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I. Background
 
Reclamation initially released a draft Environmental Impact Statement (DEIS) for long-
term contract renewal for San Luis Unit water service contractors of the Central Valley 
Project (CVP) in November 2004. The comment period on the original DEIS closed in 
January 2005.  Upon review of the comments received, Reclamation decided to prepare a 
new DEIS. Comments on the first DEIS were not responded to in detail but were utilized 
in the preparation of the new DEIS.   
 
The new DEIS was prepared and released for a 45 day public review and comment period 
that began on October 7, 2005.  Prior to closure of the review period in late November 
2005, Reclamation received requests for extension of the comment period. As a result of 
these requests and ongoing discussions with the Environmental Protection Agency, the 
comment period was extended to January 17, 2006.  
 
During the extended comment period, Reclamation decided to prepare supplemental 
information (supplement) to the DEIS.  Following the decision to prepare a supplement, 
Reclamation extended the comment period for the DEIS through the end of the comment 
period for the supplement.  Comments on the DEIS and the supplement may be submitted 
together and are now due by close of business on April 10, 2006. 
 
II. Purpose of the Supplement 
 
The DEIS addresses the environmental effects of renewal of water service contracts as 
compared to a no action scenario of essentially continuing the status quo. Thus, the 
effects of the action analyzed in the DEIS resulted from changes in contract provisions 
and not from any significant changes in ongoing operations.  This complies with the 
Council for Environmental Quality’s (CEQ) guidance provided in their document entitled 
“Forty Most Asked Questions Concerning CEQ’s National Environmental Policy Act 
Regulations”.  Question 3 of the guidance pertains to what must be included in a “no 
action alternative”.  The answer indicates that in cases where ongoing programs initiated 
under existing legislation and regulations will continue, “no action” is “no change” from 
current management or direction. 
 
Notwithstanding CEQ’s guidance, questions have been raised relative to the no action 
conditions and the effects of alternatives considered but eliminated from analysis.  
Responses to the questions that have been raised are not necessary to achieve NEPA 
compliance for the proposed action.  However due to the high level of interest in the 
proposed action and in an effort to respond to requests for additional information on 
various scenarios (even though not resulting from the proposed action), Reclamation has 
decided to prepare this supplement to the DEIS to provide information responding to the 
questions raised. 
 
Reclamation has concluded that the information and topics discussed/identified in this 
supplement represent additional information that does not bear on the effects of the 
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proposed action, nor does it bear on differing environmental consequences between the 
alternatives.  Rather, the information is beyond the scope of the proposed action. 
 
III. Topics addressed 
 
A number of topics were identified for clarification or additional information. These 
topics are identified in the following section with the additional information or further 
clarification following each topic. Since some of the topics are closely related to others 
information presented may overlap, while others are more accurately characterized as 
“stand-alone” topics.  The topics and additional information or clarification provided are 
as follows: 
 
III. A. Contract Reduction Alternative    
Reclamation was requested to consider an alternative of reducing contractual amounts, 
either as a conservation alternative or as mitigation for ongoing effects of contract 
deliveries.   
 
Consistent with 40 CFR 1502 the alternative of reducing contract quantities was 
considered but eliminated from analysis. The reasons for this were discussed on page 2-
34 of the DEIS, and are stated as follows: 
 

- Water needs assessments were completed that demonstrated that the entire 
contract amount could be put to beneficial use, and in all cases demand exceeds 
the total contract quantities. 

 
- Contracts contain shortage provisions that allow for contract quantities to be 

reduced when hydrology, environmental requirements, or fish and wildlife 
provisions of the CVPIA reduce amounts available to water service contractors. 

 
- Reductions in contract amounts would reduce the ability/opportunity to make 

investments for good water management, such as banking and storage facilities 
that would balance out supplies in wet and dry cycles. 

 
- An alternative of reducing contract amounts would not fulfill the purpose and 

need statement which calls for contract renewal consistent with Reclamation 
authority and applicable federal laws, including the CVPIA.                              

