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INTRODUCTION 

The Yolo County Flood Control & Water Conservation District 

(District), working with landowners within the Yolo-Zamora Water 

District (YZWD), has investigated the feasibility of implementing a 

conjunctive water use project within the YZWD.  This investigation 

was made possible with grant funding from the State of California, 

Department of Water Resources (DWR) “Groundwater Storage 

Feasibility Study/Pilot Project,” Grant Contract No. F90002.  The 

location of the District in relation to the YZWD is shown on Map 1. 

 

The YZWD was planned to be the recipient of supplemental surface 

water supplies from the Tehama-Colusa Canal Project when it was 

extended into Yolo County in the late 1960’s.  However, this never 

materialized.  The Tehama-Colusa Canal was terminated at Bird 

Creek, just northwest of the YZWD with the Dunnigan Water District 

being the southern-most district served.  The YZWD was the only 

entity, of the seven planned, to not receive water for irrigation from the 

project.  As a consequence, water needs within the YZWD are met 

entirely from groundwater supplies.  This reliance on groundwater has 

resulted in subsidence, in excess of five feet, being documented in the 

area over the last 50 years. 
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Recognizing the situation within the area of the YZWD as well as 

areas north of Woodland where water needs are met entirely from 

groundwater supplies, the District has long supported the concept of a 

conjunctive water use project within the area and has pursued such a 

project informally on a couple of occasions in the past.  The funding 

made available by DWR for this feasibility study has facilitated a more 

complete assessment of the opportunity and potential for the District to 

assist the YZWD in this regard. 

 

To perform this feasibility study, the District contracted the 

engineering services of Wood Rodgers, Inc.  The services of the Water 

Resources Association of Yolo County (WRA) were utilized to assist 

with the public involvement component of the work. 
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BACKGROUND 

The District, upon completing construction of Indian Valley Dam and 

Reservoir in 1975, determined the opportunity existed to expand the 

conjunctive use of surface water and groundwater.  This opportunity 

and interest on the part of the District was reaffirmed when the Board 

of Directors adopted its Water Management Plan (Plan) in October 

2000.  The District’s Plan identified two areas where opportunity 

appeared to expand the conjunctive water use to enhance groundwater 

storage.  Two action items were outlined in the District’s Plan to 

address these areas.  These two areas involve lands fully developed for 

agriculture and rely almost entirely on groundwater for irrigation.  One 

area is west and north of the City of Woodland and the other area is 

the YZWD. 

 

For the reasons stated above, the District applied for grant funding to 

investigate the feasibility of more efficiently utilizing water supplies 

available from the District’s Cache Creek System, i.e., Cache Creek, 

Clear Lake, and Indian Valley Reservoir, while providing 

environmental benefits consistent with goals of the County and 

resource agencies.  It was anticipated the efficient use of these water 

supplies would increase groundwater storage to enhance the 

groundwater supply for the YZWD to avoid or minimize additional 

land subsidence in the area as a result of groundwater extraction.  Land 
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subsidence reportedly has adversely affected wells in the area, as well 

as increasing the extent of flooding from drainage along the Colusa 

Basin Drain.  The project envisioned for this conjunctive use project 

involves improved management of available water supplies and 

opportunities for environmental benefits, and improvements to the 

District’s existing West Adams Canal system and China Slough, a 

natural but substantially modified storm drainage channel. 

 

The District has easements and rights-of-way along its canal system; 

however, easements along China Slough would need to be obtained 

from landowners to facilitate performing operations and maintenance 

activities in that area. 
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PUBLIC INVOLVEMENT 

The public involvement part of this feasibility study was an important 

part of the overall work.  Accordingly, at the onset of the work, the 

District developed an approach to deal with:  (1) the prospective water 

users, and (2) the general public including the water users. 

 

The involvement of the prospective water users was dealt with in 

creating a Project Advisory Group (PAG).  The PAG was comprised 

of water users/landowners within the District and within the YZWD.  

From May 2002 to March 2003, nine meetings of the PAG were held 

throughout the course of the study with landowners and water users to 

obtain input and guidance on alternative projects, the analyses, and 

ultimately the feasibility of the concept.  The analyses and results of 

the input and guidance received from the PAG are embodied in this 

report. 

 

With respect to the involvement of the general public, one public 

workshop was held in Woodland on January 30, 2003.  This workshop 

was conducted by the WRA. 

 

Additionally, WRA staff held extensive communications with local 

and regional agricultural and urban water agencies; environmental and 

public interest groups; and local environmental leaders to gain an 
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understanding of their issues, viewpoints, and concerns related to the 

proposed conjunctive water use project.  The results of the public 

involvement effort by the WRA are summarized in Appendix A. 
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STUDY AREA 

This section of the report provides background resource information 

on the study area that is generally the YZWD as delineated on Map 1. 

 

Land Use 

DWR compiled land use information for Yolo County in 1961, 1973, 

1976, 1981, 1989, and 1997.  The land use data compiled for 1989 and 

1997 is available in electronic form and is used herein to describe the 

study area.  Presented on Map 2 and Map 3 are the land uses in Yolo 

County in 1989 and 1997.  The respective land uses for the YZWD in 

relation to Yolo County are summarized on Table 1 for 1997.  As 

noted, the YZWD represents only three percent of the County.  The 

gross area within the YZWD is 22,332 acres including “islands” or 

parcels excluded from within “legal” boundaries of the YZWD.  As 

indicated on Table 2, the area is fully developed with field and truck 

crops comprising about 82 percent of the land.  Land in urban-type 

uses represents just less than 3 percent of the area. 

