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Foreword 

The Bay-Delta Estuary provides drinking water to two-thirds of the State's 
population, supplies irrigation water to some of the State's most productive agricultural 
areas, and is one of the largest ecosystems for fish and wildlife habitat and production in the 
United States. Effective management of the Estuary requires an understanding of how 
these competing beneficial uses influence one another. A tool available to decision makers in 
gaining such an understanding is computer simulation. Therefore, a number of computer 
models have been (and are being) developed by the Division of Planning to simulate 
cause-and-effect relationships between water project operations, agricultural activities, and 
the environment. The purpose of this report is to describe computer models that provide 
estimates of agricultural diversion and return flows and qualities; these estimates are 
employed as input to models of Bay-Delta hydrodynamics, water quality, and particle 
tracking. 

Edward F. Huntley, 
Chief, Division of Planning 

-lll-



Estimation of' Delta Island Diversions and Retum Rows 

John J. Silveira 
Deputy Director 

. STATE OF CALIFORNIA 
' Pete Wilson,.Govemor 

THE RESOURCES AGENCY 
Douglas P. Wheeler, Secretary for Resources 

DEPARTMENT OF WATER RESOURCES 
David N. Kennedy, Director 

Robert G. Potter 
Chief Deputy Director 

Vernon H. Persson 
Acting Deputy Director 

L. Lucinda Chipponeri 
Assistant Director for Legislation 

Susan N. Weber 
Chief Counsel 

Division of Planning 

Edward F. Huntley ............................................................. Chief 
George W. Barnes, Jr. . ................................. Chief, Modeling Support Branch 
Francis I. Chung ............................................... Supervising Engineer 

This report was prepared under the supervision of 

Paul Hutton ......................................................... Senior Engineer 

by 

Nirmala Mahadevan .................................................. Engineer, W.R. 

with assistance from 

Kamyar Guivetchi .................................................... Senior Engineer 
Price Schreiner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . WR Engineering Associate 
Sam Ito . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . WR Engineering Associate 
Don Taylor .................................... Water Engineering Associate (Specialist) 
Nancy Pate .......................................................... Research Writer 
Nancy IBlrey ......................................................... Research Writer 

-w-



Estimation of Delta Island Diversions and Return Flows 

Table of Contents 

Chapter 1. Introduction and Conclusions . . • . . . . . . . . . . • . . • • • . • . . . . . • . . . . . . . . . . . . 1 
Scope of Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 
Summary of Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 
Future Activities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

Chapter 2. Physics Of Consumptive Use • • . • • • . . • . . • . . • • . . . . . • • • • . . . • • • . • • • • . • • • • 7 
Consumptive Use Factors ....................................................... 7 
Mathematical Relations Between CU Factors .................................... 10 

Chapter 3. Delta Channel Depletion Estimates: Overview . . . . . . • . . . . . . . . . . . . . . . 11 
Channel Depletions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
San Francisco Bay-Delta Tidal Hydraulic Model Estimates . . . . . . . . . . . . . . . . . . . . . . . 11 
DWR DAYFLOW Channel Depletion Estimates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
DWR/USBR Channel Depletion Estimates for Real-Time Operations .............. 12 
DWR Division of Planning Channel Depletion Estimates . . . . . . . . . . . . . . . . . . . . . . . . . 12 

Chapter 4. Delta Island Con$umptive Use Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Description of the DICU Computer Program ..................................... 15 
DICU Model Input Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 

Chapter 5. The Subarea to Node Allocation Program . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
DICU Output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
Lowlands Leaching Volumes and Schedule ...................................... 33 
Farm Irrigation Efficiency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 
Subarea to Node Allocation Factors ............................................. 35 
Drainage Salinity Concentrations ............................................... 41 

Chapter 6. Consumptive Use Adjustment Program .........................•... 51 

Chapter 7. Model Validation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 
Precipitation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 
Evapotranspiration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 
Soil Moisture Budget . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 
Applied Water ................................................................ 55 
Drainage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 
Seepage ...................................................................... 57 
Discussion .................................................................... 57 

Chapter 8 Sensitivity Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 
Sensitivity Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 
Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 

-v-



Estimation of Delta Island Diversions and Return Flows 

· Table of Conteri~s (continued) 

Chapter. 9 ,-Future Directions . . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 
Delta Island Water Use Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 
Modified ET Formulation ................................. ·. . . . . . . . . . . . . . . . . . . . . 79 

• Disaggregating Channel Diversion Estimates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 
Extending Land Use Database ................................................. 80 
Assigning Drain Quality Constituents ........................................... 80 
Model Calibration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81 

Appendices 

A. Net Delta Channel Depletion Estimates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 

B. Accounting Procedure Used by the DICU Model ............................ 89 
Column Explanations for DICU Model Output Table ............................. 89 
Bookkeeping Procedure for Irrigated Pasture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90 
Bookkeeping Procedure for Special Land Use Categories . . . . . . . . . . . . . . . . . . . . . . . . . . 98 

C. Miscellaneous Tables . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 

D. Leach Water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115 

E. Irrigation and Drainage Factors for Delta Subareas . . . . . . . . . . . . . . . . . . . . . . . 117 

F. Sensitivity Plots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121 

G. Glossary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133 

-vi-



Estimation of Delta ls/and Diversions and Return Flows 

Table of Contents (continued) 

Tables 

Table 4-1. DICU Model Subareas ............................................... 16 
Table 4-2. DICU Land Use Categories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
Table 4-3. DICU Crop Rooting Depths . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
Table 4-4. DICU Model Soil Moisture and Irrigation Season Limits . . . . . . . . . . . . . . . 25 
Table 4-5. DICU Model Total Monthly Unit ET Per Crop . . . . . . . . . . . . . . . . . . . . . . . . . 28 

Table 5-1. Schedule of Leach Water Application and Drainage .................... 34 
Table 5-2. Diversion and Drainage Distribution to DWRDSM Model Nodes for 

Coney Island (subarea 132) ................................................. 41 
Table 5-3. Drainage and Diversion Flows for DWRDSM Nodes .................... 42 
Table 5-4. Monthly Total Delta-wide Net Channel Depletions . . . .. . . . . . . . . . . . . . . . . . 44 
Table 5-5. Bulletin 123 Average Seasonal Quantities of 

Delta Agricultural Drainage, 1964 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
Table 5-6. DWRDSM Nodal Drainage TDS Concentration and Return Flow . . . . . . . . 4 7 
Table 5-7. DWRDSM Nodal Drainage CL Concentration and Return Flow ......... 49 

Table 8-1. Sensitivity of Delta Diversions: Percent Changes ....................... 77 
Table 8-2. Sensitivity of Delta Drainage: Percent Changes . . . . . . . . . . . . . . . . . . . . . . . . 78 

Table A-1. Dayflow Net Channel Depletion Estimates: 
1930-1993MonthlyAverages ............................................... 84 

Table A-2. DOI Net Channel Depletion Estimates: Monthly Averages 
for All Water Years . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85 

Table A-3. CU Net Channel Depletion Estimates (Constant ET): 
1922-1992 Monthly Averages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 

Table A-4. CU Net Channel Depletion Estimates (Hargreaves-Samani ET): 
1922-1992 Monthly Averages ............................................... 87 

Table A-5. DICU Net Channel Depletion Estimates: 
1922-1992 Monthly Averages ............................................... 88 

Table B-1. DICU Model Output: Bookkeeping for Subarea 1 ...................... 91 

Table C-1. DICU Land Use Acreage for Non-critical Water Years ................ 102 
Table C-2. DICU Land Use Acreage for Critical Water Years . . . . . . . . . . . . . . . . . . . . 104 
Table C-3. Subarea to Node Diversion Allocation Factors ........................ 106 
Table C-4. Subarea to Node Drainage Allocation Factors ........................ 110 
Table C-5. Consumptive Use Adjustment Program Output File . . . . . . . . . . . . . . . . . . . 112 

-vii-



Estimation of Delta Island Diversions and Return Flows 

Table of Contents {continued) 

Figures 

Figure 1-1. Average Annual Delta Depletions, Exports, and Outflow 
(DAYFLOW 1975-91). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

Figure 1-2. DWRDSM Delta Model Grid ......................................... 3 
Figure 1-3. ProgrE\ms Flowchart ................................................. 4 

Figure 2-1. Hydrologic Cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Figure 2-2. Simplified Hydrologic Cycle for a Typical Delta Island .................. 9 

Figure 4-1. DICU Model Consumptive Use Subareas ............................. 17 
Figure 4-2. DICU Model (soil moisture bookkeeping). . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 
Figure 4-3. DICU Model Land Use for the Delta. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
Figure 4-4. DICU Model Land Use for East Union Island. . . . . . . . . . . . . . . . . . . . . . . . . 22 
Figure 4-5. DICU Model Soil Moisture Limits for the Delta Lowlands. . . . . . . . . . . . . . 26 
Figure 4-6. DICU Model Soil Moisture Limits for the Delta Uplands ............... 27 
Figure 4-7. Precipitation Stations and Theissen Polygon Boundaries ............... 30 
Figure 4-8. Water Year 1992 Precipitation ....................................... 31 

Figure 5-1. Irrigation Diversions ................................................ 36 
Figure 5-2. Agricultural Drainage Returns ...................................... 37 
Figure 5-3. DWRDSM, Location of Agricultural Diversions ........................ 38 
Figure 5-4. DWRDSM, Location of Agricultural Returns. . . . . . . . . . . . . . . . . . . . . . . . . . 39 
Figure 5-5. Sample Map Showing Location of Siphons, Pumps, Floodgates, 

and Drainage Pumps ....................................................... 40 
Figure 5-6. Bulletin 123 Regions ........................... · ..................... 46 

Figure 7-1. Twitchell Island Precipitation ....................................... 54 
Figure 7-2. Twitchell Island Evapotranspiration ................................. 54 
Figure 7-3. Twitchell Island Soil Moisture Change ............................... 54 
Figure 7-4. Twitchell Island Applied Water ...................................... 56 
Figure 7-5. Twitchell Island Drainage .......................................... 56 
Figure 7-6. Twitchell Island Seepage ........................................... 56 

Figure 8-1. Twitchell Island 1930 Land Use ..................................... 60 
Figure 8-2. DICU Twitchell Island Land Use for Critical Water Years . . . . . . . . . . . . . . 60 
Figure 8-3. DICU Model Results: 1930 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 
Figure 8-4. Twitchell Island 1955 Land Use ..................................... 63 
Figure 8-5. DICU Twitchell Island Land Use for Non-critical Water Years . . . . . . . . . 63 
Figure 8-6. DICU Model Results: 1955 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 
Figure 8-7. Sensitivity of Farm Irrigation Efficiency Factor ....................... 65 
Figure 8-8. Sensitivity of Seepage Increase . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 

-viii-



Estimation of Delta Island Diversions and Return Rows 

Table of Contents (continued) 

Figures (continued) 

Figure 8-9. Sensitivity of Seepage Decrease . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 
Figure 8-10. Sensitivity of Precipitation Increase ................................ 69 
Figure 8-11. Sensitivity of Precipitation Decrease ................................ 71 
Figure 8-12. Sensitivity of Leach Water ......................................... 72 
Figure 8-13. Sensitivity of Evapotranspiration Increase .......................... 73 
Figure 8-14. Sensitivity of Evapotranspiration Decrease .......................... 74 
Figure 8-15. Sensitivity of Soil Moisture Limits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76 

Figure F-1. DICU Model Results: 1924 ......................................... 122 
Figure F-2. DICU Model Results: 1925 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123 
Figure F-3. DICU Model Results: 1926 . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124 
Figure F-4. DICU Model Results: 1927 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125 
Figure F-5. DICU Model Results: 1928 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126 
Figure F-6. DICU Model Re~ults: 1929 ......................................... 127 
Figure F-7. DICU Model Results: 1931 ......................................... 128 
Figure F-8. DICU Model Results: 1938 ......................................... 129 
Figure F-9. DICU Model Results: 1948 ......................................... 130 
Figure F-10. DICU Model Results: 1960 ........................................ 131 

-LX-



Estimation of Delta Island Diversions and Return Flows 

Chapter 1 
Introduction and Conclusions 

Approximately twcrthirds of the land in the Sacramento-San Joaquin Delta 
supports agriculture. Irrigation diversions and agricultural return flows significantly 
impact Delta hydrodynamics, water quality, and biological resources. The volume of water 
depleted by agricultural activities is approximately one-third the volume exported by Delta 
water projects (see Figure 1-1). Hence, agricultural activities play a significant role in 
circulation patterns. Agricultural activities also affect water quality. Delta islands act as 
salt reservoirs by first diverting and storing salts in the summer and then releasing those 
salts during the winter through leaching and drainage of precipitation (Quantity 1956). 
Delta agricultural drainage also contains elevated levels of organic matter, which 
contribute to the formation of trihalomethanes and other disinfection by-products in 
treated drinking water (Delta Island 1990; Hutton and Chung 1992). Finally, agricultural 
activity also affects biological resources. Unscreened agricultural diversions entrain eggs, 
larvae, and juvenile fish (Water Quality 1994). 

Gross channel depletion 
6°/o 

Delta outflow 
76°/o 

CVP export 
9°/o 

SWP export 
8°/o 

Figure 1-1. Average Annual Delta Depletions, Exports, and Outflow (DAYFLOW 1975-91) 
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Due to the importance of agricultural activities, several of the Department's Delta 
computer models rely on estimates of agricultural diversions and return flows and quality 
to provide an accurate picture of the physical processes occurring within the Delta. For 
example, the Delta Simulation Model (J')WRDSM) is a hydrodynamics and water quality 
model that requires information on agricultural diversions and returns. The model grid, 
shown in Figure 1-2, is composed·of 416 junctions or nodes, 496 channels, and 13 open 
water areas. Agricultural diversion and return flows and concentrations of conservative 
water quality constituents (e.g. salinity and total organic carbon) can be input to the model 
at any node (Hutton and Chung 1992). The Delta Island Consumptive Use (DICU) model 
and associated routines, the subjects of this report, were developed to (1) estimate 
agricultural diversion and return volumes and (2) assign these volumes and associated 
water quality concentrations to DWRDSM nodes. While locations and magnitudes of 
agricultural diversions influence Delta hydrodynamics and water quality, they also affect 
the transport and fate of biological resources in the Delta. Transport and entrainment of 
biological resources is simulated with DWR's Particle Tracking Model, a model which 
employs the same hydrodynamics, geometry and channel depletion information as 
DWRDSM (Bogle et al. 1993). 

Scope of Report 

This report describes the DICU model and associated computer programs developed 
and employed by the Division of Planning to estimate Delta agricultural diversion and 
return volumes. Details on program logic, input data, model validation, and sensitivity 
analyses are presented. 

Chapter 2 defines a number of physical processes and farming activities related to 
consumptive use such as precipitation, seepage, evapotranspiration, irrigation practices, 
soil moisture storage, leach water application and drainage, and runoff. Mathematical 
relationships between processes are presented in this chapter. The Department and others 
have published several methods of estimating Delta consumptive use; these are 
summarized in Chapter 3. Motivation for using the DICU model to estimate Delta 
consumptive use is discussed. 

Chapters 4 through 6 provide details on the computer programs such as program 
logic and input data. Figure 1-3 diagrams program inter-relationships. Chapter 7 
documents an attempt to validate the DICU model. Field data collected on 1\vitchell Island 
in 1960 are compared with model results for the same time period. Comparison plots of 
precipitation, evapotranspiration, soil moisture budget, applied water, return flows and 
seepage illustrate the strengths and weaknesses of the DICU model. 

Validation results are used in Chapter 8 to examine the sensitivity of Delta diversion 
and return estimates to changes in the following factors: land use, farm irrigation efficiency, 
seepage, precipitation, leach water, evapotranspiration, and soil moisture limits. Chapter 9 
concludes the report with a discussion of future tasks related to model enhancement. 
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Figure 1-2. DWRDSM Delta Model Grid 
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Acreage for 142 Della sub-areas 
Acreage for 20 possible land use categories 
Non-critical and critical water year Delta land use 
Historic monthly total precipitation for 7 Della stations ( 1922-92) 
Historic monthly total pan evaporation (1956-84) 
Mean ET for each land use category 
Estimated soil moisture accounting 
Typical monthly irrigation schedule for each irrigated crop and water year type 

Della Island Consumptive Use model 

/ ' 
For each Delta sub-area CJ INPUT/OUTPUT FILES 

Total consumptive use 0 PROGRAMS 

Consumptive use of precipitation 
\_ 

Consumptive use of seepage 
Depletion of applied water, 

Estimated irrigation efficiency 
Diversion and drainage allocation factors (sub-area-to-DWRDSM node} 
Estimated sch~dule of monthly lowlands leaching/ponding 
Estimated drainage quality concentrations 

Subarea to node allocation program J 

' 

Diversions and return flows at DWRDSM nodes I 
Drainage salinity concentration for nodal return flows I 

Delta channel 

( Consumptive Use Adjustment program )- depletions (user 
specified, e.g., 
DWRSIM} 

I Adjusted diversions and return flows at DWRDSM nodes I 
Adjusted drainage salinity concentration for nodal return flows 

( Department of Water F,lesources Delta Simulation Model (DWRDSM)J 

Figure 1-3. Programs Flowchart 

-4-



Estimation of Delta Island Diversions and Return Flows 

Summary of Conclusions 

+ The DICU model can be used to estimate Delta diversion and return volumes on a 
detailed spatial level, given information on land use, farming practices, and climatic 
conditions. Input data is needed on a detailed level to accurately model Delta 
hydrodynamics, water quality and particle fate and transport. 

• Validation shows that Twitchell Island soil moisture changes are being modeled 
reasonably well. On an annual basis, the model also performs reasonably well in 
predicting Twitchell Island applied water requirements. However, the model tends to 
over predict early in the growing season and under predict late in the growing 
season. Model validation also suggests that seepage and return volumes are 
consistently under predicted. 

• Sensitivity analyses indicate that the model is highly responsive to changes in (1) 

evapotranspiration and irrigation efficiency during the growing season and (2) 
leaching practices following the growing season. 

• When water is not being applied for irrigation, diversion estimates are sensitive to 
changes in seepage. Because the current version of the DICU model only accounts 
for seepage that is available to plants for consumptive use, return flows are not 
particularly sensitive to changes in seepage. This limitation on seepage currently 
imposed by the model may cause both diversion and return flows to be consistently 
under predicted. 

• The DICU model lumps siphon inflows and seepage into a single channel diversion. 
To accurately simulate the significance of agricultural diversions on particle fate and 
transport, channel diversion estimates must be disaggregated into siphon inflow and 
seepage estimates (as only siphon inflows entrain particles). 

Future Activities 

Future activities will focus on improving DICU model performance by modifying 
input data, assumptions, and formulations. Anticipated activities include: 

• utilizing diversion and drainage information from the Municipal Water Quality 
Investigation Program's Delta Island Water Use Study (and other sources) to modify 
model assumptions on seepage, leaching schedules, and irrigation efficiency; 

• modifying the formulation to estimate evapotranspiration based on the 
Hargreaves-Samani equation; 

• extending the land use input to better represent historic conditions; 

• modifying the output structure so that water quality constituents other than salt 
are assigned to agricultural return nodes, including electrical conductivity, minerals, 
organics, nutrients, dissolved oxygen, temperature, and algae; and 

• modifying the output structure to disaggregate channel diversion estimates into 
siphon inflow and seepage inflow. 
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Chapter 2 
Physics Of Consumptive Use 

Consumptive use (CU) of water includes both evaporation and transpiration; 
evaporation from the soil, water surfaces and hard tops (roofs and other impervious 
surfaces in urban areas), and transpiration through plant surfaces. Sometimes the phrase 
consumptive use is used interchangeably with evapotranspiration (ET). However, the ET 
demand of a plant is not always met (as in the case of non-irrigated crops during summer) 
and therefore a distinction is made between the two in this report. 

Figure 2-1 is a representation of the hydrologic cycle that illustrates some of the 
physical processes related to consumptive use (Vegetative 1967). A simplified version of the 
hydrologic cycle for a typical Delta island, shown in Figure 2-2, is used to estimate Delta 
consumptive use. Factors such as precipitation, seepage, evapotranspiration, irrigation, soil 
moisture storage, leach water and runoff are identified on the simplified hydrologic cycle. A 
few comments about the nature of each factor follow . . 
Consumptive Use Factors 

Applied irrigation water (IA): The volume of water diverted from Delta channels and 
applied as irrigation water depends on the availability of other sources of moisture to a crop 
such as precipitation, seepage, and soil moisture. In determining the volume of water to 
divert, farmers may also take into account the method of irrigation, soil type, crop root 
depths, and cost of the available water supply (Vegetative 1967). This volume of water is 
typically greater than the minimum irrigation requirement (IR) caused by irrigation 
efficiency (fl). 

Leach water: In the Delta Lowlands, it is a common practice to leach salts from the 
root zone periodically by making heavy applications of water for extended periods 
(Documentation 1966). Aerial observations indicate that leach water is applied (LWA) from 
October through December and is drained (LWn) from January through April (Joint 1981). 

Seepage (8): The seepage rate from channels to islands in the Delta Lowlands 
depends on soil characteristics and the head difference between water elevations in the 
channels and water elevations in drainage ditches in the islands. The Delta Lowlands are 
defined as those areas in the Delta with lands lying below an elevation of plus five feet, 
mean sea level datum (Quantity 1956). The mean monthly head differential is essentially 
constant throughout the year, varying not more than about five percent in any month which 
indicates a uniform seepage rate (Salinity 1962). Owen and Nance assume that the seepage 
rate is relatively constant throughout the year because drainage pumps keep the ground 
water level relatively constant (Owen and Nance 1962). 

Evapotranspiration (ET): Factors that affect ET can be categorized into climatic, 
plant, and soil categories. Climatic factors include solar radiation, wind, humidity, 
temperature, and precipitation. Plant factors include percentage of ground covered by 
transpiring vegetation, state of plant development, plant physiology, and surface roughness 

-7-



Estintation of Delta /stand Diversions and Retum Rows 

.. 

DUfl 'lllCO\.ATIU 

HYDRO GRAM 

Figure 2-1. Hydrologic Cycle 

-8-



DIVERSION 

Irrigation water (applied) 
Leach Water (applied) 

. . -. . ' . : . ·: . . . 

Estimation of Detta Island Diversions and Return Flows 

TYPICAL DEL TA ISLAND 

ET Precip 

i i 
.... 

: • . • •>, •. -.: . : . , . · ... . . ... ·.: .... ' .. , 

: ... .. 

RETURN 

Irrigation water (drained) 
Leach water (drained) 

Surface runoff 

"-' . . . . . . . \. . . 
Soil moisture . · · ., · ·,: •.• · .. 

• •. o •;., I • •• 
. ,.. 

Figure 2-2. Simplified Hydrologic Cycle for a Typical Delta Island 

of the crop. Soil factors include available moisture content of the soil mass within the root 
zone and the transmissibility rate of moisture through the soil to plant roots. Of the three 
types of categories, climatic factors generally have the greatest influence on ET with solar 
radiation being the most dominant of those climatic factors (Vegetative 1967). 

Precipitation (P): Precipitation in the Delta is not uniform. Theissen polygon 
interpolation routines, using data obtained from stations located in and around the Delta, 
are used to estimate the spatial distribution of precipitation. 

Soil moisture (SM): The availability of soil moisture to plants depends on the 
amount that either can be or is stored in the soil. Various internal and external factors may 
also limit the availability of such moisture. Examples of such factors are (1) amount and 
intensity of precipitation, (2) rooting depths of crops, (3) soil infiltration rates, and ( 4) 
available moisture-holding capacity of the soil (Vegetative 1967). 

Surface runoff (RO): Runoff occurs when there is precipitation in excess of that 
which can be used by plants or stored as soil moisture. On most Delta islands, runoff flows 
into drainage ditches and is pumped into neighboring channels. 

Irrigation drainage Un): Agricultural drainage water must be pumped from 
farmlands over levees into the nearby channels since most agricultural areas in the Delta 
are at or below sea level. 
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Mathematical Relations Between Consumptive Use Factors 

In this report, total consumptive use for each island is defined by the following 
equation: 

TCU= Diversions - Drainage + P (2-1) 

Diversions and drainage associated with each island can be expressed in terms of 
the CU factors and an irrigation efficiency (ri): 

Diversions= IA + LWA + S 

Drainage = (141) IA+ LWo +RO 

where IA=IR/T'I 

(2-2) 

(2-3) 

(2-4) 

Furthermore, the change in soil moisture over any time interval can be calculated 
from the following water balance derived from Figure 2-2: 

~SM = Diversions + P - ET - Drainage (2-5) 

On a Delta-wide basis, TCU is synonymous with the terms Delta CU, Delta water 
requirement and gross channel depletions (GCD). TCU will be separated, later in this 
document, in terms of the consumptive use satisfied by precipitation (CUp), seepage (CUs), 
applied water (CU Aw) and L\SM. Net channel depletions (NCD) is simply the difference 
between total diversion and total drainage or TCU minus Delta precipitation and is 
synonymous with the term internal Delta net use. 

The equations above will be discussed in more detail in Chapter 4 and Chapter 5. 
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Chapter 3 
Delta Channel Depletion Estimates: Overview 

Channel Depletions 

Diversions of water onto agricultural lands for irrigation are difficult to measure 
because the diversions are made through siphons, pumps, and floodgates operating under 
continuously fluctuating water levels in the channels (Salinity 1962). The diversions are 
withdrawn at more than 1,800 locations in the Delta (SacramentcrSan Joaquin Delta Atlas 
1993). Seepage from the channels onto islands in the Delta Lowlands, which also 
contributes to channel depletions, is even more difficult to measure. Since these flows 
cannot be measured directly, an.approach widely used is to first estimate water use by crops 
and then use the results to estimate irrigation diversions. Many Delta channel depletion 
estimates use this approach, such as: 

• San Francisco Bay-Delta tidal hydraulic model estimates; 

• DWR DAYFLOW historical channel depletion estimates; 

• USBR/DWR channel depletion estimates for real-time operations; and 

+ DWR Division of Planning channel depletion estimates. 

A discussion of each approach follows. 

San Francisco Bay-Delta Tidal Hydraulic Model Estimates 

Delta agricultural diversions and returns are simulated in the US Army Corps of 
Engineers Bay-Delta physical model. Diversions are simulated at 12 locations and returns 
at 24 locations. The magnitudes of the flow at each location are usually varied for dynamic 
simulations. However, the model is mostly run in steady-state mode for which a fixed 
low-flow hydrology (net Delta outflow of 4,400 cfs) is simulated. For the low-flow hydrology, 
total Delta diversions amount to 4,600 cfs and total Delta returns amount to 1,200 cfs. The 
preceding values yield a Delta NCD of 3,400 cfs. The locations of the diversions and returns 
were established by an interagency technical committee (San Francisco). 

DWR DAYFLOW Channel Depletion Estimates 

The DWR DAYFLOW model computes daily Delta NCD based on an annual set of 
monthly GCD estimates. Each month is assigned an average GCD value determined by 
DWR's Central District Office (Dayfiow 1985). Monthly GCD estimates do not vary from 
year to year. The same annual pattern is used regardless of meteorological and hydrological 
conditions. 
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Mean daily estimates of GCD were det0rmined graphically by fitting the monthly 
averages with a continuous curve. DaiJy:NCD is computed as the difference between GCD 
·and Delta precipitation; these estimates vary annually. Daily estimates ofNCD are 
available for October 1930 through 1992. An assumption is made that all the precipitation 
is available to meet consumptive needs (Dayfiow 1985). Monthly averages of DAYFLOW 
daily net channel depletions over the period water year 1930 through 1992 are listed in 
Appendix A, Table A-1. 

DWR/USBR Channel Depletion Estimates for Real-Time Operations 

The DWR Division of Operation and Maintenance predicts a value knc1wn as the 
Delta Outflow Index (DOI). The DOI represents the daily mean net flow of Delta water into 
San Pablo Bay and is calculated and used daily in SWP operations. In April 1969, United 
States Bureau of Reclamation (USBR) and DWR agreed to use the same consumptive use 
values to compute the DOI (Federal 1969). By October 1969, both agencies agreed on a 
method of computing daily NCD (Hammond 1969). 

The NCD estimates were developed by averaging monthly GCD for the Uplands for 
1922-1968 and then subtracting the average monthly precipitation for the same time 
period. The same was done for the Lowlands. Monthly NCD values for the Delta were 
calculated as the sum of Uplands and Lowlands estimates. Daily estimates were 
determined graphically by fitting the monthly averages with a continuous curve (Hammond 
1969). The daily values do not vary from year to year. The same annual pattern is used 
regardless of meteorological and hydrological conditions. Table A-2 lists monthly averages 
of the net Delta channel depletion estimates that are used to compute the DOI. 

DWR Division of Planning Channel Depletion Estimates 

The Delta channel depletion estimates generated by the Division of Planning are 
based on a soil moisture budget model which was developed initially to estimate 
consumptive use in the Central Valley (Consumptive Use Program 1979). The same soil 
moisture accounting method is used by the Consumptive Use (CU) Model (Consumptive Use 
Model 1991) and the DICU model. 

The CU Model. The CU Model is used to estimate consumptive use in 36 areas in 
the Central Valley known as "Depletion" or "Drainage Study" areas. One such area is the 
Delta. The Delta consumptive use estimates are generated using a soil moisture accounting 
method on which the DICU model is based (discussed in Chapter 4). The only difference 
between the two models is the input data used. Differences in the input data exist because: 

• the CU Model estimates consumptive use for two areas in the Delta (the Delta 
Uplands, and the Delta Lowlands) while the DICU model does it for 142 subareas. 

• the CU Model is used to estimate historical consumptive use as well as projected 
consumptive use for future levels of development. However, the DICU model is 
currently only being used to estimate historic consumptive use. 

The CU model has been used to estimate several values of Delta channel depletions 
by simulating various assumptions. One set of estimates, shown in Table A-3, is the result 
of using a set of crop ET estimates that vary monthly but not from year to year (constant 
ET estimates). Recently, the CU model was used to compute a new set of net Delta channel 
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depletion estimates based on the Hargreaves-Samani ET equation (Reference 1985) and 
new crop coefficients. Those preliminary estimates are listed in Table A-4. 

The DICU Model and Associated Routines. Unlike any of the above models, the 
DICU model subdivides the Delta into 142 regions, or subareas, and estimates consumptive 
use on each subarea. Only the DICU model and associated routines calculate channel 
depletions on a detailed spatial level, which is needed as input data to accurately model 
Delta hydrodynamics, water quality, and particle tracking. Monthly NCD estimates are 
listed in Table A-5. Chapter 4 covers the DICU model in more detail. 
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Chapter 4 
Delta Island Consumptive Use Model 

Description of the DICU Computer Program 

DICU analysis involves keeping track of water that enters, leaves, or is stored on 
each of 142 Delta subareas on a monthly time step. Factors such as precipitation, seepage, 
evapotranspiration, irrigation, soil moisture storage, leach water, runoff, crop type, and 
acreage are utilized. Table 4-1 is a list of 142 Delta subareas and Figure 4-1 shows their 
locations in the Delta. The 142 subareas cover the Delta Service Area which consists of all 
lands in the Lowlands and Uplands (Sacramento-San Joaquin Delta Area 1965). 

DICU analysis is composed of two main steps. First, the DICU model is used to 
determine TCU, CUp, CUs and CU Aw for each subarea. Then, an associated routine 
(NODCU) uses the results to calculate diversion and return flows for each subarea and 
allocates them to DWRDSM nodes (approximately 250 diversion nodes and 200 drainage 
nodes). The routine also assigns representative total dissolved solids (TDS) and chloride 
(CL) concentrations to the nodal return flows from a study reported in Bulletin 123 (Delta 
and Suisun 1967). These results, in turn, are used as input to the DWRDSM model for 
historic simulations and planning studies (See Figure 1-3). 

The DICU model computes CU Aw knowing ET, CUp, CUs, and ~SM based on the 
following equation: 

TCU = CUp + CUs +CU Aw+ ~SM 

Equation 4-1 is equivalent to equation 4-2 when all the ET is met. 

TCU =ET+ ~SM 

(4-1) 

(4-2) 

The equations are applied to each crop on each subarea for the purpose of calculating the 
minimum irrigation requirement using the following equation: 

Knowing IR and assuming a farm irrigation efficiency factor (TJ), diversions and 
drainage are then calculated by the NODCU program using equation 2-2 and 2-3 in 
Chapter 2. The NODCU program is discussed in detail in Chapter 5. 

(4-3) 

Figure 4-2 is a flowchart showing how the DICU model uses the input data for soil 
moisture accounting. In general, precipitation, seepage and applied (irrigation) water can 
be either used by the plant (ET), stored as soil moisture, or drained as runoff. The 
procedure shown in the flowchart is used for each land use category, each of the 142 
subareas, and each month. Details of the accounting procedure along with sl'\mplf~ 
calculations are provided in Appendix B. 
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Table 4-1. ,OICU Model Subareas 

Subarea. Raolon • Subarea name Subarea• Region' Subarea name 
1 L UNION ISLAND (EAST) 72 L BRANNAN ISLAND 

2 L UNION ISLAND (Vv'EST) 73 u VOi.ANO (COUNTIES 48 & 57) 

3 L GRAND ISL.AND 74 L WOODWARD ISLAND 

4 u MOSSDALE 75 L SARGENT-BARNHART TRACT 

5 L MERRITT ISL.ANO 76 u MCMULLIN RANCH 

6 L LISBON DISTRICT n u INACTIVE 
7 L ANDRUS ISLAND (LOVv'ER) 78 L UNNAMED 
8 L SHE AMAN ISLAND 79 u KASSON 
9 L NEW HOPE TRACT 80 L CANAL RANCH 

10 L SUTTER ISLAND 81 u CANAL RANCH 
11 L ROUGH ANO READY 82 L STARK TRACT 
12 L MOSS TRACT (BOGGS) 83 L LIBERTY ISLAND (COUNTIES 48 & 57) 
13 L ANDRUS ISLAND (MIOOLE) 84 u WAL THALL TRACT 
14 L RYERISLANO 85 u PARADISE JUNCTION 
15 L ROBERTS ISLAND (MIDDLE) 86 u WETHERBEE LAKE 
16 L EGBERT TRACT 87 L CACHE-HMS AREA 
17 u EGBERT TRACT 88 u CACHE-HMS AREA 
18 L ROBERTS ISLAND (UPPER) 89 u PETER POCKET 
19 L TERMINOUS TRACT 90 L MOSSOALE2 
20 L PIERSON DISTRICT 91 u MOSSDALE 2 
21 L WALNUT GROVE 92 L UNDESIGNATED AREA 
22 L ANDRUSISLAND(UPPER) 93 u UNDESIGNATED AREA 
23 L TYLER ISL.ANO 94 L EHRHARDT CLUB (ARD) 
24 L POCKET DISTRICT 95 u COSUMNES·MOKELUMNE 
25 l ROBERTS ISL.ANO (LOWER) 96 L DEAD HORSE ISlANO 
26 l SCRIBNER 97 L HOOOAREA 
27 l HOOO JUNCTION 98 L IDA ISLAND 
28 l RANDALL ISL.ANO 99 L LOCKE AREA 
29 l BOULDIN ISL.ANO 100 L MCCORMACK-WILLIAMSON TRACT 
30 l GLIDE DISTRICT 101 u STONE LAKE AREA 
31 L El PESCADERO 102 L UNDESIGNATED AREA 
32 L HOTCHKISS TRACT 103 u UNDESIGNATED AREA 
33 l BRYON TRACT 104 L ACKER ISLAND 
34 L CLIFTON COURT 105 L ATLAS TRACT 
35 l INACTIVE 106 u ATLAS TRACT 
36 u WEBER TRACT 107 l DREXLER TRACT 
37 L JERSEY ISL.AND 108 l ELMWOOO TRACT 
38 L WEST SACRAMENTO 109 L FERN ISLAND 
39 l NETHERLANDS (COUNTIES 48 & 5 110 l HEAOREACH ISL.ANO 
40 l UNNAMED 111 l HENNING TRACT 
41 u PICO ANO NAGLEE 112 l HOG ISL.AND 
42 L TWITCHELL ISL.AND 113 L HONKER LAKE TRACT 
43 l SMITH RANCH 114 L MORRISON ISLAND 
44 u PRIVATELY OWNED 115 l RIO BLANCO TRACT 
45 u SMITH TRACT 116 L SHIMA TRACT 
46 L PROSPECT ISL.AND 117 L SHIN KEE TRACT 
47 L MILDRED ISL.AND 118 L SPUD ISLAND 
48 L VENICE ISLAND 119 L STATEN ISLAND 
49 L ORWOOD TRACT 120 L WRIGHT TRACT 
50 L HOLLAND TRACT 121 L UNDESIGNATED AREA 
51 L Vv'EBB TRACT 122 u UNOESIGNATED AREA 
52 L MANDEVILLE ISL.AND 123 L DECKER ISL.AND 
53 L BACON ISL.AND 124 L LITTLE HOLL.AND TRACT 
54 L EMPIRE TRACT 125 L UNDESIGNATE8 AREA 
55 L MCDONALD TRACT 126 u UNDESIGNATE AREA 
56 L BRACK TRACT 127 L LITTLE HOLLAND TRACT 
57 L PALM TRACT 128 u UNDESIGNATED AREA 
58 L RINDGE TRACT 129 L UNDESINATED AREA 
59 L JONES TRACT (LOVv'ER) 130 u UNDESIGNATEO AREA 
60 L JONES TRACT (UPPER) 131 L BETHEL ISL.AND 
61 L VICTORIA ISLAND 132 L CONEY ISLAND 
62 L MEDFORD ISLAND 133 L DUTCH SLOUGH AND PORTION OF SAND MOUND SLOUGH 
63 L BISHOP TRACT 134 L FALSE RIVER,PIPER SL.SAND MOUND SL.,& ROCK SLOUGH 
64 L KING ISL.AND 135 L FISHERMAN CUT WATERWAY 
65 L PESCADERO DISTRICT 136 L FRANKS TRACT 
66 u PESCADERO DISTRICT 137 L OLD RIVER, HOLL.ANO CUT, ANO INDIAN SLOUGH 
67 L BRADFORD ISLAND 138 L QUIMBY ISLAND 
68 l HASTINGS TRACT 139 L RHODE ISL.AND 
69 L STEWART TRACT 140 L SAN JOAQUIN RIVER WATERWAY 
70 u RIVER JUNCTION 141 L SAN JOAQUIN WATERWAY NORTH Cf' INDUSTRIAL STRIP 
71 L VEALE TRACT 142 L TAYLOR SLOUGH WATERWAY 

·Region: L- Lowlands, U - Uplands 
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Figure 4-1. DICU Mudel Consumptive Use Subareas 
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Figure 4-2. DICU Model (soil moisture bookkeeping) 
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DICU Model Input Data 

Sources, annual trends and correlations of the following DICU model input data are 
discussed in this section: 

• Land use 

• Plant rooting depths 

• Seepage 

• Soil moisture 

• Irrigation season 

• Evapotranspiration 

• Precipitation. 