 
Specific to the right to renew and contract quantity issues, the DEIS summarizes federal 
Reclamation Law supporting renewal of the contracts at pages 1-2 through 1-4.  It notes 
that CVPIA Section 3404(c) provides that the Secretary “shall, upon request, renew any 
existing long-term repayment or water service contract for the delivery of water from the 
Central Valley Project for a period of 25 years each. . . (after) appropriate environmental 
review, including preparation of the environmental impact statement required in section 
3409 (i.e., the Programmatic Environmental Impact Statement). . .” 
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The Programmatic Environmental Impact Statement (PEIS) itself considered renewal of 
existing contracts for the existing contract quantities in the context of implementing the 
full range of actions or programs to meet the objectives of CVPIA, as summarized at 
DEIS pages 1-4 through 1-6.  The Record of Decision (ROD) based on the PEIS 
represents the agency decision on achieving the greatest level of a reasonable balance 
among competing demands.  Thus, an alternative to reduce the contractual water quantity 
is inconsistent with the framework of the ROD for implementing the provisions of the 
CVPIA.  In addition, a reduction in contract quantity is unnecessary to accomplish 
CVPIA goals because of the flexibility in adjusting contract allocation incorporated into 
the contract shortage provisions, the contract provisions to insure water conservation 
objectives, and the contract obligation to comply with environmental laws. 
 
In terms of Reclamation’s obligation to the contractors, the contractors requested renewal 
for the existing contract quantities, and the evidence developed as part of the renewal 
process demonstrates that each contractor has sufficient demand to put the full contract 
quantities to beneficial use.  Additional support for renewing the contracts for the full 
contract quantities specified in the existing contracts can be found in Section 8 of the 
1902 Federal Reclamation Act (43 U.S.C. 372), the 1956 Project Act (43 USC 485h1-4), 
State law, and various judicial opinions. 
 
Under all of these authorities and circumstances, Reclamation implements its obligations 
to the contractors and to the environment by selecting contract renewal alternatives that 
provide the existing contract quantity, so it did consider, but eliminated from further 
consideration, the reduced quantity alternative. 
 
III. B. Environmental Effects if Federal Drainage is Not Provided  
Questions have been raised as to the environmental effects related to drainage if Federal 
drainage service is not provided following contract renewal.   
 
The matter and future of drainage service is a separate action from renewal of water 
service contracts, and this is not the subject of the DEIS.  Drainage is being addressed in 
a separate study and NEPA document, the San Luis Drainage Feature Re-evaluation 
Study (DFRES). Thus the potential impacts of not providing drainage service are 
described in the DFRES EIS.  As stated above, the contract renewal DEIS focuses its 
analysis on the differences between the no action scenario and the implementation of new 
contract terms, which are primarily administrative and financial in nature. As also noted 
above, the law mandates contract renewal.  The contractual action contains no provisions 
for and involves no discretionary action related to drainage.  Because drainage service is 
mandated by law, it would not be appropriate to assume in the DEIS that the mandate 
would be ignored.  
 
The no action alternative in the DFRES was developed for a specific purpose, to describe 
the worst case scenario if no drainage plan were implemented.  This description is hereby 
incorporated by reference and Appendix A of this supplement provides a summary of that 
description.  In contrast, the contract renewal DEIS included both more current 
information and describes the scenario that a federal plan would be implemented or in the 
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alternative, local interests would take action on their own to address drainage problems as 
that would be in their best interest.    
 
Thus effects described in the DFRES DEIS under the no action alternative cannot 
appropriately be ascribed to the contract renewal DEIS no action alternative.  It is also 
notable that both under the DFRES DEIS and the contract renewal DEIS, compliance 
with applicable water quality standards and legal requirements will still have to be 
achieved.  Most fundamentally, however, regardless of how the no action condition 
relative to drainage is described, the contract renewal action will make no decision 
relative to drainage. 
 
III. C. Potential Effects on Contractual Amounts with Land Retirement  
Concerns have been raised relative to the effect of potential future land retirement on 
water demand/use within the San Luis Unit.   
 
Retirement of lands from irrigated agriculture would preclude the use of water on the 
retired land, but that may not affect the quantity of CVP water that could be put to 
beneficial use within the contracting district.  As contracts are renewed, the contractual 
amount is based on an established procedure wherein a Water Needs Analysis (WNA) is 
completed documenting the need for the contractual amount.   In agricultural districts, 
this is largely based on irrigable acres multiplied by the water needed per crop acre.  
 
The concern raised for Westlands Water District (WWD) is that, if its long-term contract 
is renewed based on the WNA in the DEIS and lands are retired from irrigation, then it 
may have a contractual right to an amount of water exceeding its demand (need).   In 
WWD, the demand for water significantly exceeds the contract supplies available, 
particularly in years in which less than the full contract quantity is delivered.  A provision 
has been added to the water service contract for WWD to address this area of concern. 
The language of the contract provision is provided below. The contract, including the 
new provision, will undergo a 60-day public review period (expected to begin by the end 
of February).  The finalized language of the provision will be included in the Final EIS 
after the contract public review period has ended.  Negotiations and technical meetings 
have been held to develop this language. The provision recognizes that, if a substantial 
area of lands is retired, water needs may be affected and then a procedure will be 
implemented wherein a new WNA will be completed and the contractual amount would, 
if needed, be limited to reflect the new WNA.   
 