 

Water Use 

Water used for agricultural, urban, and domestic uses within the study 

area is entirely from groundwater supplies.  An estimate of the 

magnitude of water use was made for agricultural production for 

“normal” and “critical dry” years utilizing unit water use figures 
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developed by DWR (Table 3).  Using the unit water use figures an 

estimate of the total agricultural water use for irrigation was made for 

“normal” hydrologic conditions.  These results are presented on 

Table 4.  As shown on Table 4, the average applied water for the 1997 

crop mix is 2.36 acre-feet/acre. 

 

Groundwater 

Groundwater, general levels and historic behavior over time, is best 

represented by well hydrographs and groundwater contour maps.  

Groundwater levels are monitored by the District, the U. S. Bureau of 

Reclamation, and DWR, and compiled in an overall groundwater 

database maintained by DWR.  However, at this time groundwater 

data gathered by other districts, cities, and the County are not 

forwarded to DWR to compile in the database.  Information compiled 

for selected wells in the study area is presented on groundwater level 

hydrographs on Figure 1and Figure 2.  In general, the groundwater 

levels in the area, after having gone through the 1976/77 drought and 

the 1987/1992 drought, have held up very well.  The water levels 

declined during the drought years, however, recovered reasonably well 

following the drought.  Presented on Map 4 is a representation of the 

spring to fall changes in groundwater levels in Yolo County for 2002.  

As indicated, the seasonal drawdown in the study area is somewhat 

greater than the balance in the County. 
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Subsidence 

The east side of Yolo County, generally from Davis to Woodland and 

to the Yolo Zamora area, is susceptible to subsidence.  This is well 

documented from early surveys conducted by DWR in cooperation 

with the U. S. Geological Survey as shown on Figure 3, which shows 

information up to 1981.  More recent subsidence surveys are being 

performed as part of a subsidence monitoring program implemented as 

a cooperative effort on the part of districts, cities and the County, and 

DWR.  The original Global Positioning System survey to establish a 

subsidence monitoring network in Yolo County was accomplished in 

1999.  A network survey was conducted in 2002, with the next survey 

is scheduled for 2005.  The results of the surveys conducted in 2002 

are presented on Figure 4.  The surveys were performed in July-

August, when groundwater pumping is at or near the seasonal 

maximum, thus the readings may be affected by the elastic behavior of 

the ground when groundwater pumping is occurring.  Generally it 

would be best to obtain the data in the spring after the land would have 

had an opportunity to “rebound” and pumping for irrigation is 

generally minimal.  Assuming the behavior of the ground in relation to 

pumping was similar from 1999 to 2002, the data compiled does 

represent relative ground movements in response to groundwater 

pumping.  Referring to Figure 4, it can be seen that the greatest ground 

lowering occurred in the study area.  Referring back to Figure 2 and 
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Figure 3, it would appear, although no groundwater level readings 

were reported in 1999, that groundwater levels during this 1999-2002 

period remained relatively constant.  If, in fact, the decrease in land 

elevation of up to seven centimeters occurred during this period, it 

may be the result of groundwater lowering that occurred during 

previous drought periods. 
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WATER SUPPLY ALTERNATIVES 

The concept of the conjunctive water use project and the grant 

application was based upon utilizing the District’s existing water 

supply to provide supplemental water for irrigation within the YZWD.  

During the course of the study and from input received during the 

PAG meetings, it became desirable to examine other water supplies.  

Accordingly, the study was expanded to consider utilizing “winter” 

water from Cache Creek and the Colusa Basin Drain.  Although the 

Colusa Basin Drain is an element of the Sacramento River System, the 

Sacramento River was not considered in the water supply alternatives.  

As a result of work completed previously by the District, working with 

other water purveyors in both Yolo and Solano counties, the District 

filed applications for appropriating water from the Sacramento River.  

The City of Woodland and the City of Davis, jointly with the 

University of California, Davis, are investigating the feasibility of 

utilizing water under this application. 

 

Each of the alternative water supplies considered for this feasibility 

study are discussed below. 

 

District’s Cache Creek System 

The District’s surface water supply consists of the Cache Creek 

System, which includes Cache Creek upstream of the Capay Diversion 
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Dam, Clear Lake, and Indian Valley Reservoir.  The respective 

facilities are shown on Map 5.  The water supplies available from the 

District’s Cache Creek System are the result of water rights acquired 

or appropriated on its own behalf.  These water rights are summarized 

below. 

 

Surface Water 

Riparian Rights – The District owns land on Cache Creek and the 

North Fork Cache Creek that have riparian rights.  These rights are 

used for purposes of irrigation and hydroelectric power generation. 

 

Pre-1914 Water Rights – The District has an 1855 priority right to 

the natural flow of Cache Creek, and 1912 priority right to store 

water in Clear Lake to El. 7.54 on the Rumsey Gage for later 

release and beneficial use, including irrigation, municipal use, and 

hydroelectric power generation.  These rights allow for the storage 

of 313,000 acre-feet in Clear Lake. 

 

Post-1914 Water Rights – The District has permits for Indian 

Valley Reservoir, which allow for the storage of 300,000 acre-feet 

during the winter for later release for irrigation and to generate 

hydroelectric power. 
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The District has also filed an application to appropriate up to 

90,000 acre-feet from Cache Creek.  This water is intended for 

groundwater storage. 

 

Groundwater 

To the extent the District delivers water into an area that becomes 

part of the underlying groundwater, the District may claim a right 

to that water. 

 

The various components of the District’s water supply system are 

described below. 