Land use. The DICU model depicts the Delta as 142 subareas. Some subareas 
coincide with islands, tracts, and reclamation and levee maintenance districts. The land use 
of each subarea is assigned to 20 possible land use categories. Listed in Table 4-2 are the 
categories used to assort Delta land areas and land use identification, which will be needed 
to read data in some of the tables in this report. 

Table 4-2. DICU Land Use Categories 

Irrigated Crops Land Use ID Irrigated Crops Land Use ID 

1. Pasture PA 13. Non-irrigated Pasture pp 

2. Alfalfa AL 14. Non-irrigated Vineyards vv 
3. Field Fl 15. Non-irrigated Orchards 00 

4. Sugar Beets SB 16. Dry Grass DG 

5. Grain GR 17. Water Surfaces ws 
6. Rice RI 18. Native Vegetation NV 

7. Truck TR 19. Riparian Vegetation RV 

8. Tomato TO 20. Urban Land Use UR 

9. Orchards OR 

10. Vineyards VI 

11. Safflower SF 

12. Corn CR 
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Most of the categories in Table 4-2 are based on the DWR standard land use legend 
(DWR Standard 1981). However, there may be some differences. For example, in the DWR 

. legend, pasture could'.include one. or:more ofthe following crops: alfalfa and alfalfa 
mixtures, clover, mixed pasture, native pasture, induced high water native pasture, and turf 

·farms. However, in the DICUmodel, alfalfa is assigned a category of its own. 

The acreage for each category is varied according. to two water year types: critical 
and non-critical. Critical water years. are defined in the program as water years classified 
as dry and critical according to the D1485 water year classifications (Water Right 1978). 
Non-critical water years are those classified as below normal, above normal, and wet 
according to the same classifications. 

For water years classified as critical, acreage is based on 1977 land use surveys 
performed by DWR, Central District. The 1977 surveys were the last surveys to encompass 
the entire Delta Service Area in one year for which Delta subarea data are available. 
Acreage for non-critical water years is based on a collection of surveys done in the late 
1970s and early 1980s (Guivetchi 1993). 

More land use data is provided in Figures 4-3 and 4-4 and Appendix C, Tables C-1 
and C-2. Figure 4-3 shows crop acreage by percent distribution for non-critical and critical 
water years, respectively, for the Delta as a whole. Figure 4-4 shows crop acreage by 
percent distribution for non-critical and critical water years respectively, for a sample 
subarea (Union Island, east). Tables C-1 and C-2 in Appendix C list the acreage for each 
crop on each region for non-critical and critical water years, respectively. Figures 4-3 and 
4-4 show that the Delta-wide land use distribution is similar between water years. 
However, on an island-by-island basis, the land use changes significantly. 

Rooting depths. Estimates of plant root depths are necessary to estimate the 
quantity of water available for plant use that is held in the soil. The following definition is 
used by land and water use analysts: "Root depths are defined as the near optimum extent 
of rooting depth for a number of different plants within a major crop category at the height 
of the growing season." (Consumptive Use Program 1979). Root depths used by the DICU 
model are listed in Table 4-3 and are based on various land and water use analysts 
(Documentation 1966; Consumptive Use Program 1991; De Rutte 1967; Kodani 1977). The 
rooting depths in the Lowlands are smaller than those in the Uplands possibly because the 
gr9und water table is higher in the Lowlands. 

Seepage. The DICU model assumes that seepage from adjacent Delta channels that 
is available to plants in the Lowlands is 0.3 inches per foot of crop rooting depth per month. 
This value was determined from studies conducted to calibrate soil moisture storage by 
adjusting the seepage (De Rutte 1967). The model assumes there is no seepage in the 
Uplands. 

The DICU model predicts that seepage used by plants in the Lowlands ranges from 
300 to 500 cfs (based on model results over the period, 1922 - 1992). Results of studies 
conducted in the 1950s and 1960s suggest that the total Lowlands seepage is between 635 
cfs and 840 cfs (Salinity 1962; Owen and Nance 1962; Quantity 1956). The seepage estimate 
of 840 cfs is based on seepage in the central part of the Lowlands which has higher seepage 
than on the fringes (Quantity 1956). Results of studies conducted in the 1920s suggest that 
seepage is about half of the total inflow to the islands (Variation 1931). The seepage 
estimates from past studies suggest that the DICU model seepage estimate is too low. 
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Figure 4-3. DICU Model Land Use for the Delta 

-21-

140000 

140000 



Estimation of Delta Island Diversions and Retum Flows 

. UNION ISLAND 

NON-CRITICAL WATER YEARS 

Native vegetation ~~~mil$!illll!Bilii'!'i~: 8.3% 
Dry grass ""' 1.9% 

Water surface w . 7% 
Riparian vegetation .08% 

Non-lrriga!sd orchards 0% 
Non-Irrigated vineyards 0% 

Non-Irrigated pasll.lre 0% 

eom ,llll~~m· s.8" 
=~e: ~ .-: ... 8% I 
Orchards : 
Tomatoes 

Tn.ick 
Rice 

Grain ~§!!!1!!!$1!!111!Jl'.l!l!!J!!!!l!JBm!li!!~14. 
Sugar beets 

Field ~~==~~ 

Alfalfa (EEiiJiEE1ii§!i. i. ii!~i.\!E!!aSSJ,i«f!.i$S'ia·~·"'ix•~'"'§.:cl.-,,] .. «El<"El"''3·:< 18.3% 
Pasture 

Urban .08% 

0 1000 1500 
Acres 

2000 

CRITICAL WATER YEARS 

Native vegetation ::::i:!c<0:::;:;:;:;:<~:•::::;.::•~:;,.,:;:~:~,,...,,ww,®::'~<*~''""''' 9.1% 
Dry grass 0% 

Warsr surface «• . 7% 
Riparian vegetation .08% 

Non-Irrigated orchards 0% 
Non-Irrigated vineyards 0% 

Non-Irrigated pasture 0% 

Com ""'"· 1. 2% 
. <-. ~·~- •... w. 13% 

Truck ''*""· ... 
Rice 0% 

Grain m~;-··1···.:~:··:·~·· i· ·111 
Sugar beets J?;' ...... . 

Field 0% 

2500 

AJ1a11a ~!!!l!!!B-$·!!. B!!!!!!!$!m&!i!.B!!!!m&&i!!mEB!E·~·"S·x:!l .. ·=iEI····' 22. 
Pasture 0% 

Urban 0% 

0 1000 1 
Acres 

2500 
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Table 4-3. DICU Crop Rooting Depths 
(in feet) 

Crop Category Lowlands 

Pasture 2.0 

Alfalfa 4.0 

Field 2.0 

Sugar Beets 4.0 

Grain 2.0 

Rice 1.0 

Truck 4.0 

'Ibmatoes 4.0 

Orchards 5.0 

Vineyards 4.0 

Safflower 4.0 

Corn 3.0 

Non-irrigated Pasture 2.0 

Non-irrigated Vineyards 4.0 

Non-irrigated Orchards 5.0 

Dry Grass 2.0 

Native Vegetation 2.5 

Uplands 

2.0 

6.0 

4.0 

5.0 

4.0 

2.0 

5.0 

5.0 

6.0 

5.0 

5.0 

4.0 

2.0 

5.0 

6.0 

2.0 

2.0 

Soil Moisture. The quantity of soil moisture available to plants is normally 
considered to be the amount of moisture held by the soil between field capacity and the 
permanent wilting point. Fine-textured soils generally have a greater available soil 
moisture-holding capacity than coarse-textured soils. Accounting for soil moisture is 
essential in estimating Delta consumptive use because organic soils with high water 
holding capacities cover a large portion of the Delta. It is common for the percent moisture 
of Delta organic soils to be between 500 and 2,000 percent of dry weight (Owen & Nance 
1962). In 1966, neutron probe measurements were collected in the Delta to estimate soil 
moisture. The following excerpt, taken from a DWR memorandum discusses the study 
(Results 1976). 

In August 1966, an office memorandum report was published by the 
Sacramento District entitled "Documentation of Delta Joint Hydrology Meetings". 
The report pointed out that until 1963, all the factors necessary for computing 
lowlands CD [channel depletions] had been considered in detail except change in 
soil moisture storage. 

In 1963 neutron probes were placed throughout the Delta to estimate the Delta 
lowlands volume change in soil moisture storage. The report presents the results 
in graphical form for the period October 1963-Nouember 1965. 
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Our studies were conducted by comparing computed amounts of volume 
change in soil moisture with the measured amounts. Each computer run was 
carried out for 12 water years (1955-1966): Somejudgmental adjustments to the 
programs' lower soil moisture limits were made for various crop categories, but 
only to the extent which seemed reasonable for current agricultural practices. 

Listed in Table 4-4 are the soil moisture limits used by the DICU model that were 
derived from the report discussed above. The reader should be aware that the soil moisture 
limits are not physical properties of the soil for each month but are imposed by the DICU 
model to reflect field observations of trends in soil moisture. A discussion on maximum and 

· minimum soil moisture levels follows. 

Maximum Soil Moisture Limits. The maximum level of available soil moisture is 
considered to be a direct function of the normal crop rooting depth and the 
moisture-holding capacity of the soil (Consumptive Use Program 1979). The effective 
moisture-holding capacity, that is, moisture available in the soil to most plants, varies from 
a low of 3/4 of an inch per foot in coarse textured sandy soils to over 3 inches per foot in fine 
textured clays. The DICU model estimates the maximum soil moisture level (soil at field 
capacity) in the Lowlands, which contain mainly peat soils, to be 3 inches per foot rooting 
depth. In the Uplands, which contain mainly sands and alluvial type soils, 1.5 inches is 
used. These values are used by the model as upper limits to the amount of soil moisture 
stored. 

Minimum Soil Moisture Levels. Month-end minimum levels were established to 
show, in a general way, the effect of summer irrigation on soil moisture. An irrigation 
practice assumed to be employed in the Delta is the "mining'' of stored soil moisture. At the 
beginning of the irrigation season, the soil moisture is usually close to capacity; during the 
season it falls until a small amount of water approaching a stress level (above wilting point) 
is reached by the end of the season (Consumptive Use Program 1979). Figures 4-5 and 4-6 
show graphically how the soil moisture limits are used by the model to simulate soil 
moisture mining for various crops, which again, are based on field observations. 

Irrigation Season. Table 4-4 also shows the limits of the irrigation season used by 
the DICU model for critical and non-critical water year classifications. The irrigation 
season used by the model for critical water years covers more fall and winter months 
because the assumption is made that farmers divert water when precipitation is 
insufficient to satisfy ET. In terms of the DICU model, this means that water is diverted for 
ET purposes only during the irrigation season. During months that fall outside the 
irrigation season, the model does not simulate diversions for ET purposes but it does for 
maintaining the soil moisture lower limit. 

Evapotranspiration. In 1981, USBR worked with DWR to reach mutually 
agreeable Delta ET values (Joint 1981). USBR's ET values incorporated the effects of 
various atmospheric factors such as temperature, dew point, and solar radiation, while 
DWR's values were based on pan evaporation (Estimation 1976). 

The fixed (long term average) ET values used by the DICU model (listed in Table 
4-5) are a set oflong-term monthly average crop ET estimates, most of which are based on 
the values agreed on in 1981. The exceptions are the rice and saffiower categories. The ET 
estimates for rice are based on DWR's estimates. The ET estimates for saffiower are based 
on a 1976-77 study documented in Bulletin 168 (Sacramento Valley 1968). 
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Table 4-4. DICU MOdel Soil Moisture and Irrigation Season Limits 

-------------------------------------~-----------------------------, 

Della Lowland• 

Crop ldentiricetion PA AL Fl SB .OR RI TR TO OR VI SF CR pp 

Ettectlve rooting deplh (IHI) 2.0 4.0 2.0 4.0 2.0 1.0 4.0 4.0 5.0 4.0 3.0 2.0 

Maximum 1oil moillu19 [1nchH) • 6.0 12.0 6.0 12.0 6.0 3.0 12.0 12.0 15.0 12.0 12.0 9.0 6.0 
Minimum 80!1 molaturw (lnchee) 

Jen 

Feb 

Mer 

May 

.Aln 

Jul 
Aug 

Sep 

Oc:I 

Nov 
Dec 

Crop ldentirication 

?9.;Q.{: o:::: >9.•IF ::·" 0.0 0.0 3.0 1.0 0.0 0.0 }~•vtn/ :HPt :}}: ·m·•~~htf' 0.0 0.0 

g;();\ ?\ dMF .:• o.o. i 0.(!{ { 4;9• /W# •••·· %~w· {. l.l-~i·•rn;. tw;ymr>•· tHIJ!:Ht f•'!~lWff 0.0 

btomrnw ,••Jj~ijffPt {ti~\ } ••. 1o:O:tf? O~O.MMN :;d@:mm •HO'b{l) .':ti):6i:f:IT( /~tAMf.l ::@i@tlhW Wal'?'),,. fl:o%t:Wt 0.0 

~:!l;~:nmrn.mmtmrnt \J,9ttt.m~,q:ur l!;wmw.w tium~~ inM•'mn:=i·•~Mim s .. ~. · ..... ;:. '.iM~Mtm o.o %1,;gttww o.o 

'•''Q.Q•••'('\{,•••QA>?'''' o.o o.o 1.5 1.0 o.o o.o ·••:•'(!P\;'//:::O'\l);O•'••t\ f{Q,O: ,,,.,. o.o o.o 

Della Uplandl 

PA AL Fl SB OR RI TR TO OR VI SF CR pp 

Ettectiv• roodng depth (IHI) 2.0 6.0 4.0 5.0 4.0 2.0 5.0 5.0 6.0 5.0 5.0 4.0 2.0 

Maximum IOll moillu19 (lnchea) • 3.0 9.0 6.0 7.5 6.0 3.0 4.5 7.5 9.0 7.5 7.5 6.0 3.0 
Minimum 80!1 molaturw (lnchM) 

Jen 

Feb 

Mer 

May 

Jun 

Jul 
Aug 

Sep 

Oct 

Nov 
Dec 

1'·"' ~;r.> /' ··"·u >·:·• >fcrx/ ~~i!'t:•mv n1:1~;rrt /d"' · to. Y nJ.«mr:1•.::n~n::1• t::t~•H•nr :utlqfff/' o.o 
1"' •••••• ~@> \ ..• ;o< •;o ? *~v>:rn• >·:-.;ttrr•• t•~.o••t :ao.•·• • :::·•~~<AH MJ.;~t:•w:::: tt~o.·rtn: ···~·tr• o.o 

·~1.11 .. ~> < 1/7$: t •Okl\W :m0;$:•tn::: ::t'4;~t/'' ; :'(JS f? T•;~f):f'( :tt.St\i\ •JJ»"?/ti•HH\'t 0.0 

~,J::::•::rt f ~;(j/ ;;:tf( / I r.5 > (. j;l)::J;@f .. Pi~~$ / ./ r~ • '•' •·Jf.~HWW ::\t4J':} .....•. •} tMJJ>< 0.0 

i~t~twn: •t1~wr2 <~;$ <• > w•w .•••••. :;:~wnrn• ·;\it)IJ\ •t •: ilAttt;; iNt4tnw ::+•;o.s:t> • ·3;0H• =' n@•ww> o.o 
:·~~~At@m )}§,'gt••< ~;o / ' " ·····:· M;~:rnnM •MPAMt%: ktf.'!MWH :·~HJ:/ MJ;'!WW:f \t~~~·<tt 0.0 'J@•n=:::::t 0.0 

i:•X~:JWM:M:~;4rirt:••t;Qf < ·~~o:t:t/ 'NEl#WM·:m~;wrn•: :H\$9'•tt• 'Ti;QffiM WtJ#:m:itfi•@•)lQMW• 0.0 M#E•WH/ 0.0 

·n:;oww:n)/2,ittt ....... 'd'.o••'\H'f tlUfNF ....... ·: ·1~~ :rt :>)i~~wtm•tti~;Q::::··n·: o.o ttot:Jit• o.o 

• Compuled by muh~lytng IOI depth by 3 lnchea per loot Shaded area lndlcal81 cridcal waler yMZ ln1gadon ~ 
• Compuled by multiolvina &Oil depth by 1.5 lnchea per fool Carl< lnee lndlcal• Umil of the non-critic;al waler year lrrloetlon •••eon 
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Figure 4-5. DICU Model Soil Moisture Limits for the Delta Lowlands 
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PASTURE ORCHARD 

l *" ~ ,#~,-,: : . ~ ; ; I :~ 1111r1 

Figure 4-6. DICU Model Soil Moisture Limits for the Delta Uplands 
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Table 4-5. DICU Model Total Mor;thly,Unit ET Per Crop 
,. (in inches} 

Crop Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Total 
Pasture 2.80 1.40 0.60 0.70 :1.50 2.70 4.10 5.50 6.40 7.60 6.60 4.80 44.7 
Alfalfa 2.80 1.40 0.60 0.70 .1.50 2.70 4.10 5.50 6.40 7.60 6.60 4.80 44.7 
Field 1.10 1.10 0.60 0.70 1.50 1.70 1.60 2.60 5.50 7.30 4.90 2.20 30.8 
Sugar·Beets 2.30 1.10 0.60 0.70 1.50 1.70 1.30 3.20 6.00 7.90 6.60 4.80 37.7 
Grain 1.00 1.10 0.60 0.70 1.50 2.70 4.60 5.00 2.20 1.00 1.00 1.00 22.4 
Rice 1.90 1.40 0.60 0.70 1.50 2.10 2.10 6.40 8.20 9.70 8.40 5.40 48.4 
Truck 1.00 1.10 0.60 0.70 1.50 1.60 1.30 3.20 6.40 8.30 5.50 1.70 32.9 
Tomatoes 1.00 1.10 0.60 0.70 1.50 1.60 1.30 3.20 6.40 8.30 5.50 1.70 32.9 
Orchards 2.50 1.20 0.60 0.70 1.50 1.70 2.70 4.90 5.90 7.00 6.10 4.40 39.2 
Vineyards 1.10 1.10 0.60 0.70 1.50 1.70 1.50 3.60 4.90 6.40 5.30 3.60 32.0 
Safflower 1.90 1.50 1.00 0.70 1.50 1.90 2.50 4.80 8.70 7.70 4.40 2.50 39.1 
Corn 1.10 1.10 0.60 0.70 1.50 1.70 1.60 2.60 5.50 7.30 4.90 2.20 30.8 
Non-irrigated 
Pasture 2.80 1.40 0.60 0.70 1.50 2.70 4.10 5.50 6.40 7.60 6.60 4.80 44.7 
Non-irrigated 
Vineyards 1.10 1.10 0.60 0.70 1.50 1.70 1.50 3.60 4.90 6.40 5.30 3.60 32.0 
Non-irrigated 
Orchards 2.50 1.20 0.60 0.70 1.50 1.70 2.70 4.90 5.90 7.00 6.10 4.40 39.2 
Dry Grain 1.00 1.10 0.60 0.70 1.50 2.70 4.60 5.00 2.20 1.00 1.00 1.00 22.4 
Native 
Vegetation 2.80 1.40 0.60 0.70 1.50 2.70 4.10 5.50 6.40 7.60 6.60 4.80 44.7 
Riparian 
Vegetation 3.70 1.70 0.90 1.00 1.90 3.40 5.10 6.90 7.90 9.00 8.00 5.90 55.4 
Water 
Surface 3.70 1.70 0.90 1.00 1.90 3.40 5.10 6.90 7.90 9.00 8.00 5.90 55.4 

The fixed long term average ET values are adjusted using monthly averaged pan 
evaporation data. The adjustment using pan evaporation data is based on the assumption 
that monthly crop ET values will vary at the same rate as monthly pan evaporation. The 
equation used to adjust the fixed ET values follows: 

long term average 
ET( crop, month, yr) = ET(crop, month) 
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The following excerpt from a 1985 memorandum gives details of the adjustment (ET 
1985). 

The purpose of this activity was to provide factors for the months October 1955 
through September 1984 which can be used to determine monthly variations in 
crop ET values which refiect actual conditions needed for the Delta Channel 
Depletion Program model. To do this it was assumed that monthly crop ET values 
would vary at the same rate as monthly pan evaporation; therefore, pan 
evaporation figures could be used to develop the factors. It would have been 
desirable to have an evaporation pan site located in an irrigated grass area with 
a data record of which encompassed all of the time period used for the model. No 
one site in the Delta or near the Delta fulfilled these criteria. Therefore, two sites 
located at U.C. Davis were used: Davis Hydromet and Davis 2WSW. It was 
assumed that the U.C. Davis sites are near enough to the Delta to be 
representative of the percentage variations in evaporation in the Delta even 
though the magnitude of evaporation might be different. 

Data from the two Davis sites were used to calculate long term average monthly pan 
evaporation. For water years 1922 through 1955, pan evaporation data is not available and 
therefore the pan evaporation for those years is based on the average pan evaporation of all 
the water year types in the periqd 1956 to 1984 (Guivetchi 1993). 

Precipitation. Precipitation for each of the 142 sub-areas is determined by 
weighting the precipitation of seven Delta stations using the Theissen Polygon 
interpolation routine. The seven precipitation stations used by the interpolation routine are 
at Davis, Rio Vista, Stockton, Lodi, Galt, Tracy-Carbona, and Brentwood shown in Figure 
4-7. For sub-areas spanning two or more polygons, the precipitation is determined 
proportionally by area. For example, if a region has 60 percent of its area in the Galt 
polygon and 40 percent in the Lodi polygon, then the precipitation for that region is 60 
percent of the Galt station precipitation plus 40 percent of the Lodi precipitation station. 

Precipitation data for the stations are compiled in the National Oceanic Atmospheric 
Administration (NOAA) annual climatological data summaries for California. NOAA data 
are provided through the California Data Exchange Center. Figure 4-8 shows a sample set 
of annual precipitation data. 

Missing data are resolved by using correlations with other stations. For example, the 
Brentwood station was discontinued in 1987; therefore, the precipitation at that location is 
estimated using precipitation from the Tracy station. The ratio of Brentwood precipitation 
to Tracy precipitation based on the long-term average annual precipitation is 1.37. 

Since the DICU model runs on a monthly time-step, the assumption is made that 
the total precipitation for a month is available to the plants for that month. This means 
that even ifit rained on the last day of a month, the rainfall would be available to satisfy 
crop ET demands for the entire month. 
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Davis'' 
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I 
I 
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Sacramento • 

' ,. 
'~Galt 

.... ,.,;<·· / 

'\. I 

' I ·'· .. ·· '9 · ... 

\ 

\ 
•Lodi 

l 
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Fire Sta #4 

... ;. ... 

, -<: .Tracy-Carbona 

Figure 4-7. Precipitation Stations and Theissen Polygon Boundaries 
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Davis 

OCT MAY JUN JUL AUG SEP 

Rio Vista 

i : I 
OCT DEC FEB APR MAY JUN JU. SEP 

Brentwood 

OCT NOV DEC FEB APR MAY JUN AUG SEP 

Tracy 

OCT DEC APR MAY JUN JU. SEP 

Stockton 

I : I 
OCT NOV DEC FEB APR MAY JUN JUL AUO SEP 

Lodi 

I : I 
OCT DEC FEB APR MAY JUN JU. SEP 

Galt 

MAY JUN JUL SEP 

Figure 4-8. Water Year 1992 Precipitation 
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Chapter 5 
The Subarea to Node Allocation Program 

DICU model results are generated for 142 subareas. For this information to be used 
as input to the DWRDSM model, irrigation diversions and returns need to be spatially 
distributed to DWRDSM nodes. The subarea to node allocation FORTRAN program 
(NODCU) was developed in 1988 to determine irrigation diversion and drainage volumes, 
assign drainage salinity concentrations for each subarea, and allocate volumes and 
concentrations to DWRDSM nodes (NODCU 1988). The program utilizes equations 2-2 and 
2-3 and the following information: 

• DICU subarea results 

• Lowlands leaching volumes and monthly schedule 

• Irrigation efficiency 

• Subarea to node allocation factors for diversions and returns 

• DWR Bulletin 123 drainage salinity concentrations. 

Input data needed by the program are discu.ssed below. 

DICU Output 

Precipitation, seepage, applied water, and total consumptive use for each subarea 
are generated by the DICU model discussed in Chapter 4. DICU output files are read 
directly by the node allocation program. 

Lowlands Leaching Volumes and Schedule 

In the Delta Lowlands, salts leach from the root zone periodically by heavy 
applications of water over the winter months. Leaching practices can be observed by areal 
observations. Leach water estimates used by the node allocation program are based on 
areal surveys done by DWR Central District. Appendix D contains a description of the 
study undertaken to determine the magnitude of the leaching practices in the Delta (Joint 
1981). 

Based on the leach water estimates discussed above, the DICU leach water schedule 
for each subarea in the Delta Lowlands was determined. For each month, the total Delta 
Lowlands leach water applied or drained was distributed proportionally by area to each 
subarea. For example, subarea 1 (Union Island, east) contains 3.6 percent of the total area 
in the Lowlands. Therefore, in October, the leach water applied to that subarea is 3.6 
percent of 11,200 acre-feet or 291 acre-feet. The leach water flows, applied to and drained 
from each of the 142 subareas, are lis~·ed in Table 5-1. Upland subareas are not assigned 
leach water flows. 
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Table 5-1. 'Schedule of. ... -each Water Application and Drainage (in acre-feet) 

Sub- Sub-
., .. OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP ., .. OCT 'NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 

1 2!11 415 185 .779 ·"°5 ·192 ... 0 0 0 0 0 n 0 0 0 0 0 0 0 0 0 0 0 0 
2 Xl2 ,7, 782 ·llH "'62 ·219 ·111 0 0 0 0 0 7, 52 7, 122 ·138 ·72 ·:M .J 0 0 0 0 0 
l olO' '577 962 ·10a:I ·563 ·287 ·22 0 0 0 0 0 75 32 '5 7S -45 -4' ·21 ·2 0 0 0 0 0 

' 0 0 0 0 0 0 0 0 0 0 0 0 71 0 0 0 0 0 0 0 0 0 0 0 0 
5 Ill 169 278 ·311 ·IM .711 .a 0 0 0 0 0 n 0 0 0 0 0 0 0 0 0 0 0 0 
I I .... 200 34-' ·3111 ·203 -97 -II 0 0 0 0 0 78 70 100 1'5 -117 -97 .... "" 0 0 0 0 0 
7 16 122 201 ·229 ·119 -511 -5 0 0 0 0 0 7'11 0 0 0 0 0 0 0 0 0 0 0 0 

• 255 ~ eoo -ee2 ·355 -118 ·1' 0 0 0 0 0 eo 711 IOI 171 ·202 -105 ·50 "' 0 0 0 0 0 
9 2'3 347 573 -1151 ·338 -160 ·13 0 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 0 0 

10 50 M 138 ·1~7 -112 ·311 ·l 0 0 0 0 0 112 11 21 '3 -411 ·25 ·12 ·I 0 0 0 0 0 
II 41 SQ 97 -110 .57 ·27 ·2 0 0 0 0 0 13 122 175 2119 -3211 -171 -111 -7 0 0 0 0 0 
12 Ill 113 153 .17, ·91 -'3 ·l 0 0 0 0 0 " 0 0 0 0 0 0 0 0 0 0 0 0 
13 '2 ro 1111 ·112 ·511 ·28 ·2 0 0 0 0 0 115 0 0 0 0 0 0 0 0 0 0 0 0 
1' 2!12 '" 8119 ·7113 -'07 ·193 ·11 0 0 0 0 0 es 0 0 0 0 0 0 0 0 0 0 0 0 
15 306 '37 721 -819 ""28 ·202 ·11 0 0 0 0 0 87 M 119 197 ·22' -117 ·56 "" 0 0 0 0 0 
11 1'1 202 333 .379 -197 ·113 -II 0 0 0 0 0 ee 0 0 0 0 0 0 0 0 0 0 0 0 
17 0 0 0 0 0 0 0 0 0 0 0 0 Ill 0 0 0 0 0 0 0 0 0 0 0 0 
18 11M 277 '57 ·519 ·270 ·128 ·10 0 0 0 0 0 90 10 " 2, ·27 ·1' -7 -1 0 0 0 0 0 
19 270 388 637 .72, .Jn ·179 -1' 0 0 0 0 0 91 0 0 0 0 0 0 0 0 0 0 0 0 
20 211 302 -·568 -~ ·1'° ·11 0 0 0 0 0 112 '31 111 1017 -11511 -801 .2115 ·23 0 0 0 0 0 
21 10 15 2, ·27 ·1' -7 ·1 0 0 0 0 0 113 0 0 0 0 0 0 0 0 0 0 0 0 
22 56 79 130 ·1 ... -n ·31 ·l 0 0 0 0 0 9' 15 21 :M ·311 -20 -10 ·1 0 0 0 0 0 
23 221 JUI 522 -503 ·308 ·1'6 ·12 0 0 0 0 0 96 0 0 0 0 0 0 0 0 0 0 0 0 

2' 112 117 llM ·220 ·II' -5' ., 0 0 0 0 0 118 5 7 II ·13 -7 ·l 0 0 0 0 0 0 
25 281 '°2 863 -~ ·3112 ·1118 -15 0 0 0 0 0 97 5 7 12 ·1' -7 ·3 0 0 0 0 0 0 
26 311 56 90 -103 ·53 ·25 ·2 0 0 0 0 0 1111 1 2 3 

_, 
·2 ·1 0 0 0 0 0 0 

27 3 5 7 ·II "' ·2 0 0 0 0 0 0 119 17 2, '° "'6 ·2' ·11 ·1 0 0 0 0 0 
26 10 " 23 ·26 ·1' -6 ·1 0 0 0 0 0 100 311 5' 119 -101 ·52 ·25 ·2 0 0 0 0 0 
2!I 166 237 391 "'" ·231 ·110 ·9 0 0 0 0 0 101 0 0 0 0 0 0 0 0 0 0 0 0 
JO 33 ... 7'11 ·1111 -'1 ·22 ·2 0 0 0 0 0 102 86 9' 155 -178 ·92 ..... _, 

0 0 0 0 0 
31 111 230 380 ·'32 ·225 ·107 ·9 0 0 0 0 0 103 0 0 0 0 0 0 0 0 0 0 0 0 
32 112 117 193 ·219 ·11' ·5' "" 0 0 0 0 0 1°' 2 3 5 -5 ·3 ·1 0 0 0 0 0 0 
33 157 225 371 ""21 ·219 ·1°' -6 0 0 0 0 0 105 9 12 20 ·23 -12 "' 0 0 0 0 0 0 
:M M 119 197 ·22' ·117 -56 "' 0 0 0 0 0 108 0 0 0 0 0 0 0 0 0 0 0 0 
35 52 7' 122 ·139 ·72 ·34 ·3 0 0 0 0 0 107 11 115 190 ·218 -112 -53 "' 0 0 0 0 0 
31 0 0 0 0 0 0 0 0 0 0 0 0 108 22 31 51 -511 ·JO ·1' ·1 0 0 0 0 0 
37 M 120 IN ·225 ·117 ·511 -5 0 0 0 0 0 109 3 5 7 .. "' ·2 0 0 0 0 0 0 
311 2S5 378 112, ·709 ·319 ·175 ·1' 0 0 0 0 0 110 5 7 11 ·13 -7 -3 0 0 0 0 0 0 

311 - 1168 1430 -112, -11'5 '"'°' -32 0 0 0 0 0 111 72 102 1$9 -192 -100 -'1 
_, 

0 0 0 0 0 

'° 159 228 378 ""27 ·222 ·105 .9 0 0 0 0 0 112 7 ' JS ·18 ·9 "' 0 0 0 0 0 0 

'1 0 0 0 0 0 0 0 0 0 0 0 0 113 eo ee 1'3 ·162 ·M "'° .3 0 0 0 0 0 

'2 87 125 206 .23, -122 -511 ·5 0 0 0 0 0 11, 2 3 5 -5 -3 -1 0 0 0 0 0 0 
'3 23 33 5' -&1 ·32 -15 ·1 0 0 0 0 0 115 19 211 '5 ·52 ·27 ·13 ·1 0 0 0 0 0 

"' 0 0 0 0 0 0 0 0 0 0 0 0 111 ,7 87 110 ·125 -65 ·31 ·2 0 0 0 0 0 
'5 0 0 0 0 0 0 0 0 0 0 0 0 117 27 311 63 -71 .37 -18 ·1 0 0 0 0 0 
'6 60 86 1'1 ·111 ... "'° ·l 0 0 0 0 0 118 ' 8 10 ·12 ·8 -l 0 0 0 0 0 0 
,7 32 '8 75 ·86 ..... -21 -2 0 0 0 0 0 119 239 3'2 56' -0.1 .333 -158 ·13 0 0 0 0 0 ... 110 158 260 ·2!16 -15, -n -8 0 0 0 0 0 120 35 50 112 .113 ·"' ·23 ·2 0 0 0 0 0 

"' 73 105 173 ·197 ·102 .... ., 0 0 0 0 0 121 150 21' 35, -.C02 .209 .gg ·8 0 0 0 0 0 
50 103 1•e 24' -2n ·14' -68 -6 0 0 0 0 0 122 0 0 0 0 0 0 0 0 0 0 0 0 
51 136 llM 320 .JS, ·189 ·90 .7 0 0 0 0 0 123 15 21 3' -39 ·20 -10 ·1 0 0 0 0 0 

52 20, 2112 '81 ·5'7 -~ ·135 ·II 0 0 0 0 0 12, II 21 '3 .... -25 ·12 ·1 0 0 0 0 0 

53 16' 23, 3117 ·4'0 ·229 ·108 
_, 

0 0 0 0 0 125 '5 65 107 -i21 -63 .30 ·2 0 0 0 0 0 

5' 109 155 251 ·2!11 ·151 ·72 ·• 0 0 0 0 0 128 0 0 0 0 0 0 0 0 0 0 0 0 

56 119 127 210 ·238 ·12, -58 .5 0 0 0 0 0 127 311 56 llO ·103 -53 -25 ·2 0 0 0 0 0 

511 125 171 29, .33, ·17' ·112 -7 0 0 0 ,0 0 121 0 0 0 0 0 0 0 0 0 0 0 0 

57 112 " 1'7 ·117 -117 "'' -3 0 0 0 0 0 129 1'7 210 3'7 ·395 -205 -97 -e 0 0 0 0 0 

511 170 2" 'D2 "'57 .237 ·113 
_, 

0 0 0 0 0 130 0 0 0 0 0 0 0 0 0 0 0 0 

58 1'8 208 34-' ·391 ·203 ·118 -e 0 0 0 0 0 131 13 1111 198 ·223 -118 -56 "' 0 0 0 0 0 

60 182 232 3113 "'35 ·228 ·107 
_, 

0 0 0 0 0 132 29 '2 69 -71 -'1 ·II ·2 0 0 0 0 0 
11 185 265 '37 -- ·258 ·122 ·10 0 0 0 0 0 133 0 0 0 0 0 0 0 0 0 0 0 0 

62 '2 60 1111 ·112 -511 ·211 -2 0 0 0 0 0 1:M 0 0 0 0 0 0 0 0 0 0 0 0 

63 M 111. 151 ·171 -1111 ""2 -3 0 0 0 0 0 135 0 0 0 0 0 0 0 0 0 0 0 0 

M 9' 135 222 ·253 -131 -62 -5 0 0 0 0 0 1:M 0 0 0 0 0 0 0 0 0 0 0 0 

Ill 135 1112 317 ·361 -117 -1111 -7 0 0 0 0 0 137 0 0 0 0 0 0 0 0 0 0 0 0 

&e 0 0 0 0 0 0 0 0 0 0 0 0 138 19 27 " -50 ·21 ·12 ·1 0 0 0 0 0 

67 53 78 125 ·1'2 ·7' ·35 ·3 0 0 0 0 0 139 2 2 ' -5 -2 ·I 0 0 0 0 0 0 
68 175 2'9 '12 ·'la ·2'3 ·115 

_, 
0 0 0 0 0 1'° 0 0 0 0 0 0 0 0 0 0 0 0 

611 111 151 2111 -297 ·15' .73 ·I 0 0 0 0 0 1'1 0 0 0 0 0 0 0 0 0 0 0 0 

70 0 0 0 0 0 0 0 0 0 0 0 0 1'2 0 0 0 0 0 0 0 0 0 0 0 0 

71 33 ,7 n -1111 .... ·22 ·2 0 0 0 0 0 
n 185 265 '37 -- ·258 -122 ·10 0 0 0 0 0 TOTAl 11198 16003 26397 ·30000 -15597 -7395 ·599 0 0 0 0 0 
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Estimation of Delta Island Diversions snd Return Flows 

Farm Irrigation Efficiency 

The irrigation efficiency is a measure of the irrigation requirement compared to the 
total applied water. To estimate drainage flows, the efficiency of irrigation practices is 
required. Land and water use analysts working at DWR Central District estimate Delta 
farm irrigation methods to be 70 percent efficient over the irrigation season (Sato 1985). 
That value is used for all subareas. 