There are no environmental effects associated with this contractual language that can be 
analyzed as part of this supplement. This is because the language simply calls for a 
process to be engaged if a particular set of circumstances occurs in the future.  In fact, it 
is speculative if this process will ever be implemented, and furthermore, even if this 
process is implemented the outcome of the process is highly speculative.  If such changes 
require federal action, before the changes are made, they would be subject to appropriate 
environmental compliance.  
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Draft Language of Provision to be added to WWD Contract
 
3. (a.1)  Notwithstanding any other provisions of this Contract, in the event the Secretary 
implements a program to retire land from irrigated agricultural production within the 
Contractor’s Service Area as a means of addressing drainage in the San Luis Unit, the 
Contracting Officer shall conduct a water needs assessment to determine whether the 
Contract Total will be reduced.  An initial water needs assessment shall be conducted 
upon the retirement of 25% of the land projected to be retired under such land retirement 
program.  Subsequent assessments shall be conducted upon the retirement of 50% and 
75% of the land projected to be retired and a final assessment will be conducted at the 
conclusion of the land retirement program. Any water needs assessment performed 
pursuant to this paragraph (1) shall update the water needs assessment used to compute 
the quantity of Project Water to be made available under this Contract, which was 
submitted to the Contractor on November 2, 2000, and shall be conducted pursuant to the 
methodology attached to this Contract as Exhibit “C”.  The Contractor may request the 
Contracting Officer update the methodology employed based upon Contractor specific 
information made available to the Contracting Officer by the Contractor.  Upon 
completion of any water needs assessment performed pursuant to this paragraph, the 
Contracting Officer may make a determination to reduce the quantity of water to be made 
available under this Contract, and the Contract Total shall be reduced according to that 
determination; Provided, so long as the then-existing Contract Total can be put to 
reasonable and beneficial use as determined by the water needs assessment on Eligible 
Lands within the Contractor’s Service Area that are not retired, the retirement of land 
shall not affect the quantity of Project Water to be made available pursuant to this 
Contract.  
 
III. D. Effects of Increases in Contract Deliveries  
Concerns have been raised that potential increases in water deliveries may have effects 
not analyzed.   
 
The proposed contract terms provide for the delivery of the same total maximum contract 
amount as the existing contracts, subject to shortages imposed for hydrologic conditions 
and regulatory constraints. The best available information (2004 CALSIM II modeling) 
indicates that future agricultural deliveries over the life of the contract to the San Luis 
Unit will average about 60% of the total maximum contract quantity.  The range includes 
deliveries from as low as about 8,000 acre-feet (AF)/year to as high as about 1.3 million 
AF/year (See Table 1).  The CALFED Record of Decision from 2000 indicated an 
expectation that south of Delta deliveries in average years may increase to 65 to 70% but 
recognizes this will not occur in all average years, and that increase is dependent on other 
water management actions (many of which require separate environmental compliance). 
 
Notwithstanding, questions have arisen as to the environmental effects if the long-term 
average for deliveries made under the contract were to increase. As a preliminary matter, 
any such increase would not be an effect of the renewal of the contract, because the no 
action alternative assumes continuing deliveries subject to the constraints mentioned 
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above, and contracts have no provisions specifying delivery amounts (other then 
recognizing the aforementioned constraints).  

Table 1.  Modeled deliveries to the San Luis Unit based on the 1922 to 1994 hydrologic 
record that would occur under current and foreseeable circumstances. 

Year Total Delivery (af)  Year Total Delivery (af) 
1922 1,179,001  1959 960,896 
1923 836,569  1960 296,312 
1924 8,236  1961 763,558 
1925 541,042  1962 840,168 
1926 53,894  1963 1,066,325 
1927 1,102,392  1964 595,661 
1928 806,005  1965 1,091,555 
1929 40,206  1966 975,842 
1930 409,375  1967 1,277,362 
1931 96,299  1968 986,753 
1932 170,422  1969 1,277,759 
1933 8,236  1970 915,420 
1934 138,085  1971 1,024,104 
1935 390,277  1972 928,177 
1936 614,682  1973 1,096,364 
1937 447,990  1974 1,116,593 
1938 1,277,659  1975 1,014,323 
1939 701,097  1976 218,398 
1940 791,280  1977 56,479 
1941 1,191,617  1978 1,266,104 
1942 1,208,421  1979 895,904 
1943 1,176,139  1980 1,263,719 
1944 501,162  1981 873,153 
1945 943,167  1982 1,272,112 
1946 918,108  1983 1,277,758 
1947 520,720  1984 1,093,632 
1948 765,780  1985 800,607 
1949 854,008  1986 841,486 
1950 403,921  1987 427,891 
1951 1,005,686  1988 27,503 
1952 1,277,160  1989 555,688 
1953 1,036,989  1990 8,236 
1954 1,064,399  1991 174,662 
1955 521,369  1992 335,644 
1956 1,058,531  1993 1,064,327 
1957 1,065,215  1994 871,721 
1958 1,252,341    

