the system
That time is about a week for the Central Valley

DWR is developing a more complex stream package that will include bank storage, so the time step can be reduced
This will significantly increase run times:
- Daily time step takes 30x longer than monthly time step
Bank storage algorithm with two-way flow will take longer to run than a top-to-bottom folow




Stream-Groundwater Interaction 

; ss s ssint b b s

KQ C max h ,h max h,h C LWd
                 

= − =

 

stream 
surface 

W 

ds 

h 
hb hs 

datum 

groundwater 
table 

Qsint = stream-aquifer interaction, (L3/T) 
h  = groundwater head, (L) 
hs   =  stream surface elevation, (L) 
hb   =  stream bottom elevation, (L) 
Ks  =  stream bed hydraulic 

conductivity, (L/T) 
ds   =  stream bed thickness, (L) 
L   =  length of stream segment, (L) 
W   =  channel width, (L) 

Presenter
Presentation Notes
Equation for stream-groundwater interaction

Stream-bed conductance



Stream Diversions 
• Used to meet agricultural 

and urban water demands 

• User-specified fractions of 
diversion become 
recoverable (recharge to 
groundwater) and non-
recoverable (evaporation) 
losses 

• May be used to simulate 
spreading basins (100% 
recoverable and non-
recoverable losses) 
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Presenter
Presentation Notes
Surface water diversions to agricultural and urban use

Recoverable loss
Non-recoverable loss
Delivered fraction




Lake-Groundwater Interaction 
• One or more elements can be specified 

as lake elements 

• Lakes are fully coupled with 
groundwater 

• Lake storage is a function of 
precipitation, evaporation, inflows, lake-
aquifer interaction and lake outflow 

lk
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∆

− + =
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∆Slk  = change in lake storage, (L3) 

Qlkin  = lake inflow (precipitation, inflows from 
streams and upstream lakes), (L3/T) 

Qlkout = lake outflow (evaporation, lake spill, 
lake-aquifer interaction), (L3/T) 

Presenter
Presentation Notes
Lakes interact with the groundwater in the same ways as rivers
Lakes include input from precipitation, output to evaporation, and change in storage




Lake-Groundwater Interaction 
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Qlkint = lake-aquifer interaction, (L3/T) 
h  = groundwater head, (L) 
hlk   =  lake surface elevation, (L) 
hblk   =  lake bottom elevation, (L) 
Klk  =  lake bed hydraulic conductivity, 

(L/T) 
dlk   =  lake bed thickness, (L) 
Alk   =  area of lake, (L) 

• Lake outflow is computed when lake surface elevation exceeds maximum lake 
elevation 

• Lake outflow can be directed to a stream node or a downstream lake 

Presenter
Presentation Notes
Lake-groundwater interaction also takes into account which elements are inundated, and flow only occurs through them



Documentation 

Presenter
Presentation Notes
The report “Historical Rim Inflows, Surface Water Diversions and Bypass Flows” contains a lot of surface water data
River inflows
Diversions
Bypass flows






Monthly at 38 locations 

Inflows 

Presenter
Presentation Notes
Monthly inflows at 38 rivers plus three canals that spill to river beds



Inflows File 

Presenter
Presentation Notes
The IWFM inflows file




Inflows File 
Sacramento River 

Presenter
Presentation Notes
The IWFM inflows file showing time stamp



Monthly at 246 locations 

Diversions 

Presenter
Presentation Notes
246 surface water diversions



Surface Water Diversions 

• Diversions and imports 
– “Diversions” means water taken from a 

simulated river node, subject to availability 
– “Imports” generally means water taken from a 

source that is not modeled 
• Reservoirs outside the model area serving canals 
• Reservoirs inside the model area that are not 

modeled (for example Black Butte and Camanche) 
• Complex delivery systems (California Aqueduct) 

Presenter
Presentation Notes
Two types of diversions
“Diversions” are taken fro simulated river nodes
“Imports” are taken from water bodies or conveyance systems that are not explicitly simulated

Diversions are subject to availability
Imports are always fully available



Surface Water Imports 

• Friant-Kern Canal 
– Release water from Millerton Lake to canal 
– Deliveries to contractors along canal 
– Wasteway flows to river beds for delivery to 

down-stream customers 
– Flows to Kern River 

Presenter
Presentation Notes
Examples of surface water imports
C2VSim does not explicitly simulate the Friant-Kern Canal
The operation of the canal is complex and would significantly complicate the C2VSIm model with little to gain