Subarea to Node Allocation Factors 

There are about 1,800 agricultural diversion sites and 232 return sites in the Delta 
as shown in Figures 5-1 and 5-2 (Sacramento-San Joaquin Delta Atlas 1993). Diversions 
at the sites are made using pumps, siphons, and floodgates. Drainage flows are returned to 
the channels using pumps. 'lb represent the spatial distribution of agricultural diversion 
and return sites, the flows for 142 subareas were assigned to DWRDSM nodes. Figures 5-3 
and 5-4, respectively, show the DWRDSM nodes that are assigned diversion and return 
flows. Diversions are assigned at approximately 250 nodes and drainage flows at 
approximately 200 nodes. 

Once the diversion and drainage flows associated with each subarea are determined, 
the node allocation program allocates them to DWRDSM nodes based on predefined 
allocation factors. The factors indicate the percentage of subarea water diverted and 
drained in the proximity of a DWRDSM node. The allocation factors were determined 
originally for the DWR/RMA Hydrodynamics Model. Later, the allocation factors were 
converted to match the DWRDSM node network. The factors are based on a 1987 field 
inventory of irrigation siphons and drainage pumps (Irrigation 1988). For illustration, 
typical irrigation facilities found in Clifton Court Forebay USGS Quadrangle are shown in 
Figure 5-5. For example, Coney Island (subarea 132) houses siphons, diversion pumps, 
floodgates, and drainage pumps. Appendix E contains a memorandum giving more details 
about how the allocation factors were determined from Delta quad sheets such as the one 
shown in Figure 5-5. 

The allocation factors are applied to each subarea to spatially distribute diversion 
and drainage flows through the use of the node allocation program. Figure 1-2 shows the 
DWRDSM nodes (junctions) surrounding Coney Island and Table 5-2 shows how flows are 
apportioned to those nodes. 

Diversion and drainage allocation factors for all the subareas are listed in Appendix 
C, Tables C-3 and C-4, respectively. 
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Figure 5-3. DWRDSM, Location of Agricultural Diversions 
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Figure 5-4. DWRDSM, Location of Agricultural Returns 
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Table 5-2. Diversion and Drainage Distribution to DWRDSM 
Model Nodes for Coney Island (subarea 132) 

Node Percent Diversion Percent Drainage 
72 8.94 0.00 
73 11.17 0.00 
74 11.17 0.00 
75 5.59 0.00 
182 22.38 0.00 
183 11.73 0.00 
187 22.32 0.00 
192 6.70 100.00 
Total 100.00 100.00 

An output file from the node allocation program, which is read directly by the 
DWRDSM model, is shown in Table 5-3. The first column shows the node number and the 
second and third columns list the drainage and diversion flows (in cfs), respectively, 
associated with that node. The file represents flows calculated for October of water year 
1992. A database containing similar files was generated for water years 1922 through 1992. 
Table 5-4 shows Delta-wide net· channel depletion estimates (in cfs) calculated from all of 
the files. Recall (from Chapter 2) that net Delta channel depletions are defined as Delta 
diversions minus Delta returns. Negative numbers represent net returns. 

Drainage Salinity Concentrations 

The node allocation program also assigns a monthly salinity concentration to all 
return flows based on a 1954-55 study (Delta and Suisun 1967; Quantity 1956). Table 5-5 
lists average seasonal quantities of Delta agricultural drainage for three Delta regions: 
North, West, and Southeast. Figure 5-6 shows the three regions. The monthly load of total 
dissolved solids (TDS) and chlorides (CL) shown in the table were used to assign drainage 
salinity concentration to DWRDSM nodal drainage flows by using the flows given in the 
table and the drainage load to calculate monthly drainage concentrations in mg/I for each 
region. 

For nodes that fall on the boundaries of two or three regions, the quality of the 
drainage flow to the node is weighted by flows. Therefore, nodal drainage values for return 
flows do not vary annually except for the nodes that lie on boundaries. Tables 5-6 and 5-7 
show output files from the node allocation program that are read directly by the DWRDSM 
model. Table 5-6 contains nodal drainage salinity concentrations in TDS and Table 5-7 
lists them in CL. The first column of each table shows the node number and the second and 
third columns list the drainage salinity concentration (in mg/I) and return flow (in cfs), 
respectively. These two tables represent flows and qualities calculated for October of water 
year 1992. A database containing similar files was generated for water years 1922 through 
1992. 
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Table 5-3. ·orainage and Diversion'Flows .for ·DWRDSM Nodes, page 1 of 2 

DWR/DSH DUTA HODl!:L HYDROLOGY DITRl:ES BY NOD!: (Cl'S) 
DRAINAG!: (ORN) AND DIV!:llSIONS (Orv) FOR OCT - NAT!:R YUR 92 

NOD!: ORN orv NOD!: ORN o:rv HOD!: DRN orv 

1 l. 94 3.55 77 0.00 l.48 153 0.00 2.00 
2 0.00 0.00 78 0.15 l. 152 154 0.00 0.00 
3 0.53 l,09 79 0.415 2.13 155 0. 015 1. 815 
4 0.00 o.oo 80 0.40 1.24 1515 0.00 l. 08 
5 0.49 1.154 81 0.00 1.53 157 0.00 0.00 
15 0.24 0.88 82 0.00 1.96 158 0.00 1.28 
7 0.00 3. 77 84 0.00 0.98 159 0.00 2.315 
8 0.151 2.115 85 0.015 1.48 1150 0.00 0.00 
9 0.38 3.02 815 0.08 1.24 1152 0.75 2.150 

10 0.35 4.45 87 0.00 0.00 1153 0.157 5.05 
11 0. 49 4.52 88 0.00 0.00 1154 0.00 3.00 
12 0.27 3.35 89 0.00 1.77 1155 0.92 0.00 
13 0.51 4.715 90 0.00 0.00 11515 0.00 0.00 
14 0.25 2.17 91 0.00 0.215 1157 0.08 2.00 
15 0.47 o.oo 92 0.00 2.215 1158 0.30 0.10 
115 0.00 2.88 93 2.05 15.33 169 0.42 0.10 
17 0.00 0.00 94 0.00 0.00 170 0.14 3.14 
18 0. 152 0.07 95 0.00 0.00 171 0.04 1.29 
19 0.57 0.01 915 0.00 0.00 172 0.09 4.52 
20 0.01 0.27 97 0.00 0.00 173 0.08 0.00 
21 4.59 o. 71 98 0.815 3.33 174 0.12 1. 77 
22 0.00 3.15 99 0.00 0.00 175 0.08 2.87 
23 0.01 1.215 100 0.158 4.05 1715 0.31 2.1515 
24 0.01 2.84 101 0.00 0.00 177 0.14 4.07 
25 0.01 2.24 102 0.00 0.00 178 0.15 0.152 
215 0.815 2.33 103 0.00 0.00 179 0.00 3.45 
27 0.00 0.00 104 0.01 2.84 181 0.00 0.00 
28 0.00 0.00 105 0.01 2.815 182 0.00 1.33 
29 0. 815 2.03 1015 0.015 15.89 183 0.00 0. 815 
30 0. 44 1.55 107 0.04 115.30 184 0.00 0.00 
31 0.00 0.00 108 0.01 5.159 185 0.00 0.00 
32 0. 415 5.84 109 0.00 2.159 1815 0.00 0.00 
33 0.00 o.oo 110 0.00 2.59 187 0.00 2.13 
34 0.00 o.oo 111 0.10 2.151 188 0.00 1.89 
35 1.31 7.815 112 0.15 4.515 189 0.015 1.21 
315 0.00 o.oo 113 0.33 7.99 190 0.25 1.21 

' 37 0.00 0.00 114 0.00 15.21 191 0.21 1.152 
38 0.05 8.20 115 0.04 0.89 192 0.215 2.23 
39 o. 715 3.78 1115 0.00 1.70 193 2.157 5.30 
40 0.155 4.70 117 0.00 l.48 194 0.00 1.38 
41 0.22 7.87 118 0.00 3.23 195 0.33 1.45 
42 0.51 15.42 119 0.00 0.72 1915 0.00 0.77 
43 0.09 5.20 120 0.00 0.00 197 0.58 1.54 
44 1..20 5.78 121 0.28 0.74 198 0.158 1.0.81 
45 2.09 19.38 122 0.00 1.07 199 0.48 5.215 
415 0.02 12.115 123 0.00 0.00 200 0.158 2.59 
47 0.00 9.18 124 0.00 2.25 201 0.154 4.315 
48 0.07 0.59 125 0.00 1.11. 202 0.00 0.21 
49 0.00 o. 915 1215 0.00 1.29 203 0.00 1.84 
50 0.00 1.25 127 0.00 1.29 204 0.37 1.92 
51 0.03 1. 79 128 0.00 1.151 205 0.78 9.72 
52 0.00 2.38 129 0.00 0.00 2015 0.03 3.17 
53 0.01 1.34 130 1.85 5.55 207 0.00 0.00 
54 0.00 1.52 131 o.oo 0.00 208 0.00 0.00 
55 0.13 o. 34 132 0.00 0.00 209 0.82 5. 79 
515 0.08 0.34 133 0.00 4.20 210 0.00 0.18 
57 0.00 0.00 134 0.00 0.00 211 0.00 1.13 
58 0.00 0.41 135 0.39 0.80 212 0.00 1.21 
59 0.00 0.41 1315 0.00 1.15 213 o.oo 0.37 
150 1..01 0.78 137 0.01 0.153 215 0.42 4.52 
151. 0.00 1. 155 138 0.57 2.85 2115 0.41 3.31 
152 0.00 1.80 1.39 0.00 2.85 217 0.00 o.oo 
153 1.08 l.. 77 140 0.08 0.72 218 0.00 0.00 
64 0.03 1..22 1.41. 0.00 2.29 21.9 0.00 0.215 
155 0.015 0.48 142 0.00 2.40 220 0.00 0.00 
1515 0.47 0.89 143 0.05 l.. 73 221. 0.00 0.00 
67 0.42 10.13 144 0.00 1.56 222 1.154 7.215 
158 0.12 0.52 145 0.00 1.03 223 1.79 10.69 
159 0.08 0.00 1415 o.oo 2.27 224 0.05 15.17 
70 0. ti1 3.45 147 0.00 2.25 225 0.00 0.00 
71 0.00 4.150 148 0.02 5.17 2215 0.39 12.70 
72 o.oo 0.18 149 0.415 0.10 227 0.00 0.00 
73 0.00 0.22 150 1.89 2.84 228 0.00 o.oo 
74 0.00 0.22 151 0.00 2.54 232 0.00 2.99 
75 0.00 0. 41. 152 o.oo 0.39 238 0.00 o.oo 
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Table 5-3. Drainage and Diversion Flows for DWRDSM Nodes, page 2 of 2 

NOOE ORN orv NODE ORN orv NOOE ORN orv 

239 0.00 0.00 316 2.04 32.13 438 0.00 0.00 
240 0.03 5. 77 317 0.98 8.72 440 0.00 0.00 
241 0.64 7.53 318 9.96 22.69 441 0.00 0.00 
242 0.19 8.88 319 2.58 14.35 443 0.00 0.00 
243 0.08 3.59 320 3.70 29.22 445 0.00 0.00 
244 o.oo 0.·00 321 l.18 7.90 446 0.00 0.00 
245 0.18 3.65 322 0.00 0.00 447 0.00 0.00 
246 0.45 9.98 323 0.00 o.oo 448 0.00 0.00 
247 0.03 5.01 324 0.00 0.00 449 0.00 0.00 
248 0.00 o.oo 325 0.00 0.00 451 0.00 0.00 
249 0.00 o.oo 326 0.85 3.29 452 0.00 0.00 
250 0.09 3.69 327 0.00 0.00 453 0.00 0.00 
251 l.08 3.02 328 o.oo 0.00 454 0.00 0.00 
252 0.00 o.oo 329 0.00 0.00 455 0.00 0.00 
253 l.46 18.62 330 0.13 8.89 456 0.00 0.00 
254 0.00 0.00 331 0.13 8.89 457 0.00 0.00 
255 o.oo 0.07 332 0.41 8.95 
256 0.00 0.75 333 l.50 4.01 
257 0.13 10.52 334 0.99 14.12 
258 0.00 0.00 335 ll.06 5.50 
259 0.00 0.00 336 0.37 44.16 
260 0.00 6.34 337 2.86 3.12 
261 o.oo 0.00 338 0.00 5.85 
262 0.02 7.08 339 0.00 7.28 
263 0.00 0.00 340 0.00 7.75 
264 0.03 4.01 341 0.00 7.78 
265 o.oo 0.00 342 0.08 3. 71 
266 0.17 8.05 343 0.00 2.13 
267 0.00 0.00 

I ·-
344 0.03 6.18 

268 0.09 6.56 345 0.00 0.00 
269 0.48 l.19 ~' 346 0.00 l.68 
270 0.00 0.00 347 0.00 3.58 
271 0.01 6.99 348 O.Ol 4.24 
272 0.00 0.00 349 0.00 0.00 
273 0.00 0.00 350 0.97 ll. 86 
274 0.19 2.08 351 0.48 5.59 
275 0.00 0.00 352 l.40 8.25 
276 l.89 2.56 353 0.04 3.90 
277 0.00 0.00 354 0.48 10.38 
278 0.26 10.43 355 0.48 9.15 
279 0.00 0.00 356 0.00 0.00 
280 0.66 l.01 357 0.00 0.00 
281 0.00 0.00 358 0.00 0.00 
282 0.00 2.65 359 0.00 0.00 
283 0.00 0.00 360 0.00 o.oo 
284 o.oo 3.68 361 0.00 0.00 
285 0.00 0.00 362 0.00 0.00 
286 0.01 4.10 363 o.oo 0.00 
287 0.00 0.00 364 0.00 0.00 
288 0.00 2.69 365 0.00 0.00 
289 0.00 0.00 366 0.00 0.00 
290 O.Ol 3.00 367 0.00 0.00 
291 0.00 0.00 368 o.oo 0.00 
292 O.Ol 3.77 371 0.00 0.00 
293 0.00 0.00 372 0.00 0.00 
294 0.03 4.84 373 0.00 0.00 
295 0.00 0.00 374 0.00 0.00 
296 0.00 2.36 375 0.00 0.00 
297 0.00 4.86 376 0.00 0.00 
298 2.66 5.05 377 0.00 0.00 
299 0.09 2.45 378 0.00 0.00 
300 o.oo 0.00 379 o.oo 0.00 
301 0.14 2.56 380 0.00 0.00 
302 0.13 4.78 381 0.00 0.00 
303 O.Ol 3.84 382 0.00 0.00 
304 0.13 7.15 383 o.oo 0.00 
305 0.14 7.32 384 o.oo 0.00 
306 0.19 8.05 385 0.00 0.00 
307 0.345 3.70 386 o.oo 0.00 
308 0.39 1.55 387 o.oo o.oo 
309 o.oo 0.00 388 o.oo 0.00 
310 2.01 0.00 389 0.00 0.00 
311 0.36 2.06 390 0.00 0.00 
312 0.14 0.61 391 o.oo 0.00 
313 0.00 0.00 392 0.00 0.00 
314 4. 41 15.88 393 0.00 0.00 
315 0.14 0.13 394 0.00 0.00 
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Table 5-4 .. Monthly Total Delta-wide Net Channel Depletions 

;water year• 1922-1992 
Derived from DWR Delta I•land Conawaptive U•• atudy 10/14/92 

1991 April to September adju•ted du• to water bankinq (318 TM) 

WY OCT NOV Dl!:C JAN f'l!:B HAR APR MAY JUN JUL AUG Sl!:P 

22 1378. 752. 424. -1250. -2878. 353. 1244. 2809. 3698. 3800. 2657. 1647. 
23 1147. 701. -1559. -1602. 239. 924. 691. 2293. 3420. 4249. 2828. 1438. 
24 1300. 979. 936. 51. 369. 1554. 2313. 3111. 4950. 4757. 2754. 1769. 
25 1159. 758. 286. -461. -2420. 333. 463. 1882. 3420. 3798. 2655. 1661. 
26 1302. 859. 896. -330. -1651. 1066. 105. 2467. 3810. 4473. 28915. 1816. 
27 981. 342. 760. -1083. -3117. 388. 633. 2242. 3040. 4249. 2897. 1813. 
28 1078. 671. 529. -455. -11. -851. 1178. 2931. 3771. 3800. 21557. 1667. 
29 1389. 7015. 598. -141. 333. 1180. 2032. 3065. 3959. 4758. 2754. 1774. 
30 1329. 952. 831. -1596. -661. -217. 1412. 2255. 3495. 4249. 2800. 15154. 
31 1153. 870. 1018. -288. 79. 1392. 2251. 2510. 4514. 4758. 2752. 1773. 
32 1280. 787. -1221. -830. -1767. 1544. 11514. 2265. 3500. 4245. 2828. 1629. 
33 1413. 1040. 8157. -653. 447. 899. 2204. 2667. 4646. 4758. 2754. 1763. 
34 1141. 1037. 1513. -94. -902. 1429. 2272. 2889. 4622. 4758. 2754. 1648. 
35 1446. 15152. 619. -1881. 172. -865. -358. 2628. 3795. 3798. 2657. 1659. 
36 1305. 821. 833. -1002. -4279. 4151. 1082. 2713. 3439. 3788. 2656. 1581. 
37 1200. 949. 745. -544. -2739. -3072. 1408. 2309. 3499. 42415. 2828. 1629. 
38 1118. 725. 65. -1172. -5476. -2054. 890. 2242. 3253. 4249. 2897. 1739. 
39 1110. 945. 940. -1. 390. 1173. 2199. 2804. 4699. 4757. 2754. 1712. 
40 1092. 891. 899. -21546. -4639. -1233. 991. 2207. 3230. 4249. 2897. 1765. 
41 1100. 849. -14715. -341515. -2994. -518. -217. 1858. 3116. 4249. 2897. 1816. 
42 1040. 789. 84. -3083. -938. 216. -550. 1791. 3093. 4249. 2897. 1794. 
43 1108. 653. 622. -2733. -425. -866. 819. 2232. 3234. 4249. 2897. 18115. 
44 1267. 891. 893. -229. -14152. 839. 1229. 2373. 3575. 4473. 2897. 1813. 
45 1125. 1594. 596. -207. -1282. -4159. 1709. 2172. 3550. 4248. 2828. 1629. 
415 1086. 771. -479. -255. 134. 455. 1469. 2844. 3793. 3794. 2657. 11554. 
47 1282. 711. 772. -103. 195. 507. 1752. 2885. 3713. 4461. 2897. 1810. 
48 1097. 811. 939. 32. 489. 472. 722. 21158. 3413. 3800. 2657. 1650. 
49 1161. 922. 1589. -220. 218. -429. 1717. 2775. 3923. 4449. 2877. 1785. 
50 1329. 882. 897. -538. -313. 495. 11520. 2395. 3491. 4247. 2828. 1492. 
51 877. 238. -1695. -2097. -662. 345. 1104. 2135. 3151. 4249. 2892. 1798. 
52 1024. 693. -913. -4730. -130. -975. 699. 2201. 3222. 4243. 2897. 1808. 
53 1248. 729. -554. -1253. 423. 760. 870. 2307. 2985. 4249. 28156. 18115. 
54 1511. 796. 926. -147. 74. 4015. 1008. 2985. 3691. 3800. 26315. 1667. 
55 1333. 773. 496. -1484. 2615. 801. 1009. 2363. 3723. 4473. 2897. 1722. 
56 1308. 837. -2427. -4758. 207. 1192. 915. 2102. 3178. 4204. 2863. 1449. 
57 1051. 972. 971. -69; -143. 461. 1326. 1049; 3332. 4562. 2965. 1449. 
58 782. 951. 706. -2307. -5537. -2527. -883. 1618. 2759. 3932. 3111. 1882. 
59 1440. 958. 961. -279. -643. 1397. 2221. 3252: 4082. 45152. 28215. 115B. 
60 1603. 979. 971. -1156. 94. 938. 11515. 2801. 4028. 41544. 2794. 11577. 
151 1490. 588. 883. -1201. 341. 375. 1353. 2231. 3325. 4383. 27615. 1512. 
62. 1405. 777. 884. -59. -3380. 272. 1543. 2334. 3337. 3884. 21553. 13BB. 
153 185. 822. 258. -20151. -1175. -788. -1423. 1435. 3265. 4024. 2452. 1274. 
154 870. 4B7. 747. -1379. 621. 1210. 2223. 3057. 2820. 4239. 2899. 1B02. 
155 913. 156B. -1000. -2089. 437. 575. 313. 2305. 3022. 4080. 2321. 11547. 
66 1222. 559. -15. -1008. -148. 863. 1835. 2629. 3403. 37154. 2B95. 16315. 
67 1302. 370. -659. -5104. 165. -1382. -1523. 1711. 2270. 4104. 2828. 165B. 
68 1297. 814. 936. -575. -429. 65. 1839. 2304. 3894. 4473. 2234. 1962. 
69 1101. 711. 298. -4851. -3932. 477. 1139. 2679. 3054. 4293. 2931. 1535. 
70 1130. 831. 2B5. -4119. -224. 921. 1660. 3195. 3023. 433B. 2760. 1927. 
71 1137. 5B. -1691. -490. 407. 489. 1310. 1677. 2788. 4337. 2965. 1B75. 
72 1259. 914. 650. -97. 255. 1461. 1830. 2815. 3372. 4293. 2931. 1365. 
73 744. -4B3. -202. -5302. -3505. -346. 1769. 2875. 354B. 4114. 2897. 17B7. 
74 B70. 366. -942. -1359. 367. -959. 742. 227B. 3989. 4079. 3171. 2039. • 
75 1333. B46. BOO. -29. -1257. -1095. 1032. 2978. 3764. 372B. 2465. 16615. 
76 B49. 1019. 1011. 3BO. 966. 2235. 2020. 423B. 5723. 5061. 2177. 1437. 
77 1256. B53. 946. 7. 5BB. 1559. 2476. 1345. 3993. 4499. 2939. 1610. 
7B 1267. B15. 540. -448B. -2197. -2460. 46. 2208. 3405. 4204. 3068. 1693. 
79 1386. B20. 1006. -1092. -2097. -199. 959. 2480. 4210. 4414. 2931. 1946. 
BO 872. 775. 105. -2629. -3888. 507. 1125. 20159. 3087. 4119. 2828. 1629. 
Bl 1229. 946. 866. -737. 363. -1154. 1520. 2922. 4874. 4786. 3000. 177B. 
B2 919. 260. -473. -4230. -386. -3306. 75. 2655. 3163. 4110. 2863. 1290. 
B3 964. -662. -591. -4754. -3980. -5521. -195. 1940. 3524. 451B. 309B. 1736. 
84 1154. 156. -1990. -96. -161. 1040. 1838. 3427. 4105. 4742. 3150. 2424. 
85 986. 1159. 365. -470. 107. -184. 1573. 2769. 3767. 4473. 2896. 1694. 
86 1118. 545. 388. -1524. -6194. -1827. 928. 2211. 3239. 4241. 2897. 1588. 
B7 1383. 1065. 937. 55. -65. 501. 2040. 3007. 4748. 4758. 2754. 1774. 
8B 1096. 749. 339. -1446. 483. 16150. 1299. 2337. 3549. 5262. 3529. 2048. 
B9 1260. 746. 766. -64. 167. -322. 1539. 262B. 3726. 5161. 3104. 902. 
90 892. 722. 889. -472. -527. 1050. 1754. 1215. 4243. 5212. 3381. 2101. 
91 1506. 1101. 915. - 22B. 521. -873. 1109. 1740. 2135. 3512. 2211. 1328. 
92 942. 971. B91. -SB. -1995. -732. 106B. 2241. 3154. 4185. 2901. 14B9. 
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Table 5-5. Bulletin 123 Average Seasonal Quantities of Delta Agricultural Drainage, 1964 
(source: Delta 1967) 

QUANTITIES IN 1,000 POUNDS PER DAY 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT 

330 190 160 180 230 340 460 380 190 140 
1530 930 680 600 520 330 490 500 340 460 
490 300 220 200 150 70 170 140 70 130 
9.0 5.9 4.5 4.1 4.7 5.7 6.2 4.6 2.7 3.0 
7.8 4.9 3.5 3.0 2.5 1.5 . 3.0 2.3 2.2 2.1 

260 120 120 160 120 160 180 160 110 100 
1250 680 680 830 420 390 540 580 320 310 

480 240 230 280 150 150 260 250 130 120 
7.2 3.7 3.6 3.6 2.5 3.6 2.4 1.9 1.6 2.1 
6.8 3.5 3.6 3.8 2.2 2.0 2.3 2.5 1.5 1.7 

SOUTHEASTERN 
Flow {cfs) 1000 380 260 280 470 660 700 660 410 270 
TDS 4640 1960 1410 1540 2180 2420 2540 3050 2220 1760 
Cl 1560 660 0 520 740 810 950 990 690 560 
BOD 41.8 16.8 10.8 10.7 15.3 18.1 15.6 13.2 10.6 11.4 
N 23.8 10.2 7.3 7.9 11.4 11.7 13.3 7.8 7.6 5.8 

TOTALS 
Flow (cfs) 1590 690 540 620 820 1160 1340 1200 710 510 
TDS 7420 3570 2770 2970 3120 3140 3570 4130 2880 2530 
Cl 2530 1200 930 1000 1040 1030 1380 1380 890 810 
BOD 58.0 26.4 18.9 18.4 22.5 27.4 24.2 19.7 14.9 16.5 
N 38.4 18.6 14.4 14.7 16.1 15.2 18.6 12.6 11.3 9.6 

NOV DEC 

220 340 
710 1520 
200· 500 
4.9 8.8 
4.5 7.9 

130 240 
340 1030 
100 370 
3.3 6.2 
2.7 4.9 

420 840 
3200 3780 
980 1270 
9.9 26.3 
7.4 19.6 

770 1420 
4250 6330 
1280 2140 
18.1 41.3 
14.6 32.4 
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Estimation of Delta Island Diversions and Return Flows 

Table 5-6. DWRDSM Nodal Drainage TDS Concentration and Return Flow, page 1 of 2 

OCT - NATER "!UR 1992 

NODE HG/L CFS NODE HG/L CFS NODE HG/L CFS 

l 1209. 1. 94 77 0. 0.00 153 0. 0.00 
2 0. 0.00 78 1209. 0.15 154 0. 0.00 
3 1209. 0.53 79 575. 0.4C5 155 1209. 0. ocs 
4 o. 0.00 80 1209. 0.40 15C5 0. 0.00 
5 1209. 0.49 81 0. 0.00 157 0. 0.00 
cs 1209. 0.24 82 o. 0.00 158 0. o.oo 
7 0. 0.00 84 0. 0.00 159 0. 0.00 
8 1209. 0. CSl 85 575. o.ocs lCSO 0. 0.00 
9 1209. 0.38 8cs 575. 0.08 1C52 1209. 0. 75 

10 1209. 0.35 87 o. 0.00 1C53 1209. O.C57 
11 1209. 0.49 88 o. 0.00 1C54 0. 0.00 
12 1209. 0.27 89 o. 0.00 1C55 1209. 0.92 
13 1209. 0.51 90 o. 0.00 lCSCS o. 0.00 
14 1209. 0.25 91 0. 0.00 1C57 1209. 0.08 
15 1209. 0.47 92 0. 0.00 1C58 1209. 0.30 
115 0. 0.00 93 737. 2.05 1C59 1209. 0.42 
17 o. 0.00 94 0. 0.00 170 1209. O.l.4 
18 1209. 0.152 95 0. 0.00 171 1209. 0.04 
19 1209. 0.57 915 o. 0.00 172 1209. 0.09 
20 1209. 0.01 97 0. 0.00 173 1209. 0.08 
21 1209. 4.59 98 C547. o. 8CS 174 1209. 0.12 
22 0. 0.00 99 0. 0.00 175 1209. 0.08 
23 1209. 0.01 l.00 l.209. o.cs8 l.7C5 1209. 0.31. 
24 l.209. 0.01 101 o. 0.00 l.77 1209. O. l.4 
25 1209. 0.01 102 0. 0.00 178 1209. O.l.5 
26 1209. 0.815 103 0. 0.00 179 0. 0.00 
27 0. o.oo. l.04 1209. 0.01 181 0. 0.00 
28 0. 0.00 105 1209. 0.01 182 o. 0.00 
29 1209. o. 8CS 106 1209. 0. ocs 183 0. 0.00 
30 1209. 0.44 107 1209. 0.04 184 0. 0.00 
31 0. 0.00 108 1209. 0.01 185 0. 0.00 
32 1209. 0. 4C5 109 0. 0.00 18C5 0. 0.00 
33 0. 0.00 l.l.O 0. 0.00 187 0. 0.00 
34 0. 0.00 l.11 1209. 0.10 188 0. 0.00 
35 1209. 1.31 112 1209. 0.15 189 1209. 0.06 
315 o. o.oo ll.3 l.209. 0.33 190 1209. 0.25 
37 0. o.oo 114 1209. 0.00 191 1209. 0.21 
38 575. 0.05 l.l.5 l.209. 0.04 192 1209. 0.26 
39 1209. 0.76 1115 0. 0.00 193 575. 2.157 
40 609. O.C55 ll.7 0. 0.00 194 0. 0.00 
4l C509. 0.22 l.18 0. 0.00 195 1209. 0.33 
42 587. 0.51 119 0. 0.00 l9C5 0. 0.00 
43 575. 0.09 l.20 0. 0.00 197 575. 0.58 
44 575. 1.20 l.21. 1209. 0.28 198 575. 0.68 
45 575. 2.09 l.22 0. 0.00 199 575. 0. 48 
45 575. 0.02 123 0. 0.00 200 575. 0.68 
47 0. 0.00 124 0. 0.00 201 575. 0.64 
48 1209. 0.07 125 0. 0.00 202 0. 0.00 
49 0. 0.00 126 0. 0.00 203 0. 0.00 
so o. 0.00 127 0. 0.00 204 57S. 0.37 
Sl 1209. 0.03 l.28 0. 0.00 205 575. 0.78 
52 0. 0.00 129 0. 0.00 206 57S. 0.03 
SJ 1209. O.Ol. l.30 1209. l.85 207 0. 0.00 
54 1209. 0.00 131 0. 0.00 208 0. 0.00 
SS 1209. 0.13 l.32 0. 0.00 209 575. 0.82 
Sl5 1209. 0.08 133 o. o.oo 210 0. 0.00 
S7 o. 0.00 l.34 0. 0.00 211 o. 0.00 
S8 1209. 0.00 135 1209. 0.39 212 0. 0.00 
S9 1209. 0.00 l.36 0. 0.00 213 o. 0.00 
60 1209. l.01 l.37 l.209. 0.01 215 575. 0.42 
151 0. 0.00 138 l.209. 0.57 21.CS 575. 0. 41 
62 0. 0.00 l.39 o. 0.00 217 0. 0.00 
63 1209. 1.08 140· l.209. 0.08 21.8 0. 0.00 
64 1209. 0.03 l.41. 0. 0.00 219 0. 0.00 
15S 1209. 0.06 l.42 0. 0.00 220 0. 0.00 
66 1209. 0. 47 l.43 l.209. 0.05 221 o. 0.00 
67 1209. 0.42 144 o. o.oo 222 575. l.. C54 
68 1209. 0.12 l.45 0. 0.00 223 575. l.. 79 
69 1209. 0.08 l.46 0. 0.00 224 575. 0.05 
70 6151. 0.61 l.47 o. 0.00 225 0. 0.00 
71 0. 0.00 l.48 1209. 0.02 22C5 575. 0.39 
72 0. 0.00 l.49 1209. 0.46 227 0. 0.00 
73 o. 0.00 150 1209. 1.89 228 0. 0.00 
74 0. 0.00 151 0. 0.00 232 o. 0.00 
75 0. 0.00 152 0. 0.00 238 0. o.oo 
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Estimation of Delta Island Diversions and Return Flows 

Table 5-6. DWRDSM Nodal Drainage TDS Concentration and fieturn Flow, page 2 of 2 

NOD!: HG/L crs NODE HG/L crs NOD!: HG/L crs 

239 0. 0.00 316 609. 2.04 395 o. 0.00 
240 602. 0.03 317 609. 0.98 397 o. 0.00 
241 1209. 0.64 318 609. 9.96 398 0. 0.00 
242 1209. 0 .19 319 609. 2.58 399 0. 0.00 
243 1209. 0.08 320 609. 3.70 401 0. 0.00 
244 9. 0.00 321 609. 1.18 402 c. 0.00 
245 1209. 0.18 322 o. 0.00 403 0. 0.00 
246 1209. 0.45 323 0. 0.00 406 0. 0.00 
247 1209. 0.03 324 0. o.oo 408 0. 0.00 
248 0. 0.00 325 0. 0.00 409 o. o.oo 
249 o. 0.00 326 609. 0.85 410 0. o.oo 
250 609. 0.09 327 o. 0.00 412 0. o.oo 
251 1034. 1. 08 328 0. 0.00 413 0. o.oo 
252 0. 0.00 329 0. 0.00 418 0. o.oo 
253 609. 1.46 330 609. 0.13 420 0. 0.00 
254 0. o.oo 331 609. 0.13 421 0. o.oo 
255 0. 0.00 332 609. 0. 41 422 0. 0.00 
256 0. o.oo 333 609. 1.50 425 0. 0.00 
257 609. 0.13 334 609. 0.99 428 0. 0.00 
258 0. 0.00 335 609. 11.06 433 0. o.oo 
259 0. 0.00 336 609. 0.37 434 0. 0.00 
260 609. 0.00 337 609. 2.86 436 0. 0.00 
261 0. 0.00 338 o. 0.00 438 0. 0.00 
262 609. 0.02 339 0. 0.00 440 o. o.oo 
263 0. 0.00 340 0. 0.00 441 0. 0.00 
264 609. 0.03 341 o. 0.00 443 0. o.oo 
265 o. 0.00 342 609. 0.08 445 0. 0.00 
266 609. 0.17 343 0. 0.00 446 0. 0.00 
267 0. 0.00 344 609. 0.03 447 0. o.oo 
268 609. 0.09 345 0. 0.00 448 0. 0.00 
269 609. 0.48 346 0. 0.00 449 0. 0.00 
270 0. 0.00 347 0. 0.00 451 0. o.oo 
271 609. 0.01 348 609. 0.01 452 0. 0.00 
272 0. 0.00 349 0. 0.00 453 0. 0.00 
273 0. 0.00 350 609. 0.97 454 0. o.oo 
274 609. 0.19 351 609. 0.48 455 0. 0.00 
275 0. 0.00 352 609. 1.40 456 0. 0.00 
276 609. 1.89 353 575. 0.04 457 0. 0.00 
277 0. 0.00 354 575. 0.48 
278 609. 0.26 355 575. 0.48 
279 0. 0.00 356 0. 0.00 
280 609. 0.66 357 0. 0.00 
281 0. o. oo· 358 -0. o.oo 
282 609. o.oo 359 0. o.oo ' 283 0. o.oo 360 0. o.oo 
284 0. o.oo 361 0. o.oo 
285 0. o.oo 362 0. o.oo 
286 609. 0.01 363 0. 0.00 
287 0. 0.00 364 0. 0.00 
288 0. 0.00 365 0. 0.00 
289 0. 0.00 366 0. 0.00 
290 609. 0.01 367 0. o.oo 
291 0. 0.00 368 0. 0.00 
292 609. 0.01 371 0. o.oo 
293 0. 0.00 372 o. 0.00 
294 609. 0.03 373 o. 0.00 
295 0. 0.00 374 0. 0.00 
296 0. 0.00 375 0. 0.00 
297 0. 0.00 376 0. 0.00 
298 609. 2.66 377 0. 0.00 
299 609. 0.09 378 0. 0.00 
300 0. o.oo 379 0. o.oo 
301 609. 0.14 380 0. o.oo 
302 609. 0.13 381 0. o.oo 
303 609. 0.01 382 o. o.oo 
304 609. 0.13 383 o. o.oo 
305 609. 0.14 384 o. o.oo 
306 609. 0.19 385 0. o.oo 
307 609. 0.36 386 o. 0.00 
308 609. 0.39 387 o. 0.00 
309 0. o.oo 388 0. 0.00 
310 609. 2.01 389 0. 0.00 
311 609. 0.36 390 0. 0.00 
312 609. 0.14 391 0. o.oo 
313 0. o.oo 392 o. o.oo 
314 609. 4.41 393 0. o.oo 
315 609. 0.14 394 0. o.oo 
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Estimation of Delta Island Diversions and Return Flows 

Table 5-7. DWRDSM Nodal Drainage CL Concentration and Return Flow, page 1 of 2 

OCT - -0.TER TUR 1992 

NOOE HG/L CFS NOOE HG/L crs NOOE HG/L CFS 

l JBS. 1.94 77 0. 0.00 lSJ 0. 0.00 
2 0. 0.00 78 J8S. O.lS 1S4 0. 0.00 
J J8S. O.SJ 79 222. 0. 46 lSS J8S. 0.06 
4 0. 0.00 80 J85. 0.40 156 0. 0.00 
s J8S. 0.49 81 o. 0.00 1S7 0. 0.00 
6 J8S. 0.24 82 0. 0.00 1S8 0. 0.00 
7 o. 0.00 84 o. 0.00 1S9 0. 0.00 
8 J85. 0.61 85 222. 0.06 160 o. 0.00 
9 J85. O.J8 86 222. 0.08 162 J8S. 0.7S 

10 J8S. O.JS 87 0. 0.00 16J JBS. o. 67 
11 J85. 0.49 88 0. 0.00 164 o. 0.00 
12 J8S. 0.27 89 0. 0.00 16S JBS. 0.92 
lJ J8S. O.Sl 90 o. 0.00 16C5 0. 0.00 
14 J85. 0.25 91 o. 0.00 167 J8S. 0.08 
15 J85. 0.47 92 0. 0.00 168 J85. 0.30 
16 0. 0.00 93 264. 2.05 169 J85. 0.42 
17 0. 0.00 94 0. 0.00 170 385. 0.14 
18 385. 0.62 95 0. 0.00 171 J85. 0.04 
19 385. 0.57 96 0. 0.00 172 385. 0.09 
20 J85. 0.01 97 0. 0.00 173 385. 0.08 

