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Introduction
Previous technical appendixes have documented Oakdale Irrigation District (OID) available 
water supplies, described efforts to assess the current OID infrastructure system and level of 
service, classified current land uses and forecasted future uses within and surrounding the 
district, and summarized current on-farm practices. This information was integrated into 
this document to develop and project the current and future use of water within the district. 
To facilitate this analysis, a systemwide operational Water Balance Model (WBM) was 
developed.

The benefit of using the WBM is to provide a flexible analytic tool for simulating a range of 
long-term operating scenarios and overall Water Resources Plan (WRP) alternatives. The 
tool can be used to evaluate impacts of land use changes, irrigation practices, water supply 
options, major infrastructure improvements, and regional actions such as transfers. The 
model is used in combination with other analytic tools, such as the land use forecast and 
financial model, to evaluate the relative benefit of various WRP alternatives. This technical 
appendix documents the development and methodology of the model, including calibration 
results for “existing” (2004/2005) conditions, and presents a range of baseline, 2025 water 
balance results for use in the WRP alternatives evaluation.  

The following major topics are presented: 

Summary of Existing Conditions
Water Balance Model 
Calibration for Existing Conditions 
Estimate of Surface Water Outflow from OID Service Area 
Existing Conditions (2004/2005) Water Balance 
Future 2025 Baseline Water Balance and Sensitivity Evaluation 

Summary of Existing Conditions  
The WBM was used to evaluate the current average conditions for the OID system, based on 
existing land use and average climate conditions. The results are summarized in Table F-1. 
A simplified schematic showing the primary components of the water balance is shown in 
Figure F-1.
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TABLE F-1 
Summary of Existing Water Balance Conditions for OID Service Area 
OID WRP Technical Appendixes 

Components Acre-Feet (ac-ft) 

Water Supply Sources for Distribution System 

Stanislaus River 

Main Canal Inflows 261,600 

River Pumps 800

 Groundwater Pumping 4,500

 Reclamation 12,500 

 Total Supply 279,400 

Conveyance and On-Farm Losses 

Conveyance Loss 

Seepage 23,800 

Operational Spills 11,300 

On Farm Loss 

Deep Percolation 30,700 

Tailwater 53,500 

Total Losses 119,300 

Crop Evapotranspiration (ET) and On-Farm Supply 

 ET (Net of effective precipitation) 162,500 

 Farm Delivery (all sources) 244,300 

Drainwater  

 Production (tailwater and spills) 64,800 

 Non-OID Drainwater 8,200

 Reclamation  -12,500 

 Total Outflow  60,500 

Water Balance Model 
Overview
The WBM is designed for systemwide analysis of water supply operations and accounts for 
the primary water balance components of the OID service area. The OID supply, conveyance, 
and drainage systems are represented via a “flow-path” schematic. Consistent with the 
infrastructure assessment and the land use analysis, the basic unit of analysis is the lateral 
service area (LSA), which is the geographic area supplied by a given supply lateral. The 
model uses a “demand-driven” water balance simulation, starting with the determination of 
on-farm water supply requirements (farm turnout delivery) for each LSA. The on-farm 
demand is determined by climate parameters, crop type, acreage, irrigation method, and 
average slope and soils properties. Supply sources such as surface water (Stanislaus River 
diversions), groundwater, and drainwater reclamation are used in a prioritized manner to 
meet the on-farm demands. Conveyance system losses such as seepage and operational spills 
are estimated by LSA and included in the overall water balance accounting. Drainage basin 
inflows, reclamation pumping, and net outflows are tracked. The model runs on a weekly 
time step for approximately a 30-week irrigation season. 
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FIGURE F-1
OID System Water Balance Schematic
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APPENDIX F: WATER BALANCE 

Model Platform and Components 
The OID WBM runs on a general simulation, commercial software platform called EXTEND. 
The model platform is used to develop “objects,” or elements of the system making up the 
water balance. Examples of the model objects are the LSAs, groundwater wells, main canals, 
and drainage basins. Each component has user inputs to define system parameters, and 
linkages to other components which make up the overall flow-path of water through the 
OID service area. The model provides a graphic user interface based on a schematic flow 
path representation of the OID water system components.  

As described above, the primary water balance unit of analysis is the LSA. Each LSA 
represents the portion of the OID service area supplied by a specific distribution lateral. 
Water supply into the LSA is provided by a combination of surface water, groundwater 
from wells, and reclamation pumps (drainwater). Water leaves the LSA through ET, deep 
percolation, tailwater spills to drains, and operational spills to drains. The drainage basin is 
the object in the WBM for tracking the supply, reuse, and outflow of drainwater. Each LSA 
overlaps one or more drainage basins, into which its tailwater and operational spills flow. 
Figures F-2 and F-3 show the outlines of the LSAs and drainage basins within the OID 
service area.

Each component of the WBM is summarized here. A summary of the model’s basic analytic 
steps follows the component summaries.  

Regional Properties Table 
The regional properties table is used to input information on reference ET (based on local 
climate data), crop coefficient (Kc) values, effective precipitation, average irrigation 
efficiency levels by method (drip, furrow, etc.), and LSA-specific factors for allocating field 
applied water losses between deep percolation and tailwater runoff. Regional properties are 
used as inputs to calculate water demand for each LSA.  

Reference Crop ET. Based on the local reference ET values, one of three growing season 
conditions can be selected for the reference crop ET: minimum, average, or maximum. 
Monthly ET values can be input for each year type. Reference ET values are not calculated 
in the model; they were generated using the methodology described below and input into 
the WBM. The irrigation season is assumed to run from April through October, or about 
28 weeks. Each monthly reference ET value is evenly distributed to 4 weekly values for the 
model. The reference ET is then used with the Kc table values to calculate weekly crop ET 
for each crop type. The weekly crop ET values are then used, along with crop acreage data, 
to calculate the total weekly ET per crop type in each LSA.  

Monthly reference ET values for the OID WBM were determined using a 54-year (1950 
through 2004) daily climate data set for the Modesto area. Daily minimum and maximum 
temperature data were used to calculate daily reference ET. The daily values were summed 
to monthly totals. Using the April-October seasonal totals for each year, an average, 
maximum, and minimum total season ET were selected. Table F-2 shows the resulting 
monthly reference ET.
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TABLE F-2 
Minimum, Average, and Maximum ET from 1950 to 2004 for Modesto Area 
OID WRP Technical Appendixes 

Season Total ET 

Month Min Year  Average from Period Max Year  

April 4.6 5.0 6.1

May 6.1 6.8 7.0

June 6.9 7.8 8.7

July 8.0 8.7 9.6

Aug 7.3 7.6 8.1

Sept 5.6 5.7 5.6

Oct 3.7 3.9 4.6

Total 42.3 45.6 49.5

Although there is a Department of Water Resources (DWR) California Irrigation 
Management Information System (CIMIS) Station in the OID service area, it is a relatively 
new station with limited historic data. Therefore, reference crop ET was calculated from 
long-term climate data. A comparison of Oakdale CIMIS station data for the years of record, 
with the calculated values from climatic data from Modesto, resulted in very similar ET 
estimates. The longer period of the Modesto climate set was used for estimating climate 
condition variability and reference ET at OID. 

A statistical exceedance probability analysis was prepared using the 54-year data set 
(Figure F-4), to evaluate the probability of occurrence of various levels of ET. The 
exceedance curve shows relatively minor variations in ET as the probability of exceedance 
approaches 100 percent. For example, the seasonal reference ET that is exceeded on average 
in 1 out of 10 years is approximately 48 inches, or within 3 percent (1.5 inches) of the 
absolute maximum for the record period.