Surface Water Imports 

• Friant-Kern Canal deliveries simulated as: 
– Imports to individual subregions 
– Separate diversions for 

• Agricultural 
• Urban 
• Refuges 
• Spreading (Aquifer Storage) 

– Diversions to some districts via river channels 
• Inflow “FKC Wasteway Deliveries to Tule River” 
• Diversion from river 

 



Surface Water Exports & Imports 

• California Aqueduct 
– Pump water from Delta to San Luis Reservoir 

(outside model area) 
– Release water from San Luis Reservoir for use 

inside model area 
– Release water from San Luis Reservoir for use 

outside model area 

• Simulated as exports and imports 
– Too complex to incorporate in a regional model 

Presenter
Presentation Notes
Examples of exports

The San Luis Canal/California Aqueduct is very complex, and includes exchanges with other canals, storage in San Luis Dam, etc.

For example, 
deliveries on the DMC can alternately be taken from the San Luis Canal/California Aqueduct 
Operators might choose to deliver excess San Luis Canal/California Aqueduct  water in lieu of DMC water
Water rights holders may choose to sell their water to another user inside or outside the C2VSim model boundary

Explicitly adding the San Luis Canal/California Aqueduct to C2VSim would increase complexity with little or no benefit




Diversion Specification 

Source River Node 
   (0 = import) 
Allocation to losses  
   and delivery 
Destination 
   subregion 
Land use (23 = Ag, 
   22 = urban) 

Diversion source and destination 

Presenter
Presentation Notes
The diversion specification file has four sections:
Diversion list
Recharge zone for each diversion
Bypass list
Recharge zone for each bypass

The diversion list has the following for each diversion:
The source (river node or “0” for imports)
Percentage allocations to recoverable losses (recharge), non-recoverable losses (evaporation), and delivery
The destination subregion
The land use (22 for urban, 23 for agriculture)

We have added comment lines with diversion descriptions to make it easier to understand



Diversion Specification 
Recharge area for recoverable losses 

Presenter
Presentation Notes
This shows the recharge zones for diversions.

Each zone is made up of model elements.
Recharge is allocated based on the factor, which is normalized at run time
So (1 + 1 + 1) puts 1/3 in each element, (1 + 2 + 3) puts 1/6 in the first element, 1/3 in the second element, and 1/3 in the third element



• Flood control 
• Kings River bifurcation 
• ASR programs 

Bypasses 

Presenter
Presentation Notes
Bypasses route water from one river node to another, generally on a different river reach.
Many of the bypasses in the C2VSIm model simulate actual flood control bypasses such as the Colusa Weir: When river flow is high, it over-tops the weir and flows into a flood channel
One bypass simulates the bifurcation in the Kings River, where one branch flows north (simulated as the main channel) and another flows south (with flow directed to this channel using the bypass)
Bypasses can also be used to simulate aquifer storage and recovery programs by setting the recharge fraction to 100%




Bypass Specification 
Source and destination river nodes 

Presenter
Presentation Notes
Bypasses can be simulated either with a time series or with a rating table.
This shows a bypass that uses a time series




Bypass Specification 
Source and destination river nodes 

Presenter
Presentation Notes
Bypasses can be simulated either with a time series or with a rating table.
This shows a bypass that uses a rating table




Bypass Specification 
Recharge area for recoverable losses 

Presenter
Presentation Notes
This shows the recharge areas for recoverable losses. 
These bypasses have no simulated recoverable loss.



River Parameters 

Presenter
Presentation Notes
Rivers have three parameters:
- River bed hydraulic conductivity
River bed thickness
Wetted perimeter

But, we generally don’t know the river bed thickness, and we calibrate the hydraulic conductivity

So, in practice, we set the thickness to 1 and calibrate the conductance.  Conductance/1 = K/thickness



Lake Parameters 

Presenter
Presentation Notes
Lakes have similar parameters. We calibrate the conductance and set the thickness to 1



Stream Reach Budget 

Column Flow 08/31/2004 Process 
Upstream Inflow (+) IN 2,944   
Downstream Outflow (-) OUT 781   
Tributary Inflow (+) IN 0 SWS 
Tile Drain (+) IN 0 GW 
Runoff (+) IN 0 LS 
Return Flow (+) IN 2 LS 
Gain from Groundwater (+) +/- -1,593 GW 
Gain from Lake (+) +/- 0   
Diversion (-) OUT 0 LS 
By-pass Flow (-) OUT 573   
Discrepancy (=)   0.00   
Diversion Shortage   0   

Presenter
Presentation Notes
Example stream reach budget for August 2004.