 

Clear Lake – Clear Lake is a large shallow natural body of water 

with a surface area of approximately 44,000 acres when full, and 

has a maximum depth of approximately 50 feet.  The lake is 

operated under the terms of the “Solano Decree” (February 1978).  

This decree stipulates the amount and rate by which the District 

can withdraw water between the limits of zero and 7.54 feet on the 

Rumsey Gage, which is located on Clear Lake at Lakeport.  Zero 

on the Rumsey Gage is regarded as the natural rim of the lake.  At 

zero, water ceases to flow into Cache Creek.  Runsey Gage 7.54 

feet is considered a “full” lake with 313,000 acre-feet of storage.  

The District’s allowable withdrawal from Clear Lake is determined 
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by the stage of Clear Lake on May 1.  The maximum withdrawal is 

150,000 acre-feet.  If the stage of Clear Lake is 3.22 feet or less on 

the Rumsey Gage on May 1, the District may not withdraw any 

water to deliver downstream of Cache Creek Dam that season.  

Clear Lake provides no carryover storage.  Therefore, the District 

attempts to use its full allowable withdrawal each year. 

 

The District owns and operates Cache Creek Dam, a conservation 

structure constructed on Cache Creek approximately five miles 

downstream of Clear Lake.  The structure, constructed in 1914, is 

approximately 49 miles upstream from the District’s Capay 

Diversion Dam. 

 

The District, in cooperation with the U.S. Geological Survey 

(USGS), operates and maintains a stream gage approximately 400 

feet downstream of the Cache Creek Dam. 

 
Indian Valley Dam and Reservoir – In 1975, the District 

completed construction of the Indian Valley Dam and Reservoir.  

The Indian Valley Dam and Reservoir are owned and operated by 

the District.  The dam and reservoir are located on North Fork 

Cache Creek approximately 54 miles upstream from the District’s 

Capay Diversion Dam. 
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When full, Indian Valley Reservoir has a surface area of 

4,000 acres and a total storage capacity of 300,600 acre-feet.  Forty 

thousand acre-feet of the reservoir storage is dedicated to flood 

control.  Unlike Clear Lake, Indian Valley Reservoir provides 

carryover storage. 

 

The District, in cooperation with the USGS, operates and 

maintains a stream gage on the North Fork Cache Creek near 

Highway 20. 

 

Cache Creek – Downstream of Clear Lake and Indian Valley Dam 

and Reservoir, the most significant streams are Long Valley Creek, 

a tributary to North Fork Cache Creek, and Bear Creek.  All 

precipitation in the Cache Creek watershed occurs as rainfall.  

Thus, runoff drops off sharply following winter and spring rainfall. 

 

DWR operates and maintains a stream gage on Cache Creek near 

Rumsey.  The District, in cooperation with the USGS, operates and 

maintains a stream gage on Cache Creek near the town of Yolo. 
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System Operation/Water Supply 

As noted above, the operation of Clear Lake is governed by court 

decrees with very specific provisions affecting the amount and timing 

of water releases from Clear Lake.  Indian Valley, on the other hand, 

has a great deal of flexibility from an operational standpoint. 

 

The District’s basic management objective of its water supply system 

is to utilize runoff in Cache Creek first.  If runoff in Cache Creek is not 

sufficient to meet the irrigation demand, the District will withdraw 

from Clear Lake in accordance with the Solano Decree.  Once the 

District compiles its “water orders” and estimates its seasonal demand, 

the District will then determine the amount of water required from 

Indian Valley Reservoir.  Releases from Indian Valley Reservoir are 

made to augment releases from Clear Lake on as uniform a basis as 

possible.  In years when inadequate water supplies are available from 

Clear Lake, the District will withdraw water from Indian Valley 

Reservoir.  Water supplies from Indian Valley Reservoir are used to 

meet current year demand.  The facility is not operated to maximize 

carryover storage.  Although Indian Valley Reservoir was designed to 

provide a firm yield of approximately 55,000 acre-feet, the District 

determined it was most efficient, from a water management 

standpoint, to operate to meet demand in a given year even though 

there may be no water available in subsequent years.  This was the 
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case in 1990, when the District had little or no water to deliver from 

Clear Lake or Indian Valley.  This operational strategy maximizes 

storage in the groundwater basin, which is the most efficient reservoir 

available to land within the District.  If Indian Valley were operated on 

a firm yield basis, the frequency and magnitude of flood spills would 

be greater than under current operations.  Water “dumped” as a flood 

spill is essentially lost from the standpoint of Yolo County. 

 

A reservoir operations model was developed to characterize the water 

supply and reliability of the supply available from the Cache Creek 

System.  The model was developed to simulate operations for the 

hydrologic period 1921-2002.  The model was constructed using 

MIKE-BASIN software developed by the Danish Hydraulic Institute, 

and is run inside Microsoft Excel.  MIKE BASIN processed 

quantitative data and Excel managed the operating rules stipulated in 

the Solano Decree through macros in Visual Basic Computer Code.  

The model provides flexibility to some of the input variables such as 

irrigation diversions, winter diversions, and simulation time periods, 

decision criteria for Indian Valley operations was used to develop the 

operations model.  The results of the operation in terms of annual 

water delivery and reliability of meeting that demand are presented on 

Figure 5.  The existing system demand (diversion at Capay) over the 

past years ranged from approximately 130,000 to 209,000 acre-feet.  
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The highest system demand of 209,000 acre-feet was used to represent 

the District’s demand at Capay in all years.  This is conservative from 

the standpoint of the water users within the District; however, for the 

purposes for which it being used, it was deemed appropriate.  Based 

upon the operations model, the reliability of providing 209,000 acre-

feet/year is approximately 67 percent as shown on Figure 5. 