Crop Coefficients. Monthly average Kc values for each crop type are input by the user. For 
the OID water balance, Kc values and growth stage periods were taken from Food and 
Agriculture Organization – Bulletin 56 – Crop Evapotranspiration, Guidelines for Computing Crop 
Water Requirements. This document is the current accepted standard in computing crop ET 
values. Table F-3 summarizes the Kc values and growth stages for common crops grown in 
OID. Kcs were developed based on the weekly values and the Food and Agriculture 
Organization, Bulletin 56 growth stage periods. 
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FIGURE F-4
Seasonal ET Exceedance Curve
OID Technical Appendixes
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APPENDIX F: WATER BALANCE 

TABLE F-3 
Crop Coefficients and Growth Season for Common OID Crops 
OID WRP Technical Appendixes 

Kc per Growth Stage Days per Growth Stage 

Crop
Calendar 

Period Init Kc Mid Kc End Kc Init Dev Mid Late

Corn* 6/1-9/30 0.9 1.2 0.35 24 30 46 30

Oats* 11/15-5/01 none 1.15 0.25 20 50 60 30

Orchard 3/1-10/31 0.5 1.1 0.65 30 50 130 30

Pasture 3/1-10/31 0.4 0.85-1.05 0.85 10 20 NA NA

Rice 4/15-10/31 1.05 1.2 0.9-0.6 30 30 60 30

* Double-cropped and grown in the same field. 

Irrigation Efficiency. Average irrigation efficiency methods are input for each common 
irrigation method. For OID, these include wild flooding (on steeper pasture lands), 
border-check, furrow, sprinklers, and drip irrigation. Average efficiency values were 
selected based on standard reference estimates and subsequently refined by on-farm 
observations within OID. The efficiency value represents a field level total water use 
efficiency based on the ratio of crop ET to delivered water at the farm turnout. Table F-4 lists 
the potential range of on-farm efficiency values achievable for each method of irrigation. 

TABLE F-4 
Potential Irrigation Efficiency Values for OID 
OID WRP Technical Appendixes 

Irrigation Method 
Potential On-Farm Efficiency 

Range Notes

Sprinklers 70% to 90% Includes impact sprinklers (used on older 
orchards) and microsprinklers (used on newer 
orchards after initial development) 

Drip 80% to 90% Used on newly planted orchards for first 1 to 
3 years prior to conversion to sprinklers 

Furrow 50% to 65% Used on corn and oat crops 

Border check 50% to 70% Includes level basin flood for orchards at the 
higher range, and pasture, rice, and other crops 
at the lower range 

Wild flooding 40% to 50% Used on pasture in steeper terrain 

Irrigation Losses to Deep Percolation and Tailwater. The applied water remaining after crop 
ET is allocated between two loss terms: deep percolation of applied water (DP) and field 
surface water runoff to drains (tailwater or TW). The DP/TW ratios were developed for 
each irrigation method, for each LSA, based on the results of on-farm observations 
combined with average slope and soil properties derived from geographic information 
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system (GIS) coverage. See the On-Farm Systems Survey Technical Appendix D for 
additional details on the development of the DP/TW ratio values. 

The DP/TW ratios are used by the WBM to allocate on-farm water losses during each 
weekly time step. For example, microsprinklers on flat land with permeable soils would 
have a relatively high DP/TW value of 9.0 or more. For every 1 ac-ft of loss, approximately 
0.9 ac-ft goes to deep percolation and 0.1 ac-ft goes to tailwater runoff. The tailwater runoff 
from each LSA into the associated drainage basins is calculated using the LSA’s crop 
acreage, irrigation method, and DP/TW values.  

Groundwater Wells 
Each of OID’s irrigation wells is represented in the WBM as a standard well object. The 
model user can input a weekly pumping schedule and the maximum well capacity based on 
pump size and local groundwater conditions. Each well is linked to the associated LSA, 
where the scheduled pumping is added to that LSA’s lateral supply and used to meet 
irrigation demands.

Lateral Service Areas 
The LSAs are the basic operational unit for the water balance. OID’s service area is broken 
into 25 LSAs within the model, as shown in Figure F-2. Each LSA represents the portion of 
the OID service area served by a major distribution lateral, with the acreage in each LSA 
ranging from about 500 acres to nearly 4,000 acres. Figure F-5 shows the user input window 
for an example LSA object in the WBM, the Hirschfeld-Clark LSA. The Hirschfeld-Clark 
LSA includes about 3,500 acres supplied by the Hirschfeld Lateral and Clark Lateral (a 
sub-lateral supplied by the Hirschfeld). The LSA includes approximately 800 acres of rice 
and 2,700 acres of other crops (orchards, pasture, corn). The LSA object is organized as a 
flow path schematic with the following components.  

Rice Crop Object. The rice crop object is used to input data for rice acreage and irrigation 
management practices. A separate crop object is used for rice due to its unique water supply 
and drainwater generation factors. The user inputs the following information:

Total rice acreage 

A weekly crop status schedule that allocates a percentage of the rice acreage into the 
following categories: idle/planting, initial flood-up, secondary flood up, maintenance 
flows, pre-harvest draining, harvest, and decomposition flooding 

Water management parameters such as flood up application depth, deep percolation 
rate, maintenance flows, decomposition application depth, and percentage of the total 
acreage requiring decomposition application  

The rice crop object uses the above inputs and the related regional properties values, such as 
ET, to calculate the weekly water supply requirement, or irrigation demands. This demand 
value is passed upstream to the LSA’s demand link. The weekly drainwater outflow from 
the rice fields is calculated based on the rice acreage and maintenance flow spill rates, and 
passed downstream to the drainwater outflow link, which passes the drain outflow into the 
associated drainage basin object, described below. 
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Other Crops Block. The other crops block is used to input acreage and irrigation method 
information on other crops such as pasture, corn, and orchards. User inputs include the 
following:

Total irrigated acreage in the LSA 
For each crop type, the percentage of that crop’s acreage that uses each irrigation 
method

Weekly irrigation demands, by crop type, are calculated based on the crop acreage, ET, and 
area-weighted average irrigation efficiency. The irrigation demand value is passed 
upstream to the LSA demand link. Total irrigation losses are distributed to field surface 
water runoff to the drains and deep percolation. The surface runoff value is passed 
downstream to the drainwater outflow link (LSA Demand and LSA Supply Links). 

The LSA demand link sums the total rice and other crop water supply demands per week. 
This is equivalent to the total “farm-gate” or service turnout demands. The LSA demand is 
passed to the LSA supply link, which represents the local distribution lateral(s), and is 
connected to three possible supply sources: 

Groundwater wells 
Reclamation pumping from the associated drain basin 
Surface water supply via the main canal 

Based on the user-selected groundwater pumping schedule and reclamation pumping 
supply (from the related drainage basin object), the LSA supply link uses the surface water 
supply to balance total supply with the LSA demand. Operational spills, as a percentage of 
total inflow to the local distribution laterals, are passed downstream to the drainwater 
outflow link. 

Drainwater Outflow Link. The drainwater outflow link receives the weekly inflow to the 
LSA’s drains as the sum of rice acreage outflow, tailwater from all other crops, and 
operational spills. The drainwater outflow link then allocates the total drain inflows to the 
one or more drainage basin objects, depending on the geographic overlap between the LSA 
and the drainage basins. In the case of the Hirschfeld-Clark LSA, drainwater outflow is 
allocated to the Fairbanks/Angel Drain Basin (60 percent) and the Lone Tree Drainage Basin 
(40 percent).  

Minor Conveyance Losses. Minor losses within the LSA’s conveyance laterals include 
seepage losses (deep percolation to groundwater) and vegetation ET along open unlined 
ditches. These minor losses are not currently separately accounted for in the WBM, but are 
included in the estimation of seepage from the main canals as described below. Given the 
programmatic scale of the WRP and the favorable result of model calibration, this was an 
appropriate analytic simplification.

Drainage Basin
The drainage basin objects are used to simulate the primary drainage basins within the OID 
service area. The actual drainage basins are defined by the overall topography, and 
represent the contributing land area from which all drainage naturally runs to a common 
outflow point, or crosses the OID service area boundary. The WBM includes 19 drainage 
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basins, which cover about 54,000 gross acres (Figure F-3). The drainage basin object links 
include the drainwater outflow links from the related overlapping LSAs, drainwater 
reclamation pumping links back to the related LSA Supply Link, non-OID lands inflow to 
the drainage basin, and net remaining outflow. 

For the example of the Lone Tree Creek drainage basin, the drainwater outflow links from 
the Hirschfeld-Clark, Campbell, West Thalheim, Strecker, and Hind LSAs all supply 
drainwater from each LSA into the Lone Tree Creek drainage basin. The model user can 
input an assumed weekly schedule of drainwater inflows from non-OID-served lands if 
applicable. Reclamation pumping from the drainage basin is simulated by allowing 
allocation of the available supply among the existing reclamation pumps, using a 
percentage of the supply and the actual capacity of each reclamation pump.  