T 21 385. 4.59 98 240. 0.86 174 385. 0.12 
22 0. 0.00 99 0. 0.00 175 385. 0.08 
23 385. 0.01 100 385. 0.68 176 385. 0.31 
24 385. 0.01 101 0. 0.00 177 385. 0.14 
25 J85. 0.01 102 0. 0.00 178 385. 0.15 
26 385. 0.86 103 0. 0.00 179 0. 0.00 
27 o. 0.00 104 385. 0.01 181 0. 0.00 
28 0. 0.00 105 J85. 0.01 182 o. 0.00 
29 385. 0.86 106 385. 0. 06. l8J 0. 0.00 
30 385. 0.44 107 385. 0.04 184 0. 0.00 
31 0. 0.00 108 385. 0.01 185 o. 0.00 
32 J85. 0.46 109 0. 0.00 l8C5 0. 0.00 
J3 0. 0.00 110 0. 0.00 187 0. 0.00 
J4 0. 0.00 111 385. 0.10 188 0. 0.00 
35 385. 1.31 112 385. 0.15 189 J85. 0.06 
J6 0. 0.00 113 J85. 0.33 190 385. 0.25 
J7 o. 0.00 114 385. 0.00 191 385. 0.21 
38 222. 0.05 115 385. 0.04 192 385. 0.26 
39 385. 0. 76 116 o. 0.00 193 222. 2. 67 
40 172. 0.65 117 0. 0.00 194 o. 0.00 
41 172. 0.22 118 0. 0.00 l9S 385. 0.33 
42 205. 0.51 119 0. 0.00 19C5 0. 0.00 
43 222. 0.09 120 0. 0.00 197 222. 0.58 
44 222. 1.20 121 385. 0.28 198 222. 0.68 
45 222. 2.09 122 0. 0.00 199 222. 0.48 
415 222. 0.02 123 0. 0.00 200 222. 0.68 
47 0. 0.00 124 0. 0.00 201 222. 0.154 
48 J85. 0.07 125 o. 0.00 202 o. 0.00 
49 o. 0.00 126 0. 0.00 203 0. 0.00 
50 0. 0.00 127 0. 0.00 204 222. 0.37 
51 J85. 0.03 128 0. 0.00 20S 222. 0.78 
S2 o. 0.00 129 o. 0.00 20C5 222. 0.03 
S3 J85. 0.01 130 J8S. l.8S 207 0. 0.00 
S4 385. 0.00 131 0. 0.00 208 0. o.oo 
SS J8S. 0.13 132 0. 0.00 209 222. 0.82 
S6 38S. 0.08 133 0. 0.00 210 o. 0.00 
S7 0. 0.00 134 o. 0.00 211 0. 0.00 
S8 J85. 0.00 135 J8S. 0.39 212 0. o.oo 
59 385. 0.00 136 0. 0.00 213 0. 0.00 
60 385. 1.01 137 385. 0.01 215 222. 0.42 
61 o. 0.00 138 385. 0.57 216 222. 0.41 
62 o. 0.00 139 o. o.oo 217 o. 0.00 
63 385. 1.08 140 385. 0.08 218 0. o.oo 
154 385. 0.03 141 o. 0.00 219 o. 0.00 
155 385. 0.06 142 0. o.oo 220 o. 0.00 
66 38S. 0.47 143 385. 0.05 221 0. 0.00 
67 385. 0.42 144 0. 0.00 222 222. 1.64 
68 385. 0.12 145 0. 0.00 223 222. 1. 79 
159 385. 0.08 146 0. 0.00 224 222. 0.05 
70 244. 0.61 147 o. 0.00 225 0. 0.00 
71 0. 0.00 148 385. 0.02 226 222. 0.39 
72 0. o.oo 149 3B5. 0.46 227 0. 0.00 
7J 0. 0.00 150 385. 1.89 228 o. 0.00 
74 0. 0.00 151 o. 0.00 232 o. 0.00 
75 0. 0.)0 152 0. 0.00 238 o. 0.00 
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Estimation of Delta Island Diversions and Retum Flows 

Table 5-7. DWRDSM Nodal Drainage CL Concentration and Return Flow, page 2 of 2 

NOOI!!': HG/L crs NOOI!!': MC/L Cl'S NOD!!': HG/L crs 

239 0. 0.00 316 172. 2.04 438 0. 0.00 
240 183. 0.03 317 172. 0.98 440 0. 0.00 
241 385. 0.64 318 172. 9.96 441 0. 0.00 
242 385. 0.19 319 172. 2.58 443 0. 0.00 
243 385. 0.08 320 172. 3.70 445 0. 0.00 
244 0. 0.00 321 172. 1.18 446 0. 0.00 
245 385. 0.18 322 o. 0.00 447 0. 0.00 
246 385. 0.45 323 o. o.oo 448 0. 0.00 
247 385. 0.03 324 0. o.oo 449 0. 0.00 
248 0. 0.00 325 o. 0.00 451 0. 0.00 
249 0. 0.00 326 172. 0.85 452 0. o.~o 
250 172. 0.09 327 0. 0.00 453 0. 0. 00 
251 323. 1.08 328 0. 0.00 454 0. 0.00 
252 0. 0.00 329 0. o.oo 455 0. 0.00 
253 172. 1.46 330 172. 0.13 456 0. 0.00 
254 0. 0.00 331 172. 0.13 457 0. 0.00 
255 0. o.oo 332 172. 0.41 
256 0. 0.00 333 172. 1.50 
257 172. 0.13 334 172. 0.99 
258 0. 0.00 335 172. 11.06 
259 0. 0.00 336 172. 0.37 
260 172. 0.00 337 172. 2.86 
261 o. 0.00 338 0. 0.00 
262 172. 0.02 339 0. o.oo 
263 0. 0.00 340 o. o.oo 
264 172. 0.03 341 0. o.oo 
265 0. 0.00 342 172. 0.08 
266 172. 0.17 343 0. o.oo 
267 0. 0.00 344 172. 0.03 
268 172. 0.09 345 0. o.oo 
269 172. 0.48 346 0. o.oo 
270 0. 0.00 347 0. o.oo 
271 172. 0.01 348 172. 0.01 
272 0. 0.00 349 0. o.oo 
273 0. 0.00 350 172. o. 97 
274 172. 0.19 351 172. 0.48 
275 0. 0.00 352 172. 1.40 
276 172. 1.89 353 222. 0.04 
277 o. 0.00 354 222. 0.48 
278 172. 0.26 355 222. 0.48 
279 0. 0.00 356 o. o.oo ·-280 172. 0.66 357 0. o.oo 
281 0. o.oo 358 0. o.oo . 
282 172. 0.00 359 o. 0.00 
283 o. o.oo 360 o. o.oo 
~84 0. 0.00 361 0. 0.00 
285 0. 0.00 362 0. 0.00 
286 172. 0.01 363 0. 0.00 
287 0. 0.00 364 0. 0.00 
288 0. 0.00 365 0. o.oo 
289 0. 0.00 366 0. 0.00 
290 172. 0.01 367 o. 0.00 
291 0. 0.00 368 0. o.oo 
292 172. 0.01 371 0. 0.00 
293 0. o.oo 372 o. o.oo 
294 172. 0.03 373 0. o.oo 
295 0. 0.00 374 o. 0.00 
296 0. 0.00 375 0. 0.00 
297 0. 0.00 376 0. 0.00 
298 172. 2.66 377 0. o.oo 
299 172. 0.09 378 o. o.oo 
300 0. o.oo 379 o. o.oo 
301 172. 0.14 380 o. o.oo 
302 172. 0.13 381 o. o.oo 
303 172. 0.01 382 o. o.oo 
304 172. 0.13 383 o. o.oo 
305 172. 0.14 384 o. o.oo 
306 172. 0.19 385 o. o.oo 
307 172. 0.36 386 o. o.oo 
308 172. 0.39 387 o. o.oo 
309 0. 0.00 388 o. o.oo 
310 172. 2.01 389 0. 0.00 
311 172. 0.36 390 0. o.oo 
312 172. 0.14 391 o. 0.00 
313 0. 0.00 392 0. 0.00 
314 172. 4.41 393 0. o.oo 
315 172. 0.14 394 0. o.oo 
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Chapter 6 
Consumptive Use Adjustment Program 

Reservoir operations studies are conducted by the Division of Planning using the 
DWR Planning Simulation Model (DWRSIM). The DWRSIM model takes into account 
projected water demands based on future levels of development. DWRSIM outputs Delta 
inflows, exports, and consumptive use among other values. DWRSIM accounts for only two 
regions in the Delta (Uplands and Lowlands) with the CU Model (see Chapter 3). 

The monthly Delta NCD values output by DWRSIM need to be spatially allocated to 
DWRDSM nodes in order to model Delta hydrodynamics and water quality for scenarios 
involving future levels of development. Therefore, a consumptive use adjustment 
FORTRAN program (FDMCUA) was developed to adjust estimates of historic monthly 
DWRDSM nodal NCD allocations derived from the DICU model to yield the same 
Delta-wide NCD used in DWRSIM simulations (FDMCUA 1989). 

As documented in the program, the adjustment is used to achieve a user-specified 
Delta-wide net channel depletion while approximately retaining the historic nodal 
allocation scheme and proportions. The consumptive use adjustment program is mainly 
used for planning studies. However the program is also used for historic simulations when 
a NCD value different from that derived by the DICU model is desired. Table C-5 in 
Appendix C shows an output file from the consumptive use adjustment program. The 
format of the file is the same as the diversion and return files output from the node 
allocation program. In the header, it is apparent that the values have been adjusted to 
match values in a DWRSIM study. A. database for each level of development has been 
created. Each time NCD values used by the DWRSIM model are created, a database of files 
with matching NCD values is created for the same period the DWRSIM hydrology covers 
(currently 1922 through 1992). 

steps: 
The program adjusts the monthly diversions and returns based on the following 

1. Calculate the change in monthly NCD 

~NCD = DWRSIM target value - DICU historic estimate 

2. Calculate the change in the monthly diversion using the result from 
Step 1. 

~diversion= ~NCD I 0.7 

(6-1) 

(6-2) 

Diversions are increased above NCD values based on a 70 percent farm irrigation 
efficiency. 

3. Calculate the change in monthly return flow based on the result from 
Step 2. 

~return = 0.3 x ~diversion 

Returns are calculated as 30 percent of diversions based on an assumed farm 
irrigation efficiency of 70 percent. 
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The values calculated in step 2 and step 3 are used to calculate new monthly 
diversions and returns for each DWRDSMnode. Howeverthere are two specialcases as 
follows: 

A If the monthly diversion is much less than the return (return is at least 8 times 
larger) or the NCD has to be reduced so much that diversions will be reduced to zero 
(possible in the winter months), only the return flows are adjusted . 

. B. If the monthly return is much less than the diversion (diversion is at least 8 times 
larger) or the NCD has to be increased so much that drainage will be reduced to zero 
(possible in the summer months), only the diversions are adjusted. 
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Chapter 7 
Model Validation 

Most models are validated by making comparisons of model results to field data. The 
DICU model is difficult to validate because limited suitable field data is available. However, 
some hydrologic data collected on Twitchell Island in 1960 does provide enough information 
to validate the DICU model for at least that island (Owen and Nance 1962). 

The Twitchell Island hydrology study was undertaken from December 1959 through 
March 1961. The purpose of the study was to evaluate the inflow-outflow relationships on 
Twitchell Island and the relationship of consumptive use to actual depletion of water from 
the surrounding channels. Twitchell Island was used for the study as a representative 
Delta island because it has highly organic surface soils. Field observations performed 
during the study include (1) recording siphons diversions, (2) recording pump drainage, (3) 
measuring precipitation, (4) measuring soil moisture content, (5) recording weather data 
and (6) conducting crop surveys. The field observations were used to estimate monthly 
values of precipitation, ET, the change in soil moisture, siphon inflow, pump outflow, and 
seepage (Owen and Nance 1962). The estimates will hereon be referred to as the Owen & 
Nance estimates. 

In this chapter, the Owen & Nance estimates are compared to DICU model 
estimates for Twitchell Island for the same time period as an attempt to validate the model. 
The only modification made to the DICU historic input data set was to use actual 1960 land 
use for Twitchell Island instead of the critical water year land use typically used by the 
DICU model for dry water years. 

Precipitation 

Owen & Nance precipitation estimates were calculated utilizing the Theissen 
polygon method on precipitation data from five locations on Twitchell Island (Owen and 
Nance 1962). The DICU model also utilizes the Theissen polygon method using seven Delta 
precipitation stations. Precipitation recorded at a Rio Vista rain gauge is assigned to 
Twitchell Island (see Chapter 4). Figure 7-1 shows the two precipitation estimates. The 
difference between monthly estimates ranges from approximately 10 acre-feet (AF) to 220 
AF in the period November through May. However, on an annual basis, the percent 
difference is less than 1 percent which indicates that the Theissen Polygon method used by 
DICU is adequate. 

Evapotranspiration 

Owen & Nance estimated ET using four separate methods of which the Blaney 
Criddle method (which uses temperature and atmospheric pressure data) was selected 
(Owen and Nance 1962). The DICU model ET estimates are crop dependent but not subarea 
dependent (see Chapter 4). Figure 7-2 shows the two ET estimates. DICU model monthly 
ET estimates are very close to those estimated by Owe:n & Nance in the months of April 
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Figure 7-1. Twitchell Island Precipitation 

Figure 7-2. Twitchell Island Evapotranspiration 

Figure 7-3. Twitchell Island Soil Moisture Change 
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through July. In the period August through September, ET estimates are less than Owen & 
Nance estimates. In the remaining months (December through March), the DICU model ET 
estimates are higher. 

The DICU model assumes that the ET of grain on Twitchell island is the same as the 
ET of grain anywhere else in the Delta, although humidity, wind, pressure, etc. are all 
factors that change within the Delta and affect ET. Owen & Nance estimates take those 
factors into consideration but the DICU model doesn't. The difference between the two 
estimates ranges from approximately 15 AF to 550 AF from April through September. 
However, on an annual basis, the percent difference between the two estimates is less than 
1 percent. 

Soil Moisture Budget 

During the Twitchell Island study, neutron probe measurements were used to 
estimate monthly variation of soil moisture. Measurements were taken at up to 60 locations 
each month (Owen and Nance 1962). DICU soil moisture limits are also based on neutron 
probe measurements for a different sample period (see Chapter 4). Figure 7-3 displays 
estimates of Owen & Nance's soil moisture changes versus those estimated by the DICU 
model. The differences between the two estimates range from approximately 45 AF to 535 
AF . 

Applied Water 

During the study period, surface irrigation water was supplied to Twitchell Island 
through 25 siph'ons. Using gauges installed at those siphons and tidal stage data recorded 
in the surrounding channels, siphon inflow was computed (Owen and Nance, 1962). In 
Figure 7-4, those values are compared to diversions calculated by the DICU model 
(irrigation efficiency and leach water requirements are taken into account). The large 
differences between the two estimates could be caused by seepage, irrigation efficiency, 
leach water, precipitation, ET, or the change in soil moisture in any month. 

Owen & Nance measured some applied water (siphoned) in the winter months. The 
fact that the DICU model did not simulate applied water in the same time period could be 
because the model does not take into account the daily distribution of precipitation. The 
DICU model runs on a monthly time step, which means that precipitation that falls at the 
end of the month is available to the plant at the beginning of the month. In general, the 
Owen & Nance applied water estimates are higher in months when there was some 
precipitation. Differences between the monthly estimates range from 20 AF to 715 AF. 
However, on an annual basis, the difference between the estimates is approximately 10 
percent. 

Drainage 

All discharged water from Twitchell Island is pumped through one pumping plant 
located along the San Joaquin River. During the 1960 study, the monthly drainage from the 
pumping plant was estimated by using data collected on the pump head, energy used by the 
pump, and pump efficiency (Owen and Nance, 1962). DICU model drainage is composed 
mainly of runoff from precipitation and leach water, and excess irrigation water (see 
Chapter 4). Figure 7-5 shows the two drainage estimates. DICU estimates are consistently 
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lower. The difference between the two estimates ranges from 100 AF to 690 AF. On an 
annual basis, Owen & Nance estimates are more than three times larger than DICU 
estimates. 

Seepage 

The annual seepage was calculated by Owen & Nance from the water balance 
equation. All factors were measured and seepage was solved for. After the annual seepage 
was determined, it was subdivided into months based on flow nets (Owen and Nance, 1962). 
The distribution of the annual seepage to monthly values resulting from the flownets is 
very similar to a distribution which prorates the seepage based on the number of days in 
each month. The DICU model estimates seepage available to plants as a function of the 
crop root depth. The seepage estimates using both methods are displayed in Figure 7-6. In 
general, Owen & Nance's seepage estimates are approximately double those of the DICU 
model. The difference in the seepage estimates could be due to one or more of the following 
reasons: 

1. 1\vitchell Island has a history of high seepage. The land surface is up to 17 ft below 
MSL (NGVD) at some points on the island. However, the seepage estimate used by 
the DICU model is based on an average seepage rate for the Delta lowlands. 
Therefore, it is possible that the model is under predicting seepage on Twitchell 
Island. 

2. DICU seepage includes only that available to plants but Owen & Nance's estimates 
represent total seepage to Twitchell island. 

3. Seepage was not directly measured in the Owen & Nance study. Inherent in the 
annual seepage estimate are errors that may have been made in any of the 
measurements used to estimate the other components of the water balance. 

Discussion 

A summary of observations for each factor follows: 

Precipitation: Though the differences between DICU model and Owen & Nance 
monthly estimates range from 10 to 220 AF, on an annual basis, the percent difference is 
less than 1 percent. DICU precipitation estimates seem to be reasonable. 

ET: The differences between DICU and Owen & Nance monthly estimates range 
from 15 AF to 550 AF. On an annual basis, the estimates are similar, with a percent 
difference ofless than 1 percent. It is likely that in the near future, a different method of 
estimating ET for DICU subareas will be used. The new method is discussed in Chapter 9. 

Soil moisture budget: The differences between DICU model monthly soil 
moisture estimates and Owen & Nance estimates ranges from 45 AF to 535 AF. One 
problem with DICU is that leach water is not taken into account in the soil moisture 
budget. It is incorporated into the channel diversion in the NODCU program as if it is 
independent of soil moisture budgeting. 

Seepage: DICU seepage is about half of that estimated by Owen & Nance. This may 
be due to the fact that the DICU model only accounts for seepage that is available to the 
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plants whereas Owen & Nance's.seepage estimate is total seepage from the chan~1el to the 
. island. Any additional seepage nQt taken into accounfby the DICU model would have an 
effect on drainage, since excess seepage would end up in the drainage ditches. 

Applied water: On an annual basis, the model performs reasonably well in 
predicting Twitchell Island applied water requirements with a percent difference between 
the two estimates of approximately 10 percent. On a monthly basis, the difference ranges 
from 20 AF to 715 AF. The model seems to over predict applied water early in the irrigation 

. season and under predict late in the irrigation season. 

Drainage: The difference between monthly DICU model data and Owen & Nance 
data ranges from 100 AF to 690 AF. On an annual basis, Owen & Nance estimates are more 
than three times larger than DICU estimates which also indicates poor correspondence. All 
the factors discussed above, including irrigation efficiency, could be held responsible for the 
difference. 

Unfortunately, the 1960 Twitchell Island study was the last one of its kind. Since 
then, such thorough studies involving detailed measurements for studying Delta island 
inflow-Qutflow relationships have not been completed. However, the comparisons in this 
chapter show that even though the model was evaluated for a specific region, it is capturing 
the overall trend of some of the hydrologic factors. On an annual basis, estimates of 
precipitation, ET, change in soil moisture, and applied water match well. The annual 
seepage estimates, on the other hand, are very different and that difference influences the 
mismatch in drainage estimates. In the next chapter, the variability in the hydrologic 
factors are addressed by the discussion of some sensitivity tests. 
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Chapter 8 
Sensitivity Analysis 

The comparisons in the previous chapter show some consistent differences between 
model results and field estimates. 'lb take into account the differences, sensitivity tests 
were made to evaluate the effect of model assumptions on Delta diversions and returns. A 
sensitivity analysis was conducted with the DICU model and the NODCU program. 

For each test, DICU analyses was performed for water years 1922 through 1990. 
Delta diversions and returns were totalled for all 142 subareas and the sensitivity of those 
values are analyzed in this chapter. Average Delta diversion and return results over the 
simulation period (1922 - 1990) were compared for most tests discussed in the following 
sections. 

Sensitivity Tests 

The sensitivity of Delta diversions and returns to each of the following variables are 
evaluated: 

• Land use: Actual land use data for 10 years was compared to DICU default land 
use. 

• Irrigation efficiency : decreased from 70 to 50 percent. 

• Seepage: increased and decreased by 50 percent. 

• Precipitation: increased and decreased by 10 percent. 

• Leach water: increased from about 8 percent to 33 percent of the Lowlands. 

• ET: increased and decreased by 20 percent. 

• Soil moisture limits: Decreased the upper soil moisture limits by 0.5 inches per root 
depth. 

Land Use. The DICU model, by default, assigns land use to each subarea based on 
whether it is a critical or noncritical water year type (Chapter 4). To investigate the impact 
of land use on Delta diversions and returns, DICU results based on default land use 
patterns were compared to results based on actual 'l\vitchell island land use for 1924 
through 1931, 1938, 1948, 1955 and 1960. Results of two of the tests (water years 1930 and 
1955) are discussed in this section. Results from other tests are displayed in Appendix F. 
The two years were chosen because they cover both water year types used by the DICU 
model to determine land use. Water year 1930, a dry year, is classified as a critical year by 
the DICU model. Water year 1955, a below normal year, is classified by the model as a 
non-critical water year. 

Figure 8-1 shows land use for 'l\vitchell island observed in 1930 and Figure 8-2 
shows the 'l\vitchell island land use assigned by the DICU model. Comparisons of the 
observed 1930 land use results versus DICU !and use results for the same water year for 
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1\vitchell Island are shown in Figure 8-3. In the summer irrigation months, 'I\vitchell 
island diversions based on DICU land use are higher than those based on observed data 
because the ET of the crops is very different. In critical water years, the DICU model 
assumes that about half of 'I\vitchell Island is covered in corn. However 1930 land use 
surveys on 1\vitchell island claim that about half the island was covered in grain. The 
difference in land use is reflected in summer diversions because during that time the ET of 
com is higher than the ET of grain and therefore diversions based on DICU land use is 
higher than those based on 1930 surveys. Figure 8-3 also shows that returns also increased 
in summer under the actual 1930 land use. Since diversions increased, returns also 
increased. Higher diversions result in more excess irrigation water due to the effect of the 
irrigation efficiency factor in equation 2-3. 

Figure 8-4 shows land use for Twitchell island observed in 1955 and Figure 8-5 
shows the 'I\vitchell island land use assigned by the DICU model. Comparisons of the 
observed 1955 land use results versus DICU results for the same water year for Twitchell 
Island are shown in Figure 8-6. The DICU model default land use assumes that in 
noncritical water years about half of 'I\vitchell island is covered in corn. The 1955 land use 
surveys on Twitchell island show that most of the island was covered in field crops. At first 
glance, it may seem that the ET rates of the two crop categories are causing the difference 
in diversion and returns shown in Figure 8-6. However, a closer look at the ET values 
reveals that the DICU model assigns the same ET rates for both crop categories. The cause 
of the difference is due to the upper soil moisture limits. The maximum soil moisture limit 
assigned to field crops in the Lowlands is lower than that assigned to corn. Therefore the 
model allows less water to be stored in the soil for the area covered by field crops and 
therefore more water needs to be diverted for ET demands in summer. Return results 
shown in Figure 8-6 also show the effect of the maximum soil moisture limit. In January, 
there is more drainage using the 1955 land use data because the soil moisture upper limit 
for field crops is lower than that for corn (the excess moisture is drained instead of stored in 
the soil). 

Farm irrigation efficiency. Land and water use analysts at DWR Central District 
estimate Delta farm irrigation practices to be 70 percent efficient (Sato 1985). This 
assumption has been used to run DICU analyses in the past. However, where water is 
abundant and cheap, it may be more economical to use an excess of water than to pay the 
expense of developing efficient farm irrigation systems (Vegetative 1967). Therefore, in this 
test, the efficiency was reduced to 50 percent. This assumption implies that irrigation 
volumes are twice that needed for consumptive use by crops. The excess leaves the island as 
returns. 

Figure 8-7 shows Delta diversions for both the 50 percent and 70 percent irrigation 
efficiency assumptions. The plot indicates that the irrigation efficiency has a much larger 
effect on summer diversions than on winter diversions. The reason for this effect is that in 
the winter, precipitation is high and ET is low. Therefore, diversions are small and are 
mainly composed of seepage and applied leach water which are independent of irrigation 
efficiency (see equation 2-2). 

Figure 8-7 also shows Delta returns for both the 50 percent and 70 percent 
irrigation efficiency assumptions. Returns are noticeably larger during summer due to the 
increase ii. diversions. By definition, excess applied irrigation water contributes to returns. 
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Figure 8-4. Twitchell Island 1955 Land Use 

alfalfa 
pasture 
water surfaces 
field 
native vegetation 
riparian vegetation 
corn 
safflower 
truck 
2rain 

Figure 8-5. DICU Twitchell Island Land Use for Non~ritical Water Years 

-63-



Estimation of Delta Island Diversions and Return Flows 

~ ~ 

.! 
11. 

~ 

0 

0 

"' 
~ 

~ 

;! 

~ 
~ 

~ ~ 
11. 

"' 
ID 

... 

"' 
0 

OCT NOV DEC 

. . ·:· .. .. 

OCT NOV DEC 

DICUlard L.Be 
1~55 lard .... 

· Twitchell Island Diversions 

.... 

JAN F£3 MAR APR MAY JUN 

Twitchell Island Drainage 

JAN FEB MAR APR MAY JUN 

Figure 8-6. DICU Model Results: 1955 

-64-

JUL AUG SEP 

JUL AUG SEP 



Estimation of Delta Island Diversions and Return Rows 

Average Delta Diversions 

0 

§ 

0 

OCT NOY DEC JAN FEB MAR APR "MAY JUN JUL AUG SEP 

Average Delta Drainage 

0 

OCT NOY DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 

Figure 8-7. ~ensitivity of Farm Irrigation Efficiency Factor 

-65-



Estimation of De/ta Island Diversions and Retum Flows 

During the wet months, there is litt~e difference in return flows because they are composed 
primarily of.runoff, which is independent of irrigation efficiency (see equation 2-3). 

Seepage. Seepage is assumed to; be 0.3 inches per foot of crop rooting depth per 
month, per unit area in the:Lowlands .. Alfalfa, for example, is assigned a root depth of 4 feet 
in the Lowlands. Therefore about 1.2 inches of seepage per month, per unit area, is 
available to the roots. 'lb test the impact of seepage on diversions and return flows, seepage 
was increased and decreased by 50 percent. The 'I\vitchell Island validation showed that 
Owen & Nance's seepage estimates are approximately double DICU seepage estimates. 
However, since Owen & Nance's estimates were not directly measured and because 
Twitchell Island has a history of high seepage, the DICU seepage estimate was both 
increased and decreased by just 50 percent for the sensitivity tests. 

Figure 8-8 shows Delta diversions as a result of the increase in seepage. In wet 
months, an increase in seepage causes an increase in Delta diversions, by definition. In dry 
months, an increase in seepage is counteracted by a decrease in applied irrigation water. 
Since seepage is not affected by irrigation efficiency, the total diversion is slightly less. 

Figure 8-8 also shows Delta returns as a result of an increase in seepage. In wet 
months, when the soil is saturated, an increase in seepage causes an increase in Delta 
returns as runoff. In dry months, when the soil is not saturated, increased seepage results 
in reduced irrigation requirements. Since applied irrigation water is in excess of plant 
requirements (irrigation efficiency), return flows are lower. 

Figure 8-9 shows Delta diversions as a result of a decrease in seepage. The results 
from this test show the same trends as the preceding test except increases show up as 
decreases and vice versa. In wet months, a decrease in seepage causes a decrease in Delta 
diversions. In dry months, a decrease in seepage is counteracted by an increase in applied 
irrigation water. Although applied water makes up for the d«;!crease in seepage, the total 
diversion is more because applied water is increased by an irrigation efficiency factor (see 
equation 2-2). 

Figure 8-9 also shows Delta returns as a result of a decrease in seepage. In wet 
months, a decrease in seepage causes a decrease in Delta returns because less seepage is 
drained under saturated soil conditions. In dry months, returns increase because diversions 
increase. 

Precipitation. Precipitation used as input to the DICU model is based on data from 
7 stations. The precipitation estimates probably have the least amount of error compared to 
the rest of the input data used in DICU analysis. 'lb test the impact of precipitation data, 
the data were increased and decreased by just 10 percent based on the percent differences 
observed between DICU and Owen & Nance precipitation estimates on 'I\vitchell Island (3 
to 30 percent). 

Figure 8-10 shows Delta diversions as a result of the increase in precipitation. The 
increase in precipitation causes a decrease in diversions. This means that since more 
precipitation is available to the plants, less applied water is needed and therefore the 
diversion is less. 

Figure 8-10 also shows Delta returns as a result of the increase in precipitation. In 
wet months, when the soil is saturated, the increase in precipitation causes an increase in 
Delta returns as runoff. In May and June, returns decrease slightly because the extra 
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precipitation is used instead of applied.water. Since precipitation is not a function of 
irrigation efficiency, when jt is used in place of applied water, less precipitation than 
applied water is needed to,supply the same ET demand. 

Figure 8-11 shows Delta diversions and returns as a result of a decrease in 
precipitation. The results from this test show the same trends as the test above except 

' increases show up as decreases and vice versa. 

Leach Water. Land and water use analysts at Central District estimated leach 
water applied and drained monthly, based on areal surveys in the late 1970s (Joint 1981) . 

. According to those areal surveys, less than 8 percent of the Delta Lowlands was flooded 
annually to leach salts. However, some references estimate that these applications are 
made on the average of every 3 years (Documentation 1966). Tu test the impact of leach 
water practices on Delta diversions and returns, the total Lowlands area leached annually 
was increased to 33 percent of the Delta Lowlands. This means that the total area flooded 
annually increased from 26,800 acres to 115,700 acres (the total leached area was more 
than quadrupled). For modeling purposes, the monthly leach water volumes are distributed 
over the entire Delta so that each subarea is leached annually. The application and timing 
patterns were kept the same in the sensitivity test. Figure 8-12 shows Delta diversions as a 
result of an increase in leach water. 

Delta diversions increase with an increase in applied leach water since diversions 
are a function ofleach water (See equation 2-2). Figure 8-12 also shows Delta returns for 
both leach water volumes. Delta returns increase with an increase in leach water drained 
since returns are a function ofleach water (see equation 2-3). Leach water affects Delta 
diversions and returns in DICU analysis only from October through April because those are 
the months when leach water practices are simulated (Joint 1981). 

Evapotranspiration. The Delta evapotranspiration (ET) values used by the DICU 
model are from a variety of sources (see Chapter 4). To test the sensitivity of Delta 
diversions and returns to changes in ET, the ET estimates were increased and decreased 
by 20 percent. In the 'l\vitchell Island validation, the average percent difference between 
model estimates and Owen & Nance estimates was 20%. 

Figure 8-13 shows Delta diversions as a result of the increase in ET. An increase in 
ET means that the plant demand is greater. Applied water is increased, which causes an 
increase in Delta diversions. 

Figure 8-13 also shows Delta returns as a result of the increase in ET. In wet 
months, the increase in ET results in a decrease in return flows. Since the ET demand is 
higher, more precipitation is used to satisfy the ET demand, which results in less runoff. In 
dry months, since more irrigation water is applied, there is more excess irrigation water 
that drains. 

Figure 8-14 shows Delta diversions as a result of the decrease in ET. The results 
from this test are similar to those from the test above. The same trends can be observed 
except increases show up as decreases and vice versa. The decrease in ET causes a decrease 
in Delta diversions. Since there is less demand for water by the plants, less applied water is 
needed, which decreases Delta diversions. 

Figure 8-14 also shows Delta returns as a result of the decrease in ET. In wet 
months, the decrease in ET results in an increase in returns. Since the ET demand is lower, 
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less precipitation is used to satisfy the ET demand, which results in more runoff. In dry 
months, since less irrigation water is applied, less drains. 

Soil Moisture Limits. Soil moisture limits used by the DICU model are a function 
of the crop root depths. The upper soil moisture limit in the Delta Uplands is assumed to be 
1.5 inches per foot root depth. In the Lowlands, it is assumed to be 3 inches per foot root 
depth. Tu test the impact of soil moisture limits on diversion and returns, the Uplands 
upper limit was arbitrarily decreased from 1.5 inches to 1.0 inch per root depth and the 
Lowlands upper limit was arbitrarily decreased from 3.0 to 2.5 inches per root depth. Lower 
limits were decreased accordingly. 

Figure 8-15 shows Delta diversions as a result of the decrease in the limits. The 
diversions are slightly less in January, February, and March because during dry years, 
applied water is needed to bring the soil moisture for the grain and saffiower crops to the 
lower limit. Most other crops have a lower soil moisture limit equal to zero during those 
months (See Figure 4-5). During summer, less soil moisture is available for plant use 
(maximum storage is lower) and therefore more applied irrigation water is needed, which 
increases diversions. 

Figure 8-15 also shows Delta returns as a result of the decrease in soil moisture 
limits. The returns increased in winter because the upper soil moisture limit was reduced. 
The soil was unable to retain as much moisture and therefore there was more runoff. In 
summer, more irrigation water was applied and therefore more excess irrigation water was 
drained. Higher diversions result in more excess irrigation water (due to the irrigation 
efficiency factor). 

Additional model runs to test the impact of soil moisture limits (such as increasing 
the upper limits or varying the lower limits only) were not carried out because this test 
showed little sensitivity. 

Discussion 

Tables 8-1 and 8-2 summarize the results from the sensitivity tests by showing the 
impact of each variable on Delta diversions and returns. Although the percent 
increase/decrease of each variable is different, the individual adjustments are assumed to 
be reasonable and therefore direct comparisons are made at the bottom of the tables. The 
two variables showing the greatest effect on Delta diversions and returns are listed for each 
month. The results show which variables tested are dominant at different times of the year. 
A summary of observations follows: 

+ The irrigation efficiency and ET are the two major variables controlling the 
quantity of both diversions and returns from March through September. 

+ Leach water generally has the largest impact on diversions during the months it is 
applied (October through December) and on returns during the months when it is 
drained (January through April). 

+ The effect of precipitation on Delta diversions is most obvious in wet months when it 
is the main source of water. If it is decreased, more water is diverted to compensate 
for the lack of precipitation. Precipitation has the greatest effect on returns in the 
winter months when returns are composed primarily of runoff. 
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• Seepage is one of the dominant variables in October, November, and December 
when applied water is low and seepage is the main component of Delta diversions. 
Seepage does not significantly impact return flows. However, the DICU model only 
takes into account seepage available to plants. If the seepage assumption was 
modified to take into account total seepage to the island, returns would increase 
(excess seepage is pumped back into the channel). 

• Soil moisture limits have the greatest effect on Delta return flows in wet months 
when soil moisture is stored in the soil. If the soil moisture storage capacity is 
decreased, runoff increases, which in turn increases return flows. 

Table 8-1. Sensitivity of Delta Diversions: Percent Changes 

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

Decrease Efficiency +18 +4 +1 +4 + 11 +26 +30 +33 +35 +36 +34 +30 
Increase Seepage +14 +24 +10 -3 -2 -4 +3 0 -4 0 0 +6 

Decrease Seepage -13 -28 -18 -22 -12 +7 +2 +1 +4 0 0 -5 

Increase Precipitation -1 -2 -3 -14 -14 -11 -5 -3 0 0 0 0 

Decrease Precipitation +1 +2 +4 +15 +17 +14 +6 +3 +1 0 0 0 

Increase Area Leached +44 +105 +180 0 0 0 0 0 0 0 0 0 

Decrease ET -15 -5 -5 -21 -31 -34 -28 -28 -26 -22 -26 -22 
Increase ET +16 +5 +4 +19 +33 +38 +34 +29 +26 +21 +25 +24 

Decrease Upper Soil +2 -2 -5 -17 -11 -8 0 +3 +3 +2 +6 +5 
Moisture Limits 

Primary Variable LW LW LW s ET ET ET eff eff eff eff eff 

Secondary Variable eff s s ET p eff eff ET ET ET ET ET 
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Table 8-2. Sensitivity of Delta Drainage: Percent Changes 

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

Decrease Efficiency +128 +22 +1 +1 +3 +28 +97 +133 +133 +133 +133 +133 

Increase Seepage -8 +7 +17 +8 +5 0 -5 -9 -10 -5 -8 -8 

Decrease Seepage +10 +3 -11 ~ -5 +2 + 11 + 11 + 11 +5 +8 + 11 

Increase Precipitation -1 +29 +33 +16 +17 +15 +4 -3 -1 0 0 0 

Decrease Precipitation +2 -21 -29 -15 -16 -12 -3 +3 +1 0 0 0 

Increase Area Leached 0 0 0 +100 +68 +52 +6 0 0 0 0 0 

Decrease ET -27 +18 +22 +10 +14 +13 -11 -33 -29 -24 -30 -30 

Increase ET +30 -8 -16 -8 -10 -5 +20 +35 +30 +24 +30 +32 
Decrease Upper Soil +5 +30 +30 +8 +6 +1 +1 +4 +3 +2 +7 +7 

Moisture Limits 

Primary Variable eff SM p LW LW LW eff eff eff eff eff eff 

Secondary Variable ET p SM p p eff ET ET ET ET ET ET 

Tables 8-1 and 8-2 show that leach water and irrigation efficiency are the most 
important variables. However, they are entirely dependent on the farmer's decision. 
Therefore models will always be limited to only very approximate estimates of these values 
on a drain-by-drain basis because oflack of information. S~msitive parameters need to be 
explored further to determine if modifications to the current assumptions need to be made. 
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Chapter 9 
Future Directions 

A joint feasibility study is being conducted by DWR Division of Local Assistance and 
USGS under the MWQI program to measure irrigation and drainage water quantities, 
quality, and power use for pumping drain water off the islands (Five-year 1994). The plan is 
to study water use in the Delta by focusing on Twitchell Island. After determining the 
water balance on Twitchell Island, extrapolation methods may be used to estimate the 
water balance on other Delta islands. Return flows will be calculated using historic power 
records and pump test data obtained from PG&E. The DICU model is being used by the 
study team to prioritize data needs. Studies such as this one might give further insight on 
the magnitude of Delta channel depletions. 