 
Additionally, total water use is determined by the total demand, which is quite stable.  
The irrigable lands within the San Luis Unit are fully developed, so additional water is 
not applied to new land.  Except for annual fluctuations in fallowed ground, either for 
crop rotation purposes, because of constrained supplies, or otherwise, the total farmed 
acreage remains constant.  Water users within the San Luis Unit service area meet the 
demand by utilizing a variety of sources, such as contract deliveries, ground water use, 
and contractor or farmer generated transfers.  In years of increased contract deliveries, it 
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is likely that as the use of contract water would meet an increasing portion of the demand, 
uses of other supplies would diminish.  As an example, water use in WWD shows about 
1.2 million acre-feet of water used on an average annual basis (see Figure 1).  Table 2 
provides information on the levels of the various supplies WWD utilizes to meet demand. 
Based on Table 2 the total (of all sources) average supply is about 1,169,000 MAF over 
18 years with relatively minor deviation.  While the average level of use remains 
relatively constant, the contribution of sources vary considerably.  Thus, even with higher 
contract deliveries, overall water use within WWD would be expected to remain fairly 
constant.  Higher deliveries of contract water would result in less use of ground water and 
transfer water.    
 

 
Figure 1.  Westlands Water District water use by source each year from 1988 to 2006. 
 
To address a hypothetical set of circumstances where full contract supplies are delivered 
throughout the contract term, Reclamation has prepared a qualitative analysis/discussion 
of the consequences of increasing contractual deliveries relative to potential effects on 
salt loading, ground water and drainage.  This analysis is included as Appendix B. 
 
A major caveat concerning the analysis contained in Appendix B is that most of the 
major constraints to meet deliveries to the San Luis Unit are regulatory requirements in 
the Sacramento/San Joaquin Delta that restrict exports and thus reduce projected future 
deliveries to a level of about 60% on average.  Completing the analysis described above  
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(which addresses effects of higher deliveries within the service areas) does not imply that 
Reclamation is intending, as part of the action of contract renewals, to implement any 
changes to the regulatory regime that govern the export levels. The analysis that is 
described above and found in Appendix B is a hypothetical exercise for informational 
purposes and is not intended to serve as analysis to support decisions on unrelated 
actions, which will require their own decision making processes and environmental 
compliance. 
 
Table 2.  Westlands Water District Water Supply 1988 to 2005 ( 1/). 

 
1/ The columns entitled CVP Allocation and Net CVP are representative of water supplies provided pursuant to the 
water service contract. The amounts in the columns entitled Water User Acquired and Additional District Supply 
include transfers of CVP water above contract supplies. 
 
III. E. Drainage Management related to the Drainage Feature Reevaluation Study  
Concerns were raised that implementing a drainage solution will have substantial impacts 
and that these impacts were not addressed in the contract renewal DEIS and were not 
included in the cumulative effects analysis. The DEIS does discuss drainage issues.  
Nevertheless, as stated previously, there is a separate effort proceeding, under court 
order, to develop and implement a drainage solution. The drainage solution is a distinct 
action from contract renewal with its own decision making process.  Effects of 
implementing a drainage solution are beyond the scope of the contract renewal process. 
At this time, no decision has been made relative to implementing a drainage solution 
alternative. Thus, trying to project impacts of a drainage solution would be highly 
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speculative since no solution has been identified from those alternatives being analyzed 
in the DFRES environmental/decision making process.  It is not the purpose of, nor 
appropriate to include in the contract renewal DEIS a reiteration of the various 
alternatives (and related environmental consequences) being addressed in the DFRES.  
The contract being evaluated has neither provisions nor discretionary actions related to 
drainage that could affect a drainage solution and simply recognizes that the federal 
government has an obligation to provide drainage. For detailed information about the 
drainage alternatives and environmental effects see the DFRES which is available either 
on Reclamation’s web site or upon request.   
 