North and South Main Canals 
The North and South Main Canals are simulated as links that account for the weekly 
demand from the downstream LSAs that they supply, and pass that demand upstream to 
the Goodwin Dam diversion object. The main canals’ only user input is the estimated 
conveyance seepage loss (which includes an estimate for minor losses within the LSA’s 
conveyance laterals as a percentage of the total flow). The total required diversion into each 
canal is calculated for each weekly time step based on the sum of the required LSA lateral 
supplies and the Main Canal’s conveyance loss rate.  

The North Main Canal link includes an up-stream Joint Diversion Canal link and a user-
input for flows into the South San Joaquin Irrigation District (SSJID) Main Canal. This 
allows weekly tracking of inflows and outflows from the Joint Main Canal.

Goodwin Dam Diversion 
The Goodwin Dam diversion object is used to track and account for the OID diversions into 
the North and South Main canals. It also allows the user to input monthly schedules for up 
to four separate surface water transfers, such as the existing Reclamation, VAMP, and 
SEWD transfers. The total monthly Stanislaus River water use and/or allocation by OID are 
then tracked on a weekly basis during the WBM simulation.  

Scenario Manager 
The scenario manager feature is used to conduct multiple WBM runs, with different values 
for key model inputs. This supports efficient comparison of water supply options by 
varying factors like groundwater pumping schedules and/or reclamation pumping levels. 
The impact of land use changes can be compared with baseline runs and a number of 
possible crop shift patterns. The model user can create multiple scenarios, using any of the 
user-defined input variables. Once the relevant variables are input for each scenario, they 
are automatically run sequentially, and comparative graphs are generated for each of the 
model’s standard summary outputs. Examples of this are shown under the 2025 Water 
Balance section of this technical appendix.  
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Calibration for 2004 Average Conditions 
Overview
The purpose of the WBM calibration was to develop a baseline operations water balance 
that simulates, with reasonable accuracy, the primary water components of OID’s overall 
system under existing conditions. By starting with a baseline model that reasonably 
simulates existing conditions, the model can then be used to evaluate the net impacts of key 
factors influencing OID’s long-term water demand and supply, such as crop shift and farm 
efficiency levels, annexation of new service area, varying levels of drainwater reclamation, 
groundwater pumping, and distribution system improvements.  

The WBM was populated with the multitude of information needed to represent the 
average 2004 water supply, demand, and overall water balance conditions for the OID 
system. Iterative model runs were done, comparing results against the available data on 
actual conditions, and adjustments were made to selected model parameters as needed to 
obtain a reasonable match between the model results and the 2004 irrigation season 
operations data. Calibration of the north and south portions of the OID system was 
conducted separately because each constitutes a separate supply and distribution system. 
Model results were reviewed with OID operations and engineering staff to identify areas for 
potential adjustments, and then finalized.  

Information input into and used to check results of the operations water balance included 
the following: 

2004 land use data for OID-served lands 
2004 climate data for estimating ET 
OID water supply and operations data including main canal inflows, primary lateral 
head-gate inflows, OID groundwater well pumping, reclamation pumping, drainwater 
outflow.

Some components of the water balance either had no available data, limited data, or had 
information available that was expected to have relatively high errors due to measurement 
methods or other factors. In these cases, reasonable assumptions were made based on 
professional judgment and experience. 

The data availability and accuracy, along with the limitations of using a weekly time-step 
and simplified flow path to represent what is in reality a complex and variable water supply 
operation, set a practical limit to the accuracy of the calibration. However, the 2004 baseline 
operations water balance was able to simulate existing conditions with a reasonably good 
match to key operations parameters such as main canal inflows, peak week lateral flows and 
LSA demands, groundwater pumping, and drainwater production and reclamation. For the 
Water Resource Plan purposes, the calibration showed that the WBM adequately simulated 
water use within the district.  
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2004 Water Balance Model Inputs 
2004 OID Operations Data 
The following OID water supply and conveyance system operations data was used either as 
inputs to or for calibration of the operations WBM. 

Main Canal Inflows. North and South Main Canal inflow data was available on a daily basis 
for the 2004 operating season. The two flow measurement stations maintained by the 
Tri-Dam Power Authority are assumed to be very accurate relative to much of the 
downstream measurement points due to the rated cross-section and ramp flume 
measurement methods. The WBM estimates total main canal inflows based on the sum of 
the downstream LSA supply requirements, plus any conveyance losses. Main canal inflows 
were a key calibration check, given the relatively high accuracy of the operations data and 
the importance of this component of OID’s water supply operations.  

Daily Flow Order Logs. OID records the estimated lateral supply (Stanislaus River water 
conveyed through the system) to each portion of the distribution system using a 
combination of direct measurement (the log value represents the flow at the head-gate 
where the measurement was taken) and indirect calculations (the log value is an estimate for 
a particular portion of the system, based on other measurements). Total flow into each 
Division is based on one or more of these Daily Flow Order log values. The Daily Flow 
Order logs are then compiled into a monthly and annual total lateral supply by Division. 
Figure F-6 shows a typical Daily Flow Order log.  

The Daily Flow Order values were used as part of the WBM calibration to check the weekly 
quantity of lateral inflows to each LSA compared to 2004 operations. Two factors influence 
the direct use of the Daily Flow Order log values for checking the WBM results. First, the 
Daily Inflow log values are based on flow rate measurements taken at one or more head-
gates. The accuracy of the flow rate measurements varies widely, based on the type and 
condition of the head-gate and measurement structure used. As discussed in the 
Infrastructure Assessment Technical Appendix C, most of OID’s main lateral head gates 
have relatively poor measurement conditions. The potential error range for these values has 
not been directly evaluated, but may in the 10 to 15 percent range based on observed 
conditions. These errors should, in theory, be caused by a random mix of physical 
conditions and operator error, but for some specific gates its likely there is a consistent bias 
either high or low. 

Second, the 17 recorded Daily Flow Order log values do not correspond directly with the 
25 LSA units in the model. In some cases, one log value may represent the total inflow at a 
head gate which directly supplies several downstream LSAs. In this case, it was necessary to 
add the LSA flows together to check against the total flow at the upstream head gate. In 
others, the value in the log represents a mix of several LSAs, which are not all downstream 
of a single gate. In this case, it was necessary to estimate the portion of the Flow Order value 
that should be attributed to each LSA. Table F-5 lists the approximate portions of the OID 
service area represented by each daily log reading and the related model LSAs whose flow 
results were compared against the related Daily Flow Order data. 
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FIGURE F-6
Example Daily Flow Order Log
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TABLE F-5 
Daily Flow Order Log Readings, Areas Served 
OID WRP Technical Appendixes 
Division System Name Source of Daily Flow Log Value Corresponding Model LSAs 

1 South Main  Sum of measurements from the Paulsell, 
minor SMC turnouts, Adams 2, 
Adams/Brichetto rotation 

Distributed between the Paulsell 
and the Adams–West Pump 
LSAs.

1 Gray Pipeline Measurement at pipeline head gate, Gray 
Pipeline  

South Main LSA 

1 Clavey Pipeline Measurement at pipeline head gate Clavey LSA 

2 Kearney Pipeline Measurement at pipeline head gate Kearney-Union LSA 

2 Brichetto Lateral Measurement at head gate Brichetto and Mootz LSAs 

3 South Lateral Measurement at head gate South and Palmer LSAs 

3 Claribel Lateral Measurement at head gate Claribel and Stowell-Albers LSAs 

4 Riverbank Lateral Estimated portion of flow measured 
upstream at Riverbank head gate, which 
continues down Riverbank Lateral past the 
Riverbank-Crane junction 

Riverbank LSA 

5 Riverbank Lateral Estimated portion of flow, measured 
upstream at Riverbank head gate, which 
flows into the Crane Pipeline at the 
Riverbank-Crane split 

Crane-Langworth LSA 

5 Adams 1 Sum of flows at Adams 1 and West Pump 
Pipeline head gates. Includes Town E 
pipelines supply 

Adams–West Pump and Town E 
LSAs

6 North Main Canal Sum of various minor turnouts between 
North Main Canal head gates and 
Rodden, Tulloch Pipeline, spills to Little 
Johns Creek, Rodden High Line 

Distributed between the Tulloch-
Frymire, Rodden, and Eaton 
LSAs

6 Frymire Lateral Measurement at head gate by Tri-Dam 
SCADA

Tulloch-Frymire LSA 

6 Gaylord Gaylord turnout Tulloch Frymire LSA 

7 Burnett Lateral Estimated based on Burnett head gate 
flow minus the Tulloch Lateral head gate 
flow.  

Burnett-Tulloch and River Road-
Moulton LSAs 

8 Tulloch Lateral Measurement at Tulloch Lateral head gate Campbell and West Thalheim 
LSAs

9 Hirschfeld Lateral Estimated flow over long-crested weir at 
Hirschfeld-Fairbanks split.  

Hirschfeld-Clark LSA 

10 Cometa Lateral Estimated as difference between flow 
measured at Cometa head gates (very 
poor) and the Hirschfeld Lateral 
measurement above (very poor). Intended 
to account for flow to the Stevenot, Young, 
Hind, Lower Cometa, and Fairbanks 
service areas.  