Modified ET Formulation 

ET is one of the two major variables controlling the quantity of both diversions and 
return flows from March through September (Chapter 8). A new method of estimating ET 
in the Delta was recently developed by DWR Central District (Historic 1994). The method is 
based on the Hargreaves-Samani equation, which uses temperature and solar radiation to 
calculate reference ET. ET estimates generated using the Hargreaves-Samani equation will 
be used in the future as input to the DICU model instead of using estimates based on pan 
evaporation data. 

Disaggregating Channel Diversion Estimates 

To reduce entrainment of eggs, larvae, and juvenile fish in the Delta, diversion 
facilities can be evaluated with models discussed in this report to (1) assess the benefits of 
managing diversion timing and water use, (2) decide where screens are needed, and (3) 
consider whether diversion points should be relocated or consolidated. Output from the 
DICU model will be modified to address the significance of agricultural diversions on 
particle fate and movement within the Delta by disaggregating channel diversion estimates 
into two components: siphon inflow and seepage. While disaggregation is unnecessary for 
simulating hydrodynamics and water quality, it is essential for simulating particle fate and 
movement. 
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Extending Land Use Database 

Recall from Chapter 4 that only two sets ofland use data are currently used by the 
DICU model. However, variation in land use on an island-by-island basis can be significant 
from year to year and notably affects diversions and returns (Chapter 8). Historic Delta 
land use information is available in the DWR Bulletin 23 series (Report) and on a 
Geographic Information System. The DWR Division of Planning currently has a contract 
with USGS to digitize the 142 DICU subareas. The land use data, in conjunction with the 
digitized regions and the GIS, can be used to develop a DICU land use database that varies 
annually. Interpolation may be used to estimate land use for years in which no information 
is available. 

Assigning Drain Quality Constituents 

The node allocation program assigns a monthly salinity concentration to all return 
flows based on three regions in the Delta (Chapter 4). Those values vary monthly but not 
from year to year and are used by DWRDSM. DWRDSM2, the new model currently being 
developed by the DWR Division of Planning, will need additional input data for several 
drain quality constituents including electrical conductivity (EC), minerals, organics, 
nutrients, dissolved oxygen, temperature, and algae. Estimates of the constituents may be 
assigned to regions in the Delta that differ from Bulletin 123 regions. These estimates will 
be used until a dynamic drainage quality module is formulated. 

Model Calibration 

A model calibration is planned using data from sources of information that were not 
discussed in detail in this report. DWR Report 4 has data from a study conducted in 1954 
and 1955 in the Delta Lowlands. Monthly diversion and dr&inage data for 24 subregions of 
the Delta Lowlands resulted from that study (Quantity 1956). Diversion data is available in 
the DWR Bulletin 23 series (Report). Data collected from the DWR/USGS study may 
provide additional information useful for model calibration. Calibration parameters may 
include total seepage, irrigation efficiency and leach water. 

Modifying Seepage Estimate 

The existing DICU seepage estimate only takes into account seepage available to 
plants. In the future, this assumption will be revised to also include seepage that is not 
available to plants, but which flows directly into drainage ditches. 
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Net Delta Channel Depletion Estimates 
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Table A-1. Dayflow Net Channel Depletion Estimates: 1930-1993 Monthly Averag~s 
(in thousand acre-feet) 

WYEAR OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL 
1930 90. 83. 3. -167. -6S. -39. Sl. 119. 192. 230. 194. 129. B19. 
1931 47. 32. lOB. -119. -49. 4. B7. S9. 176. 226. 196. 132. B9B. 
1932 B2. -6. -1B7. -3B. -123. 46. 79. 99. 1B4. 223. 196. 132. 6BB. 
1933 97. B4. -14. -147. -17. -ls. 88. 69. 187. 22S. 196. 132. B84. 
1934 80. 41. -62. -S4. -103. 49. 91. 106. 179. 226. 196. 110. 8S9. 
1935 76. -29. -8. -87. 2. -125. -52. 120. 188. 225. 196. 132. 641. 
1936 34. 63. 28. -152. -362. 43. 5. 93. 145. 226. 196. 117. 437. 
1937 97. 87. -21. -144. -221. -2S6. 59. 116. 182. 225. 196. 132. 4Sl. 
1938 89. -14. -125. -16. -279. -152. 56. 114. 188. 226. 197. 121. 405. 
1939 44. 44. 33. -4S. -8S. -SB. BS. 102. 190. 228. 199. 111. B47. 
1940 76. 76. 78. -266. -179. -106. -22. 127. 188. 231. 201. 133. S37. 
1941 71. 71. -193. -137. -lSS. -4. -88. 103. 194. 233. 203. 136. 434. 
1942 44. 33. -107. -215. -S9. -44. -93. 38. 196. 23S. 20S. 13S. 368. 
1943 85. -109. -8. -184. -109. -127. 17. 106. 196. 238. 207. 139. 4SO. 
1944 91. 64. 35. -75. -198. -42. 10. 107. 192. 240. 209. 139. 772. 
1945 90. -106. -49. 45. -1B5. -136. 97. 126. 206. 247. 214. 144. 692. 
1946 -2. 1. -110. 17. -23. -26. 62. 80. 209. 248. 219. 147. 823. 
1947 108. -46. 32. 32. -38. -35. 95. 133. 188. 2S6. 223. 150. 1097. 
1948 30. 34. 74. 57. 6. -108. -4. 73. 171. 260. 227. 152. 972. 
1949 64. 7S. -18. 13. -36. -181. 110. 139. 219. 262. 226. 144. 1016. 
1950 98. SS. 42. -143. -58. -6. 82. 141. 220. 26S. 231. 125. 1052. 
1951 44. -152. -80. -70. -24. -28. 86. 81. 221. 265. 231. 155. 728. 
19S2 54. -5. -145. -240. -41. -98. 17. 142. 218. 264. 228. 153. 548. 
1953 114. 15. -124. -49. 47. 30. 29. 90. 197. 265. 230. 154. 998. 
1954 102. 63. 63. -11. -47. -8S. 25. 104. 198. 265. 230. 1S5. 1062. 
1955 113. -25. -46. -133. -4. 31. -17. 81. 220. 265. 230. 1S4. 871. 
1956 107. 21. -374. -247. 1. 67. 7. 87. 223. 268. 233. 132. S24. 
1957 85. 73. 108. -81. -88. -56. -23. 58. 208. 268. 233. 153. 938. 
1958 11 . 75. -31. -151. -327. -212. -196. 104. 217. 268. 233. 149. 140. 
1959 107. 101. 80. -147. -205. 64. 48. lSO. 223. 268. 232. -4. 916. 
1960 115. 103. 76. -110. -126. 34. 56. 122. 223. 268. 233. 157. 1149. 
1961 115. -74. 68. -81. -47. -51. 66. 139. 218. 268. 228. 135. 983. 
1962 112. -2. 23. -6. -336. 8. 96. 128. 223. 268. 232. 155. 900. 
1963 4. 8 9. 11. 37. -394. -80. -132. 92. 212. 268. 233. 137. 477. 
1964 4. -113. 118. -65. 42. 26. 93. 129. 175. 264. 230. 144. 1047. 
l 96S 54. -78. -131. -112. 23. -12. 10. 141. 223. 268. 213. 156. 760. 
1966 110. -128. -5. -2. -110. 5S. 90. 13.1. 222. 268. 233. 154. 1018. 
1967 115. -127. -115. -228. -16. -108. -127. 141. 207. 268. 233. 153. 395. 
1968 104. 70. -5. -31. -131. -60. 87. 141. 223. 268. 233. 157. 10S4. 
1969 91. -44. -146. -297. -230. 6. 57. 146. 222. 268. 233. 139. 444. 
1970 48. S7. -56. -329. -29. -5. 83. 148. 215. 268. 233. 1S7. 790. 
1971 75. -163. -197. 17. 2S. -41. 57. 97. 221. 268. 233. 156. 746. 
1972 95. 62. -77. 55. 9. 78. 59. 144. 212. 268. 233. 118. 12S6. 
1973 29. -173. 18. -258. -13S. -136. 94. 148. 223. 268. 233. 144. 453. 
1974 -15. -93. -45. -86. 7. -4S. -17. 150. 208. 240. 233. 157. 693. 
1975 78. 52. -7. 36. -211. -95. 39. 150. 222. 262. 199. 156. 879. 
1976 11. 67. 117. 62. -12. 25. 20. 150. 221. 268. 193. 115. 1237. 
1977 72. 70. 109. -28. -24. 16. 108. 64. 223. 268. 233. 136. 1247. 
1978 112. 23. -120. -317. -1S4. -177. -48. 142. 223. 268. 233. 142. 328. 
1979 115. -5. 92. -238. -209. -46. 79. 152. 22S. 215. 231. 154. 765. 
1980 30. 9. -42. -221. -114. -14. 38. 126. 223. 233. 233. 157. 656. 
1981 112. 9S. 41. -203. -13. -127. 29. 149. 223. 268. 233. 1S7. 962. 
1982 18. -80. 7. -293. -93. -256. -146. lSO. 214. 2S4. 233. 33. 39. 
1983 34. -146. -112. -183. -164. -334. -8. 63. 223. 268. 233. 109. -18. 
1984 84. -251. -125. 50. -25. 19. 81. 150. 223. 26B. 232. 132. 837. 
1985 33. -127. 12. 26. -29. -64. 94. lSO. 211. 26B. 233. 144. 951. 
1986 57. -92. -12. -59. -412. -190. 14. 139. 223. 26S. 233. 104. 271. 
1987 115. 101. 71. -67. -197. -135. 110. 143. 223. 268. 233. 157. 1021. 
1988 82. 4. -76. -7S. 39. 55. -42. 122. 205. 268. 233. 157. 970. 
1989 102. -1. -34. 2S. -61. -118. 98. 147. 207. 268. 228. 40. 901. 
1990 21. 37. 128. -11. -lOS. 41. 7S. 47. 203. 268. 233. 1S4. 1092. 
1991 112. 39. 12. 60. -164. -291. 78. 136. 221. 263. 230. 1S7. 852. 
1992 66. 76. -27. -74. -245. -S4. 112. 150. 219. 268. 233. 1S7. 881. 
1993 88. 5 9. -115. -337. -180. -141. 75. 111. 181. 268. 233. 157. 399. 

AVERAGE 72. o. -24. -98. -107. -60. 34. 117. 207. 255. 222. 136. 755. 
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Table A-2. DOI Net Channel Depletion Estimates: Monthly Averages for All Water Years 
(in thousand acre-feet) 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL 
118. 55. 2. -12. -36. -10. 63. 121. 191. 268. 252. 174. 1186. 
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Table A-3. CU Net Channel Depletion Estimatrs: (Constant ET) 1922-1992 Monthly Averages 
(in thousand acre-feet) 

WYE.h..R OCT NCV DEC JAN FEB M.h..R APR MAY JUN JUL AUG SEP TOTAL 
1922 68. 46. 19. -99. -143. 22. 67. 117. 210. 233. 160. 94. 794. 
1923 63. 38. -127. -99. 16. 49. 19. 124. 204. 229. 158. 84. 758. 
1924 71. 52. 56. -10. 3. 35. 89. 136. 200. 222. 155. 95. 1104. 1925 53. 46. l. -38. -125. 23. 21. 75. 183. 217. 153. 93. 702. 192 6 72. 48. 53. -33. -110. 46. -5. 119. 204. 225. 155. 93. 8 67. 1927 58. 18. 41. -62. -162. 21. 33. 120. 192. 225. 156. 94. 734. 1928 51. 40. 11. -43. -2. -53. 65. 123. 210. 233. 160. 95. 890. 1929 75. 39. 16. -23. 5. 23. 7 9. 137. 181. 235. 162. 96. 1025. 1930 76. 5S. 49. -82. -46. -19. 61. 129. 225. 249. 167. 96. 960. 1931 65. 49. 60. -51. -8. 32. 92. 111. 215. 249. 170. 102. 1086. 1932 7 5. 4S. -120. -64. -91. 38. 74. 129. 223. 247. 170. 102. 828. 1933 80. S3. 50. -81. 14. 6. 92. 120. 220. 245. 170. 102. 1071. 1934 66. 5S. 2 9. -25. -77. 50. 90. 137. 210. 243. 169. 97. 1044. 193S 73. 40. 15. -133. 11. -51. -16. 130. 218. 241. 169. 102. 799. 
1936 63. Sl. 48. -93. -228. 25. 60. 116. 196. 239. 169. 97. 743. 193 7 71. 55. 37. -74. -14 7. -178. 68. 139. 212. 238. 168. 103. 692. 1938 71. 0. -9. -7S. -293. -llS. 57. 133. 212. 236. 168. 100. 528. 1939 6S. 52. 56. -18. -1. 8. 92. 132. 214. 237. 169. 101. 1107. 
194 0 71. 54. 56. -180. -248. -69. 63. 132. 214. 23B. 170. 103. 604. 1941 71. 51 . -92. -217. -164. -25. -3. 117. 211. 239. 172. 106. 466. 1942 66. 48. -11. -187. -42. 11. -15. 113. 213. 24.0 .. 173. 106. 71S. 1943 74. 39. 22. -l 6S. -21. -41. 53. 140. 21S. 241. 174. 108. 839. 1944 79. 51. S2. -27. -107. 41. 62. 12S. 206. 242. 176. lOB. 1008. 1945 67. 37. -1. -23. -Bl. -37. 90. 139. 221. 247. 179. 110. 948. 194 6 S2. .;a. -SS. -24 . 9. 23. 97. 13S. 22S. 249. 181. 110. lOSO. 194 7 82. 40. 35. -11. -9. 2. 104. 154. 21S. 2Sl. 183. 112. 11S8. 1948 54. 50. 58. -5. 21. 2. 40. 105. 216. 2S5. 185. 112. 1093. 194 9 73. 53. 36. -30. -4. -48. 103. lSB. 235. 259. 1B7. 112. 1134. 1950 86. 5 : .. S2. -84. -23. 20. 87. 158. 239. 267. 191. 107. 1150. 1951 S7. 9. -118. -122. -26. 21. 7 9. 139. 240. 269. 192. 114. 854. 19S2 68. 41. -B 9. -291. -4. -S4. so. lSS. 241. 272. 194. llS. 698. 1953 88. 0. -64. -82. 24. 43. S7. 149. 231. 27S. 193. 116. 107S. 
19S4 85. 49. S7. -17. -7. -3. 6 9. 157. 242. 27B. 194. 116. 1220. l 9SS 89. 44. B. -119. 0. 44. 49. 140. 251. 2B3. 19B. 111. 109B. 
195 6 BS. 48. -192. -271. 2. S5. 54. 136. 250. 284. 199. 100. 750. 
19S7 70. 55. 60. -13. -31. 21. 67. 92. 239. 2B5. 199. 111. 1155. 
l 95B 60. 54. 38. -170. -270. -121. -49. 126. 246. 2B6. 196. llS. 511. 19S9 B6. 54. S7. -34. -B7. S2. 9B. 173 .. 258. 287. 199. 66. 1209. 
1960 87. SS. SS. -4B. -61. 31. B4. 1S2. 25B. 2B7. 200. 117. 1217. 1961 87. 33. 48. -100. 10. 5. 82. 156. 260. 290. 19B. 112. llBl. 1962 8 6. 40. S l. -19. -234. 24. 96. 164. 258. 2B8. 199. 116. 1069. 1963 29. ~9. lS. -126. -65. -42. -38. 131. 2S3. 288. 198. 110. 802. 1964 63. 35. S2. -74. 23. 49. 102. 171. 227. 286. 193. llS. 1242. 196 5 S8. 41 . -76. -118. 16. 3S. 3S. lSl. 255. 283. 182. 116. 978. 1966 85. :; 1 . -22. -74. -lS. 49. 94. 161. 2S2. 278. 195. 114. 1148. 1967 8S. 22. -so. -329. 17. -46. -14. 142. 22B. 2B2. 194. 114. 645. 
1968 82. 43. S2. -68. -19. 0. 86. lSl. 250. 2BO. 155. 114. 1131. 196 9 76. 4(). 1 7. -300. -198. 28. 70. 148. 247. 278. 191. 110. 707. 1970 62. ~a. 2. -284. -9. 27. 89. 157. 239. 276. 189. 112. 908. 1 971 73. -7. -116. -37. 19. 24. 78. 121. 239. 275. 1B9. 112. 970. 1972 81. 48. 24. -16. 9. 63. B 9. 163. 237. 274. 188. 94. 1254. 197 3 4S. -33. -19. -330. -169. -17. 84. 1S2. 243. 273. 187. 109. 520. 197 4 S2. 4. -66. -95. 15. -30. 4 3. 13B. 233. 256. 187. 113. 850. 197 s 64. 49. 43. -10. -83. -76. 63. 137. 243. 269. 174. 112. 985. 197 6 47. 50. 5 6. 0. 23. 72. 85. 17B. 241. 276. 158. 93. 1279. 197 7 71. 48. 52. -7. 28. S2. 96. 121. 238. 271. 184. 92. 1246. 1978 76. 40. B. -313. -100. -114. 27. 126. 243. 273. lBl. 101. 54B. 197 9 78. 38. 54. -137. -135. 6. 67. 130. 242. 268. 180. 106. 897. 1980 52. 43. -4. -168. -199. 13. 65. 123. 235. 254. 180. 107. 701. 1981 78. 51. 4B. -50. 8. -22. 77. 139. 240. 269. 180. 99. 1117. 1982 53. \. -32. -269. -39. -176. 2. 123. 237. 272. 179. 67. 424. 1983 49. -38. -3S. -277. -192. -277. 7. 111. 212. 242. 165. 84. 51. 1984 71. 6. -123. -14. -8. 32. 79. 145. 239. 270. 179. 107. 983. 1985 54. -17. s. -27. -8. -32. 79. 140. 226. 261. 178. 99. 958. 198 6 69. 30. 12. -8S. -327. -99. 62. 125. 216. 243. 170. 90. 506. 198 7 80. 52. 52. -11. -29. -13. 90. 145. 215. 242. 171. 106. 1100. 1988 69. 41 . 19. -86. 16. 50. 71. 120. 197. 243. 172. 107. 1019. 198 9 77. 42. 40. -11. 4. -6. 93. 147. 215. 246. 168. 57. 1072. 1990 S9. 43. SS. -31. -15. 47. 91. 71. 211. 251. 174. 105. 1061. 1991 75. 51. 51. 1. 24. -48 . 83. 122. 178. 2SO. 169. 106. 1062. 1992 51. 50. 51. .:.13. -121. -16. 70. 137. 215. 251. 173. 104. 952. 

AVERAGE 69. 39. 7. -94. -60. -7. 62. 135. 226. 258. 178. 103. 916. 
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Table A-4. CU Net Channel Depletion Estimates (Hargreaves-Samani ET): 
Preliminary 1922-1992 Monthly Averages 

(in thousand acre-feet) 

WYE AR OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL 
1922 66. .. ~. 21. -106. -154. 15. 63. 117. 199. 223. 135. 96. 722. 
1923 57. 34. -148. -108. 18. 56. 14. 117. 168. 209. 135. 74. 626. 
1924 67. 53. 56. -10. 13. 39. 97. 147. 199. 189. 138. 86. 1074. 
1925 47. 45. -16. -39. -136. 26. 13. 64. 180. 194. 122. 67. 567. 
1926 68. 43. 54. -36. -94. 60. 16. 130. 240. 252. 157. 87. 982. 
1927 60. 23. 44. -60. -162. 22. 33. 119. 186. 225. 145. 83. 718. 
1929 54. 38. 16. -41. 10. -39. 71. 136. 213. 227. 165. 97. 947. 
1929 76. 39. 15. -27. 11. 31. 78. 143. 169. 222. 162. 90. 1009. 
1930 82. 57. 49. -77. -31. -12. 61. 109. 214. 215. 137. 66. 870. 
1931 68. 51. 62. -43. -1. 47. 121. 138. 205. 289. 189. 96. 1222. 
1932 77. 45. -125. -66. -89. 45. 75. 129. 233. 245. 178. 116. 863. 
1933 8 6. 56. 50. -74. 16. 12. 98. 105. 218. 277. 182. 98. 1124. 
1934 77. 57. 31. -24. -74. 63. 127. 150. 203. 246. 177. 105. 1138. 
1935 77. 40. 21. -131. 11. -53. -25. 133. 243. 242. 184. 105. 847. 
1936 64. 51. 52. -83. -227. 32. 65. 126. 198. 257. 191. 109. 835. 
1937 78. 56. 43. -78. -152. -174. 73. 150. 208. 246. 188. 106. 744. 
1938 78. 44. -1. -75. -294. -125. 54. 142. 224. 240. 179. 106. 572. 
1939 65. 53. 57. -14. 6. 17. 116. 147. 233. 245. 182. 108. 1215. 
1940 79. 57. 58. -159. -240. -52. 66. 147. 240. 239. 181. 97. 713. 

'." 1941 78. 52. -72. -209. -165. -10. -4. 120. 210. 248. 152. 106. 506. 
1942 68. 49. -4. -184. -33. 22. -17. 112. 228. 248. 184 .. 107. 780. 
1943 81. 40. 27. -154. -8. -31. 59. 157. 208. 242. 174. 118. 913. 
1944 82. 53. 54. -13. -8 9. 55. 63. 141. 200. 238. 194. 126. 1104. 
1945 74. 35. 4. -22. -67. -36. 108. 137. 242. 274. 18 9. 121. 1059. 
1946 54. 47. -so. -20. 12. 33. 112. 144. 227. 249. 197. 117. 1122. 
1947 84. 4" 32. -12. -7. 11. 123. 184. 226. 249. 180. 132. 1242. 
1948 52. 50. 58. 6. 30. 9. 28. 91. 20 6. 254. 193. 107. 10B4. 
1949 74. 54. 36. -31. -5. -51. 111. 160. 247. 256. 174. 110. 1135. 
1950 88. 5 ~. 52. -84. -14. 23. 99. 172. 235. 27B. 203. 101. 1204. 
1951 57. 6. -125. -126. -24. 28. 80. 142. 240. 268. 188. 11 7. 851. 
1952 70. 41. -91. -299. -6. -63. 4 6. 1 71. 213. 271. 206. 121. 680. 
1953 96. 45. -67. -82. 26. 55. 61. 133. 212. 303. 173. 116. 1071. 
1954 89. 43. 58. -14. -10. -10. 77. 170. 238. 289. 174. 114. 1223. 
1955 94. 42. -4. -137. 4. 53. 42. 139. 247. 264. 216. 117. 1077. 
195 6 89. 48. -198. -278. 1. 61. 54. 136. 265. 273. 193. 101. 745. 
1957 69. 56. 61. -9. -2 9. 24. 71. BO. 265. 2B7. 197. 107. 1179. 1958 55. 54. 35. -174. -270. -133. -51. 134. 227. 2 65. 202. 120. 464. 
1959 93. 56. 5 9. -25. -78. 65. 126. 179. 280. 30B. 199. 53. 1315. 1960 92. 57. 57. -37. -50. 3B. B7. 151. 293. 302. 214. 124. 1328. 1961 90. 32. 48. -111. 13. 7. 87. 142. 284. 306. 194. 107. 1199. 1962 91. 40. 49. -21. -25B. 21. 110. 163. 274. 293. 200. 114. 1076. 1963 24. 50. 11. -130. -51. -43. -70. 116. 249. 269. 196. 103. 724. 1964 60. 27. 43. -96. 26. 59. 116. 168. 213. 280. 192. 109. 1197. 1965 63. 39. -83. -126. 20. 39. 29. 162. 230. 270. 169. 100. 912. 1966 94. 31). -2 9. -69. -11. 56. 117. 178. 254. 246. 200. 109. 1175. 1967 88. 20. -60. -332. 15. -52. -5 6. 146. 213. 288. 208. 111. 589. 1968 87. 48. 53. -63. -13. 10. 101. 162. 270. 290. 135. 117. 1197. 1969 78. 39. 11. -316. -213. 34. 74. 167. 225. 287. 221. 123. 730. 1970 60. 4 9. 11. -273. 0. 38. 96. 183. 244. 290. 199. 125. 1022. 1971 75. -7. -123. -37. 20. 2B. 7 9. 111. 237. 273. 192. 117. 965. 1972 82. 48. 25. -20. 13. 86. 99. 1B8. 255. 270. 190. 87. 1323. 197 3 42. -57. -30. -339. -165. -21. 97. lBO. 271. 270. 190. 109. 547. 1974 53. 0. -69. -93. 20. -19. 45. 156. 245. 246. 19B. 130. 912. 1975 73. 48. 43. -9. -78. -76. 54. 154. 260. 251. 170. 123. 1013. 197 6 47. 50. 58. 3. 34. 88. 90. 216. 255. 268. 124. 91. 1324. 1977 81. 48. 55. -6. 42. 65. 126. 110. 248. 271. 176. 82. 1298. 1978 Bl. 41. 12. -311. -79. -100. 19. 141. 250. 268. 189. 98. 609. 1979 87. 37. 54. -140. -136. 5. 66. 140. 262. 256. 168. 119. 918. 1980 55. 42. 1. -167. -190. 16. 66. 119. 214. 230. 167. 102. 655. 1981 86. s~. 49. -42. 14. -18. 88. 152. 269. 274. 186. 100. 1211. 1982 53. 6. -30. -273. -21. -183. -2. 139. 212. 252. 171. 57. 381. 1983 49. -52. -34. -295. -191. -283. -1. 113. 215. 226. 165. 90. 2. 1984 78. 6. -121. -10. -2. 42. 83. 169. 243. 271. 180. 126. 1065. 1985 so. -22. 3. -34. 9. -26. 96. 169. 250. 252. 167. 83. 997. 1986 72. 26. 6. -88. -318. -77. 67. 137. 220. 234. 181. 76. 536. 1987 86. 54. 53. -8. -16. -3. 116. 171. 219. 216. 173. 114. 1175. 1988 77. 41 . 25. -80. 21. 64. 84. 134. 205. 271. 180. 120. 1142. 19B9 B7. 41 . 43. -10. 7. 1. 114. 162. 213. 263. 173. 57. 1151. 
1990 63. 46. 56. -23. -B. 64. 112. 79. 234. 261. lBO. 114. ll 7B. 
1991 BO. 53. 52. 3. 37. -29. B6. 126. 179. 256. 174. 107. 1124. 
1992 53. 51 . 51. -9. -84. -20. 74. 140. 216. 257. 17B. 106. 1013. 

AVERAGE 72. 3 9. 7. -94. -55. -1. 67. 142. 230. 25B. 17 9. 104. ~4 7. 
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Table ;".-5. DICU Net Channel Depletion Estimates: 1922-1992 Monthly Averages 
(in thousand acre-feet) 

WY EAR OCT NOV DEC JAN FEB MAR APR M.f\Y JUN JUL AUG SEP TOTAL 
1922 B5. 45. 26. -77. -160. 22. 74. 173. 220. 234. 163. 9B. 902. 1923 71. 42. -96. -99. 13. 57. 41. 141. 203. 261. 174. B6. B94. 
1924 BO. 58. 58. 3. 20. 96. 138. 191. 294. 293. 169. 105. 1506. 
1925 71. 45. 18. -28. -134. 20. 2B. 116. 203. 234. 163. 99. B34. 
1926 BO. 51. 55. -20. -92. 66. 6. 152. 227. 275. 17B. lOB. 10B6. 
1927 60. 20. 47. -67. -173. 24. 3B. 13B. lBl. 261. 178. 108. Bl5. 
1928 66. 40. 33. -2B. -1. -52. 70. . lBO. 224 . 234. 163. 99. 1029. 
1929 85. 42. 37. -9. 18. 73. 121. 1B8. 236. 293. 169. 106. 1359. 
1930 82. 57. 51. -43. -37. -13. 84. 139. 208. 261. 172. 93. 10S3. 1931 71. 52. 63. -lB. 4. B6. 134. 154. 269. 293. 169. 105. 1382. 
1932 79. 47. -75. -Sl. -9B. 40. 96. 139. 20B. 261. 174. 97. 916. 
1933 87. 62. S3. -40. 2S. 55. 131. 164. 276. 293. 169. 105. 1380. 
1934 70. 62. 3B. -6. -so. BB. 13S. 17B. 275. 293. 169. 9B. 1349. 
193S 89. 39. 3B. -116. 10. -53. -21. 162. 226. 234. 163. 99. B69. 
1936 80. 49. 51. -62. -23B. 2B. 64. . 167. 20S. 233 . 163. 94. B3S. 1937 74. 56. 46. -33. -152. -1B9. B4. 142. 20B. 261. 174. 97. 7 67. 
193B 69. 43. 4. -72. -304. -126. 53. 13B. 194. 261. 17B. 103. 541. 
1939 68. 56. SB. 0. 22. 72. 131. 172. 280. 293. 169. 102. 1423. 
1940 67. 53. 55. -163. -25B. -7 6. 59. 136. 192. 261. 178. 105. 610. 1941 68. 51. -91. -213. -166. -32. -13. 114. 185. 261. 178. lOB. 450. 
1942 64. 47. 5. -190. -52. 13. -33. 110. 184. 261. 178. 107. 69S. 1943 6B. 39. 3B. -16B. -24. -53. 49. 137. 192. 261. 178. lOB. 826. 1944 78. 53. SS. -14. -Bl. 52. 73. 146. 213. 27S. 178. 108. 113S. 1945 69. 41. 37. -13. -71. -2 9. 102. 134. 211. 261. 174. 97. 1013. 1946 67. 4 6. -29. -16. 7. 28. B7. 175. 226. 233. 163. 98. 10B6. 1947 79. 42. 47. -6. 11. 31. 104. 177. 221. 274. 17B. lOB. 1267. 1948 67. 48. 58. 2. 27. 29. 43. 133. 203. 234. 163. 98. 1106. 1949 71. 55. 42. -14. 12. -2 6. 102. 171. 233. 274. 177. 106. 1204. 
1950 82. 52. 55. -33. -17. 30. 96. 147. 208. 261. 174. B9. 1145. 1951 54. 14. -104. -12 9. -37. 21. 66. 131. 1B7. 261. 178. 107. 750. 
1952 63. 41. -56. -291. -7. -60. 42. 135. 192. 261. 178. 108. 605. 1953 77. 43. -34. -77. 24. 47. 52. 142. 178. 261. 176. lOB. 996. 
1954 93. 4 7. 57. -9. 4. 25. 60. lB4. 220. 234. 162. 99. 1175. 
1955 B2. 4 6. 31. -91. 15. 49. 60. 145. 221. 275. 178. 102. 1114. 
1956 80. 50. -149. -293. 12. 73. 54. 12 9. lB9. 259. 176. 86. 667. 1957 6S. 58. 60. -4. -B. 28. 79. 65. 19B. 281. 182. B6. 1089. 
195B 4B. 57. 43. -142. -30B. -155. -53. 100. 164. 242. 191. 112. 299. 19S9 B9. 57. 59. -17. -36. 8 6. 132. 200. 243. 281. 174. 69. 1336. 1960 99. 58. 60. -10. 5. 58. 96. 172. 240. 286. 172. 100. 1334. 1961 92. 35. 54. -74. 19. 23. BO. 137. 19B. 270. 170. 90. 1094. 1962 86. 46. 54. -4. -lBB. 1 7. 92. 144. 199. 239. 163. 83. 931. 1963 11. 49. 16. -127. -65. -48. -as. BB. 194. 247. 151. 7 6. 50B. 
1964 54. 29. 46. -B5. 34. 74. 132. 188. l 6B. 261. 178. 107. 1187. 1965 56. 40. -62. -128. 24. 35. 19. 142. lBO. 251. 143. 98. 797. 
1966 75. 33. -1. -62. -8. 53. 109. 162. 202. 231. 178. 97. 1070. 
1967 BO. 22. -41. -314. 9. -as. -91. 105. 135. 252. 174. 99. 346. 1968 80. 48. 5B. -35. -24. 4. 109. 142. 232. 275. 137. 117. 1143. 
1969 68. 42. lB. -298. -21B. 2 9. 6B. 165. 1B2. 264. 180. 91. 591. 1970 69. 4 9. 18. -253. -12. 57. 99. 196. 180. 267. 170. 115. 954. 1971 70. 3. -104. -30. 23. 30. 78. 103. 166. 267. 1B2. 112. 899. 1972 77. 54. 40. -6. 14. 90. 109. 173. 201. 264. 180. Bl. 1278. 1973 46. -2 9. -12. -326. -195. -21. 105. 1 77. 211. 253. 17B. 106. 493. 1974 54. 22. -SB. -B4. 20. -59. 44. 140. 237. 251. 195. 121. 884. 1975 82. 50. 49. -2. -70. -67. 61. 1B3. 224. 229. 152. 99. 991. 1976 52. 61. 62. 23. 54. 137. 120. 261. 340. 311. 134. 85. 1641. 1977 77. 51. 5B. 0. 33. 96. 147. 83. 23B. 277. 181. 96. 1336. 197B 78. 48. 33. -276. -122. -151. . 3. 136 . 203. 259. 189. 101. 499. 1979 BS. 49. 62. -67. -116. -12. 57. 153. 250. 271. 180. 116. 1027. 1980 54. 46. 6. -162. -216. 31. 67. 127. 184. 253. 174. 97. 662. 19Bl 76. 56. 53. -45. 20. . -10. 90. lBO . 290. 294. 185. 106. 129S. 1982 S7. lS. -29. -260. -21. -203. 4. 163. 18B. 253. 176. 77. 419. 19B3 59. -39. -36. -292. -221. -340. -12. 119. 210. 278. 191. 103. 20. 1984 71. 9. -122. -6. -9. 64. 109. 211. 244. 292. 194. 144. 1201. 198S 61. 10. 22. -29. 6. -11. 94. 170. 224. 275. 17B. 101. 1101. 1986 69. 32. 24. -94. -344. -112. SS. 136. 193. 261. 17B. 94. 492. 1987 85. 63. S8. 3. -4. 31. 121. 18S. 282. 293. 169. 106. 1393. 19B8 67. 45. 21. -89. 27. 102. 77. 144. 211. 324. 217. 122. 1267. 19B9 77. 44. 47. -4. 9. -20. 92. 162. 222. 317. 191. 54. 1191. 1990 55. 4 3. SS. -29. -29. 65. 104. 75. 2S2. 321. 20B. 12S. 1244. 1991 93. 65. 56. 14. 29. -54. 66. 107. 127. 216. 136. 79. 93S. 
1992 58. 58. 55. -4. -111. -45. 64. 13B. 18B. 2S7. 178. 89. 924. 

AVERAGE 71. 42. 17. -82. -SS. 2. 68. 149. 214. 265. 174. 100. 967. 

-88-



Estimation of Delta Island Diversions and Return Flows 

Appendix B 

Accounting Procedure Used by the DICU Model 

Output from a sample DICU model simulation is shown in Table B-1. The 
simulation generates monthly historic CU estimates on 142 subareas for water years 1922 
through 1992. The table reports crop depletion for water year 1922 for each of the 20 
land-use categories on subarea 1 (Union Island, east). The computer program maintains a 
soil moisture budget and calculates the contribution of rainfall, seepage, stored soil 
moisture, and irrigation toward consumptive use. The program is designed to compute 
monthly values. A detailed description of the column headings listed in Table B-1 follows 
(Consumptive Use Program 1979): 

Column Explanations for DICU Model Output Table 

The following definitions describe the column headings in Table B-1. The 
explanations pertain to the present use of the program in the Delta. 

Month - represents the months of October through September in the water year 
under consideration. 

Precipitation - represents the monthly precipitation plus seepage allocated to each 
subarea in inches. 

Consumptive Use- estimates of monthly consumptive use of crops grown under 
good farm management practices. 

Consumptive Use of Precipitation - the portion of precipitation plus seepage in 
a given month that is used directly by the plants. It does not include precipitation and 
seepage stored as soil moisture. The value is the smaller of precipitation plus seepage and 
CU. 

Change in Soil Moisture - soil moisture changes in the crop rooting zone. A 
positive value indicates a gain in soil moisture storage and a negative value indicates a loss 
in storage. 

Soil Moisture Accumulation - the amount of water available to plants (stored in 
the rooting zone) at the end of the month. Available soil moisture storage capacity is 
computed as 1.5 inches of water per foot of rooting depth in the Uplands and 3 inches per 
foot rooting depth in the Lowlands. The rooting depths are shown in the heading of each 
crop listing. 

Consumptive Use of Applied Water - amount of applied water. When 
consumptive use exceeds the water available from rainfall, seepage, and soil moisture 
storage, additional water must be applied. During the irrigation season, the CU of applied 
water is computed as the algebraic sum of consumptive use and change in soil moisture less 
precipitation and seepage. If the result is negative, no applied water is nt.eded and zero is 
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shown in this column. In the model, water is also applied when the soil moisture dips below 
the lower limit. During the non-irrigation season, water supply to the crops is limited to 
the use of available rainfall and soil moisture storage only. 

Total Monthly Consumptive Use - the unit area monthly effect on the water 
supply of a subarea caused by a particular land use. It is computed as the algebraic sum of 
consumptive use and change in soil moisture. The value in inches is then converted to feet 
to continue the computation. 

Historic Area - This is the estimated land use acreage for the subarea under 
examination. 