A budget table is produced for each of the 75 river reaches



Lake Budget 

Column Flow 08/31/2004 Process 
Beginning Storage (+)   63,418   
Ending Storage (-)   51,052   
Flow from Upstream Lake (+) IN 0   
Flow from By-passes (+) IN 799   
Precipitation (+) IN 0   
Gain from Groundwater (+) +/- 1,939 GW 
Lake Evaporation (-) OUT 15,104   
Lake Outflow (-) OUT 0   
Discrepancy (=)   0.30   
Lake Surface Elevation (FEET)   185   

Presenter
Presentation Notes
Example lake budget for August 2004

A table is created for each lake



Diversions & Imports 

Presenter
Presentation Notes
This figure was generated from the input diversion data.



Surface Water Destinations 

Presenter
Presentation Notes
Half of a butterfly diagram showing where the diverted water goes




Presenter
Presentation Notes
Diversions are not allocated evenly across the Central Valley.
Some regions have high surface water availability and others do not.
Note Kern County has very little



1922-1929 1960-1969 

2000-2009 

Surface Water Destinations 

Presenter
Presentation Notes
These pie charts show how the allocation (in percentages) has changed over time. 
Urban use has gone from 2% to 5%




Notes 

IWFM Small Watersheds 

Groundwater 

Surface Water 

Precipitation Evapotranspiration 

Presenter
Presentation Notes
Next look at the small-streams watersheds process
This is a very simple sub-model for the ungaged small watersheds adjacent to the model boundary.
This sub-model partitions precipitation into surface water flow and groundwater recharge.




Small-Stream Watersheds 

• Calculate monthly ungaged surface water 
inflows and groundwater inflows 

• Areas and flow channels from CalWater 
watershed coverage 

• Grouped with nearest boundary node 
• Resulted in 210 small-stream watersheds 
• Approximately 5% of surface water inflow 

 



Small-Stream Watersheds 

Presenter
Presentation Notes
USGS National Hydrography Dataset is a coverage of drainage areas for individual streams
CalWater coverage is based on the USGS map
Select watersheds draining to the Sacramento-San-Joaquin Delta
Eliminate the model area
Eliminate watersheds with a measured gage flow used as model input
Aggregate to finite element boundary node




Small-Stream Watersheds 

Presenter
Presentation Notes
Zoom in on this area



Small-Stream Watersheds 
Eliminate the gaged watershed 

Presenter
Presentation Notes
Runoff from the blue watersheds flows into the gaged stream



Small-Stream Watersheds 
These are the ungaged watersheds 

Presenter
Presentation Notes
This shows the ungaged small watersheds between the gaged watersheds



Small-Stream Watersheds 
Overland flow paths 

Presenter
Presentation Notes
These light blue lines delineate the overland flow paths for water exiting these ungaged watersheds



Small Watersheds 

Presenter
Presentation Notes
Top: 210 small-stream watersheds, set conversion factor so we can specify areas in acres
Bottom left: Area and destination river node for small-stream watershed
Bottom right: Overland flow path from small-stream watershed to the river node, and percolation rates along the path



Small Watershed Parameters 

Presenter
Presentation Notes
Left: Land surface parameters
Right: Groundwater parameters



Small Watershed Budget 

Column Flow 08/31/2004 Process 
Total SW Outflow OUT 6,049   
GW Base Outflow OUT 90,386   
Base Flow + Surface Percolation OUT 90,456   
Net Surface Outflow to Streams OUT 5,979   

Presenter
Presentation Notes
The small-streams watershed budget is not very informative



Small-Watershed Inflows 

Presenter
Presentation Notes
This shows small-stream watershed outflows through time. 
Tributary flow is directly related to annual precipitation rates
Groundwater inflow increases during long wet periods and decreases during long dry periods



Small Watershed Inflows 

Presenter
Presentation Notes
The regional impact follows the precipitation pattern – greatest in the north and least in the south



END 
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