Hind-Stevenot, Fairbanks, and 
Lower Cometa LSAs 
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Well Pumping. Total pumping in acre-feet for each well is recorded on a monthly basis. The 
monthly totals for each well were converted to weekly pumping schedules assuming a 
steady uniform pumping rate for the month.  

Reclamation Pumping. Total pumping in acre-feet for each reclamation pump is recorded on 
a monthly basis. For calibration of the WBM, a uniform weekly distribution of pumping rate 
within each month was assumed. The WBM calculates reclamation pumping based on the 
total supply in the drainage basin, the capacity of each pump, and the management variable 
for what percentage of the total available drainwater supply should be recaptured. The 
pump capacities in the WBM are fixed based on the actual capacity. The allocation of 
available reclamation supply to each pump was then adjusted to match the average weekly 
pumping rate from the operations records.  

Drainwater Outflow. OID’s 2004 Boundary Flow Measurement Program’s data was used to 
check the WBM results for the monitored drainage basins. The 2004 monitoring season 
included 11 outflow monitoring sites, which were a combination of drainage outflows and 
operational spill points at the ends of pipelines or open laterals. Six major drainage basins 
were monitored: Union, Laughlin, Cavil, Kuhn, Angel/Fairbanks, and Lone Tree Creek. 
These six drainage basins account for about 50 percent of the irrigated acreage within OID’s 
service area.

The monitoring data is generally considered to be very accurate based on the measurement 
methods used, such as sharp-crested weirs with continuous depth monitoring recorders. 
Model results for the monitored basins were compared to the 2004 monitoring data and 
used to adjust key WBM variables such as on-farm efficiency and the DP/TW ratios for the 
various crop types in each LSA. The values for these parameters were then used on the un-
monitored basins that had similar conditions to the monitored basins.  

The drainage basins within the OID service area also receive drainwater inflows from 
irrigated lands within OID that are not served by OID, and drainwater inflows from lands 
outside the OID service area boundary. The land use analysis indicates there are 
approximately 5,000 acres of irrigated agricultural lands inside the OID service area not 
served by OID, mostly an equal mix of orchards and pasture. Areas outside the OID service 
area that contribute to drain inflows include areas up-slope (east) of the OID service area, 
and a portion of the SSJID service area south of Campbell Lateral. The contributing drain 
flows from these areas were estimated and input to the WBM as inflows to the associated 
Drainage Basin objects. Details on these drainage basin inflows are presented in the Surface 
Water Outflow from OID Service Area section of this technical appendix. 

Land Use 
The 2004 WBM calibration was done using 2004 land use coverage (crop acreages) for each 
LSA. The land use was developed using GIS coverage for OID’s assessed parcels combined 
with DWR land use survey data. See the Land Use Trends and Forecasting Technical 
Appendix E for details on the data sources and analysis. Table F-6 lists the land use by 
model LSA for the OID-served parcels only. Additional lands within the service area, but 
not served by OID are described in the Technical Appendix E. Land use was fixed for the 
2004 WBM, and no adjustments were made as a calibration parameter.  
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The total net irrigated acreage is approximately 47,300 acres, or about 10 percent less than 
the total irrigated acreage based on OID’s customer billing and parcel records. This is 
considered a reasonable result, because DWR’s land use for agricultural purposes includes 
only net irrigated acreages, excluding field roads, buildings, drains and laterals, etc. 
Typically a similar adjustment, for example, a 10 percent reduction, would be applied to 
unadjusted parcel data to account for these non-irrigated areas and derive a closer estimate 
of actual net irrigated acreage.  

The land-use values have a significant influence on the WBM results. Although the overall 
crop acreages for OID, derived from the OID parcel and DWR land classification data, are 
considered reasonably accurate, there are likely varying ranges of error within specific 
LSAs. For example, the LSAs with the largest parcels and most uniform land use probably 
have the least error between estimated and actual crop acreages. The LSAs with a greater 
mix of parcel sizes and land use are likely to have greater error in estimating total crop 
acreage by type.

TABLE F-6 
2004 Land Use by Model LSA 
OID WRP Technical Appendixes 

2004 Land Use for OID Served Parcels (acres) 

Model LSA Corn/Oats Orchards Pasture Rice

Adams–West Pump 91 282 1,209 0

Brichetto 507 141 1,918 0

Burnett-Tulloch 106 315 1,308 0

Campbell 474 8 1,877 690

Claribel 765 191 1,158 0

Clavey 5 389 980 0

Crane-Langworth 138 852 737 0

Eaton 43 158 242 0

Fairbanks 331 0 1,833 948

Hind-Stevenot 394 456 1,982 196

Hirschfeld-Clark 518 65 1,341 1,544

Kearney-Union 652 55 1,288 0

Lower Cometa 101 0 1,524 10

Mootz 189 1 1,762 46

Palmer 1,206 434 722 0

Paulsell 28 11 527 919

River Road–Moulton 209 887 1,154 0

Riverbank 676 5 1,873 0

Rodden High Line 57 227 531 0
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TABLE F-6 
2004 Land Use by Model LSA 
OID WRP Technical Appendixes 

2004 Land Use for OID Served Parcels (acres) 

Model LSA Corn/Oats Orchards Pasture Rice

South 521 1,000 1,415 0

South Main 0 214 71 0

Stowell-Albers 1,303 21 1,658 0

Town "E" 3 474 17 0

Tulloch-Frymire 0 55 242 0

West Thalheim 46 7 718 262

Total 8,364 6,247 28,088 4,615

Reference ET and Kc Values 
Reference ET values were input for 2004 based on the 2004 climate data. Season total ET, 
from April through October, was 45.3 inches. This is only 0.3 inches below the long-term 
average seasonal ET. The individual monthly values were also very close to long-term 
average. Kc values were not changed for the calibration because they are fixed based on the 
crop type and average growing season.  

Irrigation Efficiency and DP/TW Values 
Irrigation efficiency and the DP/TW values were the primary calibration adjustment made 
within each LSA to match the WBM and the OID operations data for key components of the 
water balance such as total water demand and drainwater production. Irrigation efficiency 
values for the 2004 calibration were adjusted within the ranges shown in Table F-6. The 
efficiency values are the primary variable influencing overall LSA water demands, since 
land use and crop ET were considered fixed for the calibration.  