Historic Consumptive Use of Precipitation - This column shows the 
consumptive use of precipitation plus seepage in acre-feet. It is computed by multiplying 
the sum of precipitation plus seepage used directly by the plants plus that stored as soil 
moisture, by the historic acreage. 

Historic Consumptive Use of Applied Water+ Losses - the consumptive use of 
applied water plus losses in acre-feet. The loss term takes into account losses in applied 
water due to transporting irrigation water from natural channels to farmland. In the Delta, 
these losses are assumed to be zero. Therefore the values in this column are computed by 
multiplying the total monthly consumptive use of applied water by the historic acreage. 

Total Historic Depletion - estimated monthly depletion. It is computed by 
multiplying the total monthly consumptive use by the historic acreage. 

Projected Area - estimated future acreage of the particular land use (this option is 
currently not used). 

Projected Consumptive Use - estimated future level of monthly consumptive use 
(this option is currently not used). 

Bookkeeping Procedure for Irrigated Pasture 

The user must declare in the input data which months are irrigation months and 
which are non-irrigation months. Applied water is allowed to satisfy consumptive use only 
in irrigation months. If, during a non-irrigation month, precipitation, seepage, and soil 
moisture are not enough to meet the ET demand, then the ET demand is not satisfied. In 
Table B-1, November through February were declared irrigation months for irrigated 
pasture during non-critical water years. If the ET demand is fully met by precipitation, any 
excess precipitation is available to be stored in the soil and used later. The quantity of 
water stored as soil moisture is limited to that needed to bring the soil moisture storage to 
the maximum level prescribed for that month. In Table B-1, total monthly CU is reported 
in both inches and feet. These CU values, when multiplied by the historic acreage and the 
projected acreage yield values for historic depletion and projected consumptive use. The 
projected area is the estimated crop acreage at some future time, say 1995 or 2000. 
However, the projected values are not currently being used since projecting land use on 
each of 142 subareas is infeasible. See Chapter 6 for details on the source of projected 
consumptive estimates. 

To aid in understanding the DICU soil moisture bookkeeping, a step-by-step 
explanation of the assumptions and mathematics used to generate Table B-1 is provided. 
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Table B-1. DICU Model Output: Bookkeeping for Subarea 1, page t of5 

.uu 1 OO• DDL&TICM AXALYSia 
'CDl"lc:.t lauJll) (:UU) 

IJaUQAftD PU~ lU'I'. JtOOT DUft 2.0 rr. 
CXll.!IDO. lllftOaIC llU'I'. 'l'OTAJ. 2000 

CDllllJllP. CDlfQS llOIL 1JU or !OD.I. CDllllJllP • alA IUnoJUC 2000 l.ZWJ. 
CXlllllJllP. UD or DI 8011. llOil?UNI »•LIZD .-nLY IUnoaIC UD or + DUL&T. l.ZWJ. CXlllllJllP. 

PJW:IJ'. 1'U PJW:D'. llOil?UNI M:CmC. ... n:a c . ll. .u:u IP1IZCIP. LOUU .uu llD 
aarrw DICIU DICllU DICJIU DICllU DICIU DICIU DI. rr. ACUa ll ll ll &eaU ll 

OCT 0.11 3.11 O.H 1. 00 •. 00 •. 01 a.n 0.)t 10. 1. s. '· 0. o. 
)1(3'1 1.U 1. 09 1.0J o. 7' 

'· 7' 
0.00 1.U 0.15 10. 2. o. 2. 0. o. 

ll&C 2.H O.H 0.61 1.21 I. 00 0.00 1.H 0.11 10. 2. 0. 2. o. o. 
All s.01 0.10 0.10 o. 00 I. 00 o.oo 0.10 0.07 10. 1. o. 1. o. o. 
l'D '·" 1.SI 1.SI 0.00 '· 00 0. 00 l.SI 0.12 10. 1. o. 1. o. 0. ...... 1. 50 2.51 1.50 0.00 •. 00 1.01 2.51 0.21 10. 1. 1. 2. o. o. 

""' 1.11 3.77 1.11 0.00 1.00 2.5' s. 77 0.31 10. 1. 2. s. o. o. 
•Y 1.11 a.11 1.11 -1.00 5. 00 &.SS 1.11 o.n 10. 1. '· s. 0. 0. 
.'11111 o. n I. 71 o.n -o.so •. 50 S.17 1.21 0.52 10. 1. s. .. 0. o. 
JUL 0.10 1.71 o. 60 -a.so '· 00 

5.11 1.21 0.52 10. o. 5. s. 0. o. 
ADO o. 60 I. 20 0.10 -0.50 '· 50 5.10 5. 70 o.u 10. o. '· 5. 0. o. 
SD 0. 60 &.SI 0. 10 -o.so s.oo 3.H •.OI O.S& 10. 0. s. s. 0. o. 
~ 17." 41. 17 10. 11 ,,.00 32. 01 

''· 17 3. '' 
11. 27. 37. 0. 

AltU 1 OO• nzl'L&TIOlf AlQ.I.YSI8 
'CDl"lc:.t 181.AXD (:U.ST) 

nuucaTZD AUU.IA lU'I'. JtOOT DUft 6.0 rr. 
caracu. alSTOllC &IllT. TOUJ. 2000 

CDrlllJllP . CIWfQ& llOIL usz or TOUJ. CXlllllJllP. c:ca. &ISTOJUC 2000 LIMtL 
CXlllllJllP. OD 01' DI 80IL ~IaTUQ. u•LIZD .-nt.Y aIITOIUC OD 01' + tlDLKT. LIMtL CXlllllJllP. 

rucu. O'S& PJW:IJ', m1aruu Acaix. nn:a c. ll. .uu •ucu . LOUU .uu OSll. 

aarrw DfCJIU :on::D.I :on::D.I DICIU IJrCJIU DICIU Dr. rr. AaU ll .., ll M:l<U .., 
OCT 1. 21 -'· 17 1. 21 o. 00 1.00 2. &l 3. 17 0.31 2223. 233. UI. 17'. o. 0. 
)1(3'1 2.13 1. 0, 1. 09 1.:s& 1.3' o. 00 2.'3 0.20 222S. '50. 0. &SO. 0. 0. 
DltC 3.U 0.61 0.61 2. 71 10.10 0. 00 3.U 0.2' 2223. 437. 0. 6'7. o. 0. .,.,. 3. 61 0. 10 0. 10 1. 90 12. 00 0. 00 2.70 0.22 2Z23. 500. 0. soo. 0. 0. 
FIJI '. 03 1. 31 1.SI O. DO 12. 00 0. 00 1.,. 0.12 2223. 2SI. 0. 251. 0. o. ...... 2.10 2. Sl 2.10 0. 00 12. 00 o.u 2.51 0. 21 2223. SU. 71. us. o. 0. 

UR 1. 11 3. 1'1 1. ll -1. 00 11. 00 0. " 2. 77 0.23 2223. 330. 114. su .. 0. 0. 
JGY 1 71 ... , 1.11 -1. 00 10. 00 s. 9S 5. 61 o. ,, 222'. 317. 131. lOtl. 0. 0. 
.'11111 1 . 21 •. 71 1. 21 -1. 00 9 00 • Sl s. 71 o.u 2223. 22'. 167. 1071. 0. 0. 
.nn. 1. 20 6. ,, 1. 20 -1. 00 I. 00 4. 56 5. 76 o .... 2223. 222. us. 1011. o. 0. 
ADO 1. 20 •. :zo 1. 20 -1. 00 1. 00 '. 00 5. 20 0. &3 2223. 222. 742. '"· o. o. 
SU 1. 20 4 SI 1. 20 -1. 00 I. 00 2.36 3.51 o.so 222S. 222. '37. ISt. 0. 0. 

TOT>.I. 25. 17 ". 17 15. 61 6. 00 2S. 26 U.17 3." &OOS. '309. 1311. 0. 

IO.TD. n.u. 1'22 

AltU 1 °"'' PUL&'tlctf AHALYSIS 
'CDl"lc:.t lauJll) (:U.ST) 

IM.IGA TED raw lU'I'. JllOOT I>UTB 2.0 "· 
COllSOXP. &IaTOJUC &IST. TOTAL 2000 

~- awraa llOIL us:& or TOT>J. COllSOXP. aEa. &IaTOJUC 2000 LIMtL 
cai.sma. oa or IX SOIL )l)ISTUJtZ .UPLIZD ID<Tlll.Y &ISTOJUC usz or + DULZT. LIMtL O:JllSUMP. 

PJU.CI.P. osz PJW:IP. JCIXIT't1U ACCUX. JGTU c. o. MU PUCIP. LOSSU AltU USJI 
ID<Ta Drcua DfCllU DiCllU Drcua DfCJIU DfCBU Dr. rr. ACkU .., .., .., ACkU .., 

OCT o. 66 1. ' ' o. 66 -o. ,. 1. 22 0. 00 0.66 0.06 611. S4. o. "· 0. 0. 
'HOV 1. ., o. 16 0. 16 o.n 2. lt 0. 00 1.13 0.15 611. "· o. H. o. 0. 
DEC 2. 14 0. 61 0. 61 2 .11 t.35 o. 00 2. I& 0.2' 611. 146. o. ltd. o. o. 
JAM s. 01 0. 10 0. 10 1. 65 I. 00 0 00 2.U 0. 20 611. 121. 0. 121. 0. 0. 
n.JI 3. ., 

1. '' 
1. 31 0. 00 •. 00 o. 00 1. 31 0. 12 611. 71. o. 11. 0. 0. 

""" 1. •o 1. 51 1. 50 -0. 01 5. t2 0.00 1.50 0.12 111. 77. 0. 77. 0. 0. 

•. u 1. 11 1. 47 1.11 -0. 2' s. d3 0. 00 1.11 0.10 '11. 61. 0. 61. 0. 0. 
""y I . 11 '· 15 1.11 -1. " •. 00 0.41 1. 52 o.u 611. 57. 21. . 71. o. 0. 
JUJI 0. 01 s. 13 0. 61 1. 00 s. 00 6. 22 6. 13 0. Sl 611. Sl. 320. 352. 0. 0. 
.nn. 0 . oo I. SO o. 60 o. 00 5. 00 5. 90 6. 50 o. 5' 611. 31. 304. 335. 0. o. 
AUO o. 00 4. 61 0. 60 -2. 00 s. 00 2. 01 2. 61 o. 22 611. Sl. 103. 13'. 0. 0. 
SU 0. 00 2. 0, 0. 60 -1 00 2. 00 0." 1. 0, 0. 0, 611. S1. 2S. SI. 0. 0. 

TOTAL 17. '7 30. 31 10. 57 s. 71 15. 02 30. 31 2.5' 7'1. 774. 1564. 0. 

AltU 1 °"'' I>ULZtIOH AJrQ.L"UII 
lllfIOM ISLAXD (r.A.!T) 

IM.lGA'nD SUGM. au.ta lU'I'. ROOT DUTB •. 0 n. 
CCllSOXP. BISTOllIC BUT. TOTAL 2000 

cai.sma. CIW<Q& SOIL ou or TOT>J. CCllSOXP. C01' &ISTOllIC 2000 LIMtL 
CClllSUMP. usz or DI SOIL llOU?UU A.PP LIED llOHTllLY axaTOJUC uu or + DULZT. LIMtL °""'"""'· PJUCIP. osz •ncn. JC> I a TU1'.& Acctlll. IO.TU c. o. .uu •uca . LOSSU .uu USll. 

**TI Dr ens DfCDS DiCllU DICUS DfCBU DICUS Dr. rr. ACkU .., .., .., ACllU .., 
OCT 1. 21 s. 01 1. 21 0. 00 7. 00 1. 75 S.01 0.25 57. .. .. 11 • 0. o. 
'HOV 

2. ' ' 
0.11 0.11 1.57 1.57 0. 00 2.'3 0.20 57. 12. o. 12. 0. o. 

DEC 3 .•• 0.11 0.61 2. 71 11.ss 0.00 s.u 0.2' 57. 11. o. 11. 0. 0. 

""" '· 61 
0.. 10 0. 10 o.n 12.00 0.00 1.41 0.12 57. 7. o. 7. o. 0. 

ru •. 03 1'.31 1.31 o.oo 12.00 o.oo 1.SI 0.12 57. 7. o. 7. 0. 0 . ...... 2.10 1.51 1.51 o.oo 12.00 o.oo 1.51 o.u 57. .. 0. .. o. 0. 

UR 1. 71 1. 20 1. 20 0. 00 12.00 0.00 1.20 0.10 57. I. o. .. o. 0. 
JGY 1. 71 3. 17 1. 71 -o.so 11.so 1. II 3.37 0.21 n. .. .. 11 . o. o. 

""" 1. 21 I. 3C 1. 21 -o.so 11. 00 &. IS 5.11 O.tt 57. .. 22. 21. 0. 0 . 
.nn. 1. 20 7. OS 1. 20 -1. 00 10. 00 '·., I.OS O.SO S7. I. 2S. 29. o. o. 
ADO 1. 20 I. 20 1. 20 -2. 00 I. 00 3.00 •. 20 0.35 57 • .. u. 20. 0. 0. 
SD 1. 20 •. 51 1. 20 -1. 00 1. 00 2.31 S.SI O.SO 57. I. 11. 17. 0. 0. 

TOT>.I. 25 .17 SJ.SS U.21 s. 00 11. 21 S7. SS S. lS '2. 17. 171. 0. 

IO.TU Yv.Jl 1'2J 
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Table B-1. DICU Model Output: Bookkeeping for Subarea 1, page 2 of 5 

.uu. 1 °"'' DUL&TION AMA.l.Ylll 
tllflON U!.\XD (~T) 

IJlklGA n:.D CiDV..DI &n. llOOT DUTR 2.0 "· 
COllSUICP. &IITOlllC RIIT. TOTAI. 2000 

IXlfSUIG'. aA>ra& llOIL ua or TOTAL CXllSUIG'. CW. &IITOlllC 2000 = CCOl1'0llP . on or lJf llOIL IO)l8TIJIU .UPLIZI> ll:ll<TllLY &IITOlllC ua or + DULZT . = ccwamcP. 
PUCIP. Ull. rucIP. M:>llf'OU ACCUll. llATU c. u. All&A PUCIP. LOUU .uu. ua: 

~ DICllU DICllU DICllU DICllU DICllU DICllU DI. n. &CU.I u u u &CU.I u 

OCT o. '' 1. 31 0. ,, -0.H 0.3S o.oo O.H 0.01 1777. ti. o. ti. o. 0. ..,,, 1. 13 o.u o.u 0." 1.32 0.00 1.8' o.1s 1777. 271. o. 271. o. o . 
D&C 2.u 0.11 0.11 2.11 3.U 0. 00 2.H 0.21 1777. ,21. o. 121. o. o. 
.DJf 3. 01 0 .10 0. 10 2. 21 I. 70 0.00 3.01 0.25 1777. '''· o. UI. o. 0. 
ll'1:B 3.13 1.,. 1.31 0. 30 I. 00 0.00 1.11 o.u 1777. Ut. o. 2''· o. o. ....... 1. so 2. 51 1.SO -1. 01 I." 0. 00 1.50 0.12 1777. 222. o. 222. o. o • 

...... 1.11 '· 23 1.11 -3. 05 
1. '' 

0.00 1.11 0.10 1777. 175. o. 175. 0. 0. 
""Y 1.11 •. 05 1.11 -1 ... o.oo 3. 00 f..11 0.3-1 1777. 161. us. IOO. 0. 0. 
JtlM o. 61 2.33 o.u 0. 00 0. 00 o. 00 0.11 0.01 1777. to. o. 90. o. 0. 
JUL o. 60 0. II 0. 60 0. 00 o. 00 0.00 0.10 0.05 1777. ... o. ... 0. 0. 
ADQ o. 10 O.H 0.10 0. 00 o. 00 0. 00 0.10 0.05 1777. ... o. ... 0. o. 
au O. 10 0. ts 0. 60 a. oo o. 00 o. 00 0.10 o.os 1777. ... o. ... 0. 0. 

TOT.AL 17. ,, 22. ,, 10.57 S.15 3.00 11.23 1.10 2103. us. 2117. 0. 

.uu. 1 °"'' DDLZTIClf A.Jo.i.YIIS 
tllr:ION U!.\XD (LUIT} 

IJUUQA TED ltl CZ &n. ltOOT l>ZPTa l.O n. 
CXllSUIG'. &IITOIUC &IIT. TOTAL 2000 

COHIUXP. CIWla& llOIL us& or TOTAL CXllSUICP. CUA llBTOJtIC 2000 = """"""'· usz or Df SOIL M:>IITU'Jtl. UPLI&D ll:ll<Tl1L Y lllTOIUC on or + DUL&T. = CONSUICP. 
PP.ZCIP. OU PU.CD. M:>IS~ ACClJll. 00.TU c. u. All&A l'U.Ct:P. LOaSU All&A ua: 

llClt<Tll DfCJ[U DfCBU DICllU DICllU DICZd DICllU DI. "· J.CU.. AZ u AZ .LCll&5 AZ 

OCT 0. 3a 2 .. 0.31 -2. 00 l. 00 0. 00 0.31 0.03 0. 0. 0. 0. 0 . o. 
JIOV 1. 53 1. Ot 1 00 0. ,, 1.U 0.00 1.53 0.13 o. 0. o. o. 0. 0. 
D&C 2. 5& o. u 0.11 1. SI 3.00 0. 00 2.2, O.lt 0. 0. o. 0. 0. 0. 
.DJf 2. '11 0 10 o. 10 0. 00 3. 00 o. 00 0.10 0.07 0. 0. o. 0. 0. 0. 
ru 3 .13 1 31 1. 31 0. 00 3.00 0. 00 1.31 0.12 0. 0. 0. 0. 0. o. ....... 1 20 1. .. 1. 20 -o. 75 2. 25 0. 00 1.20 0.10 0. 0. o. 0. 0. 0. 

...... 0. .. 1. ,, 0 .. I 1S , .oo 'J. 10 I. II 0. 72 0. 0. 0. 0. 0. 0. ""y o. 11 7. ,. 0 11 l so 10. 50 I. '3 t. 2& o. 77 0. 0. 0. 0. 0. 0. 
JUN 0 31 I .. 0 31 1 so 12. co 0.11 10. lt 0. 15 o. o. 0. o. 0. o. 
JUL 0. 30 I. 63 0. 30 o. 00 12. 00 I .33 •. 63 0. 72 0. 0. 0. o. 0. 0. 
J.OQ 0 30 7. to 0. 30 -1. so 10. SQ 1.10 6. •o 0. S3 0. 0. 0. o. o. 0. 
JIU 0 30 5 1' 0 00 -7. 50 3. 00 o. 00 0. 00 0. 00 o. 0. 0. o. 0. 0 . 

TOTAL 1'. 31 .. 42 I. 11 11 . 75 40. 55 so. 16 4. 22 0. 0. o. 0. 
JIUT. llICZ~GZ• 0. 0. 

llATU n.u. 1'22 

.uu. 1 °"'' DDLl.TIOM AKU.Y'SIS 
UMlClf ISLAMD (UST) 

DAI QA TU> nrucr. &n. JtOOT non 1.0 "· 
CIOHSUICP. &ISTOllIC uar. TOT.AL 2000 

COHSUICP. CIWla& IOIL us.1 or TOTAL CIOHSUXI'. ~ &IST'OIUC 2000 LZV&L 

""""""'· osz. or Df aoIL .,1!11'\m& APPLIZI> **TELY BISTOJUC usz or + DDL&T. = OONSOXP. 
PUC IP. US& PUCI7. _,I.9Ttl'P..E ACCUX. 00.TU c. 0. .uu. ...,.1ucu . LOSU.. .uu. US& 

IOOl<TB DfCJ[U DfC:U.S DfC:U.S DfC:U.S IJfCJ[U DfCJ[U Df. "· J.CU.. AZ u AZ .LCll&5 AZ 

OCT 1. 26 1 31 1. 26 -0. OS 5. ts 0.00 1.21 0.10 1321. ' 130. o. 130. 0. o. 
l'OV 2. 43 0 .. 0. " 1. 57 7 .52 o. 00 2.13 0. 20 1321. 2U. 0. 261. 0. o. 
D&C 

3. ' ' 
0. .. 0 . .. 2. 71 10. 21 0. 00 3.44 0.2t 1321. 371. 0. 371. 0. o. 

.DJf 3. 11 0. 10 o. 10 1. 72 12. 00 0. 00 2.51 0.21 1321. 217. 0. 277. 0. o. 
ru '. 03 1 ·" 1 . 31 o. 00 12. 00 o. 00 1.-'• 0.12 1321. 152. o. 152. o. o . ...... 2. 10 1 .. 1 ... 0. 00 12. 00 0. 00 1.•1 0.12 1-'21. 104. 0. 16&. 0. o . 

APk 1. 71 1 . 20 1. 20 0. 00 12. oo o. 00 1. 20 0.10 1321. 132. 0. 132. 0. 0. 
MAY 1 . 71 3 . 17 1. 71 o. 00 12. 00 2 .1• 3.17 0.32 1321. 111. 231. UI. 0. o. 
JUN 1. 21 6. 71 1. 21 0. 00 12. 00 5. S7 I. 71 0. 57 1321 . 133. 114. H7. 0. o. 
JUL 1 . 20 1 3t 1.20 -2. 00 10. 00 4.10 5. 30 0. 45 1321. 132. 461. S'3. 0. o. 
AVG 1. 20 s. 11 1. 20 -2. 00 •. 00 1." 3.17 0. 24 1321. 132. 217. 34,. o. o. 
SU 1. 20 1. 62 1. 20 -0.&l 7. 59 0. 00 l. 20 0.10 1321. 132. 0. 132. 0. o. 

TOTAL 25. 17 32 .. 14 .11 6 .OS 1~. It 34.12 2 .... 222'7. 1s2t. 3'75f. o • 

.uu. 1 CllOP DULZTIOM AHAI.Yal.S 
UH I OK ISLl.ND (UST) 

IMI<a.Tr.n TOMATOE..S &rr. ~OOT DUTB 4.0 "· 
COHSUICP. BIBTOIUC atar. TOTAL 2000 

COl<SU>G'. CIWlc:& SOIL u.s& or TOTAL CONIUXP. aJA I.I.STOit.IC 2000 IZVl:L 
CIOHlMCP. us.r. or Df aon. MOISTU'R& APPLIED **TELY &ISTOIUC usz or + l>UL&T • IZVl:L CIOHSUICP. 

PUCIP. OU PJU.CIP. IC>ISTUQ ACCUlC. 00.TU c. u. .ML\ PllCI.P . LOSIU .ML\ uu 
llO:lNTB DfCJ[U IJfC:U.S D<CJIU DICllU DfCJ[U DfCJIU Df. "· ACU.. AZ .... .., ACllU .., 

OCT 1. 24 1.31 1. 21 -o.os I. ts o.oo 1.2• 0.10 2071. 312. 0. 312. o. o. 
JIOV 2.43 0 .• , 0.11 1.57 7.52 0.00 2.u 0.20 2071. 102. o. 102. o. o. 
D&C 3.H o.u o. 61 2. 71 10.21 0. 00 3.U 0.2t 2071. 153. 0. 153. o. o. 
.DJf 3.U 0. 10 o. 10 1. 72 12.00 o.oo 2.51 0.21 211,. 123. 0. C23. 0. o. 
ftll ,.O!I 1. !II 1. 31 o. 00'" 12.00 o.oo 1.31 0.12 2071. 342. o. 342. 0. o. ....... 2 .10 1;u 1.u o. 00 12.00 o.oo 1.u 0.12 2174. 3Ct. o. 31t. o. o. 
...... l. 71 1. 20 1. 20 0.00 12.00 0.00 1.20 0.10 2071. 2H. o. 2H. o. o. "· 
MAY l. 71 3.17 1. 71 0 .00 12.00 2.11 3.17 0.32 2'71. 121. 531. HO. D. o. 
.JON 1. 21 6. 71 1. 21 0.00 12.00 5.57 1.71 0.57 2071. 300. 1311. 1111. o. o. 
JUL 1. 20 7 .30 1. 20 -2.00 10.00 l.lt S.3t 0.15 zna. 207. 1031. 1335. D. o. 
J.VQ 1. 20 5.17 1. 20 -2.00 •. oo 1.t7 3.17 0.21 2t71. 207. 111. 7H. o. o. 
JIU 1. 20 1. 62 1. 20 -0.11 7.5' O.OD 1.20 0.10 2t71. 207. D. 207. 0. o. 

TOTAL 25.17 32. S4 1'.11 I. OS 13. It 34.12 2.11 501'. 344'. HSI. o. 

10i.TU YUJt. 1 t22 
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Table B-1. DICU Model Output: Bookkeeping for Subarea 1, page 3 of s 
AIU.A 1 °'°' DUL&TIClf AJOJ.rs1a 

tDrION IBINll> (UST) 
IJUUQA.Tm OJt.CBAJU) r.n. ltOOT DUTa s.o rr. 

carsma. llI8TOJUC KIST. "l'Olll. 2000 
COii--. CKAll<B llOIL t1S& or "l'OllL COii--. QA aI8TOJlIC 2000 LIMl:L 

~. ua or DI .OIL IJIOIHllU .UrLUD ~y &I8TOJUC vm: or + D&Pl.ZT. LZYK.L car._. 
PUCI'P. ..,. l'lt&CD • mtaTUU Aeaix. >0.TZll c. u. .u&A l'lt&CD. :i.oaau ll&A ua 

~ 1llCllU 1llCllU :DICIU :DICIU DICllU DICllU DI. rr. .aau Al' Al' Al' AO&a Al' 

OCT 1.Sf ,.21 1.H o.oo t.oo 1. 71 ,.27 0.21 "'· SI. 14. 122. 0. o. 
llCN 2.7' o." O.H 1.n 10." 0.00 2.7'0.2' "'· 102. o. 102. 0. o. 
D&C '·" o.u D.H ,.Of u.u 0. DO '·" 0.,1 "'· 1't. 0. Ut. o. o. 
JJ.>I 

'· t1 
D. 10 0.10 1.14 11.00 0.00 1. H D.lf '"· 12. o. 72. o. o. 

rn '·" 1.,. 1.'8 0.00 u.oo o. 00 1.,. 0.12 "'· 11. o. 51. 0. 0. ...... 2.•0 1.11 1.51 o.oo 15.00 o. 00 1.51 o.u H7. It. 0. st. 0. 0. 

.Ull. 2. 01 2.u 2.01 -o.•o 14.IQ O. OD 2.01 0.17 H7. 77. 0. 77. D. o. 
11>.Y 2. 01 I. U 2. 01 -1.10 1'.50 2.12 

'·" D.•o "'· 75. 105. 110. o. 0. 

""" 1.51 f.25 1.11 -0.10 1,.00 &.2' 1. n o.u '"· ... 151. 214. o. o . 
"'11. 1.50 f.2, 1.ID -1.DD 12.00 s. 13 1.2' O.H H7. ... 1,,. us. o. 0 . 
ADQ 1.50 5." 1.50 -2.00 10.00 2.2' 3.73 0.31 H7. ... "· 1't. 0. 0 . 
.ID 1. so &.11 1.50 -1. 00 t. 00 1." ,.11 0.2• H7. SI. 63. 111. o. o. 

TOVJ. 21. 77 st.ti 11.u •. 00 11. ts "·" ,.2' 151. 112 • 1470. 0. 

ll&A 1 CRO• DULl.TION AlG.LYl18 
tDrION 18INll> (UST) 

DUlI GA'BI> VDlrO.JlD &rr. JtOOT l>UTB t.O rr. 
carsuu. &ISTOIUC IIST. "l'Olll. 2000 

COlllllDll'. awrcz ao?L osz or TOTAL car._. C'OA axaTOJtIC 2000 = carsma. uu or IM 80IL >C>IIT'UJl& .UrLUD ~y &l8TOJUC uu or + DDL&T. LIMl:L COHSUllP. 
PUCIP. ua PUCIJI. .:>I8TUJt.& ACCUll. >O.TZll c. 11. .u&A PUCU. :i.oasa.s AIU.A ua 

icorra Dlc:&:U 1llCllU Dlc:&U DICKU Dlc:&:U Dlc:a:u DI. rr. AOU Al' Al' Al' ACl!.U Al' 

OCT 1. 21 1.H 1.21 -D.11 1.12 o. 00 1.21 0.10 o. o. o. 0. 0. 0. 
NOV 2.U 0.11 0.11 1. 57 '·" 0.00 2.U 0.20 o. 0. 0. o. 0. 0. 
O&C '·" 0.11 0.11 2.11 12.00 0. 00 ,.2' 0.27 o. 0. o. o. 0. 0. 
JJ.>I 3. 11 0. 10 0. 10 0.00 12.00 0. 00 0.10 0.07 o. D. 0. 0. o. o. 
rn '. O' 1.'8 1.31 0.00 12. 00 0. 00 1.'8 0.12 o. o. o. o. 0. 0. 
>Wt 2.10 1. 51 1. 51 0.00 12.00 o. 00 1.51 0.13 0. 0. 0. 0. 0. 0. 

.,~ 1 . 71 l. 31 1. ,. 0.00 u.oo 0. 00 1.'8 0.12 0. 0. 0. 0. o. 0. 
IO.Y 1. 71 '· 36 1. 71 D. 00 12. 00 2. 65 '.35 0.36 0. o. o. 0. 0. 0. 
JUM 1. 21 S. lt 1. 21 -1. 00 11. 00 2. u t. lt 0. 35 0. 0. o. 0. o. o. 
.JUL 1 . 20 5. 10 1. 20 -1. 00 10. 00 ' 50 • . 70 0. ' ' o. 0. o. o. o. 0 . 
Al>Q 1. 20 4. ti 1. 20 -1. 00 ,_ 00 2 11 3. ti 0.33 o. 0. 0. o. 0. o. 
au 1. 20 ,_ •2 1. 20 -1. DO I 00 1. 22 2.42 o. 20 o. 0. 0. 0. 0. o. 

TOTAL 25 17 31. 71 14. ts •. 11 1' .1' 31. 71 2. 65 o. 0. 0. 0. 

WATZll YVJt 1'22 

AJl&A 1 OOP DUIZTIOH AlQ.LY!I.t 
OXICM I&LAMD (UST) 

DUlI GA n:D SAn'l.OMl:Jl r.n. JltOOT DUTB •·• rr. C:OMstDO. 111aTOJUC llIST. TOTAL 2000 
COllSUIO. CIWl<B SOIL os.& or TOllL CXlKSCMP. C!l1. llISTOJU C 2000 = car..-. uu or Df llOIL MOI.STU1U UPLUD ICOITKLY lllTOJllC ua or + DULZT. LZYK.L ~Hsma. 

rucu. US& l'JlZCIJ'. m1aTtntJt ACClDl. MATZll c. 11. .u.u PllCII', :i.ossa.s AJl&A ua 
>D<TK Dlc:&:U Dlc:&:U DICHU DICllU. DICJl&.S Dlc:&:U DI. rr. l.Cll..U Al' Al' Al' l.Cll..U Al' 

OC'? 1. 26 2 .• , 1. 21 o. 00 0. 00 0. 00 1.26 0.10 510. n. 0. 11. 0. 0. 

""" 2 . ., 1.17 1.17 1. 26 1. 21 0. 00 2.43 0. 20 510. 117. 0. 117. 0. 0. 
IlEC 3 .•• 1.13 1.1' 2. 31 3. 57 o. 00 3.U 0. 2t 510. 161. 0. 161. 0. 0. 
;r..,, 3. 61 0. 10 o. 10 2. 11 I ,. 0. 00 3.11 0.30 510. 17t. o. 17t. 0 . 0. 
ru • . 03 1. 31 1.31 2. 65 t. 03 0. 00 t.03 0.3• 510. lt5. 0. 195. 0. 0. 
~ 2 .10 1. 11 1. 11 2. ,, 12. 00 2.H •. 14 0.3t 510. 101. 121. 22t . 0. 0. ..,,. l. 11 2. 30 1. 11 -o. 52 11 .•• 0. 00 1. 11 0.15 510. ... 0. ... 0. 0. 
KAY 1. 11 5 .11 1. 11 -1.U 10. 00 0. 00 1. 11 o.u 510. "· 0. 13. 0. 0. 
JUM 1. 21 t.n 1. 21 -4. 00 '· 00 0 00 1. 21 0. 10 510. 51. o. 51. 0. o. 
.JUL 1. 20 6.15 1. 20 -3. 00 3. OD o. 00 1. 20 0.10 510. 51. o. SI. o. 0. 
AUG l. 20 &. l& 1. 20 -2.,. 0. 01 0. 00 1. 20 0. 10 510. SI. 0. SI. 0. 0. 
SU 1. 20 2. 31 1. 20 -o. 06 0. 00 0. 00 1. 20 0 .10 510. 51. 0. 51. 0. 0. 

TOTA!. 25 .17 '' .. , 15. 10 12. 00 2 . •• 27. 11 2. 32 1217. 127. 1344. 0. 

AJl&A 1 a.op DDUTION AHAl.YSlS 
tnflOlf ISLA>IO (V..ST) 

IU.IGA.nD CORN zrr. JllOOT DUTB 3. 0 FT. 
CXlKSU>CP. BISTOJUC BlST. TOTAL 2000 

CONSUMP, CllAHG& SOIL u.u or TOTAL COHSUll> • CW. 8ISTOUC 2000 LIMl:L 
COHSU>CP. uu or Df .90IL NOI.9n.rJU .UP LIED IJIOlfTKLY B.ISTOJlIC 01& or • Dl.PLl.T. LIMl:L COHS\lllr. 

PUC IP. US& PllCIP. ll:>ISnill ACCUM. MATZll c. ti. .u.u PllCIP. LOSS&.S AIU.A ua 
'"""TB DICJl&.S DICJl&.S Dfc:&U Dlc:&:U Dlc:&:U DICll&.t DI. rr. AOU Al' Al' Al' AO&a Al' 

OC'? o. ,, 1.U 0. ti -0.U 1.52 0. 00 0.,. o. 01 127. ... o. 61 . 0. 0. 
HOV 2 .13 0.16 0.H 1. 27 2. 7t 0. 00 2.U 0.11 127. 1'7. 0. 1'7. 0. 0. 
DEC 3.1• O.H 0. II 2.u 5. 25 o. 00 3.1& 0. 21 127. 211. o. 211. o. o. 
;r..,, 3. 31 0. 10 o. 10 2. 51 7 .17 o. 00 3.31 D. 21 127. 221. o. 221. o. o. 
I'll 3.13 1.31 1.31 1. 23 t. DO o. 00 2.11 0.22 127. 110. D. 110. 0. o. 
~ 1. 10 1.51 1.51 0. 00 t.00 0.00 1.51 0.13 127. 101. D. lOt. 0. o. .... 1. 41 l'.n 1.'7 o.oo '· 00 0. 00 l.'7 0.12 127. 101. o. 101. 0. 0. '°'y 1. 41 3.15 1.41 -1. '' 7. 21 0. 00 1.•1 0.12 127. n. D. 97. 0. 0. 
JUM 0. 91 5. 13 o. 91 -2.21 5. 00 2.U 3.57 0.30 127. 13. 113. 241. o. 0. 
JUL o. to •. 50 o. to o.oo 5. 00 5.60 1.50 0.5' 127. 12. 311. 4tl. o. 0. 
AUG o. to •.n o. to -2.0D 3. 00 1. 71 2.U 0.22 127. 12. 111. 110. 0. 0. au 0. 90 2. Ot o. to -1. DO 2. 00 O.lt l.Dt o.ot 127. 12. 13. 75. 0. o. 

TOTAL 21. 57 30.31 12. 75 1. 41 10.15 30.31 2.53 1'H. "'· 20''· D. 

MATIA Yr.AJl 1JJ2 
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Table B-1. DICU Model Output: Bookkeeping for Subarea 1, page 4 of 5 

AllA 1 c:aor DDU:TION AMALYaia 
tJKitw Ial.l.HD (LUT) 

IJUUQAftD lit •u:ruu UT. ltOO'% llDTll 2.0 "· 
OONStJllll'. &IITOIUC a.IST. 'l'O'D..I. 2000 

IXll<tma. aAllG& 80IL uu or 'l'OTAL OONllUW. (%:Q. lllT'OR.IC: 2000 LIMCL 
IXll<llUW. oa: or DI 80IL .:>J:lt'Ult& llPl..I&D IJDmlLY &IaTOUC ua or + DDa1', u:nL OONSUllll'. 

lllCU. OU HZCD. ll:)ta1'0U Acanc. ID.TD c. o. Al<ZA Pa&CD. LOUU All.a. OU _.. DICllU DICllU nrau DICllU DICllU DICllU DI. l'T. Acau Al' Al' Al' Acau Al' 

OCT o. ,, 3.n o. '' o.oo O.DD O.DD D.H D.O• 0. 0. o. o. o. 0. 
JtrN 1.13 1.ot 1.0t o." 0.74 0.00 1.u o.is 0. 0. 0. o. o. o. 
DSC 2." D.U o.u 2.u z. to 0.00 2.14 0.2, o. o. 0. o. o. D. 

""" 3.01 o. 10 O.ID 2.21 1.11 O.DO 3.Dl o. 25 o. o. o. o. o. 0. 
llD 3.t3 1.31 1.31 D.tt •. 00 D.00 2.27 O.lt o. 0. D. o. o. 0. ....... 1. 50 2.51 1.so -1.01 •. tt 0.00 1.SD 0·.12 o. 0. 0. o. o. 0 . 

.U'll 1.11 3. 71 1.11 -2.U 2.,0 o.oo 1.U 0.10 o. o. 0. o. D. 0. 
IGlY 1.11 I. IC 1.11 -2.to o.oo 0.00 1.11 O.Ot D. 0. D. o. o. o. ,,,,.. 0. 11 I. '11 D. U o.oo o.oo D.OD o.u 0.05 0. o. D. o. 0. 0. 