III. F. Contracts in the context of the Central Valley Project Improvement Act 
In 1992 the 102nd Congress passed and the President signed the Central Valley Project 
Improvement Act (CVPIA).  This landmark legislation mandated changes in the purposes 
and management of the CVP. A programmatic Environmental Impact Statement and 
Biological Opinion were completed and a ROD was signed in 2001 detailing the actions 
to be implemented.  Included among the actions to be implemented was the decision to “ 
Proceed with the process of long-term renewal of CVP water service contracts …”.   Also 
included were decisions on numerous other activities specifically addressing fish and 
wildlife as required by the CVPIA.   
 
The criticism that the renewal contracts, in and of themselves, do not address fish and 
wildlife needs is without merit.  The contracts must be viewed within the context of the 
CVPIA. This is addressed in part in section III A above.  The CVPIA, in total, is the 
mechanism and means Congress utilized to address fish and wildlife by mandating 
numerous fish and wildlife programs, in addition to requiring the renewal of water 
service contracts.   Interior has prepared various reports addressing the implementation of 
the CVPIA.  Appendix C of this supplement provides the latest CVPIA 10 Year progress 
report. This report provides information on the purposes of the CVPIA and provides 
details on the implementation of the numerous fish and wildlife programs.  Other 
information is available at Reclamation’s Mid-Pacific web site at 
www.usbr.gov/mp/cvpia. 
 
As stated above, consideration of the purposes and effects of the contract renewal process 
must be considered within the context of the CVPIA as a whole.   
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Appendix A 
DFRES No Action Alternative Summary 

San Luis Drainage Feature Reevaluation Draft EIS  
No Action Alternative Summary 

 
Introduction 
The No Action Alternative defines conditions in the project area through the 50-year 
planning time frame if drainage service is not provided to the San Luis Unit and related 
areas. It represents existing conditions for drainage management in 2001 with individual 
farmers and districts making limited changes in management in the absence of Federal 
drainage service. These changes would be “the future without the project.” No Action 
includes only regional treatment, conveyance, and disposal facilities that existed in 2001 
or are authorized, funded projects. 

Description 
Under No Action, without Federal drainage service, farmers and districts would not be 
able to discharge drainwater to receiving waters (sloughs, rivers, bays, or ocean) from 
drainage-impaired lands except where such discharges are currently permitted (e.g., the 
Grassland Bypass Project). This restriction means that 379,000 acres projected to need 
drainage service would not have that service available, and farmers would pursue 
individual actions related to (1) drainage control and reuse and (2) cropping practices. 
Water districts and landowners would continue to address drainage problems within 
institutional, regulatory, and financial constraints currently in effect and reasonably 
foreseeable. 
 
Key characteristics and assumptions for the No Action Alternative are the following 
drainage and land management activities. 

Drainage Production 
Drainage-impaired lands are estimated at 379,000 acres, including 298,000 acres in 
Westlands and 81,000 acres in the Northerly Area. However, much of this acreage would 
not be producing drainage in the absence of drainage service. Only the Grassland 
Drainage Area (GDA) would produce drainage for disposal through 2009 (with the 
Grassland Bypass Project). Under the current Use Agreement, expiring December 31, 
2009, the Grassland Area Farmers must meet their selenium (Se) load requirements 
within 20 percent of the target or pay a fine. If the target is exceeded by more than 20 
percent, the Use Agreement can be terminated and allow no further discharges. 
 
The following components of the GDA’s proposed In-Valley Treatment/Drainage Reuse 
Facility would occur with or without drainage service from Reclamation and are included 
under No Action. 
• Four-thousand acres of land are proposed for planting with salt-tolerant crops. Twenty-
two hundred acres have already been planted, and another 500 acres are in the process of 
being planted. Subsurface drainage systems have been installed on a total of 900 planted 
acres (an additional 300 acres have subsurface drainage but are not planted). 
• Without additional funding, the remainder of the 4,000 acres could not be planted, and 
no additional subsurface drainage systems would be installed. 
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• In its current condition, the reuse facility can reduce drainage discharge needs by 7,200 
AF (8,100 AF applied, 900 AF discharged). 
 
Under the No Action Alternative, the GDA would be prevented from discharging 
drainwater after 2009. 
 
The remaining components of the GDA’s In-Valley Treatment/Drainage Reuse Facility 
are not included under No Action because of the uncertainties associated with their 
design, operation, and funding. These remaining components include additional land 
acquisition (2,000 acres), additional subsurface drainage systems (for 4,800 acres), and 
the treatment facility/disposal units. Designs may not be completed until 2006, and the 
facility is planned to be operational by 2009 if funding can be obtained.  
 
No other treatment facilities beyond small-scale pilot projects and existing reuse facilities 
(e.g., Integrated Farm Drainage Management projects such as Red Rock Ranch) are 
assumed to be operational in the drainage study area under No Action. 