Once the LSAs demands are met via some mix of lateral inflows, groundwater, and 
reclamation pumping, the DP/TW ratio values are the primary variable influencing 
drainwater production from each LSA. Table F-7 lists the final DP/TW rations used in each 
LSA, by irrigation method. Sprinkler and drip irrigation values were typically unchanged, 
while furrow, border check, and other (wild flooding or similar conditions) were adjusted 
based on the slope and soil characteristics.  
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TABLE F-7 
2004 WBM Calibration—DP/TW Ratios by LSA 
OID WRP Technical Appendixes 

DP/TW Ratio 

LSA Sprinkler Furrow Border Check Drip Other

Adams–West Pump 2.4 0.1 0.1 9 0.1

Brichetto 2.4 0.5 0.5 9 0.5

Burnett-Tulloch 2.4 0.5 0.5 9 0.5

Campbell 2.4 0.5 0.5 9 0.5

Claribel 2.4 0.5 0.5 9 0.5

Clavey 2.4 0.1 0.1 9 0.1

Crane-Langworth 2.4 0.3 0.3 9 0.3

Eaton 2.4 0.5 0.5 9 0.5

Fairbanks 2.4 0.5 0.5 9 0.5

Hind-Stevenot 2.4 0.5 0.5 9 0.5

Hirschfeld-Clark 2.4 0.5 0.5 9 0.5

Kearney-Union 2.4 0.1 0.2 9 0.5

Lower Com 2.4 0.5 0.5 9 0.5

Mootz 2.4 0.5 0.5 9 0.5

Palmer 2.4 0.2 0.2 9 0.2

Paulsell 2.4 0.5 0.5 9 0.5

River Road–Moulton 2.4 0.5 0.5 9 0.5

Riverbank 2.4 0.3 0.3 9 0.3

Rodden High Line 2.4 0.5 0.5 9 0.5

South 2.4 0.2 0.2 9 0.2

South Main 2.4 0.5 0.5 9 0.5

Stowell-Albers 2.4 0.5 0.5 9 0.5

Town E 2.4 0.3 0.3 9 0.3

Tulloch-Frymire 2.4 0.5 0.5 9 0.5

West Thalheim 2.4 0.5 0.5 9 0.5

Conveyance Losses 
Main canal seepage losses for both the North and South Main Canals were set at 10 percent. 
Estimates of seepage losses based on flow monitoring in the early 1980s ranged from 6 to 
14 percent. It is likely that recent rehabilitation work has reduced the losses in the tunnels 
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and canyon reaches. Upcoming flow monitoring planned for late 2005 or early 2006 should 
allow the loss estimates to be updated.  

The WBM results for total Stanislaus River diversions into the OID system are relatively 
sensitive to the conveyance loss rates, since about 97 percent of the total supply must pass 
through these two canals. Small changes in loss factor cause relatively large quantitative 
impacts to the WBM results. For example, a 3 percent change in main canal losses, assuming 
total diversions of 260,000 ac-ft, increases the total river diversions by about 8,000 ac-ft 
annually.

Operational spills are set for each LSA individually. The spill rate, as a percentage of total 
lateral supply (head gate inflows, wells, and reclamation pumping), influences the 
drainwater production for each LSA into its related drainage basin. The model is relatively 
sensitive to this variable. Review of the 2004 Boundary Flow monitoring data indicates 
operational spills may range from 5 to 10 percent, depending on the local conveyance 
facilities, customers’ irrigation practices, and operator practices. The spill rate was typically 
set near the 5 percent level for the 2004 calibration. It is likely that actual spill rates in some 
LSAs may be higher or lower on average. This variable can be refined in the WBM as 
additional monitoring data is available.  

Evaluation of 2004 WBM Results 
This section presents the final results from the 2004 WBM, and compares them to available 
operations and other water balance component sources. Operations data and WBM results 
are compared for season totals, peak month, and peak week conditions. Peak demand 
periods were based on total North and South Main Canal inflows. The peak demand period 
in 2004 occurred over the last week of July and into the first week of August. July was the 
peak month overall for Main Canal inflows. The results are grouped and evaluated by the 
water balance components listed below.  

Crop ET 
North and South Main Canals inflows 
LSAs
Groundwater pumping 
Reclamation pumping 
Drainwater outflow 
Seasonal summary of supply and demand balance 

Crop Consumptive Use 
Crop consumptive water use, as evapotranspiration, is summarized in Table F-8. The model 
results are compared to the 2004 reference crop ET, and on a per-acre basis. The WBM run is 
based on an approximate season beginning April 1 and extending 2 weeks into October, 
based on a 30-week simulation. The per-acre crop ET is based on a net-irrigated acreage of 
47,300 acres served by OID. The seasonal pattern matches the reference ET data. The total 
average per-acre crop ET is about 10 percent less than the reference crop ET, as expected 
due to the Kc values which reflect crop development stages. As expected, the peak ET 
period overlaps the peak Main Canal inflow period. Based on the existing crop mix within 
OID, the average per-acre consumptive use is approximately 3.5 ac-ft per season.  
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TABLE F-8 
2004 WBM Results—Crop Consumptive Use  
OID WRP Technical Appendixes

Month
Crop ET

(ac-ft)
Average Crop ET per Acre  

(feet)
Reference ET  

(feet)

April 14,724 3.74 5.6

May 21,114 5.36 6.9

June 27,287 6.92 7.9

July 29,934 7.59 8.4

August 28,933 7.34 7.5

September 23,551 5.97 5.7

October 15,346 3.89 3.4

November 3,555 0.90 0.8

Totals 164,400 41.7 46.2

North and South Main Canal Flows 
North and South Main Canal flows were each evaluated separately. Table F-9 summarizes 
the results for the season, peak month, and a typical peak week. The “percent difference” 
values are as a percent of the operations data, with a positive value indicating the model 
results were higher, and a negative value lower. All values are in acre-feet, except the peak 
week average flow in cubic feet per second (cfs). 

TABLE F-9 
2004 WBM Results—Main Canal Flows 
OID WRP Technical Appendixes 

Period South Main Canal North Main Canal Total Canal Supply 

Season Total Model: 138,600 ac-ft 

Ops Data: 136,500 ac-ft 

Difference: 2%  

Model: 112,700 ac-ft 

Ops Data:106,000 ac-ft 

Difference: 6% 

Model: 251,300 ac-ft 

Ops Data: 242,500 ac-ft 

Difference: 4% 

Peak Month—July Model: 28,400 ac-ft 

Ops Data: 28,100 ac-ft 

Difference: 4% 

Model: 22,500 ac-ft 

Ops Data: 21,000 ac-ft 

Difference: 7% 

Model: 50,900 ac-ft 

Ops Data: 49,100 ac-ft 

Difference: 4% 

Peak Week—2nd 
Week of July 

Model: 7,100 cfs 

Ops Data: 6,900 cfs 

Difference: 3% 

Model: 5,600 cfs 

Ops Data: 5,000 cfs 

Difference: 12% 

Model: 12,700 cfs 

Ops Data: 11,900 cfs 

Difference: 7% 
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The Main Canal inflows are influenced by essentially all downstream WBM parameters, and 
are the “closure term’ for the model because of the demand-driven model analysis steps and 
the downstream-to-upstream direction of the model calculations. The model results show a 
reasonably accurate simulation of the actual 2004 Main Canal flows, in terms of seasonal 
total and peak demand periods. The North Main Canal has a higher overall error than the 
South Main Canal, which may be caused by a combination of the larger errors in the north 
side LSA demands (discussed below) combined with more variable conveyance loss 
conditions along the canal’s route. Minor improvements to the Main Canal elements of the 
model can be made in the future as conveyance loss rate estimates are improved, and by 
refining the numerous downstream model parameters at the LSA level that influence the 
Main Canal inflows. However, increased precision is not necessary for the purpose of this 
programmatic planning effort.

The WBM results for the peak month indicate average Main Canal flows of about 470 cfs for 
the South Main Canal and 375 cfs for the North Main Canal, which are reasonably close to 
the peak diversion rates of 490 cfs and 360 cfs, respectively.  

Main Lateral Supply by LSA
The WBM estimates weekly lateral supply (head gate inflows) to each LSA. However, the 
operations data is not recorded at this level, as described previously. This required 
summarizing results for areas of the OID system by grouping operations data and LSA 
results to an approximately equal level. Peak month and peak week results for the North 
and South Sides of the OID system are each compared separately. The South Side LSA 
results are summarized in Table F-10.

TABLE F-10 
South Side LSA Head Gate Supply vs. Operations Data 
OID WRP Technical Appendixes

Ops Data (cfs) Model (cfs) Difference (%) 

LSA 

Peak
Month 
(July) 

Peak Week 
(2nd Week) 

Peak
Month 
(July) 

Peak Week 
(2nd Week) 

Peak
Month 
(July) 

Peak Week 
(2nd Week) 

Paulsell 1,500 350 1,480 360 -1% 3%

Clavey 1,615 416 1,600 400 -1% -4%

Kearney-Union 1,917 485 2,000 500 4% 3%

Brichetto, Mootz 3,760 992 4,120 1,030 10% 4%

South, Palmer 4,901 1,243 5,452 1,363 11% 10%

Claribel, Stowell-
Albers

4,423 1,112 5,080 1,270 15% 14%

Riverbank, Crane 4,494 1,225 4,668 1,167 4% -5%

Adams, West 
Pump, Town "E" 

1,600 406 1,652 413 3% 2%
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The South Side LSAs generally have a good match to the operations data for the peak week 
and peak month. The South and Claribel LSAs are both consistently higher than the 
operations data, but are within a reasonable range given the accuracy of the operations data 
and the expected error in key inputs such as land use and conveyance losses within the LSA.  