 

Water delivered to the study area will be subordinate to water 

delivered to water users within the District.  Accordingly, the 

reliability of providing various amounts of supplemental water 

supplies to the study area was determined.  The results of this analysis 

are presented on Figure 6.  As illustrated on Figure 6, the reliability of 

supplemental water supplies of 5,000 to 10,000 acre-feet is about 67 

percent, and the reliability of greater amounts decreases rather sharply.  

Accordingly, for purposes of this study it appears a conjunctive use 

project using the District’s existing water supplies should be sized on a 

water supply of 10,000 acre-feet. 

 

Cache Creek “Winter” Water 

As noted previously, the District has filed an application to appropriate 

water from Cache Creek as part of a groundwater recharge/recovery 

project.  To utilize “winter” water from Cache Creek for a conjunctive 

use project in the study area, will require storage.  The concept 
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envisioned would be to provide seasonal storage whereby water, when 

available, would be diverted in the non-irrigation season to storage, 

and withdrawn to meet irrigation demands in the summer.  To 

characterize the availability of “winter” water from Cache Creek, the 

reservoir operations models were used.  A winter diversion capacity of 

100 cfs was assumed for purposes here.  Presented on Figure 7 is the 

reliability of a “winter” water supply from Cache Creek. 

 

Colusa Basin Drain “Winter” Water 

The water in the Colusa Basin Drain is fully appropriated in the 

summer, however, during the period of September through April, 

based upon research performed by the District in filing an application 

in 1994 for appropriating water from the Sacramento River, water 

would be available for appropriation virtually every year, thus 

constituting a “firm” water supply. 

 

The quality of water from the Colusa Basin Drain is of concern to the 

City of Sacramento and other downstream users of the Sacramento 

River for municipal water supplies.  Data recently compiled on water 

quality of the Colusa Basin Drain was examined from the standpoint 

of its suitability for irrigation.  The information compiled and 

evaluated is presented in Appendix B.  From this examination of the 

water in the Colusa Basin Drain, it appears the high sodium absorption 
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ratio of the water combined with the fine-grained soil in the study area 

have the potential to put a significant amount of sodium into the soil 

thereby resulting in reducing infiltration rates.  A careful assessment of 

the soil-water management will be required for the use of this water. 
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PROJECT ALTERNATIVES 

In working with the PAG, four alternatives were identified for 

delivering various sources of supplemental water to the study area for 

irrigation.  The respective alternatives are as follows: 

 

§ Alternative No. 1. – District Water with West Adams Canal 
Conveyance 

 
§ Alternative No. 2 – District Water with Cache Creek 

Conveyance 
 
§ Alternative No. 3 – Cache Creek “Winter” Water with 

Seasonal Storage 
 
§ Alternative No. 4 – Colusa Basin Drain “Winter” Water with 

Seasonal Storage 
 

A description of each alternative follows. 

 

Alternative No. 1 

Alternative No. 1 is based upon using surface water from the District’s 

Cache Creek System when available.  The availability of the water 

supply is predicated on meeting the demands of the District’s water 

users first.  The water would be diverted at the Capay Diversion Dam 

into the West Adams Canal.  The water would flow through the 

District’s West Adams Canal, East Adams Canal, and Acacia Canal, 

from which the water would be delivered to China Slough.  The layout 

of the respective facilities is presented on Map 6. 



YCFCWCD-YZWD Conjunctive Water Use Feasibility Study – Final Report  

 

 

August 5, 2003 ENGINEERING  Page 22 
 

  

 

D 

R 

A 

F 

T 

Water Supply 

Referring to Figure 6, it appears the maximum reasonable water 

supply would be approximately 10,000 acre-feet.  This supply is 

available approximately 67 percent of the time or 6.7 years out of 

10.  The system was operated such that a full water supply or no 

water was available.  The system was not operated to deliver a 

partial supply. 

 

Service Area 

Using a water supply of 10,000 acre-feet and an average water use 

of 2.36 acre-feet/acre indicates that approximately 4,200 acres 

could be irrigated.  Assuming approximately 10 percent of the land 

is utilized as farm buildings, roads, etc., a gross service area of 

approximately 4,700 acres or approximately 22 percent of the 

YZWD. 

 

Facilities Improvements 

As described earlier for Alternative No. 1, the District’s existing 

system would be modified to accommodate water delivery to the 

study area.  Delivering water to the study area during the summer 

will necessitate enlargement of the existing facilities.  Currently, 

the District has no design criteria by which to evaluate the capacity 
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of existing facilities or for designing new facilities.  Accordingly, 

design criteria was developed for purposes of determining the 

capacity required to serve the study area and for evaluating the 

existing system.  A discussion of the considerations given to 

formulating a design criteria is summarized below. 

 

Formulating Design Criteria – The basis for sizing irrigation 

facilities must consider the level of service provided to the water 

users.  From the standpoint of farm and water management, 

providing as much flexibility as possible would be desirable.  

Accordingly, from the standpoint of formulating design criteria for 

the District with the long-term prospects of system modernization 

and providing the water users flexibility in management and 

irrigation technology, a “demand” system would be desirable.  A 

“demand” system will allow the water users to irrigate with no 

constraints or “congestion” imposed on the water users.  A 

“demand” system can be advantageous to the water users; 

however, unless the District’s system is designed appropriately it 

can result in increased spills or reduced efficiencies on the part of 

the District unless the spills are recoverable.  On the other hand, 

features such as re-regulating reservoirs, similar to Chapman 

Reservoir on the District’s Winters Canal, can be incorporated into 

the system at strategic locations to minimize or eliminate non-
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recoverable spills.  For purposes of this feasibility study, no 

attempt was made to evaluate the West Adams Canal system for 

such facilities.  This analysis is limited to the canal capacity 

analysis. 