Lands Not in Agricultural Production 
Land Retirement 
Land retirement is defined as the removal of lands from irrigated agricultural production 
by purchase or lease for other purposes or land uses. Under No Action, Reclamation 
assumes 109,106 acres would be retired based on the following: 
1. CVPIA Land Retirement – Up to 7,000 acres of lands are included to be retired within 
the study area under the existing CVPIA land retirement program (2,091 acres retired to 
date). 
2. Westlands Settlement Agreement (Sagouspe v. Westlands Water District) – A 
settlement agreement among various classes of water users within Westlands calls for 
temporary retirement of land. An estimated 65,000 acres of land would be retired under 
this settlement agreement. Because the agreement would allow these lands to come back 
into production if and when Reclamation provides drainage service, Reclamation 
assumed these lands would be retired under the No Action Alternative (i.e., potentially all 
or in part under the In-Valley/Land Retirement Alternatives but not under the four 
Disposal Alternatives). 
3. Britz Settlement (Sumner Peck Ranch, Inc., et al. v. Bureau of Reclamation, et al.) – 
An additional 3,006 acres in Westlands are being retired permanently under a settlement 
agreement dated September 3, 2002, between the United States, Westlands, and the Britz 
group of plaintiffs in the Sumner Peck lawsuit. 
4. An additional 34,100 acres from the Sumner Peck Ranch et al. settlement of December 
2002 would be retired. 
 
In summary, 44,106 acres of permanently retired lands would be increased by 65,000 
acres if drainage service is not provided to Westlands, for a total of 109,106 acres. 
 
Land Fallowing 
On an annual basis, 5 to 10 percent of the total cultivated acreage is often fallowed for 
soil fertility, normal crop rotation, and economic purposes, and this practice would 
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continue under No Action. This fallowing acreage is in addition to the land retirement 
described above. 

On-Farm, In-District Activities 
The following management activities by individual farmers and/or districts for drainage-
impaired land are assumed to occur under No Action: 
• On-farm/in-district use of existing drainage control/reuse measures would continue, 
including 30,000 acres with drainage systems installed in the San Luis Unit (30,000 acres 
in the Northerly Area) and an additional 18,000 acres outside of the Unit. Existing drains 
(including plugged drains) in Westlands on 5,000 acres would not be operational due to 
lack of drainage service. In summary, a total of 48,000 acres would continue to be 
drained in the GDA and none in Westlands; no additional drains would be installed. 
• Some on-farm irrigation system improvements would occur within Westlands to 
continue to manage perched water and crop practices in the absence of drainage service. 
Efforts to develop tilewater treatment and disposal technologies would continue. 
However, it is assumed that no new on-farm tile systems, collection facilities, or land 
disposal actions would be implemented. Limited use of existing facilities for on-farm 
drainwater recycling would occur. 
• Irrigation practices remain similar to current efficiency levels. As the drainage 
problem expands and farmers adjust irrigation practices to high water table conditions, 
water use efficiency in these areas may increase but not substantially over existing 
conditions which are already highly efficient. Overall, irrigation practices would be 
expected to respond to economic conditions and would be consistent with efficiency 
assumptions in the California Water Plan (DWR 1993).  
• Any water that fallowing frees up in drainage-impaired areas would be reallocated 
to unaffected areas. Water conserved because of improved irrigation efficiency, changes 
in cropping pattern, increased contribution to evapotranspiration (ET) from groundwater, 
or possible reductions in irrigated acreage would be available within the respective 
district to meet internal needs. The reallocated water would likely result in less 
groundwater pumping, as the quantity applied per acre would not increase beyond crop 
requirements. 
• Other drainwater reduction measures are anticipated to be used at current or 
increased levels under No Action with no drainage service and include seepage reduction, 
drainwater recycling, shallow groundwater pumping, and shallow groundwater 
management.  
 
Surface Water No Action Alternative 
The No Action Alternative evaluates the effect of not conveying drainwater out of the 
drainage study area for disposal. This alternative is defined as what could be expected to 
occur in the 50-year planning period if drainage service is not provided to the Unit and 
related areas. It represents existing conditions for drainage management plus changes in 
management reasonably expected to be implemented by individual farmers and districts 
in the absence of Federal drainage services and not of a magnitude to require 
CEQA/NEPA documentation (e.g., not major new projects). The No Action Alternative 
includes only regional conveyance, treatment, or disposal facilities that existed in 2001, 
or that are authorized, funded projects. No planned use of the San Luis Drain would 

A-3 



Appendix A 
DFRES No Action Alternative Summary 

occur after December 31, 2009, as a new action (e.g., use agreement and CEQA/NEPA 
documentation) would be required. 