""" o. 10 •. 11 0. 10 0.00 o.oo o.oo 0.fO o.os 0. o • D. o. o. o. 
Al1G 0. 10 I. 20 0. 10 O.DO o.oo O.DO o.co 0.05 o. 0. 0. o. o. o. .... o. 10 '·SI 0. 10 D.DO o.oo 0.00 O.fO 0.05 0. 0. D. o. o. 0 . 

'l'OUI. 17. ,, 
''. 17 10.11 1.00 D.00 11.U 1.,0 o. o. o. 0. 

AllA 1 C'JtOP DDU:TIC»I AXU.YIIS 
IJKICll IaLAJCl) (LUT) 1 

IUIGATUI Hl VIXrOJU) UT. ltOO'% llDTll •.o l'T. 
CXllllMIP. lll'l'OJUC aIST. 'l'O'D..1. 2000 

IXll<SUIO. c:aAllCll: 80IL uaz or 'l'OTAL CXlllsmo. OJA a.IITCUC 2000 LEVZL 
OONSU><P. oa. or Dr AOIL IC> I ITtnt& .UPI.I&.D llDmlLY aISTOJUC usz or + DDL&T. u:nL OONStlXP. 

PJt.ZCIP. OS& rucn. JC>IITDU ACaDI. ID.TD c. o. Allr.A IUCU. LOSSU All.a. OU 
~ :o«:BU Dlt:llU nrau JllaU DICBU DfCllU DI. "· Acau Al' AZ Al' ACllZ5 Al' 

OCT 1. 2• 1.U 1. 26 0.00 o. 00 0. 00 1.210.10 0. o. D. D. 0. 0. 
JtrN 2 '3 a.'' D.11 1.57 1.57 0. 00 2.U 0.2D D. 0. 0. 0. o. 0. 
DEC ' •• o.u 0.11 2. 71 •·" 0.00 3.U 0. 2t 0. 0. D. o. 0 • 0. 

""" '· 11 0. ID o. 10 2.U 7.15 0 .OD ,.u 0.,0 o. 0. D. D. D. D. 
rD ' 03 1.31 1.31 2.15 t.eo D.00 '·O' D.:st 0. o. D. D. 0. D. 

""" 2. lD 1. 51 1. 51 0.52 10.:u 0.00 2. lD D .17 o. o. 0. 0. D. 0. 

AH l. 71 l. 31 l. " 0.10 10. 71 D.00 1. 71 D.15 o. D. D. o. D. 0. 
IGlY 1. 71 '." l 71 -2. 65 I. D7 D. 00 1. 71 0.1' 0. 0. o. 0. 0. 0. 
JUN 1. 21 5. lt 1 . 21 -3.,. '· 01 D. OD 1. 21 0.10 o . D. D. 0. D. D. 

""" l. 20 5. 7D l. 20 .... 01 D. DD 0. 00 1. 20 0. lD 0. 0. D. 0. 0. D. 
ADG 1. 20 t. ti 1. 20 O. DO D. DO 0. 00 1. 20 O. lD D. 0. D. o. 0. 0. 
SU l. 20 3. '2 1 20 0. 00 D .00 O.OD 1. 20 0 .10 o. 0. o. D. 0. D. 

'l'OTAL 25 .17 31." 14. 45 10. 71 O.DO 25.17 2.10 0. D. D. 0. 

ID.nil n.ut 1'22 

AllA 1 oor DUL&TION Alo.LYSU 
tlXIC* IS~ (LUT) 

llJUQA TZD WI OllCIWU> UT. ltOOT DUTii 5.D rr. 
CONIMIP. llSTOlt.lC alST. 'l'OTAL 20DD 

IXll<SOXI'. c:aAllCll: 80IL 05& 01' 'l'OUI. """"""'· aJa. &IITOIUC 2000 LEVZL 
IXll<SU>IP. osz or DI 80IL M:>I8~ UtLUD llDmlLY USTOllC usz or + ~L&T. = CONSU>IP • 

J'llCIP, OS& •ucn. )l:)lS"l'Oll& ACalll. .... nil c. o. Allr.A rucn. LOUU All.a. OU: 
ID<T& DICJIU DfCllU DICIU nrau nrau DfCKU Df. "· ACllU Al' AZ Al' ACllZ5 Al' 

"' OCT 1. 56 3. 27 1.51 0. OD 0.00 o. 00 1.51 0.13 o. o. o. D. 0. o. 
'HOV 2. 73 0. ,, 0.,. 1." 1." 0. 00 2.73 0.23 0. D. o. o. 0. o. 
DEC l. , .. 0. ,. 0.H S.015 '·" D.00 3." 0.,1 0. 0. o. D. 0. 0. 
JAJI 

'· tl 
0. 10 0. 10 l.11 

7. '' 
0.00 3. tl 0.3, 0 . D. o. 0. D. D. 

ru • . 33 1. 31 1. ,. 2. ts 10. 92 0. 00 ,_,,, 0.31 0. D. o. D. D. D. 

""" 2. 40 1.58 l. 51 0. 12 11." 0. 00 2.,D 0.2D 0. D. o. D. D. 0. 

APR 2. 01 2 ..... 2. 01 -0.40 11.33 0.00 2.01 0.17 D. D. o. o. D. D. 
MAY 2 01 5. 93 2. 01 -3. t2 7.41 a. oo 2.01 0.17 0. D. o. 0. D. D. 

""" l. 51 ,_ 25 1. 51 -4. 74 2.17 D. 00 1.51 0.1' 0. D. o. D. o. 0. 

""" . 50 '· 23 1. 50 -2.n 0.DO 0. 00 1.sD 0.12 o. 0. o. D. o • o. 
AUQ 50 5. 73 1.50 D.00 D .OD 0.00 1.50 0.12 0. 0. D. D. o. o. 
SU l. 50 4. 11 1. so 0.00 D. OD a. oo 1.50 0.12 0. D. o. D. o. o. 

TOTAL 28. 77 ,,_ 46 17. 03 11. 74 D. 00 21. 77 2.40 o. o. D. 0. 

ID.nil n.ut 1922 

AllA UY AHD Gii.A.Di DUL&TION AKU.YS:UI ur. JtOOT DUtt 2.00 "· 

tllzell' TOTAL ru or CIWla& 80IL USTOUC t!IOJZCTD 

""" OONStlXP. UDANI> m eon. •>I•'n.11\& ~y· aISTOJUC OONSU>IP. tR.OJECTD OOHSUIO. 
llU US& tllZCD lll:)lS'f'UU ACCUX. DUL&T. All.a. '118& All.a. 115& 

>D<Ta DICllU DICllU nrciu nrau DICJIU Ilf. "· ACllZ5 Al' ACllU Al' 

OCT O.H l.'1 0." O.DO o.oo O.H O.OI 221. 1'. o. o. _, 1. 13 O. II 0. II 0. ,, o.n l. 13 O. lS 221. 35. o. D. 
DEC 2.H 0.11 D.11 2.1' 3.1' 2.H 0.2, 221. H. 0. D. 

""" '· Dl 0. 10 D. ID 2. 21 l.'5 ,.01 0.25 221. 51. D. D. 
ru 3.ts 1.31 1.31 0.15 I.OD 2.0, D.17 221. "· o. D. 
IWI 1.50 2 .51 1.50 -1.01 .. " 1.50 0.12 221. 21. o. o. 

APR 1.11 '· 23 1.11 _,.OS 1.H 1.11 0.10 221. 22. o. o. 
M>.Y 1.11 '· 05 1.11 -1." 0.00 1.11 O.Ot 221. 21. o. o. 
JUI( 0. u 2.3' D.U 0.DO D.OD 0.11 o.os 221. 12. D. D. 
JVL 0. •o o.u D. •o o.oo O.OD 0. 10 o.os 221. 11. D. D. 
AUQ 0. 60 0." o. 10 0.DO O.DD o. 10 o.os 221. 11. o. o. 
au D. 'D 0. '5 o. 60 0.0D D.00 o. •o O.DS 221. 11. 0. D. 

'l'OTAL 17. t7 22. t3 lD. 57 •.oo 11.57 1.31 ,15. o. 
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D.TIVS WCZ&T.A.Ticat DDl.&TlCll AXU.'tllS 
&n. ROOT DUTB 2.S 

i::ar.-. C8A)ICl IOU, .un<>lllC 2000 PJIOJZCTI) 
CQI-. tlllZ 01' DI IOIL mxaTUJt& -*TllLY IUaTOlllC CQI-. ~ CQIBCJO. 

t!IZCI>. tlllZ tUCJ>. ll)I~ M:CllN. DUU:'fICll ADA oa UZI. oa 

IDl'fJI 1llCIU 1llCIU 1llCIU DR:D.I Dien.I :m. ft. ACltU u AOU ,,, 
OCT 0.11 3.11 0.11 0.00 o. 00 0.11 0.07 1001. 100. 12110. 100. - 1.n 1.0t 1.0t O.lt o.u 1.n 0.17 1001. 200. 12170. 2000. 
DSC 2. tt 0.11 0.11 2.,1 3.20 2. tt 0.25 1001 •. 300. 12170. 'ooo. 
Jll' 3.11 0.10 0.10 2.31 S.SI 3.11 0.21 1001. soo. 12170. S200. 
n::a 3.H 1.31 1.31 1.H 7. so 3.32 0.21 1001. SOD. 12170. :woo. - 1.15 2.51 1.11 -0.11 1.14 1.11 0.14 1001. 100. 12110. 1700. 

AH. 1.» 3.71 1.» -2.U '· 20 1.» 0.11 1001. 100. 12170. 1300. 
laY 1. 21 I.II 1.21 -4.20 o. 00 1.21 0.10 1001. 100. 12110. 1300. 

""" 0.71 1.71 0.71 0. 00 0.00 o. 71 0.01 1001. 100. 12170. 100. 
.:nn. 0. 75 1.11 0.75 0.00 o. 00 a. 11 O.OI 1001. 100. 121'10. 100. 
JWQ o. 75 •. 20 0.75 0.00 o. 00 o. 75 o. 01 1001. 100. 12170. 100. 
SD 0.75 I.II o.n 0.00 0. 00 o.75 0.01 1001. 100. 12110. 100. 

TO:r:JU. lt. 77 
''· 17 

12. 01 , . 50 lt. 51 1.13 lfOO. 1ttOO. 

UZI. 1 Jt.DAJU.U V'MiZ'UTlClt DUtzTIOll' AXA.I.Yaia 

u.sw:w. ll8TOJUC B.I.9TOAIC l'IJU)J J:CTl) l'llOJEC'f 
PJUCU TOTAL co 01' CO TO U CQI-. u.sniwu. CQI-. u.sniwu. 

A>m ccor..-. llUP A>m GT I'll'* llSTOJUC tlllZ 01' CCII-. ~ o.u 01' CXllSCIG'. 
llUP o.u •ucu Dll'LOV AllZA ttw:Il'. oa AaU l'tw:Il'. OS& 

IDl'fJI DICUS DICUS DICllU DIC<U ACllS ll ,,, AOU ll ll 

OCT o. 01 1.15 0.01 t.n 10. 0. .. o. o. o. - 1. 23 1." 1. 23 0 .10 10. 1. 0. 0. 0. o. 
D&e 2. 21 1. 02 1. 02 o. 00 10. 1. o. o. o. 0. 

"""' 2. •1 1.11 1. i• o. 00 10. l. 0. 0. 0. 0. 
n::a 2 . ., 1. 75 1. 75 0. 00 10. l. o. o. o. 0. 
llOJl o. to ,.11 o. to 2. 26 10. l. 2. 0. 0. 0. 

.... ,. 0 51 . . " 0. SI .. ll 10. 0. 3. 0 . 0. 0. 
ICU 0 Sl I 35 Q. 51 7. .. 10 . 0. 7. 0. 0. 0. 
JUN 0 01 I " 0. 01 I. " 10. o. 7. 0. 0. 0. 
JtJl. 0 00 I. Ol o. 00 I. 01 10. 0. 7. 0. o. 0. 
AOQ o. 00 7 52 0. 00 7 52 10. 0. 6. 0. 0. o. 
SZP 0. 00 5. 61 0. 00 s. <l 10. 0. s. o. o. 0. 

TOT.U. 10. 77 SS. 1t 7. 20 ... 60 6. •O. 0. 0. 

IJIU ID.TD SOU'ACI t:IUL&TlCll' AJO.LYII5 

u.sw:w. lllTOJUC aISTOllC tai:>J J:CTl) l'llOJ&CT 
t!IZCIP TOTAI. co 01' CO TO U CXllllUICI'. lU.IIIl<IAI. CXllSUICI' • au IIl<IAI. 

A>m CQISOICI'. llUP A>m IQ:T I'll'* lllTOU.C usz or CCllSUICI' • l'llOJ&CTZll uu or CCII SUICI' • 
SUI' OD PUCll' nm.ow AllZA PUCIP. o:D ~ PJtZCI». OU: 

llDlTll DfCIU IICCU..S DICD.S IICCBU AClU.! ll ll AOU ll ll 

OCT o. 01 t.15 0. 06 
'· 7t 

10. 0. 32. 0. 0. 0. 
HOV l. 23 1.33 1. 2S 0.10 10. I. 1. 0. o. 0. 
DEC 2.21 1. 02 1. 02 0. 00 10. 7. 0. 0. o. 0. ,...,, 2. &l 1.1& 1.1& o. 00 10. I. 0. 0. o. 0. 
n.B 2 .• , 1. 75 l. 15 0' 00 10. 12. 0. 0. o. 0. 
lJIAJ< o. to !'- 11 o. to 2. 26 10. 6. 15. 0. o. o. 

.... ,. o. 51 . . .. 0 . SI .. ll 10. .. 27 . o. o. 0. 
ICAY 0.51 I 35 o. 51 7. .. 10. 3. S2. 0 . 0. o. 
JUN 0. 01 I " 0 01 I. " 10. 0. 56. 0. 0. o. 
JUl. 0. 00 I. 01 0. 00 I 01 10. 0. 53. 0. 0. o. 
AUQ 0. DO 7. S2 0 00 7 SJ 10. o. so. o. 0. 0. 
511' o. 00 5. 41 0. 00 s. 41 10. 0. 37. o. 0. 0. 

TOT.U. 10. 77 SS . " 7. 20 48 •o u. 32'. o. 0. 

WA n.Jl n.M. l t2 2 

JIU.A UK I OH ISLA>m (V..ST) STUDYDICU5-1JQJ\t:Z 

t1JUAH COHSUJCPT IVZ Us.& TOTAL U..SIJf COHSUMPTIVK US& 8UXMAJtY 
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The example below covers only irrigated pasture on Union Islard east, for one year. Keep in 
mind that the bookkeeping method is repeated for each of the 20 land use categories on 
each of the 142 Delta subareas for water year 1922 through the present water year. 

October. After reading in all of the input data, the computer program began with 
average monthly demands of crop consumptive use (CU) in inches. Table B-1, "Crop 
Depletion Analysis - Irrigated Pasture", lists the CU demand for October as 3.67 inches in 
column 3 under "Consumptive Use." The program first supplied this demand with 
available precipitation and seepage. Even though seepage is not shown in the column 
heading, it is added to the precipitation and the sum is listed in column 2 as 0.66 inches. 
The amount of water supplied from precipitation is shown in column 4, "Consumptive Use 
of Precipitation" and becomes part of column 8, "'Ibtal Monthly CU." If the crop CU demand 
for each month cannot be fully supplied by precipitation, additional water can be supplied 
from previously stored soil moisture. In October, no soil moisture was available for irrigated 
pasture. Moreover, the storage had to be increased by 1.00 inches to an October minimum of 
4.00 inches (for irrigated pasture in the Lowlands). Therefore the unmet crop CU demand 
and the increase in soil moisture had to be supplied by irrigation (because October is part of 
the irrigation season). The demand for applied water during October is then calculated as: 

3.67 inches CU Demand 

minus 0.66 inches precipitation plus seepage 

plus 1.00 inches for soil moisture 

equals 4.01 inches applied water. 

The applied water is shown in column 7 of Table B-1. The total monthly 
consumptive use in October became: 

0.66 inches precipitation 

plus 4.01 inches applied water 

equals 4.67 inches total monthly CU 
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November. In Table B-1, November had 1.83 inches of precipitation, which was 
enough to meet the CU demand for pasture of 1.09 inches. The excess precipitation, 0.74 
inches is assumed to have permeated the soil, increasing the storage to 4. 7 4 inches. The 
total consumptive use of irrigated pasture for November was calculated as: 

1.09 inches CU demand 

plus 0.74 inches stored in the soil 

equals 1.83 inches total monthly CU 

December. In Table B-1, December had 2.84 inches of precipitation, which was 
more than enough to meet the CU demand of 0.68 inches. Part of the excess precipitation, 
1.26 inches is assumed to have permeated the soil, increasing the storage to the December 
maximum of 6.00 inches. The excess precipitation, 0.90 inches, became runoff, which is not 
listed in the CU program. The total consumptive use of irrigated pasture for December was 
calculated as: 

0.68 inches CU demand 

plus 1.26 inches stored in the soil 

equals 1.94 inches total monthly CU 

January and February. In January and February, the CU demand was met by 
ample precipitation and the soil moisture remained at the maximum allowable level. Excess 
precipitation became runoff. 

March and April. In March and April, precipitation was insufficient to meet the 
CU demand. Also, soil moisture storage had to be maintained at 6.00 inches. Therefore, 
applied water was used to meet the CU demand unmet by precipitation and seepage. 

May. In May, the CU demand of 6.66 inches for was partially met by 1.11 inches of 
precipitation. The remaining CU demand of 5.55 inches was taken care of by applied water 
and stored soil moisture. Soil moisture was available to irrigated pasture because the 
minimum allowable storage decreased by 1.00 inches to 5.00 inches in May. Applied water 
was computed as: 

6.66 inches CU demand 

minus 1.11 inches precipitation 

minus 1.00 inches extracted from stored soil moisture 

equals 4.55 inches applied water. 

The total CU in May was computed as: 

1.11 inches precipitation 

plus 4.55 inches of applied water 

equals 5.66 inches total monthly CU. 

June through September. For the balance of the growing season, the preceding 
method was used to determine the other monthly values of consumptive use of applied 
water (CU Aw). Table 4-4 shows that the lower limit of soil moisture during June for 
irrigated pasture is 0.50 inches less than the preceding month. This pattern was 
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incorporated into the program to simulate a field practice known as "Soil Moisture Mining," 
which is described in Chapter 4. 

In Table B-1, the total consumptive use of applied water (CU AW) for irrigated 
pasture for water year 1922 is reported as 32.06 inches. It c·an be readily shown how this 
value is a function of the amount and distribution of rainfall. This value might vary 20 
percent from year to year. For crops such as alfalfa, that are normally planted in deep soil, 
the opportunity within the program for the storage and subsequent use of precipitation is 
much greater. In Table B-1, for irrigated alfalfa, the total monthly consumptive use is 
shown as 44.87 inches, the same as that for irrigated pasture. However, more rainfall was 
utilized during the year by alfalfa through the storage of rainfall in the soil. 

Bookkeeping Procedure for Special Land Use Categories 

The computer program method of allocating precipitation, seepage, stored soil 
moisture and applied water is similar for most of the 20 land-use categories. However, soil 
moisture bookkeeping for the following categories is handled differently: 

1. dry grasses (hay and grain); 

2. native vegetation; 

3. non-irrigated crops (non-irrigated pasture, vineyards, orchards); 

4. riparian vegetation; 

5. water surfaces; and 

6. urban areas. 

Moisture accounting for these crop categories is also shown in Table B-1. 

Native Vegetation, Dry Grasses and Non-irrigated Crops. In the bookkeeping 
for these categories, irrigation is not used to meet a deficit b~tween the water needs of the 
plants and the water available from precipitation, seepage, or stored soil moisture. The 
consumptive use demand in months when deficits occur is not met. 

In Table B-1 under, "Hay and Grain Depletion Analysis," a typical moisture budget 
is depicted where 16.57 inches of the total annual precipitation of 17.97 inches was utilized. 
Direct use of precipitation comprised 10.57 inches while an additional 6.00 inches was used 
indirectly from soil storage of the annual precipitation. Monthly values, when multiplied by 
historic area, yield estimates of historic CU for dry grasses on the region (Union Island, 
east). Bookkeeping for native vegetation and non-irrigated crops was handled similarly. 

Riparian Vegetation and Water Surface Categories. Moisture accounting for 
riparian vegetation and water surfaces is also handled differently from the other crop 
categories. In the accounting for these two categories, soil moisture and applied water are 
not used to satisfy the ET demand. However, if available precipitation and seepage are 
insufficient to meet the ET demand, diversions are simulated i.e. the total plant demand for 
these two categories is met. (See the columns in Table B-1 labeled "Residual Consumptive 
Use to be Met by Inflow"). 

Urban Land Use. Moisture accounting for the urban land use category is treated 
differently from all other categories. First of all, urban land use is divided into three 
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categories by area and each is assigned an ET value. Lawns and landscape are assumed to 
cover 25 percent of urban area and are assigned the ET of pasture. Vacant lots are assumed 
to cover 37 percent of urban area and are assigned the ET of native vegetation. Hardtops 
and roofs are assumed to cover 38 percent of urban area and no ET demand is assigned to 
that area (Consumptive Use Program 1979). 

For urban lands, applied water is used to satisfy the plant demand when 
precipitation and seepage cannot. No soil moisture bookkeeping is performed. Unit 
depletion is calculated as 25 percent of that of irrigated pasture (representing lawns, 
shrubbery, and trees) plus 37 per cent of that of native vegetation. 

The last section in Table B-1 "Total Basin Consumptive Use Summary" lists the 
total basin precipitation and the total historic consumptive use for subarea 1 (Union Island, 
east). 

The bookkeeping methods described above are repeated for 142 Delta subareas. 
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Appendix C 

Miscellaneous Tables 
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EHflff.UOT CWB ,...,,, 
COSlHIU-HCl<.lUJOli 
DUD HOASI 151.A.)ID 
HOCll ARLA 
IDA Ul>JID 
UlO<I .... 
tCCOltf.ACK-WI LLIAKSCW TM.CT 
STc:aJI 1>Ja ARtA 
~DESIQIATC> ARIA 
talOISIQIAUD Au.\ 
ACKll\ I SUJID 
ATLAS TRACT 
ATLAS TRACT 
Dll.DU:l TIU.CT 
UHIC:OO TRACT 
fi:llll' ISUJID 
HUJ)ll.IACH ISLA.MD 
HUQUWC TU.CT 
ttex; ISl.>.W 
HOllllU LM.J TRACT 
HOIUUSCll ISLJ.llt> 
IUO IUJICO TllACT 
SHtMA TU.CT 
stt Ill' QI TRACT 
srm 1:su..wtJ 
!ITATDI I 51.Mfi 
VlllC.HT TMCT 
WDESIQIATED A.JIU. 
IMD&SIQIATiD AN.A 
Dlatll I SL.WO 
LI n LI HOUAMD TMCT 
lllDESIGllATED A'-'A 
LllDESIQIATQ> Al\EA 
LI nu HOLU.W TMCT 
CllD&SIGllATID A'-'A 
OIDISUIATID U.U. 
CllDISIGllATW UU. 
B.ITHEL ISIMD 
CCWE Y I Sl>JiD 
DO'l'CH SL ' PUT C,- SA.VD t9D SL 
FALSI a., PIPEll SL., AOCK SL.• •tc 
FISKllltWI CUT MATlflifAY 
l'AAWQ TltACT 
OU> It., MOUM'D CUT,' UIDIAll' SL. 
QJU'IBY I 51..o\MD 
IGICD£ 131.AWD 
~ JOAQOIW IUVlll WATEllWAY 
SJ VATi:fUllAY W. Of' IWOOSTRlAL STUP 
TA'rl..OR SLO<.Qt VATl;llWAY 

TOTAL 

• U!I 

10 0 
II 0 
12 0 
I) • .. 0 

" )80 

" .. 
" 29 .. 0 .. 0 

'° ., 
n " 92 143 

" 21 '" .. 0 

" 0 

" 0 ,, 
" 98 " .. )8 

100 0 
101 14 l 
102 846 
IOJ llOJ 
104 0 
lOS 0 
106 0 
101 0 
101 0 
10, 0 
110 10 
111 l8 
112 0 
11 J 10 
114 0 
11' 0 
lU 0 
11 l 0 
118 0 ll, 0 

llO ~' 
121 " 122 2,, 
12 l 0 
124 0 
12, 0 
12' 0 
121 0 
121 ,, 
129 ,, 
lJO llll 
lll 494 
ll:Z 10 
Ill 29 
tl4 2• 
lH o 
136 0 
lll 0 
1)8 0 
I J'J 0 
uo 0 
IU " 142 2' 
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Table C-2. DICU Land Use Acreage for Critical Water Years, page 2 of 2 
-
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Estimation of Delta Island Diversions and Return Flows 

Table C-3. Subarea to Node Diversion Allocation Factors, paJe 1of4 

DELTA ISLAND ( SUBA.R!:A) DIVERSION ALLOCATION FACTORS (\) 
FOR DWR/RMA DELTA HODEL NODES (4/20/88). MODIFIED FOR DSM NODES BY PNT (NM 2/21/92) 

ISL NODE DIV \ ISL NODE DIV \ ISL NODE DIV ' 1 52 2.08 10 301 25.98 25 23 3.97 1 53 5. 95 10 302 9. 09 25 24 3. 97 1 104 10.12 10 303 25.32 25 25 5.36 1 105 3.87 10 304 . 6.49 25 26 6.55 1 106 27.10' 10 339 11.44 25 138 15. 67 1 107 10.71 10 340 24.68 25 139 15.66 1 108 2.08 11 16 100.00 25 140 3.97 1 109 11.90 12 13 61.11 25 141 2.38 1 111 5.95 12 14 38.89 25 142 5.36 1 170 10.42 13 292 28. 99 25 146 5.36 
l 171 2.08 13 294 17.39 25 147 10.32 
l 172 7. 74 13 347 33.33 25 148 7.94 2 71 4.06 13 348 20.29 26 336 100.00 2 112 14. 37 14 302 !1.14 27 338 100.00 2 113 7.03 14 304 14.66 28 338 77 .27 2 172 8.12 14 305 18.28 28 339 22. 73 2 174 6.25 14 306 1.4. 33 29 39 13.20 2 175 8.44 14 307 15.96 29 40 11. 00 2 176 9.38 14 308 7.49 29 245 6.60 2 177 14 .38 14 316 15.00 29 250 6.60 2 178 2.19 14 350 6.14 29 251 6.60 2 182 3.12 15 11 9.83 29 268 37.10 2 183 2.19 15 12 6.88 29 271 lB. 90 2 187 5.94 15 13 8.84 30 333 75.00 2 188 5.00 15 14 4.57 30 334 25.00 2 189 2.19 15 107 59.63 31 60 2. 97 2 190 2 .19 15 108 10.25 31 61 8.92 2 191 1. 09 16 316 100.00 31 62 5.52 2 192 4.06 17 316 100.00 31 64 2. 97 3 303 8.08 18 8 1. 73 31 65 2. 97 3 304 10.05 18 9 13.61 31 66 2.97 3 305 9. 71 18 10 21.04 31 67 60.31 3 306 15.12 18 11 6.68 31 68 2.97 3 340 9.97 18 48 3.96 31 171 4.46 3 341 7.39 18 49 6.44 31 172 2.97 3 342 2.58 18 50 8.42 31 175 2. 97 3 343 2. 92 18 51 1.73 32 205 22.22 3 344 17.35 18 52 5.69 32 206 22.22 3 346 3.26 18 104 3. 71 32 222 11.11 3 347 8.59 18 105 13.37 32 223 44.45 3 348 4.98 18 106 5.20 '• 33 77 4.18 4 7 12.46 18 107 8.42 .. I 33 78 9.32 4 8 2.13 19 246 15.82 33 79 11.26 4 9 12. 77 19 247 11. 65 33 80 2.25 4 10 17.02 19 250 7.47 33 81 2.25 4 11 18.54 19 266 26.37 33 82 2.25 4 12 24.31 19 268 11. 21 33 196 4.50 
4 13 12.77 19 278 27.48 33 197 3.21 5 296 13.03 20 253 27.31 33 198 20.35 5 297 5.88 20 339 9.25 33 209 20.49 5 298 14. 71 20 340 20. 70 33 210 1.61 5 299 9.87 20 341 32.17 33 211 9.97 5 337 15.13 20 342 10.57 33 212 8.36 5 338 22.47 21 256 100.00 34 70 25.00 5 339 18.91 22 288 15.75 34 71 25.00 
6 334 33.33 22 290 22.83 34 179 25.00 
6 335 33.33 22 292 9.45 34 209 25.00 
6 336 33.34 22 343 15.75 35 253 36.00 
7 40 10.00 22 344 24. 41 35 338 64.00 
7 41 20.00 22 346 11.81 36 18 50.00 7 271 44.00 23 271 9.90 36 19 50.00 
7 294 26.00 23 280 1.69 37 44 19.80 8 43 2.06 23 282 4.83 37 45 26. 74 
8 44 7.06 23 284 7.97 37 222 11.38 8 45 42.36 23 286 9.18 37 223 17.32 
8 46 ie.52 23 288 13.04 37 226 24. 76 8 240 3.82 23 290 13.29 38 330 33.33 8 352 6.18 23 292 17. 39 38 331 33.33 
8 353 12. 65 23 294 18.84 38 332 33.34 8 354 7.35 23 342 0.97 39 296 2.19 
9 257 45.55 23 343 2.90 39 297 8.21 
9 260 25.94 24 334 100.00 39 298 6.29 
9 262 17.82 25 16 2.78 39 299 2.19 9 274 10.6!! 25 22 10.71 39 301 0.82 
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Estimation of Delta Island Diversions and Return Flows 

Table C-3. Subarea to Node Diversion Allocation Factors, page 2 of 4 

O!:LTA ISLAND DIVERSION ALLOCATION FACTORS (\) 
FOR OWR/RMA O!:LTA HOO&L NOO!:S (4/20/BB). HOOIFI!:O FOR OSH NOO!:S BY PNT (NM 2/21/ 92) 

ISL NOD!: DIV \ ISL NOOE DIV \ ISL NOOE: DIV ' 39 302 3.2B S4 243 lB.62 6S lSB B.64 
39 311 2.74 S4 24S 14.89 6S 159 17.29 
39 336 6B.53 S4 247 18. 62 65 163 16.0S 
39 339 5.7S S4 2SO 21.Bl 6S 167 16.0S 
40 253 100.00 5S 26 12.96 66 151 13.00 
41 SB 5. 79 55 29 6.4B 66 152 13.00 
41 S9 5. 79 55 30 18.S2 66 155 60.00 
41 60 5.79 55 32 29.63 66 1S8 7.00 
41 61 4.13 55 141 32.41 66 159 7.00 
41 62 17.36 56 264 15.42 67 42 27.27 
41 63 ll.S7 S6 266 17.0l 67 43 48.49 
4l 64 14.0S S6 276 9.S2 67 226 24.24 
41 lSO 3S.S2 S6 278 SB.OS 68 316 33.34 
42 41 29. il S7 86 3.47 68 320 33.33 
42 42 36. S9 S7 89 lS.2B 68 321 33.33 
42 43 9.13 S7 92 13.19 69 7 2S.4S 
42 240 24.S7 S7 93 6.94 69 B lS.76 
43 241 100.00 S7 200 11.11 69 Sl 13.9S 
44 2S7 100.00 S7 201 36.12 69 S2 9. 70 
4S 21 100.00 S7 203 l3.B9 69 S4 7.BB 
46 316 100.00 S8 24 1.98 69 164 27.26 
47 126 20.00 SB 2S 11.86 70 1 100.00 
47 127 20.00 S8 26 1. 98 71 201 18.29 
47 l2B 20.00 S8 29 14. 41 7l 202 B.61 
47 13S 10.00 S8 30 3.9S 7l 203 8.61 47 136 10.00 SB 32 7.91 7l 204 lS.06 47 137 10.00 S8 241 25. 7l 71 20S lB.29 47 l4S 10.00 SB 242 lB.64 71 206 31.14 48 32 4.38 SB 243 l3.S6 72 41 B.11 4B 3S 34.37 S9 122 6.91 72 240 17.76 4B 3B B.75 S9 124 3.72 72 34B 16.99 48 39 13.12 59 142 10.64 72 3SO 41.70 4B 24S 17.SO 59 143 6.91 72 3Sl lS.44 48 251 21.88 59 144 11.17 73 31B 14.60 49 82 11. 06 S9 l4S 7.4S 73 320 8S.40 
49 BS S.ll 59 146 12.78 74 82 9.77 
49 86 3.B3 S9 147 3. 72 74 84 lS.04 49 197 16. 60 S9 14B 36. 70 74 BS 19.SB 49 199 60.42 60 113 27.7S 74 86 S.26 49 200 2.98 60 114 33.97 74 llB S.26 so 93 29.11 60 llS 6.22 74 119 lS.03 so 98 4.96 60 116 3.3S 74 194 lS.03 so 203 s. 6B 60 117 3.3S 74 us lS.03 so 204 9.22 60 llB 2S.36 7S 21 34.43 so 20S 21. 97 61 75 2.33 75 24 6S.S7 so 215 29.06 61 77 5.91 76 3 so.co 51 38 13.40 61 7B 2.33 76 5 50.00 51 40 7.22 61 79 4.66 77 314 53. 61 Sl 41 20.62 61 BO 5. 74 77 317 B.98 51 42 7.22 61 Bl 8.07 77 318 28.43 51 224 13.40 61 82 2.B7 77 319 B.98 Sl 226 38.14 61 113 3. 7S 78 316 80.82 52 35 16.50 61 114 2.15 78 3SO 19.lB S2 38 9.90 61 llS 1. 25 H 1 80.00 S2 100 16.50 61 116 10.39 79 3 20.00 52 130 18. 86 61 117 8.61 so 262 47.81 52 133 l5.S6 61 188 3. 7S 80 264 23.68 52 224 22.68 61 189 4.66 80 276 2B.Sl S3 86 2.SB 61 190 4.66 Bl 274 68.S4 S3 B9 7. 74 61 191 10.40 81 276 31. 46 S3 92 9.96 61 192 7.S3 B2 S4 30.17 53 93 10.32 61 194 S.20 82 SS 13.21 S3 98 12.90 61 19S s. 74 82 S6 13.21 S3 100 2.S8 62 32 27.S4 B2 170 43.41 S3 121 S.16 62 3S 34.78 B3 316 20.00 S3 122 ;2.SB 62 133 37.68 83 317 20.00 S3 124 13.00 63 242 44. 00 B3 318 20.00 S3 12S 7. 74 63 246 S6.00 83 319 20.00 S3 126 s .16 64 242 32.84 83 321 20.00 53 127 S.16 64 243 13.73 B4 s 100.00 S3 12B 7.3B 64 246 26.47 BS 162 so.co 53 130 S.16 64 247 26.96 85 163 so.co 53 213 2.5B 65 lSl 17.28 B6 6 100.00 S4 32 26. 0.6 6S 1S3 16.0S 87 319 100.00 S4 243 lB.62 6S 156 8.64 BB 320 100.00 
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Estimation of Delta Island Diversions and Return Flows 

Table C-3. Subarea to Noje Diversion Allocation Factors, page 3 of 4 

DELTA ISLAND DIVERSION ALLOCATION FACTORS (\) 
FOR DWR/RMA DELTA HODEL NODES (4/20/88). MODIFIED FOR DSM NODES BY PNT (NM 2/21/92) 

ISL NODE DIV \ ISL NODE DIV \ ISL NODE DIV ' 6S lS8 8.64 88 320 100.00 101 2S3 100.00 6S lS9 17.29 89 320 100.00 102 20 10.09 6S 163 16.05 90 163 100.00 102 S4 3. 72 6S 167 16.05 91 6 69.70 102 SS 3.72 66 lSl 13.00 9l 162 30.30 102 S6 3.72 66 lS2 13.00 92 40 2.47 102 S8 3.72 66 lSS 60.00 92 41 2.47 102 S9 3.72 66 1S8 7.00 92 42 2.S3 102 149 3.72 66 1S9 7.00 92 43 2.53 102 168 3.72 67 42 27.27 92 44 2.53 102 169 3.72 67 43 48.49 92 45 2.53 102 171 3.72 67 226 24.24 92 46 ll. 94 102 241 40.10 68 316 33.34 92 47 11.94 102 242 9.86 68 320 33.33 92 240 2.53 102 274 6.47 68 321 33.33 92 253 1.08 103 1 25.29 69 7 25.45 92 25S 0.11 103 3 4.73 69 8 15. 76 92 256 0.10 103 13 0.12 69 Sl 13.9S 92 257 l.16 103 18 0.81 69 S2 9.70 92 260 0.11 103 21 0.81 69 S4 7.88 92 262 0.11 103 63 16.17 69 164 27.26 92 264 0.11 103 66 5.69 70 l 100.00 92 266 0.11 103 67 S.89 71 201 18.29 92 271 0.48 103 68 0.S7 71 202 8. 61 92 276 0.10 103 lSO 13.48 71 203 8.61 92 278 0.10 103 lSS l. 07 71 204 15.06 92 280 0.48 103 241 l. SS 71 205 18.29 92 282 0.48 103 242 2.0S 71 206 31.14 92 284 0.48 103 246 7.S9 72 4l 8.11 92 286 0.48 103 2S3 l. 74 72 240 17.76 92 288 0.48 103 274 3.27 72 348 16.99 92 290 0.48 103 276 4.SB 72 350 41.70 92 292 0.48 103 278 4.S9 72 351 15.44 92 294 0.48 104 26 100.00 73 318 14. 60 92 301 0.65 lOS 242 100.00 73 320 8S.40 92 302 0.6S 106 242 100.00 74 82 9.77 92 303 0.6S 107 110 36.81 74 84 lS.04 92 304 0.6S 107 lll 18.06 74 85 l!l.58 92 305 0.48 107 112 6.94 74 86 5.26 92 306 0.48 107 113 2l.3S 74 118 5.26 92 307 0.6S 107 114 16.84 74 119 15.03 92 334 2.00 ·-· 108 22 100.00 74 194 15.03 92 335 l. 52 . i 109 32 100.00 74 195 15.03 92 336 l. 35 110 30 50.00 7S 21 34.43 92 337 l. 35 110 32 50.00 75 24 65.57 92 338 0.65 lll 130 22.83 76 3 50.00 92 339 0.65 lll 135 ll. 41 76 5 50.00 92 340 0.65 111 136 19.02 77 314 53.61 92 341 0.65 111 137 7.61 77 317 8.98 92 342 0.0 111 142 7. 61 77 318 28.43 92 343 0.48 111 143 22.28 77 319 8.98 92 
0