 

References for canal sizing that recognize the needs of the water 

users include work completed by: 

 

1. Clement, R., Le Calcul des Debits dans les Canalisations 

d’Irrigations.  Journees d’etudes sur l’Irrigations, 27-30 June, 

1955, Association amicable des Ingenieurs du Genie rural, 

Paris 19, Avenue du Maine, pp. 29-40, 1956. 

 

2. Clemmens, Albert J., canal Capacities for Demand Under 

Surtace Irrigation, Journal of Irrigation and Drainage 

Engineering, ASCE, Vol. 112 No. 4. Nov. 1986. 

 

The relationships developed by Clement take into account 

particular aspects of the service area including turnout capacity, 

time the system is in service, and the probability or degree of 

reliability that water will be available when required by the water 

user. 
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The relationships developed by Clemmens represents a “demand” 

and “arranged” service system.  Under the “demand” system the 

water user can open and close the turnout without coordination 

with the District.  Under the “arranged” system, the water user 

coordinates the opening and closing of the turnout with the 

District. 

 

Using both references, calculations were performed to develop 

comparative design criteria for canal sizing.  A memorandum 

addressing the analysis is presented in Appendix C.  The results of 

the analysis are presented on Figure 8. 

 

Evaluation of Existing System 

The upper reach of the West Adams Canal from the Capay 

Diversion Dam to the Hungry Hollow Canal turnout is in need of 

repair.  Physical data on the West Adams Canal are not available to 

evaluate the existing capacity in relation to the capacity required to 

serve the study area or a desired “target” level of service.  

Accordingly, the West Adams Canal, East Adams Canal, Acacia 

Canal, as well as China Slough, were surveyed during the 

irrigation season of 2002, to complete the work within the time 

frame of the grant.  In view of the time frame, the survey could not 

be as complete as it would have been if the work had been 
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performed when the system was out of service.  However, the 

information provides an inventory of the system and was suitable 

for evaluating the existing capacity and assessing modifications 

required to accommodate the capacity to modernize the system and 

serve the study area. 

 
The capacity of the existing system was estimated throughout the 

entire reach of the canal system presented on Map 6.  The existing 

capacity is presented on Plan and Profile Drawings in Appendix D.  

Also presented is the design flow for the system with and without 

service to the study area under the “demand” design criteria.  The 

same information is presented on drawings in Appendix E for the 

system with and without service to the study area under the 

“arranged” design criteria. 

 

Alternative No. 2 

Alternative No. 2 is based upon using surface water from the District’s 

Cache Creek System similar to Alternative No. 1.  Rather than water 

being diverted into the West Adams Canal, water would be allowed to 

pass the Capay Diversion Dam and conveyed in Cache Creek down to 

Interstate 5 where the water would be diverted and delivered to China 

Slough.  It is recognized that water would be lost to the District’s 

delivery system due to percolation along the reach of Cache Creek 

from County Road 85 to Interstate 505; however, recoverable by 
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groundwater extraction.  On the other hand, water that currently spills 

from the end of the West Adams Canal through the Salsbury Spill, just 

upstream from County Road 94B, would be recoverable.  In addition, 

conveying water throughout the entire reach of Cache Creek from the 

Capay Diversion Dam to Interstate 5, may be advantageous in relation 

to assisting Yolo County to fulfill some of its goals for environmental 

restoration as presented in the Cache Creek Resources Management 

Plan. 

 

A modification of this alternative, which has been considered by the 

District, previously, although not examined in this study, would be to 

recover the water in the vicinity of the District’s existing Moore Canal 

crossing of Cache Creek and diverting the water to the lower reach of 

the West Adams Canal. 

 

Water Supply 

The water supply available for Alternative No. 2 is considered the 

same as for Alternative No. 1, i.e., 10,000 acre-feet with a 

reliability of 67 percent.  For purposes of this study it is assumed 

the losses along Cache Creek would be made up through the 

recovery of water flowing through the Salsbury Spill. 
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Service Area 

The gross service area for Alternative No. 2 would be 4,700 acres, 

the same as for Alternative No. 1. 

 

Facilities Required 

The facilities required for Alternative 2 are presented on Map 7.  

The primary facilities include a diversion structure in Cache Creek 

to create a forebay for a new pump station.  The pump station 

required for Alternative No. 2 includes a diversion structure that 

would discharge into a buried pipeline and convey the diverted 

water to the head of China Slough.  The improvements to China 

Slough consists largely of clearing and establishing a road for 

operations and maintenance and construction of check structures at 

various locations to create a forebay from which water users could 

pump water for irrigation.  It is anticipated the water users would 

install portable units similar to current diversions along the Acacia 

Canal. 

 

Diversion Dam – It is anticipated that a diversion dam consisting 

of an inflatable rubber dam similar to the one installed at the Capay 

Diversion Dam would be constructed immediately upstream of the 

Interstate 5 bridge.  The dam would be 10 feet high and 

approximately 100 feet long.  The dam would be inflated to create 
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the forebay for the pump station.  When not required for diverting 

water, the dam would be deflated. 

 

Pump Station – The pump station would be designed to deliver 

115 cfs to the head of China Slough.  The pump station would be 

equipped with three 450 hp units and one 250 hp unit.  One of the 

450 hp units would be a standby unit and used in the event one of 

the other units was down for repair or servicing.  The intake to the 

pump station would be cylindrical stainless steel wedge-wire 

screens with an air-scouring cleaning system. 