The peak week South Main Canal flows below the Van Lier Reservoir were simulated at 
320 cfs, and are equivalent to the sum of the head gate flows to the South, Claribel, 
Brichetto, and Riverbank head gates. This total peak outflow from the reservoir matches 
operating records for typical peak flow conditions, indicating the model is simulating the 
combined system demands below the reservoir during peak conditions.  

The WBM results for the North Side were more difficult to match to the operations data, due 
to the limited number of useful flow measurement points and the large expected error in the 
operations data at key points such as the Cometa and Hirschfeld head gates. Table F-11 
summarizes the North Side LSA results.  

TABLE F-11 
North Side LSA Head Gate Supply vs. Operations Data 
OID WRP Technical Appendixes 

Ops Data (cfs) Model (cfs) Difference (%) 

LSA 
Peak Month 

(July) 
Peak Week 
(2nd Week) 

Peak Month 
(July) 

Peak Week 
(2nd Week) 

Peak Month 
(July) 

Peak Week 
(2nd Week) 

Frymire to Rodden 
High Line LSAs 

3,800 1,033 2,080 520 -45% -50%

Hirschfeld-Clark, Hind, 
Fairbanks, Cometa 

8,395 2,218 10,480 2,620 25% 18%

Burnett-Tulloch, 
River Road–Moulton, 
Campbell, West 
Thalheim 

6,360 1,639 7,600 1,900 19% 16%

The operations data and the model results have relatively poor match for each cluster of 
LSAs, compared to the corresponding operations data. Major factors that are likely 
contributing to the mismatch include varying measurement error, land use, on-farm 
efficiency assumptions, and a higher use of unaccounted drainwater with the system.  

For the areas between Frymire and Rodden, there are approximately 1,700 net irrigated 
acres based on the land use analysis. The July operations data show an average supply of 
2.3 ac-ft per acre for the month, which indicates an overall efficiency (including both 
conveyance and on-farm losses) of about 35 percent. The model results, by comparison, 
show about 1.3 ac-ft, indicate an overall efficiency of about 53 percent. In review with OID 
staff, it was noted that some portions of Division 6 may have much higher than normal 
conveyance losses and lower than average on-farm efficiency.  

For the areas below the Burnett-Cometa split, the model is estimating water demands higher than 
indicated by the operations data. Based on the land use for these two major branches (the Cometa 
and Burnett), the operations data indicate an excessively high average efficiency. The lands served 
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downstream of the Cometa head gates include about 11,200 acres. The July operations data, based 
on the land use, imply an overall efficiency of about 84 percent. Similar analysis of the Burnett-
supplied area indicates an average efficiency of about 80 percent. These values are too high given 
the types of application methods used in the area and expected conveyance losses. Assuming the 
land-use data is relatively accurate, the water operations data may be based on a consistently 
higher than actual flow error at the Cometa and Burnett head gates.  

Peak flows for the Cometa head gates were simulated at 200 cfs. Peak flows for the Burnett 
head gates were simulated at 135 cfs. Both of these values are within about 10 percent or less 
of typical peak flows estimated in the operations data. 

In the future, the outflow data from Rodden Lake may be used as a check on the sum of the 
downstream flow measurements in the future, but the 2004 operations SCADA data were 
unavailable for this calibration effort.  

Drainwater Reclamation Pumping 
Drainwater outflow and reclamation pumping are closely linked in the WBM because the 
model user selects pumping levels as a percentage of the total available drainwater, then 
allocates that reclamation supply between the individual pumps within each basin. The net 
balance (drain inflows minus pumping) is the estimated outflow from each drainage basin. The 
reuse percentage factor was adjusted for each basin to approximately match the 2004 operations 
records, so the model results would be expected to match operations data fairly well.

Drainwater reclamation pumping estimates from the WBM were compared to OID 
operations data at two summary levels; first by drainage basins included in the 2004 
Boundary Outflow monitoring program, then for the total system. Table F-12 shows the 
results for the reclamation pumping within those basins. For the entire OID system, the 
estimated peak month reclamation pumping was 2,200 ac-ft, compared to 2,700 ac-ft from 
the operations data. Seasonal total reclamation pumping estimated from the model was 
12,700 ac-ft, compared to 13,500 ac-ft from the operations data. This shows reasonably good 
simulation of systemwide reclamation pumping. The model shows reasonable agreement 
for the reclamation pumping from each basin under peak conditions.  

TABLE F-12 
Drainwater Reclamation Pumping Results 
OID WRP Technical Appendixes

Operations Data Model Difference (%) 

Drainage Basin 
Peak Month 

(July) 
Peak Week 
(2nd Week) 

Peak Month 
(July) 

Peak Week 
(2nd Week) 

Peak Month 
(July) 

Peak Week 
(2nd Week) 

Angel/Fairbanks 99 25 96 24 -3% -3%

Cavill 344 86 336 84 -2% -2%

Kuhn 69 17 72 18 5% 5%

Laughlin 73 18 76 19 5% 5%

Lone Tree Creek 814 204 784 196 -4% -4%

Union 282 70 272 68 -3% -3%

* Source of error include drainwater reclamation by private users. 
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Surface Water Outflow From OID 
Surface water outflow from the OID service area includes a combination of field tailwater 
runoff from irrigated lands and operational spills from OID laterals. Some of the regional 
drains that carry OID water out of the service area also receive water from areas upslope of 
OID’s service area, and from irrigated lands within the district but not supplied by OID, 
such as lands supplied by private groundwater wells. The quantity, timing, and location of 
the surface water outflow are important factors for evaluating options to improve the 
management of this water. For development and calibration of the WBM, a combination of 
GIS land use data and 2004 outflow data from OID’s Boundary Outflow Monitoring 
Program were used to first estimate total surface water outflow from all sources within the 
OID service area, and then to develop average drainwater production values for use in the 
WBM to estimate the portion of total surface water outflow coming from OID-served lands. 
The follow section presents the basis for the total outflow estimates and the results of the 
WBM for the monitored basins.

Total Surface Water Outflow. Surface water outflow from the entire OID service area was 
estimated using a combination of GIS land use data and the 2004 boundary outflow monitoring 
data. The GIS land use data was used to estimate the total irrigated acreage for each of the 
drainage basins within the OID service area, including both OID-served and non-OID served. 
The 2004 outflow monitoring data was used to estimate typical per-acre seasonal drainwater 
production rates for the monitored basins, and these values were then applied to neighboring 
basins with similar land use. The operational spills data from the monitoring program was used 
to update the estimate of total operational spills from OID’s distribution laterals. This 
information was then used to provide a geographic breakdown of the total surface water 
outflow from the OID service area by basin and by external areas receiving the outflow.  

Table F-13 shows the land use summary by drainage basin, including those basins with 
measured outflows in 2004 (in bold). The land use data indicates that the drainage basins 
monitored in 2004 accounted for about 48 percent of all irrigated lands within the OID 
service area. Table 14 summarizes the surface water outflow estimate for the entire OID 
service area, including both OID-served and non-OID-served lands. Figure F-7 shows a 
schematic breakdown of how the total surface water outflow is distributed between the 
different areas that receive the water.  

The numbers in the Table 14 and Figure F-7 are approximate values only, based on the 2004 land 
use and flow monitoring data. Actual annual values would typically fluctuate significantly, 
similar to OID’s river diversions and other major components of the water balance, based on 
changes in seasonal ET rates, land use, irrigation practices, and other variables.