344 0.48 111 144 9.24 78 316 80.82 92 346 0.48 112 26 S0.00 78 350 19.l.8 92 347 0.48 l.l2 29 50.00 79 l 80.00 92 348 0.48 113 108 66.67 79 3 20.00 92 350 3.18 113 113 16.67 80 262 47.81 92 351 3.18 113 114 16.66 80 264 23.68 92 352 2.53 114 24 100.00 80 276 28.51 92 353 2.S3 llS 246 100.00 81 274 68.54 92 354 11. 94 116 241 7.9S Bl 276 31. 46 92 355 11. 85 116 242 92.0S 82 S4 30.17 93 253 32.37 117 246 100.00 82 55 13.21 93 257 2.08 118 26 S0.00 82 56 13.21 93 332 2.39 118 29 50.00 82 170 43.41 93 333 63.16 119 260 10.72 83 316 20.00 94 253 100.00 119 262 12.60 83 317 :20.00 95 253 33.33 119 264 9.38 83 318 20.00 95 257 66.67 119 266 10.99 83 319 20.00 96 256 50.00 119 268 l. 88 83 321 20.00 96 280 50.00 119 269 7.Sl 84 5 100.00 97 337 100.00 119 271 3. 75 85 162 50.00 98 348 50.00 119 280 1.88 85 163 50.00 98 350 50.00 119 282 10.72 86 6 100.00 99 342 100.00 119 284 14.48 87 319 100.00 100 253 11. 48 119 286 16.09 88 320 100.00 100 257 65.S7 120 23 25.23 89 320 100.00 100 260 22.95 120 24 30.63 
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Estimation of Delta Island Diversions and Return Flows 

Table C-3. Subarea to Node Diversion Allocation Factors, page 4 of 4 

DELTA ISLAND DIVERSION ALLOCATION FACTORS (\) 
FOR DWR/RMA DELTA MODEL NODES (4/20/88). MODIFIED FOR DSM NODES BY PNT (NM 2/21/92) 

ISL NODE DIV \ ISL NODE DIV \ 

120 241 44.14 134 203 3.84 
121 301 0.71 134 204 3.84 
121 302 0. 7l 134 205 34.78 
121 304 0. 71 134 215 3.83 
121 305 l. 91 134 216 12.08 
121 306 l.91 134 222 17.47 
121 316 8.38 134 224 12.08 
121 317 3. 91 135 39 50.00 
121 318 3. 91 135 42 50.00 
121 319 3. 91 136 38 25.00 
121 320 5.81 136 216 25.00 
121 321 3. 91 136 226 25.00 
121 326 12.50 136 232 25.00 
121 350 8.38 137 38 5.00 
121 351 7.25 137 77 5.00 
121 352 21. 31 137 78 5.00 
121 354 7.39 137 79 5.00 
121 355 7.39 137 80 5.00 
122 320 76.51 137 Bl 5.00 
122 350 23.49 137 82 5.00 
123 352 50.00 137 84 5.00 
123 353 50.00 137 85 5.00 
124 314 100.00 137 86 5.00 
125 298 4.53 137 91 5.00 
125 299 4.53 137 92 5.00 
125 301 4.53 137 93 5.00 
125 302 4.53 137 98 5.00 
125 304 4.53 137 100 5.00 
125 311 7.26 137 196 5.00 
125 312 7.26 137 197 5.00 
125 314 0.73 137 198 5.00 
125 315 l. 57 137 212 5.00 
125 318 l. 57 137 219 5.00 
125 326 l. 57 138 98 21.43 
125 330 7.03 138 100 21.43 
125 331 7.03 138 232 57.14 
125 332 7.03 139 98 100.00 
125 333 7.26 140 38 12.50 
125 334 7.26 140 39 12.50 
125 335 7.26 140 40 12.50 
125 336 7.26 140 4l 12.50 
125 337 7.26 140 42 12.50 
126 318 100.00 140 43 12.50 
l 27 317 100.00 140 44 12.50 
128 193 100.00 140 45 12.50 
129 45 29.60 141 45 25.10 
129 198 10.20 141 46 37.45 
129 199 10.20 141 47 37.45 
129 200 10.20 142 222 50.00 
129 201 10.20 142 226 50.00 
129 205 10.20 
129 223 19.40 
130 193 32.20 
130 198 61.02 
130 201 3.96 
130 206 0.94 
130 222 0.94 
130 223 0.94 
131 222 52.12 
131 226 47.88 
132 72 8.94 
132 73 ll.17 
132 74 ll.17 
132 75 5.59 
132 182 22.38 
132 183 :n. 73 
132 187 22.32 
132 192 6.70 
133 45 28.04 
133 215 6.02 
133 216 6.02 
133 222 31. 88 
133 223 28.04 
134 38 12.08 
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Estimation of Delta Island Diversions and Return Flows 

Table C-4. Subarea to Node Drainage Allocation Factors, page 1of2 

DELTA ISLAND (SUB.AREA) DRAINAGE ALLOCATION FACTORS (\) 
FOR DWR/RMA DELTA HODEL NODES (4/20/88). MODIFIED FOR DSM NODES BY PNT (NM 2/21/92) 

ISL NODE ORN \ ISL NODE ORN \ ISL NOD!!: ORN ' 1 53 2.73 23 286 27.80 S8 25 30.32 
1 104 2.73 23 292 4.48 S8 243 69.68 
1 105 2. 73 24 332 20.00 S9 121 so.oo 
1 106 11. 48 24 333 10.00 S9 143 S0.00 
1 108 5.46 24 334 70.00 60 115 14.29 
1 111 26.23 2S 23 33.33 60 121 85.71 
1 170 31.70 2S 148 66.67 61 78 28.00 
1 171 14.21 26 336 100.00 61 80 72.00 1 172 2. 73 27 338 100.00 62 3S 100.00 2 112 11. 96 28 338 100.00 63 242 100.00 2 113 19.20 29 40 66.61 64 242 2S.OO 2 174 9.42 29 2S1 33.33 64 243 S0.00 2 176 11.96 30 311 100.00 64 247 2S.OO 2 178 5.80 31 S6 6.86 6S 167 10.14 2 189 5.07 31 60 13.73 65 168 37.68 
2 190 19.92 31 63 13. 74 65 169 S2.18 2 191 16.67 31 64 2.94 66 150 100.00 3 303 10.68 31 65 4.90 67 42 100.00 3 305 11.14 31 66 4.90 68 316 33.34 3 306 S4.09 31 172 6. 86 68 320 33.33 3 344 24.09 31 173 6.86 68 321 33.33 4 8 26.02 31 l7S 6.86 69 165 100.00 4 9 16.26 31 176 13.73 70 l 100.00 4 10 13.82 31 177 11. 76 7l 201 20.00 4 11 21.14 31 178 6.86 7l 204 80.00 4 12 11. 38 32 205 10.00 72 41 48.S2 4 l3 11.38 32 215 22.86 72 240 23.67 5 296 3.78 32 222 67 .14 72 348 2.96 5 297 3.78 33 79 42.86 72 350 18.93 5 298 26.49 33 197 57.14 72 351 5.92 5 337 6.49 34 193 77.78 73 318 61. 76 5 338 l. 62 34 209 22.22 73 319 26. 35 5 339 57.84 35 253 74. 00 73 320 ll. 89 6 298 33.00 35 338 26.00 74 195 100.00 6 336 67.00 36 18 50.00 75 24 100.00 7 40 100.00 36 19 50.00 76 3 50.00 8 43 32.13 37 44 60.00 76 5 S0.00 8 45 45.37 37 4S 40.00 77 314 S3.61 8 46 6.03 38 310 75.00 77 317 8.98 8 240 2.01 38 318 25.00 77 318 28.43 8 352 2.01 39 298 82.54 77 319 8.98 8 353 12.45 39 301 0.34 . 78 316 14.77 9 257 40.79 39 307 8.05 78 350 8S.23 9 260 9.21 39 311 5. S6 79 1 71. 05 9 262 50.00 39 314 3.51 79 3 28.95 10 302 100.00 40 253 100.00 80 264 100.00 11 138 100.00 41 60 55.32 81 276 100.00 12 l3 24.69 4l 149 29. 79 82 55 66.67 12 14 25.93 41 150 14. 89 82 170 33.33 12 15 49.38 42 42 100.00 83 316 100.00 

l3 292 17. ll 43 241 100.00 84 5 100.00 13 294 82.89 44 257 100.00 85 162 50.00 14 350 100.00 45 21 100.00 85 163 S0.00 15 11 1.27 46 308 50.00 86 6 100.00 15 12 10.83 46 316 50.00 87 320 58.72 15 l3 4.46 47 135 100.00 87 321 41.28 15 108 4.46 48 39 50.00 88 320 100.00 15 138 78.98 48 2Sl 50.00 89 320 100.00 16 316 100.00 49 85 100.00 90 163 100.00 17 316 100.00 so 93 56.61 91 6 61. 54 18 10 13.Sl so 98 28.30 91 162 38.46 18 48 3S. l4 so 216 lS.09 92 41 1.16 18 Sl 13.Sl Sl 38 43.9S 92 2S3 2.33 18 106 18.92 Sl 42 12.11 92 280 4.32 18 107 18.92 51 224 43.94 92 333 2.82 19 2SO ·S0.00 S2 35 33.90 92 335 71.56 
19 268 'so.oo S2 130 66.10 92 337 17.81 20 253 96.80 S3 93 43.47 93 253 32.37 20 339 1. 23 S3 100 56.53 93 257 2.08 20 340 1. 97 S4 24S 100.00 93 332 2.39 21 280 100.00 S5 32 20.00 93 333 63.16 22 290 100.00 5S 140 80.00 94 253 100.00 23 271 52.92 56 266 100.00 9S 253 33.33 23 282 14 . .so 57 86 100.00 95 2S7 66.61 
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Table C-4. Subarea to Node Drainage Allocation Factors, page 2 of 2 

DELTA ISLAND DRAINAGE ALLOCATION FACTORS (\) 
FOR DWR/RMA DELTA MODEL NODES (4/20/88). MODIFIED FOR DSM NODES BY PNT (NM 2/21/92) 

ISL NODE ORN \ ISL NODE DRN \ ISL NODE ORN ' 96 280 l00.00 l2l 326 12.50 134 224 12.08 
97 337 l00.00 l2l 350 8.38 135 39 50.00 
98 348 50.00 l2l 351 7.25 135 42 50.00 
98 350 50.00 l2l 352 2l.3l 136 38 25.00 
99 342 100.00 121 354 7.39 136 216 25.00 

100 253 50.00 121 355 7.39 136 226 25.00 
lOO 260 50.00 122 320 76. 51 136 232 25.00 
lOl 253 l00.00 122 350 23.49 137 38 5.00 
102 20 l0.09 123 352 50.00 137 77 5.00 
102 54 3.72 123 353 50.00 137 78 5.00 
102 55 3.72 124 307 50.00 137 79 5.00 
102 56 3. 72 124 315 50.00 137 80 5.00 
102 58 3. 72 125 298 4.53 137 Bl 5.00 
102 59 3. 72 125 299 4.53 137 82 5.00 
102 149 3. 72 125 301 4.53 137 84 5.00 
102 168 3.72 125 302 4.53 137 85 5.00 
102 169 3. 72 125 304 4.53 137 86 5.00 
102 171 3. 72 125 311 7.26 137 91 5.00 
102 241 40.10 125 312 7.26 137 92 5.00 
102 242 9.86 125 314 0. 73 137 93 5.00 
102 274 6.47 125 315 l. 57 137 98 5.00 
103 l 25.29 125 318 l. 57 137 100 5.00 
103 3 4.73 125 326 1.57 137 196 5.00 
103 13 0.12 125 330 7.03 137 197 5.00 
103 18 0.81 125 331 7.03 137 198 5.00 
103 21 0.81 125 332 7.03 137 212 5.00 103 63 16. 1 7 125 333 7.26 137 219 5.00 
103 66 5.69 125 334 7.26 138 232 100.00 
103 67 5.89 125 335 7.26 139 98 100.00 
103 68 0.57 125 336 7.26 140 38 12.50 
103 150 13. 48 125 337 7.26 140 39 12.50 
103 155 l. 07 126 318 100.00 140 40 12.50 103 241 l. 55 127 318 100.00 140 41 12.50 
103 242 2.05 128 70 100.00 140 42 12.50 103 246 7.59 129 45 29.60 140 43 12.50 
103 253 l. 74 129 198 10.20 140 44 12.50 103 274 3.27 129 199 l0.20 140 45 12.50 103 276 4.58 129 200 l0.20 141 45 25.lO 103 278 4.59 129 201 10.20 141 46 37.45 104 26 100.00 129 205 10.20 141 47 37.45 105 242 100.00 129 223 19.40 142 222 50.00 106 242 l00.00 130 66 2.68 142 226 50.00 107 111 33.33 130 67 2.68 
107 113 66.61 130 68 2.68 
108 23 100.00 130 69 2.68 
109 32 100.00 130 70 2.68 
110 30 50.00 130 79 2.68 
llO 32 50.00 130 193 2.68 
111 137 40.00 130 197 2.68 
lll 143 60.00 130 198 9.18 
112 26 50.00 130 199 2.68 
112 29 50.00 130 200 9.18 
113 113 50.00 130 201 6.50 
113 114 50.00 130 204 6.50 
114 24 100.00 130 205 6.50 
115 246 100.00 130 206 0.94 116 241 100.00 130 209 2.68 117 246 100.00 130 222 0.94 
118 26 50.00 130 223 33.46 118 29 50.00 131 222 50.00 
119 266 10.87 131 226 50.00 119 269 89.13 132 192 100.00 120 241 100.00 133 45 28.04 
121 301 0. 71 133 215 6.02 
l2l 302 o. 71 133 216 6.02 
121 304 0. 71 133 222 31. 88 
121 305 l. 91 133 223 28.04 
121 306 l. 91 134 38 12.08 
l2l 316 8.38 134 203 3.84 
121 317 3.91 134 204 3.84 
121 318 3.91 134 205 34.78 
121 319 3.91 134 215 3.83 
121 320 5.81 134 216 12.08 
121 321 3.91 134 222 17.47 
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Table C-5. Consumptive Use Adjustment Prograr:i Output File, page 1of2 

-
OWR/RMA DELTA MODEL HYDROLOGY ENTRIES BY NOOE (CFS) 

DRAINAGES (ORN) ANO DIVERSIONS (DIV) FOR OCT - WATER YUR 91 
** NET CHANNEL DEPLETION ADJUSTED FROM -1506. (DICU) TO -1171. (SIM-1995.HYD) 

110011 ORN DIV 110011 DRll DIV 110011 DRll DIV 

1 5.20 22.98 77 0.00 1.58 153 o.oo 2.07 2 o.oo o.oo 78 0.25 1. 79 154 0.00 0.00 3 1.33 5.51 79 0.90 2.33 155 0.19 4.52 4 0.00 0.00 80 0.15 1.32 156 0.00 1.12 5 0. 77 3.34 81 0.00 1.U 157 0.00 0.00 
6 0. 32 1.54 82 0.00 1.79 158 0.00 1.55 7 0.00 5.32 94 0.00 0.81 159 0.00 2.67 8 0.90 2.81 85 0.32 1.20 160 o.oo o.ao 9 0.56 4.75 86 0.30 1.13 162 1.21 5.40 10 0. 81 6.93 87 0.00 o.oo 163 1.17 7. 84 11 0.76 6.86 88 0.00 0.00 164 o.oo 3.68 12 0.61 5. 54 99 0.00 1.15 165 1.75 0.00 13 0.72 7. e7 90 0.00 o.oo 151 0.00 0.00 14 0.20 3.31 91 0.00 0.28 157 0.15 2.07 15 0.39 o.oo 92 a.co 2.17 168 0.59 0.23 16 0.00 4.21 93 2.30 7.14 119 o. 81 0.23 17 0.00 0.00 94 0.00 0.00 170 0. 98 3.92 18 0.28 1.20 95 0.00 ·o.oo 171 0.43 1. 60 19 0.14 0.60 ,. 0.00 0.00 172 0.22 5.22 20 0.10 0.13 97 0.00 0.00 173 0.14 0.00 21 0. 62 3. 41 98 0.96 3. 74 174 0.21 1.92 22 0.00 3.24 " 0.00 0.00 175 0.14 3.12 23 0.50 1. 58 100 0.73 4.44 176 o. 11 2.89 24 0.24 3.13 101 0.00 0.00 177 0.24 4.43 25 0.12 2.10 102 0.00 0.00 178 0.30 0.17 26 0.29 3.59 103 0.00 0.00 179 0.00 4.29 27 0.00 0.00 104 0.07 3.15 181 0.00 0.00 28 0.00 0.00 105 0.07 3.87 182 0.00 1.54 29 0.21 2.73 106 0. 77 8. 11 183 0.00 0.98 30 0.11 1." 107 0. 46 20.98 184 0.00 o.oo 31 0.00 0.00 108 0.27 6. 92 185 0.00 0.00 32 0.34 7. 71 109 0.00 3.38 186 0.00 0.00 33 0.00 0.00 110 0.00 2.76 187 0.00 2.40 34 0.00 0.00 111 o. 97 3.04 188 0.00 2.02 35 1. 74 9.30 112 0.33 4.94 189 0.14 1.28 36 0.00 0.00 113 1.30 8.42 190 0.55 1.28 37 0.00 0.00 114 0.28 6. 45 191 0.46 1. 68 38 0.07 9.66 115 0.11 0.90 192 0.39 2.39 39 0.92 4.55 116 0.00 1.74 193 3.09 21.03 40 0.98 5.42 117 0.00 1. 51 194 a.co l.2a 41 0.37 7. so 118 0.00 3.19 195 0.35 1.27 42 0.16 1.83 119 0.00 0.52 196 o.oo 0.81 43 0.27 6.13 120 0.00 0.00 197 1.11 1.46 44 1.33 I. 92 121 0.78 0.74 ... 198 1. 46 34.72 45 2.58 22.27 122 0.00 0.87 199 0. 74 5.24 46 0.05 15. 49 123 0.00 0.00 I 200 1.46 3.01 47 0.00 12. 74 124 0.00 2.13 ' 201 1.21 6.29 48 a.es 0.82 12S 0.00 1.10 202 o.oo 0.30 49 0.00 1. 33 121 0.00 1.31 203 0.00 2.01 so 0.00 1. 74 127 0.00 1.31 204 1.10 2.36 Sl 0.33 2.24 128 0.00 1. 63 20S 1. 37 11. 67 52 0.00 3.08 129 0.00 0.00 206 0.10 4.28 53 0.07 1. 69 130 2.03 s. 71 207 0.00 0.00 54 0.04 1.96 131 0.00 0.00 208 0.00 0.00 55 0.24 0.52 132 0.00 0.00 209 1.09 6. 94 56 0 .18 0.52 133 0.00 4.89 210 0.00 0.21 57 0.00 0.00 134 0.00 0.00 211 0.00 1. 29 58 0.04 0. 92 135 0.41 0. 77 212 0.00 1. 36 59 0.04 0. 92 136 0.00 1. 09 213 o.oo 0.37 60 1. 79 1. 21 137 0.12 0. 61 215 0.47 5.42 61 0.00 2.05 138 2. 57 2.96 216 0.46 4.37 62 0.00 3.03 139 0.00 2. 96 217 0.00 0.00 63 3.06 13.49 140 0. 29 0.75 218 0.00 0.00 64 0.06 2.19 141 0.00 2. 44 219 0.00 0.28 65 0.10 o. 52 142 0.00 2.11 220 0.00 0.00 66 1. 37 4.78 143 0.29 1.45 221 0.00 0.00 67 1.30 14. 96 144 0.00 1.20 222 2.00 8.98 68 0.39 0.95 145 0.00 0.83 223 4.52 13.33 69 0.29 0.00 146 0.00 1. 94 224 0.07 1.29 70 1.57 4.29 147 0.00 2.22 225 0.00 0.00 71 0.00 5.53 148 0.85 4.17 226 0.50 14.25 72 0.00 0.23 10 0.85 0.23 227 0.00 0.00 73 0.00 0.29 150 4.14 14.33 228 0.00 0.00 74 0.00 0.29 151 0.00 3.04 232 0.00 4.39 75 0.00 0. 44 152 o.oo 0.81 238 o.oo 0.00 

-
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Table C-5. Consumptive Use Adjustment Program Output File, page 2 of 2 

D1f!VRMA Oii.i.TA MOD&L HYDROLOGY JUl'l'IUES BY llODB (C1'S) 
DRAmAGES (DRN) AND DIVERSIONS (DIV) FOR OCT - NATER 'BAR '1 .. KBT CllANNBL DEPLETION ADJtJSTBD FROM -1506. (DICO) TO -1171. (SIM-1995.BYD) 

NOD& DRN DIV 1100& DRN DIV 1100& DRN DIV 

239 0.00 0.00 316 2.67 31.07 39.5 0.00 0.00 
240 0.10 .5.63 317 0.95 11.411 397 0.00 0.00 
241 1. 1111 10.33 :us 10.16 29.46 3911 0.00 0.00 
242 1.13 12.26 319 2.55 15.64 3'9 0.00 0.00 
243 0. 67 3.92 320 5. 50 42. 511 401 0.00 0.00 
244 0.00 0.00 321 1.56 11.56 402 0.00 0.00 
245 1.03 4.30 322 0.00 0.00 403 0.00 o.oo 
246 l. 411 15.110 323 0.00 0.00 406 0.00 0.00 
247 0.19 5.92 324 o.oo 0.00 4011 0.00 0.00 
2411 0.00 0.00 325 0.00 0.00 409 0.00 0.00 249 0.00 0.00 326 0.90 4.32 410 o.oo o.oo 
250 0. 6' 4.10 327 0.00 0.00 412 0.00 0.00 
251 1.33 3.511 3211 0.00 0.00 413 0.00 0.00 
252 0.00 0.00 329 0.00 0.00 4111 o.oo 0.00 
253 II." 44. 311 330 0.11 11.111 420 o.oo 0.00 
254 0.00 0.00 331 0.11 11.111 421 0.00 0.00 
255 0.00 0.10 332 0.37 11.35 422 0.00 0.00 
256 0.00 0.112 333 1.70 6.36 425 0.00 0.00 
257 2. 38 15. 43 334 0. '1 13.70 4211 0.00 0.00 
258 0.00 0.00 335 12.115 5.04 433 0.00 0.00 
259 0.00 0.00 336 0.81 42.14 434 0.00 0.00 
260 0.21 7.26 337 3.31 3.02 436 o.oo 0.00 
261 0.00 0.00 3311 0.33 6. 80 438 0.00 o.oo 
262 o. 92 8.50 339 0.19 7.33 440 0.00 0.00 
263 0.00 0.00 340 0.03 11.90 441 o.oo 0.00 264 o. 71 4.86 341 0.00 9.20 443 0.00 o.oo 
265 0.00 0.00 342 0.52 6.10 445 0.00 0.00 266 1. 611 8.76 343 0.00 2.26 446 0.00 0.00 
267 0.00 0.00 344 0.0 6.55 447 0.00 0.00 2611 0.69 6.97 345 0.00 0.00 448 0.00 0.00 
269 0.86 1.11 346 0.00 1. 1111 40 0.00 0.00 
270 0.00 0.00 347 0.00 3.66 451 0.00 0 .. 00 
271 0.13 6. 27 3411 0.01 4.00 452 0.00 0.00 272 0.00 0.00 30 0.00 0.00 453 0.00 0.00 273 0.00 0.00 350 2. 36 13. 45 454 0.00 0.00 
274 0.63 4. 99 351 0.53 6.66 455 0.00 0.00 
275 0.00 0.00 352 1. 51 10. 79 456 0.00 0.00 276 0.110 6.50 353 0.10 4.59 457 0.00 0.00 277 0.00 0.00 354 0.52 13. 91 
278 0. 7' 15.77 355 0.52 12.64 
279 0.00 0.00 356 0.00 0.00 
280 0.82 1.01 357 0.00 0.00 
2111 0.00 0.00 358 0.00 0.00 
282 0.03 2.53 359 0.00 0.00 
283 0.00 0.00 360 0.00 0.00 
2114 0.00 3.44 361 0.00 0.00 
285 0.00 0.00 362 o.oo 0.00 
2116 0.07 3. 80 363 0.00 0.00 
287 0.00 0.00 364 0.00 0.00 
288 0.00 2.53 365 0.00 0.00 
289 0.00 0.00 366 0.00 0.00 
290 0.33 2. es 367 0. 00 0.00 
291 0 .00 0. 00 368 o. 00 0.00 
292 0 .03 3.37 371 0. 00 0.00 
293 0 00 0.00 372 0. 00 0.00 
294 o.oe 3.98 373 0. 00 0.00 
295 0. 00 0.00 374 0.00 0.00 
296 0. 01 2.02 375 0.00 0.00 
297 0. 01 •. 49 376 0.00 0.00 298 3. e4 4.50 377 0.00 0.00 
299 0. 07 2.12 378 0.00 0.00 
300 0.00 0.00 37' 0.00 0.00 
301 0.14 2. 84 380 0.00 0.00 
302 0.51 4.82 381 0.00 0.00 
303 0.22 4.21 3112 0.00 0.00 
304 0.12 7.31 383 0.00 0.00 
305 0.36 7.52 384 0.00 o.oo 
306 1.24 8.33 3115 0.00 0.00 
307 0.47 3. 71 386 0.00 o.oo 
308 0. 42 1. 48 3117 0.00 0.00 
309 0.00 0.00 3811 0.00 0.00 
310 2.03 0.00 3119 o.oo 0.00 
311 0.47 l. 89 390 0.00 0.00 
312 0.11 0.53 3'1 0.00 0.00 313 0.00 0.00 392 0.00 0.00 
314 4.20 19.54 393 0.00 0.00 
315 0.15 0.12 394 0.00 o.oo 

-
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Appendix D 

Leach Water 

An excerpt from the 1981 report entitled "Joint DWR and WPRS Delta Channel 
Depletion Analysis" follows (Joint 1981). 

The purpose of the leach water adjustment is to redistribute from one month to the next a 
certain volume of Delta inflow affected by the flooding and draining of the land for leaching 
purposes. 

The surveys mentioned in the introduction covered the Peripheral Canal service area 
comprising 175,500 acres of irrigated cropland. The surveys showed that no lands were 
flooded for leaching purposes prior to October 1 and essentially all lands were drained of 
leach water by the end of March. 

The following table presents the average land areas flooded in the Peripheral service area 
at the end of each month: 

(In 1000's of acres) 

September 30 0 

October 31 2.8 

November 30 6.8 

December 31 13.4 

January 31 5.9 
February 28 2.0 

March 30 0.13 

The above table represents only one-half (175900/350600) of the lowlands. Therefore 
these figures are doubled on the following table in column one to represent the total leaching 
in the lowlands. The land areas being flooded at the beginning and ending of each month were 
compared, and the differences are shown in column two. 

(In 1 OOO's of acres) 
Flooded at End of Change in Lands 

Month Flooded 

September 30 0 
October 31 5.6 +5.6 
November 30 13.6 +8.0 
December 31 26.8 +13.2 
January 31 11.8 -15.0 
February 28 4.0 -7.8 
March 30 0.3 -3.7 
April 30 0 -0.3 
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At a meeting with Gordon Lyford and George Sato it was agreed that we assume a dlpth 
of one foot of water ponded and another foot of water stored in the soil for a total depth of two 
feet. 

The leach water adjustment then, is two feet times the change in lands flooded. The 
following table represents the proposed adjustment to Delta inflow. Since Delta water 
requirements are subtracted from Delta inflow, a positive number represents a loss in inflow 
and a negative represents a gain in inflow. 

(In thousand acre-feet) 
Leach Water 

September 
October 

Adjustment 
+11.2 
+16.0 

November +26.4 
December -30.0 
January -15.6 
February -7.4 

March -0.6 
April 0 
May 0 
June 0 
Ju~ O 
August O 
Total O 
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Appendix E 

Irrigation and Drainage Factors for Delta Subareas 

An excerpt from the 1988 memorandum entitled "Irrigation and Drainage Factors 
for Delta Service Area Entities" follows (Irrigation 1988). 

For the approximately 350 channel nodes of the AMA model, irrigation and drainage 
factors were computed for 142 political entities within the Delta Service Area. 

Irrigation factors indicate what percentage of the entity's applied water leaves the channel 
in the proximity of a node of the AMA model. 

Drainage factors indicate what percentage of an entity's drainage water enters the channel 
in the proximity of a node of the AMA model. 

1977 land use sepia maps with entities delineated by cutting lines were used in 
conjunction with a 1987 inventory of irrigation and drainage facilities. 

Irrigation factors for either "Islands" ringed with irrigation facilities or "Tracts" with irrigation 
facilities along one. two, or three sides. The cross sectional area of each irrigation facility was 
computed. Siphon areas were not adjusted. Irrigation pump areas were adjusted by a factor of 
2. Floodgates were adjusted by a factor of 4. Adjusted areas were assigned to the nearest 
channel node and irrigation factors computed from the ratio of assigned adjusted area to the 
total adjusted cross-sectional area for the island. Record (or entities) numbers using this 
assumption are: 

1 15 34 53 65 96 
2 18 35 54 66 100 
3 19 37 55 67 107 
4 20 39 56 69 108 
5 22 41 57 71 111 
7 23 42 58 72 116 
8 25 47 59 74 119 
9 28 48 60 75 120 
10 29 49 61 80 131 
12 31 50 62 81 132 
13 32 51 63 82 138 
14 33 52 64 91 
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Irrigation factors for small land areas near OM or two channel nodes. Factors assigned by 
inspection. Record numbers using this assumption are: 

6 
11 
16 
17 
21 
24 
26 
27 

30 
36 
38 
43 
45 
46 
68 
70 

76 
84 
85 
86 
87 
88 
89 
90 

95 
97 
98 
99 
104 
105 
106 
109 

110 
112 
113 
114 
115 
117 
118 
123 

124 
127 
139 
142 

Irrigation factors for large land or water areas not fitting into the first two irrigation 
categories. Factors were computed for channel nodes. based on land and water areas 
assigned to the nearest node. Record numbers using this assumption are: 

40 79 101 125 133 
44 83 102 126 134 
73 92 103 128 135 
77 93 121 129 136 
78 94 122 130 137 

140 
141 

Drainage factors for islands with two or more drainage pumping plants. A percentage of 
the total island discharge was assigned to the nearest channel node for each pumping plant 
based on the total cross sectional area of the discharge pipe&of each pumping plant. Record 
numbers using this assumption are: ·. l 

001 012 029 041 059 078 
002 013 031 050 060 079 
003 015 032 051 061 082 
004 018 033 052 064 087 
005 020 034 053 065 107 
008 023 035 055 071 111 
009 025 039 058 072 119 
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Drainage factors for islands with one drainage pumping plant that discharges near a 
channel node. 100 percent of the drainage was assigned to the nearest channel node. Record 
numbers using this assumption are: 

007 027 054 075 094 114 
010 028 056 080 096 115 
011 030 057 081 097 116 
014 042 062 083 099 117 
016 043 063 084 104 120 
017 044 066 086 105 127 
021 045 067 088 106 128 
022 047 069 089 108 132 
026 049 074 090 109 138 

139 
Drainage factors for islands with one drainage pumping plant that discharges somewhere 

in between two channel nodes. A percentage of the total island discharge was assigned to 
each adjacent node based on distance from the point of discharge. Record numbers using this 
assumption are: 

37 46 48 131 

Drainage factors for undesignated areas. Undesignated areas are unlike islands in that 
they are large stretches of land that skirt the Delta Service Area covering several 7-1/2 minute 
quad sheets. Drainage factors were computed for the closest channel node based on land 
area. Record numbers using this assumption are: 

92 
93 

102 
103 

121 
122 

125 
126 

129 
130 

Drainage factors for water surfaces. No drainage factors were computed. Record numbers 
using this assumption are: 

133 
134 

135 
136 

137 
140 

141 
142 
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DrainJge factors for small entities that don't fit into the other categories. Factors derived 
by inspection. Record numbers using this assumption are: 

6 
19 
24 
36 
38 
40 

68 
70 
73 
76 
77 
85 

91 
95 
98 
100 
101 
110 

112 
113 
118 
123 
124 
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Appendix F 

Sensitivity Plots 
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Figure F-2. DICU Model Results: 1925 
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Figure F-3. DICU Model Results: 1926 
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Figure F-4. DICU Model Results: 1927 
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Figure F-5. DICU Model Results: 1928 

-126-

JUL AUG SEP 

JUL AUG SEP 



! 
~ 
u. 

"' N 

0 

~ 

:'! 

~ 

e 

... 

0 

OCT 

OCT 

NOV DEC 

NOV DEC 

DICU land l.80 

.1929 land ..... 

Estimation of Delta Island Diversions and Return Flows 

Twitchell Island Diversions 

JAN FEB MAR APR MAY JUN JUL AUG SEP 

Twitchell Island Drainage 

JAN FEB MAR APR MAY JUN JUL AUG SEP 

Figure F-6. DICU Model Results: 1929 
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Figure F-7. DICU Model Results: 1931 
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Figure F-8. DICU Model Results: 1938 
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Figure F-9. DICU Model Results: 1948 
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Figure F-10. DICU Model Results: 1960 
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Appendix G 

Glossary 

Applied Irrigation water (IA) - irrigation water applied through siphons, floodgates and 
pumps. 

Channel Depletion - In this report, water removed from the channels through irrigation 
facilities plus seepage available to plants. 

Consumptive Use (CU) - designates the amount of water actually consumed through 
evaporation, transpiration and soil moisture storage. 

Consumptive Use of Applied Water (CUAw) - amount of applied water used to supply 
consumptive use demands. 

Consumptive Use of Precipitation (CUp) - amount of precipitation used to supply 
consumptive use demands. In DICU model bookkeeping, CU5 is included as part ofCUp. 

Consumptive Use of Seepage (CU8 ) - amount of seepage used to supply consumptive use 
demands. In DICU model bookkeeping, this value is listed as part of CUp. 

Delta Consumptive Use - see "Total Consumptive Use". 

Delta Island Consumptive Use (DICU) - soil moisture budget model for estimating 
consumptive use. 

Delta water requirement- see "Total Consumptive Use". 

Department of Water Resources Delta Simulation Model (DWRDSM) - a model used 
to simulate Delta hydrodynamics and water quality. 

Department of Water Resources Planning Simulation Model (DWRSIM) -a 
statewide water allocation model used to simulate the Central Valley Project and the State 
Water Project systems. 

Diversion - see "Channel Depletion". 

Drainage - See "Returns". 

Evaporation Pan - In this report "evaporation pan" refers to a U.S. Weather Bureau 
Class A evaporation. 

Evapotranspiration (ET) - The quantity of water transpired by plants, retained in plant 
tissue, and evaporated from plant foliage from surrounding surfaces and from adjacent soil. 

Field Capacity-The volume of water remaining in a well-drained soil when velocity of 
downward flow into unsaturated soil has become negligible. It is expressed as a percentage 
of weight of oven dry soil or as a soil moisture tension value. 

Gross channel depletions (GCD) - see "Total Consumptive Use". 

Growing Season -A period during which crops experience their greatest growth and 
water use. 
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Internal Delta Net Use - see "Net Channel Depletion". 

Irrigation Drainage - See "Drainage". 

Irrigation Efficiency (t]) - The ratio of minimum irrigation requirement to applied 
irrigation water. 

Leach Water (LW) - heavy applications of water made periodically to leach salts from the 
root zone. 

Minimum Irrigation Requirement (Applied Water Requirement or IR) - amount of 
water required to be delivered to a field headgate for irrigation purposes. 

Net channel depletions (NCD) - on a Delta-wide basis, the difference between total 
Delta diversion and total Delta drainage for a given period of time. 

Neutron Probe -An instrument, based upon the principle of neutron moderation, for 
determination of soil moisture content. 

Pan - See "Evaporation Pan". 

Precipitation (P) -The deposition of water from the atmosphere upon the Earth's surface 
in the form of rain, snow, sleet, mist or hail. 

Returns - In this report, water returned to the channel through irrigation facilities. 

Riparian Vegetation - Vegetation growing on the banks of a stream or other body of 
water. 

Root Zone - The portion of the soil profile through which plant roots readily penetrate to 
obtain water and plant nutrients, expressed in inches or feet of depth. 

Rooting Depth - The portion of the soil profile containing nearly all of the plant roots. 

Runoff (RO) - excess moisture th::it is created when the amount of moisture in the soil is 
greater than the field capacity. 

Seepage (S) - water that seeps from channels onto islands in the Delta Lowlands because 
of the head difference between water elevations in the channels and water elevations in 
drainage ditches in the islands. 

Soil Moisture (SM) - the amount of water available to plants that is stored in the rooting 
zone. Usually expressed as a percentage of the dry weight of the soil. 

Soil Moisture Change (Soil Moisture Depletion) - normally, the loss in soil moisture 
per unit time resulting from transpiration and surface evaporation. The change may 
become a positive value as a result of precipitation or irrigation. 

Solar Radiation - short-wave energy originating from the sun. Solar radiation is the 
earth's principle source of energy. 

Subarea to Node Allocation Program (NODCU) - a program used to determine 
irrigation diversions and drainage volumes, assign drainage salinity concentrations for 
each DICU subarea, and allocate volumes and concentrations to DWRDSM nodes. 

Total Consumptive Use (TCU)- see "Consumptive Use". 

Transpiration - the process by which water vapor is transferred to the atmosphere 
through living plants. 
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