 

Conveyance Pipeline – Approximately 12,300 lineal feet of 60-

inch diameter pipe will be required to deliver water from the pump 

station to the head of China Slough.  

 

China Slough Improvements – As noted in Alternative No. 1, 

China Slough currently has adequate capacity for irrigation.  The 

channel will be cleaned and an operating road will be constructed 

along the entire length to facilitate operations and maintenance of 

the channel, as well as to facilitate locating portable pumping unit 

by individual water users.  An estimated eight check structures will 

be required to control the water level in China Slough to facilitate 

pumping by adjacent water users. 
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Alternative No. 3 

Alternative No. 3 is based upon using surface water made available by 

diverting water from Cache Creek during winter months to a storage 

facility in the Dunnigan Hills in the winter months, and withdrawing 

the water for irrigation the following season.  Water will be diverted at 

the Capay Diversion Dam into the West Adams Canal and conveyed 

through the West Adams Canal, Hungry Hollow Canal, Goodnow 

Lateral, Drake Ditch, and Clover Canal to the CR19 reservoir, a water 

storage facility in the Dunnigan Hills.  The layout of the respective 

facilities for Alternative No. 3 is presented on Map 8. 

 

Water Supply 

Referring to Figure 7, it appears that approximately 35,000 acre-

feet could be diverted with a reliability, similar to the District’s 

water supply of 67 percent.  The gross storage capacity of CR19 

reservoir however, is only 16,000 acre-feet.  In this alternative, the 

reservoir capacity is limiting.  Again referring to Figure 7, the 

reservoir capacity of 16,000 acre-feet can be provided 

approximately 75 percent of the time.  Diverting water in the 

winter at the rate of approximately 100 cfs would require 

approximately 80 days to fill the reservoir.  Water could be 

diverted at a greater rate; however, the improvements to the 

District’s existing canals would be more extensive.  The concept in 
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this alternative is, therefore, to divert water at a rate of 

approximately 110 cfs including conveyance losses estimated at 

approximately 10 percent. 

 

Service Area 

The water supply available under Alternative No. 3 is greater than 

Alternative No. 1 and Alternative No. 2.  As noted above, the gross 

reservoir storage is 16,000 acre-feet.  Assuming evaporation and 

seepage losses amount to approximately 10 percent, the net water 

supply available is 14,400 acre-feet.  This amount of water would 

serve a gross area of 6,800 acres, or about 31 percent of the 

YZWD. 

 

Facilities Required 

The facilities required for Alternative No. 3 include improvements 

to portions of the District’s existing canal system, the construction 

of a reservoir including outlet works to release water to the Acacia 

Canal, and improvements to China Slough.  A discussion of the 

facilities is provided below. 

 

Existing Canals Improvements – From a field reconnaissance of 

the canals required for use in delivering water under this 

alternative, improvements will be required in the Goodnow 



YCFCWCD-YZWD Conjunctive Water Use Feasibility Study – Final Report  

 

 

August 5, 2003 ENGINEERING  Page 32 
 

  

 

D 

R 

A 

F 

T 

Lateral, Clover Canal, and the Acacia Canal.  The canal capacity 

will need to be increased to include all structures crossing existing 

county or private roads.  With water being diverted in the non-

irrigation period there is no conflict in using the existing capacity 

of the West Adams Canal or the Hungry Hollow Canal.  The upper 

reach of the West Adams Canal will require improvements to 

handle cross-drainage, which tends to deposit considerable 

amounts of sediment in the canal during high rainfall events.  This 

sediment will have to be kept out of the canal if the canal is to 

remain serviceable during the winter months.  Similarly, portions 

of the Hungry Hollow Canal and Goodnow Lateral are subject to 

accumulating sediment during periods of high rainfall and will 

require provisions to mitigate this occurrence. 

 

CR19 Reservoir – The location of the storage reservoir is shown 

on Map 8.  Construction of the dam and reservoir will require 

relocating approximately one mile of CR19.  No existing structures 

will require removal.  The existing land use within the reservoir is 

largely open space or pasture with some pasture and vineyard.  The 

reservoir will require construction of two earth embankment dams.  

Water will flow into the south reservoir from the Clover Canal 

until it fills and spills into the north reservoir.  A spillway will be 

constructed with a capacity of 2,930 cfs.  The watershed of the two 
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drainages is about 3.7 square miles.  The bottom of the dam is 

El.100 and the top of the dam is El. 160.  The maximum pool is 

El. 150.  Outlet works will be required at both dams to release 

water to the Acacia Canal. 

 

Acacia Canal – The Acacia Canal will require some enlargement 

to accommodate an increase in capacity similar to Alternative 

No. 1. 

 

China Slough – The improvements required in China Slough are 

the same as required for each of the previous alternatives. 

 

Alternative No. 4 

Alternative No. 4 is based upon using surface water made available by 

diverting water from the Colusa Basin Drain to a storage facility in the 

Dunnigan Hills, in the winter months, and withdrawing the water for 

irrigation the following season.  Water will be diverted by pumping 

from the Colusa Basin Drain and conveyed by a buried pipeline to the 

CR19 reservoir described for Alternative No. 3.  Water would be 

released from the reservoir to the Acacia Canal to China Slough.  The 

layout of the respective facilities for Alternative No. 4 is presented on 

Map 9. 
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Water Supply 

The water supply from the Colusa Basin Drain is considered to be 

a firm water supply.  The amount of water will be dictated by the 

amount of storage available.  Accordingly, using the CR19 

reservoir with a gross capacity of 16,000 acre-feet, the net water 

supply will be 14,400 acre-feet as noted for Alternative 3.  