TABLE F-13 
Drainage Basins Land Use Summary 
OID WRP Technical Appendixes 

Drainage Basin 

Corn/
Oats

(acres) 
Orchards 

(acres) 
Pasture 
(acres) 

Rice
(acres) 

Total Irrigated 
Lands (acres) 

Adams 32 177 1,083 1,292

Albers 1,906 41 1,451 3,398

Cavill 840 69 2,701 3,609
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TABLE F-13 

OID WRP Technical Appendixes 

Drainage Basin 

Corn/
Oats

(acres) 
Orchards 

(acres) 
Pasture 
(acres) 

Drainage Basins Land Use Summary 

Rice
(acres) 

Total Irrigated 
Lands (acres) 

Clavey 218 1,234 1,263 2,715

Crane 369 118 1,805 2,292

Fairbanks 1,247 25 4,414 2,222 7,908

Hind 412 6 1,417 1,835

Kuhn 683 3 1,948 2,634

Laughlin 1,688 545 392 2,625

Lone Tree Creek 498 505 2,475 1,072 4,550

Mootz 188 1474 1,661

Moulton 2 40 314 356

Nelson 0 527 476 1,003

Palmer 1,009 236 1,099 2,344

Paulsell 32 131 554 927 1,644

Strecker 35 2 983 104 1,123

Tulloch 145 499 2,616 18 3,277

Union 1,260 183 2,298 3,742

Total 10,564 4,341 28,762 4,342 48,010 

Subtotal for Measured Drainages 6,217 1,329 14,229 3,294 25,068 

Bold text indicates basins with measured outflows in 2004. 

TABLE F-14 
Surface Water Runoff Components for OID Service Area 
OID WRP Technical Appendixes 

Surface Water Outflow 
Component Value Notes 

Total Irrigated Acreage 54,000 acres Net irrigated acreage includes both OID and non-OID 
served lands 

Average Annual Field 
Tailwater per Acre 

1.2 ac-ft per acre 
per season 

Ranges from 0.8 ac-ft to 1.4 ac-ft depending on crop 
mix and topography 

Total Tailwater Inflows to 
Drains

62,600 ac-ft Includes areas draining to Stanislaus River, which do 
not contribute to drains leaving OID to the west 

Operational Spills 20,000 ac-ft Estimated from 2004 spill monitoring for part of OID 
(actual spills may vary from 10,000 to 20,000 ac-ft)  

Total Surface Water Runoff 82,600 ac-ft 

Reclamation Pumping 12,500 ac-ft Average annual value in recent years. 

Net Surface Water Outflow 70,100 ac-ft 
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Surface Water Outflow for Monitored Drainage Basins. In the WBM, surface water outflow is 
determined by the on-farm efficiency and tailwater runoff (DP/TW ratio), the operational 
spill rate, and the level of reclamation pumping. The calibration results were checked 
against the available outflow data from the 2004 Boundary Outflow Monitoring Program for 
each measured basin. Table F-15 shows the results. The model results vary compared to the 
monitored basin outflows. The differences are likely due to a combination of uncertainty in 
the exact geographic extent of each basin, land use and DP/TW ratios, and drainwater 
inflows from non-OID-served lands. For example, the Lone Tree Creek outflow is assumed 
to include runoff from the Hind and Strecker drainages, which may have a portion of their 
flows intercepted by the SSJID Main Canal. The model results also include all operational 
spills for the LSAs that overlap each basin. For some of the monitored basins, it is likely that 
a portion of the operational spills end up in minor local drains that may not contribute to 
the measured drain outflow.  

The total seasonal difference between the WBM and the monitoring data for these basins is 
about 25 percent. The WBM estimated total surface water outflow from the OID service area 
during the 2004 irrigation season at approximately 62,000 ac-ft (approximately 12 percent 
less than the regional evaluation results). Based on the two approaches, total seasonal 
outflow from the OID service area is estimated at between approximately 60,000 ac-ft and 
70,000 ac-ft per season.  

TABLE F-15 
Measured and Estimated Outflow from Drainage Basin 
OID WRP Technical Appendixes 

 Monitoring Data Model Estimate Difference

Monitored Drainage 
Basin 

July 
Peak

Month  
(ac-ft)

Season 
Total 
(ac-ft)

July 
Peak Month 

(ac-ft)

Season 
Total 
(ac-ft)

July 
Peak Month 

(ac-ft)

Peak
Month 

Difference
(cfs)

Union 894 3,977 868 4,800 -26 0

Laughlin 684 2,974 700 3,600 16 0

Cavill 915 5,560 828 4,700 -87 -1

Kuhn 200 1,241 576 3,100 376 6

Angel/Fairbanks 349 3,668 720 4,700 371 6

Lone Tree Creek 1,245 7,659 2,000 10,300 755 13

Totals 4,287 25,079 5,692 31,200 1,405

Surface Water Outflow Conclusions 
The updated estimate of surface water outflow from OID supports the following key 
findings:

Total surface water runoff from the OID service area is estimated to be approximately 
60,000 to 70,000 ac-ft per year. Field tailwater runoff comprises about 70 percent of the 
outflows, with operational spills making up the remainder.
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Average field tailwater runoff is approximately 1.1 ac-ft per acre, per season. Some areas 
with large concentrations of corn and pasture, combined with steeper topography, may 
have runoff rates near 1.4 ac-ft per acre.  

The outflows from the OID service area are distributed between six primary areas: Dry 
Creek, Modesto Irrigation District’s (MID’s) Main Canal, the Stanislaus River, the SSJID 
Main Canal, Lone Tree Creek, and the regional drain flowing northwest out of OID into 
Central San Joaquin Water Conservation District’s service area. 

The outflow estimates to the SSJID and MID Main Canals vary from estimates provided 
by these districts. In the case of SSJID, it is possible that some of the lands east of the 
SSJID Canal, which were assumed to ultimately drain to Lone Tree Creek, may be 
intercepted by drains that feed into the canal. Field verification of the major cross 
drainages may improve the assumed split of surface water runoff between Lone Tree 
Creek and interception by the SSJID Main Canal.  

Groundwater Well Pumping 
Groundwater pumping in the WBM is a user-defined input. For the 2004 simulation, the 
monthly pumping records for each OID well were used to input an average weekly 
pumping for each calendar month. The 2004 simulation pumping was approximately 
4,500 ac-ft, compared to 4,400 ac-ft from the operations data.  

Summary 2004 Water Balance 
Table F-16 presents a summary of the primary components of the OID system water balance 
under average existing conditions. This “existing conditions” water balance summary is 
based on current land use and average ET conditions.  

TABLE F-16 
2004 Summary Water Balance for OID Service Area 
OID WRP Technical Appendixes 

Components Acre-Feet (ac-ft) 

Water Supply Sources for Distribution System 

Stanislaus River 

Main Canal Inflows 261,600 

River Pumps 800

4,500Groundwater Pumping 

12,500 Reclamation 

Total Supply 279,400 

Conveyance and On-Farm Losses 

Conveyance Loss 

Seepage 23,800 

Operational Spills 11,300 

On Farm Loss 

Deep Percolation 30,700 

Tailwater 53,500 

Total Losses 119,300 
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TABLE F-16 
2004 Summary Water Balance for OID Service Area 
OID WRP Technical Appendixes 

Components Acre-Feet (ac-ft) 

Crop Evapotranspiration (ET) and On-Farm Supply 

ET (net of effective precipitation) 162,500 

Farm Delivery (all sources) 244,300 

Drainwater 

Production (tailwater and spills) 64,800 

Non-OID drainwater 8,200

Reclamation  -12,500 

Outflow Total 60,500 

Conclusions and Recommendations 
The following conclusions are made regarding the WBM, along with recommendations to 
improve its application as a more precise operations tool (as opposed to its current 
application in a programmatic water resources planning effort): 

For the Water Resource Plan purposes, the calibration showed that the WBM adequately 
simulated water use within the district. 

The WBM simulated the primary elements of the OID water balance for 2004 existing 
conditions within reason when comparing to related operations and other data sources.  

The largest sources of variability include the North Side water supply operations data, 
land use in certain LSAs, and on-farm efficiency levels.  

OID should evaluate options for revising the Division boundaries to more closely match 
the actual layout of the major LSAs and flow control structures so that each Distribution 
System Operator is responsible for a more contiguous operations area.  

OID should consider reformatting its Daily Flow Order logs and similar week or 
monthly summary logs in coordination with any revisions to the boundaries of the 
Divisions, to eliminate indirect measurement data (such as recording “flow” backed out 
from secondary measurements) and to align the daily flow information directly with the 
actual flow control and measurement structures.  