Construction Effects 
No new Federal construction would occur as part of the No Action Alternative. 
Therefore, no construction effects are predicted. 
 
Operational Effects
It is not anticipated that any new water quality effects would occur except for effects on 
groundwater quality that could result in increased salinity and Se in the San Joaquin 
River due to unplanned, uncontrollable seepage discharges. Implementation of new and 
evolving water quality control programs such as Total Maximum Daily Loads (TMDL) 
should result in a gradual improvement in surface water quality in the San Joaquin River, 
Delta, and San Francisco Bay. However, increased water demand and competition for 
scarce water supplies in the absence of new storage may result in unknown and 
potentially adverse effects. 

Drinking Water Intakes 
Under No Action, some drainwater would continue to (1) flow uncontrolled into the San 
Joaquin River above the Merced River confluence via seepage into wetland channels 
from the Northerly Area due to rising groundwater levels, as discussed in the Grassland 
Bypass Project Final EIS/EIR (Reclamation 2001), or (2) flow as managed, individual 
farm discharges but in compliance with the TMDL requirements. Because the San 
Joaquin River flows to the Delta, drinking water intakes in the Delta are susceptible to 
drainwater contamination. This is presently a concern for Contra Costa Water District 
and would continue to be a concern if No Action is implemented. Under No Action, the 
drainwater would not receive any Se treatment and the amount that would be legally 
discharged would be very limited to comply with the TMDL requirements. The larger 
concern is the adverse effect of the unmanaged seepage of subsurface drainage into 
wetland channels and, consequently, into the San Joaquin River. 
 
Groundwater Resources No Action Alternative 
For the No Action Alternative, the following hydrologic conditions were simulated: 
• Irrigation system improvements and practices on farmed lands in the GDA and 
Westlands remain the same as existing conditions. Existing recharge rates were estimated 
using information from Table 5 in the Source Control Memorandum (URS 2002). 
• In Westlands, simulated annual groundwater pumping is maintained constant at 175,000 
AF/year, which is equal to the average private supply reported in Westlands’ Water 
Needs Assessment (Reclamation 2003). The distribution of semiconfined and confined 
zone pumping within Westlands was weighted based on the pumping rates reported by 
Belitz et al. (1993). 
• In 2002, about 48,000 acres were drained within the GDA and a substantial portion of 
the drainwater was discharged to the San Joaquin River through the Grassland Bypass 
Project. After 2009, when the Grassland Bypass Project agreement ends, it is assumed 
that drainwater is no longer discharged to the river, but instead managed within the GDA. 