However, instead of being available 75 percent of the time, the 

supply will be available each year. 

 

Service Area 

The service area for Alternative No. 4 is gross area of 6,800 acres, 

the same as for Alternative No. 3. 

 

Facilities Improvements 

The facilities required for Alternative No. 4 include a diversion or 

water control structure on the Colusa Basin Drain to ensure a 

forebay for the pump station, the pump station, conveyance 

pipeline, storage reservoir with outlet facilities to release water to 

the Acacia Canal, and improvements to the Acacia Canal and 

China Slough.  Each facility is described below. 

 



YCFCWCD-YZWD Conjunctive Water Use Feasibility Study – Final Report  

 

 

August 5, 2003 ENGINEERING  Page 35 
 

  

 

D 

R 

A 

F 

T 

Diversion/Water Control Structure - The diversion or water 

control structure will be constructed in the Colusa Basin Drain to 

ensure that a forebay sufficient for operation of the pump station 

will exist under all flow conditions to divert water to storage.  The 

structure is similar to that envisioned for the diversion structure 

located near Interstate 5 under Alternative No. 2, which 

incorporates an inflatable rubber dam 10 feet high and 100 feet in 

length. 

 

Pump Station 

The pump station will have a discharge capacity of 100 cfs and the 

range in total head to which the pumps will operate is from 160 to 

220 feet.  The pump/motor selection will be based upon two head 

ranges - one for heads of 160 feet to 190 feet, and one for heads of 

190 feet to 220 feet. 

 

Conveyance Pipeline 

The conveyance pipeline is a 54-inch reinforced concrete pipe 

approximately 54,800 feet in length.  The pipe will be bore and 

jacked under Interstate 5.  
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PROJECT BENEFITS 

The primary benefits anticipated for the proposed conjunctive water 

use project were to incrementally improve the management of water 

resources available from the Cache Creek System to increase 

groundwater storage in the study area.  To the extent groundwater 

storage was increased and groundwater levels raised, the potential for 

land subsidence would be reduced as well.  Some incidental benefits 

would be derived by reduced heads for pumping groundwater in the 

area. 

 

To evaluate the impact to the groundwater basin from providing 

supplemental surface water supplies to the study area, Wood Rodgers 

retained the services of WRIME to perform groundwater modeling for 

the respective alternatives.  This report is included as Appendix F. 

 

WRIME utilized the Lower Colusa Basin Integrated Groundwater and 

Surface Water Model  (LCBIGSM) developed by DWR to evaluate 

potential conjunctive use projects in the Colusa Basin area in Yolo and 

Colusa counties.  The model input data was updated and the model 

was calibrated in cooperation with the District and DWR for 

application in this feasibility study.  The LCBIGSM was initially 

developed using the historic data for the hydrologic period 1980 to 
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1995.  For purposes of this study, the hydrologic period of October 

1921 through September 1994 was used. 

 
Referring to the well hydrographs presented earlier on Figure 1 and 

Figure 2 in relation to information determined from the groundwater 

analysis, it appears the subsurface recharge into the study area 

balances the extraction such that there is no apparent overdraft.  The 

groundwater analysis puts some dimension on the amounts and 

directions from which the recharge is occurring.  For the model cells 

utilized to identify the study area, the following are the amounts of 

recharge occurring on an average annual basis throughout the 72-year 

simulation period. 

 

Recharge  

Location Acre-Feet Percent 

From Cache Creek 2,970   13 

From Dunnigan Hills 8,320   36 

From East of Colusa Basin Drain 12,110   51 

TOTAL 23,400 100 

 

To the extent supplemental water is supplied to the study area, the 

recharge noted above will be reduced with greatest reduction occurring 

in the recharge from east of the Colusa Basin Drain, or essentially 

Reclamation District No. 108.  By virtue of recharge being reduced, 

the opportunity to increase storage or “bank” water is reduced as well. 
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With respect to the impact on groundwater levels in the study area, the 

average increase was estimated to be five feet with Alternative No 1 

and No. 2; nine feet with Alternative No. 3; and 13 feet with 

Alternative No. 4. 

 

Of significant interest from the results of the groundwater simulation is 

that irrespective of the number of years supplemental water is provided 

in advance of curtailing water delivery, the groundwater levels drop 

sharply to the base condition due to the fact that the opportunity to 

“bank” water is very limited.  In essence, with supplemental water 

delivered to the study area, it appears the basin does not accumulate or 

store significant amounts of groundwater to draw upon when 

supplemental water is not available. 

 

To the extent supplemental water is available, it is expected that land 

subsidence would be reduced although this was not evaluated in the 

scope of WRIME’s work.  As noted earlier and shown in Appendix G, 

subsidence may be continuing in the Yolo-Zamora area even though it 

appears groundwater extraction/recharge is somewhat balanced.  The 

time of year for the subsidence measurement, however, may not be 

reflecting the actual situation since groundwater pumping is extensive 

during the selected survey period. 
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COMPARATIVE COSTS 

For purposes of determining the preferred alternative and relative 

feasibility of the respective alternatives, comparative construction 

costs were prepared for review by the PAG.  The comparative costs for 

each alternative are presented on Table 5 through Table 8.  Presented 

on Table 9 is a summary of the comparative costs in relation to the 

service area and water delivery for each alternative.  As shown on 

Table 9, the annual cost for water delivered, not including costs for 

operations and maintenance, ranges from $111 per acre-foot to $209 

per acre-foot.  The annual costs are based upon amortizing the 

construction cost under the terms for loans through DWR to construct 

groundwater storage projects. 
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ENVIRONMENTAL CONSIDERATIONS 