OID should evaluate its practices for storing and archiving electronic copies of the 
operations data to allow future evaluations to more efficiently evaluate historical 
operations data without relying on hard copy information only. In addition, the SCADA 
operations data files should be set up to save key summary information such as daily 
reservoir outflows, and not overwrite these files each year.  

The decisions on the level of operations summary (for example, modified Divisions) and 
the time-step detail (for example, monthly, weekly) would support an effective annual 
Water Operations Report as part of OID’s overall water conservation program.
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OID should continue to expand the Boundary Outflow measurement program, which is 
providing useful information to OID for evaluating water management improvements 
and substantiating estimates of surface water outflows to the surrounding region. In 
addition to boundary points, OID should consider additional monitoring upstream in 
the drainage basins to help refine the relative drainwater inflows from major parts of 
each basin. For example, a flow monitoring station on Lone Tree Creek near Valley 
Home Road or a similar location would allow better estimates of which areas within this 
large basin are the primary sources of drainwater.  

OID should complete updated flow monitoring on the North and South Main Canals to 
improve estimates on the quantity and location of seepage losses.  

2025 Water Balance Sensitivity Analysis 
The WBM was used to evaluate the impacts of the forecasted land use changes and to 
evaluate the sensitivity of the overall water balance to changes in key factors such as land 
use, climate (ET), and on-farm efficiency levels. Table F-17 shows the assumed land use mix 
by LSA for 2025 used in the water balance sensitivity analysis. Agricultural land use acreage 
is net irrigated acreage.  

TABLE F-17 
2025 Land Use by LSA, Baseline Forecast  
OID WRP Technical Appendixes 

LSA 

Corn/
Oats

(acres) 
Orchards

(acres) 
Pasture
(acres) 

Rice
(acres) 

Native 
Vegetation

(acres) 

Urban/ 
Industrial 

(acres) 
Other

(acres) 

Grand 
Total 

(acres) 

Adams–West Pump 13 82 37 0 1 1,790 9 1,933

Brichetto 501 633 1,423 0 7 55 156 2,775

Burnett-Tulloch 106 422 709 0 13 711 35 1,995

Campbell 474 405 1,986 190 18 147 162 3,382

Claribel 765 489 847 0 24 5 191 2,320

Clavey 5 614 662 0 32 192 146 1,652

Crane-Langworth 135 895 308 0 18 1,013 71 2,441

Eaton 43 198 158 0 94 14 20 528

Fairbanks 331 471 1,869 443 6 4 92 3,217

Hind-Stevenot 394 830 1,628 104 85 47 157 3,245

Hirschfeld-Clark 518 621 1,520 811 7 25 187 3,690

Kearney-Union 652 395 988 0 68 95 302 2,500

Lower Cometa 101 330 1,100 85 225 6 246 2,092

Mootz 189 474 1,308 27 0 69 188 2,256

Palmer 1,206 643 516 0 0 28 154 2,547

Paulsell 28 156 383 805 366 0 38 1,776
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TABLE F-17 

OID WRP Technical Appendixes 

LSA 

Corn/
Oats

(acres) 
Orchards

(acres) 
Pasture
(acres) 

Rice
(acres) 

Native 
Vegetation

(acres) 

Urban/ 
Industrial 

(acres) 

2025 Land Use by LSA, Baseline Forecast  

Other
(acres) 

Grand 
Total 

(acres) 

River Road–Moulton 206 880 591 0 14 911 124 2,726

Riverbank 513 248 1,190 0 24 880 316 3,170

Rodden High Line 22 259 142 0 0 430 24 877

South 521 1,542 996 0 392 126 204 3,780

South Main 0 233 45 0 62 25 17 382

Stowell-Albers 1,303 323 1,358 0 7 16 405 3,413

Town "E" 3 258 1 0 8 295 15 581

Tulloch-Frymire 0 125 141 0 120 32 622 1,040

West Thalheim 46 155 686 150 13 71 86 1,207

Total 8,078 11,679 20,594 2,616 1,601 6,988 3967 55,523 

Land use changes are a significant factor driving the long-term changes in OID’s water 
balance. Comparison of the 2025 land use by LSA with the existing conditions shows the 
following key changes.  

Overall net irrigated acreage served by OID could decrease by about 10 percent, with 
most of that loss focused in the areas impacted by the City of Oakdale’s growth.  

Specific LSAs such as the Town E, Adams–West Pump, and Crane-Langworth may see 
dramatic decreases in their service acreage.  

See the Land Use Trends and Forecasting Technical Appendix E for additional details on 
the forecasted changes.  

It is important to note that the WRP develops programmatic alternatives and 
recommendations for responding to these forecast changes, including expanding the 
district’s customer base and improving the level of service to current and potential users to 
accommodate the changing needs of the district’s customers. Therefore, the water quantities 
presented here are not a complete future water balance, but rather show only the relative 
sensitivity of the water balance results to key assumptions and parameters.  

Six WBM runs were used to quantify the sensitivity of various input parameters. In each 
run, all parameters were held constant at the baseline model value, except the one being 
evaluated for model sensitivity. Table F-18 summarizes the WBM results in terms of the 
primary “in” and “out” components of Stanislaus River diversions to the OID North and 
South Main Canals, crop ET, and net outflows from the OID service area.  
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2025 Baseline—uses the baseline forecasted land use, average ET, no change to on-farm 
efficiencies per crop type. This run’s results are the baseline against which the sensitivity 
of each change is compared.

Minimum ET—uses forecasted land use, minimum historic ET, and no change to 
on-farm efficiencies. 

Maximum ET—uses forecasted land use, maximum historic ET, and no change to 
on-farm efficiencies. 

Less than Forecast Growth in Orchards—uses reduction in forecasted orchard acreage 
by 20 percent, with difference made up by increase in forecasted pasture, and no change 
to on-farm efficiency. 

Greater than Forecast Growth in Orchards—uses increase in forecasted orchard acreage 
by 20 percent, with difference made up by reduction in pasture acreage, and no change 
to on-farm efficiency. 

Improved Average Pasture Efficiency—uses forecasted land use, average ET, and an 
assumed average improvement for pasture on-farm efficiency of 5 percent.

TABLE F-18 
2025 WBM Sensitivity Analysis Results 
OID WRP Technical Appendixes 

Water Balance Component (ac-ft) 

Model Run/Sensitivity 
Check 

Stanislaus River 
Diversions into OID 
(Deviation from 2025 

Baseline Run) 
Crop ET (Deviation from 

2025 Baseline Run) 

Net Surface Water 
Outflow 

(Deviation from 2025 
Baseline Run) 

2025 Baseline Run 223,600 148,200 50,300 

Minimum ET 169,900 (-53,700) 124,400 (-23,800) 42,300 (-8,000) 

Maximum ET 269,800 (+46,200) 165,400 (+17,200) 56,800 (+6,500) 

Reduced Orchard 
Acreage 

231,600 (+8,000) 148,400 (+200) 55,000 (+4,700) 

Increased Orchard 
Acreage 

219,300 (-4,300) 148,000 (-200) 48,100 (-2,200) 

Improved Pasture 
Irrigation Efficiency 

210,300 (-13,300) 148,200 (0) 42,300 (-8,000) 

Sensitivity Analysis Conclusions 
The following conclusions are drawn from the results of the 2025 Baseline run and the 
sensitivity analysis: 

Maximum ET conditions, similar to those that occur on average once every 10 years, 
may cause an increase in demands of 46,000 ac-ft over average ET conditions.  

F-42 W092005005SAC/323059/053420011 (APPENDIX F.DOC) 



APPENDIX F: WATER BALANCE 

The potential uncertainty in the estimated range of crop acreage forecasts results in a 
maximum change of about 12,000 ac-ft per year (4,000 ac-ft decrease with more orchards, 
8,000 ac-ft increase with fewer orchards. This indicates that the water balance forecast is 
relatively less sensitive to the accuracy of the land use forecast than other factors such as 
expected ET variability. 

A 5 percent change in average efficiency for pasture growers results in a reduction in 
average year demands of about 13,000 acre feet. This indicates that on-farm efficiency 
values are relatively influential for the water balance results. 
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