From an environmental standpoint, Alternative No. 2, which involves 

the use of Cache Creek for conveyance of water throughout the 

summer months in years when water was available, provides an 

opportunity to support efforts for environmental restoration consistent 

with Yolo County’s goals for the Cache Creek Resources Management 

Plan.  Recognizing a potential opportunity for environmental benefits 

associated with this alternative, the District retained the services of the 

Natural Heritage Institute (NHI) to perform an evaluation of the 

resources and to identify opportunities and constraints associated with 

this reach of Cache Creek.  It appears from this preliminary work 

performed by NHI, there may be some opportunity for environmental 

restoration; however, considerably more analysis and evaluation will 

be required to formalize such a program.  An important aspect of the 

Creek and opportunity highlighted by NHI relates to potential benefits 

for environmental restoration from a water control structure located in 

the vicinity of the District’s Moore Canal crossing of Cache Creek.  As 

noted earlier in this report, constructing a facility at that location could 

be a viable alternative to constructing the water control structure near 

Interstate 5 as discussed in Alternative 2.  In either case, there may be 

opportunities for collaboration with Yolo County to accomplish its 

goals for environmental restoration as identified in the Supplemental 

EIR for the Cache Creek Resources Management Plan, June 2002. 
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Although not documented, staff of the WRA, under the public 

involvement part of this study, communicated with various interest 

groups as noted previously.  From information reported, concern was 

expressed in relation to environmental impacts from proposals to 

modify the flow regime in Cache Creek. 

 

Certainly, if any of the alternatives are to considered further, a baseline 

environmental assessment would be required to evaluate potential 

environmental impacts for compliance with the California 

Environmental Quality Act (CEQA) and permitting requirements of 

regulatory agencies consistent with the scope of the particular 

proposal.  Depending upon the environmental resources identified, 

compliance with the National Environmental Protection Act (NEPA) 

could be required as well. 
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PROJECT FEASIBILITY 

The comparative costs and relative benefits of the alternatives were the 

subject of discussion at a PAG meeting on March 12, 2003, with the 

objective of identifying a preferred alternative.  Following the 

discussion however, it was the consensus of the PAG that none of the 

alternatives were feasible at this time.  The costs of the respective 

projects in relation to the option of continuing to pump groundwater 

were too high. 

 

Subsidence, although reportedly has adversely affected wells in the 

past, was not deemed a significant issue in relation to the costs and 

reliability associated with the delivery of supplemental water supplies 

to the area. 

 

Presented in Appendix H is a copy of the letter from the YZWD Board 

of Directors to the District confirming the alternatives evaluated were 

not financially feasible at this time to deliver supplemental surface 

water for a conjunctive water use project. 
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FINDINGS 

Findings from the work performed, and meetings and discussions 

conducted with the PAG during the course of this feasibility study are 

as follows: 

 

1. It is not feasible, at this time, to implement a conjunctive water use 

project within the study area utilizing water from Cache Creek or 

the Colusa Basin Drain. 

 

2. Land within the Yolo-Zamora area is fully developed and the 

groundwater extraction/recharge appears reasonably balanced due 

largely to subsurface flow from the area east of the Colusa Basin 

Drain and the Dunnigan Hills on the west. 

 

3. The opportunity to increase groundwater storage or to “bank” 

water within the study area is limited. 

 

4. From a water management standpoint, there is an increment of 

water (5,000-10,000 acre-feet in seven of 10 years) from the 

District’s Cache Creek System that could be managed more 

effectively. 
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5. There is unmanaged “winter” water in the order of 20,000 to 

30,000 acre-feet within the Cache Creek System that is potentially 

available in seven of 10 years. 

 

6. There appears to be unmanaged “winter” water in the order of 

20,000 to 40,000 acre-feet within the Colusa Basin Drainage 

System that is potentially available as a “firm” water supply. 
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RECOMMENDATIONS 

Although the concept of a conjunctive water use project in the study 

area portion of the YZWD was not feasible, information has been 

developed from this study to assist the District in improving the 

management of water resources to benefit water users and Yolo 

County generally.  As a result of the work performed and the reported 

findings, Wood Rodgers recommends the District consider the 

following: 

 

1. Formalize design criteria for its water delivery and distribution 

system to facilitate consistencies in a targeted level of service in 

the rehabilitation and modernization of the water system over time. 

 

2. Refine the reservoir operations model developed as part of this 

study and define an operating protocol for the Cache Creek System 

to facilitate improved management of the available water resources 

over time. 

 

3. Collaborate with Yolo County and other entities in formulating a 

water management/environmental restoration plan for Cache Creek 

from the Capay Diversion Dam to the Moore Canal Crossing to 

improve water management and assist in fulfilling goals of the 
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County consistent with its Cache Creek Resources Management 

Plan. 

 

4. Collaborate with other agencies such as the cities of Woodland 

Davis and the University of California, Davis, to examine 

opportunities to utilize “winter” water from Cache Creek and the 

Colusa Basin Drain to enhance the overall water supply for Yolo 

County. 
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Appendix C

Sizing Criteria for the
West Adams Canal
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Appendix D

Plan & Profile Drawings-
Demand Flow
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Appendix E

Plan & Profile Drawings-
Arranged Flow
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Appendix F

“Analysis of
Conjunctive Use

Projects in the Yolo
Zamora Area”
WRIME, Inc.

July 2003
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Appendix G

“The Yolo County GPS
Subsidence Network,”

2002 Survey, 
February 26, 2003
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Appendix H

Letter From the YZWD
Board of Directors

to YCFCWCD
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