A-4 



Appendix A 
DFRES No Action Alternative Summary 

In contrast, Westlands has not discharged agricultural drainwater for more than 15 years, 
and the No Action Alternative simulated continued undrained conditions in Westlands. 
• Under No Action, 65,000 acres would be retired in Westlands. 
• Without a drainage option, 38,000 acres within Westlands would be retired from 
irrigated agriculture as follows: 8,600 acres retired in 2002, 20,000 acres retired by 2003, 
and 9,400 acres retired in 2004. The retired lands were randomly distributed throughout 
the drainage problem area.   When land is permanently retired, irrigation ceases and 
consequently groundwater pumpage and surface-water deliveries are discontinued. The 
surface water is reallocated to other farmed lands within the district. The reallocated 
surface water was assumed to displace surface-water supplies that would be purchased 
from other entities. Hence, pumpage and irrigation recharge beneath active agricultural 
lands is not altered as a result of land retirement and the surface-water reallocation. 
• Without a drainage option, 27,000 acres would be retired through the Westlands land 
acquisition program as follows: 6,480 acres in 2002, 14,040 acres in 2003, and 6,480 
acres in 2004. The acquired lands were randomly distributed throughout the drainage 
problem area. The acquired lands are not permitted to irrigate with CVP water and, 
therefore, deep percolation throughout Westlands is substantially reduced. The acquired 
lands can practice dryland farming or irrigate with a non-CVP water supply (for example, 
groundwater, drainwater, transfer, and so forth). Ten percent of the land area (6,500 
acres) was assumed to be irrigated; the actual area and distribution of irrigated lands can 
vary from year to year. The average water supply is assumed to be 50 percent surface 
water and 50 percent groundwater. 
• In 2002, about 3,000 acres of land are retired under the Britz settlement. During the 
period 2003 through 2005, about 34,100 acres of land would be retired under the Sumner 
Peck Ranch et al. settlement. It was assumed these lands are retired over a 3-year period 
at a rate of about 11,370 acres per year. The retired lands were randomly distributed 
throughout the area defined by the plaintiffs’ parcels during a 3-year period. Irrigation 
ceases on these lands and consequently groundwater pumpage and surface-water 
deliveries are discontinued. The surface water is reallocated to other farmed lands within 
the district, and the reallocated surface water was assumed to displace surface-water 
supplies that would be purchased from other entities. 
• As of 2002, 2,091 acres of land had been permanently retired under the CVPIA land 
retirement program. The remaining 4,909 acres are assumed to be retired at a rate of 981 
acres per year during 2003, 2004, 2005, 2006, and 2007. The future retired lands were 
randomly distributed throughout the CVPIA land retirement project area. Irrigation 
ceases on these lands and consequently groundwater pumpage and surface-water 
deliveries are discontinued. The surface water is reallocated to other farmed lands within 
the district, and the reallocated surface water was assumed to displace surface-water 
supplies that would be purchased from other entities. 
• No new shallow groundwater management projects are implemented. 
• In the GDA, drainwater recycling continues at current levels and the planned 3,000-acre 
In-Valley/GDA reuse facility begins operations in 2005. In its present-day condition 
(2004), the In-Valley reuse facility can reduce the drainage discharge requirement by 
7,200 AF. No new seepage reduction, drainwater recycling, or drainage reuse projects are 
implemented. After 2009, when the Grassland Bypass Project San Luis Drainage use 
agreement with Reclamation ends, all drainwater remains within the GDA. It was 
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assumed that the In-Valley/GDA facility continues operation after 2009, but without a 
disposal outlet for the drainwater produced, drainage system sump flows would remain 
within the GDA. The GDA facility would reduce drainage by 15 percent, and the 14,000 
AF of uncontrolled discharge would no longer be managed under the Grassland Bypass 
Project San Luis Drainage use agreement. The leaching fraction (27 percent) continues to 
contribute to deep percolation beneath the GDA facility (about 1 foot/year). 
 
Under the No Action Alternative, groundwater changes are affected primarily by (1) the 
cessation of drainage discharge within the GDA after 2009 and (2) 109,100 acres of land 
retired in Westlands. Without drainage in the GDA, the average simulated water table 
beneath the drainage-impaired area rises 3 feet during the 49-year simulation period. In 
contrast, land retirement in Westlands lowers the water table beneath the lands retired. 
On the average, the simulated water table beneath the Westlands drainage problem area 
decreased by 4.3 feet. The bare-soil evaporation and area criteria are summarized in 
Table 1. 
 
Table 1.  Summary of Bare-Soil Evaporation and Shallow Water Table Area Criteria 

 
 
The No Action Alternative (and other alternatives with a land retirement component) 
assumes that surface water reallocated from retired lands decreases the need for surface 
water purchased from other entities. If this assumption becomes invalid, and land 
retirement has the effect of increasing the overall surface-water supply to irrigated lands, 
it would reduce the demand for groundwater. The subsequent pumping decrease, 
combined with continued water table recharge, would result in an increased rate of water 
table rise, thereby increasing the bare-soil evaporation rate and area affected by the 
shallow water table. 
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Bare-Soil Evaporation 
In the GDA, under existing conditions the simulated evaporation rate is 0.19 foot/year, 
and under the No Action Alternative the simulated evaporation rate increases from 0.19 
to 0.39 foot/year (a net increase of 0.20 foot/year). In Westlands, the simulated 
evaporation rate under existing conditions is 0.18 foot/year, and under the No Action 
Alternative the simulated evaporation rate increases from 0.18 to 0.30 foot/year (a net 
increase of 0.12 foot/year). From a regional perspective, the simulated existing condition 
evaporation rate is 0.19 foot/year, and under the No Action Alternative the evaporation 
rate increases to 0.35 foot/year. By the end of the simulation period, the evaporation rate 
under the No Action Alternative is 0.16 foot/year greater than existing conditions, which 
exceeds the significance criteria of 0.10 foot/year. The No Action Alternative has adverse 
effects on bare-soil evaporation relative to existing conditions. 

Undrained Area Affected by Shallow Water Table 
In the GDA, under existing conditions the simulated undrained area underlain by a water 
table within 7 feet of land surface is 69 square miles, and under the No Action 
Alternative the undrained area underlain by the shallow water table increased to 74 
square miles (a net increase of 5 square miles). In Westlands, under existing conditions 
the simulated area underlain by a shallow water table is 261 square miles, and under the 
No Action Alternative the area decreased from 261 to 212 square miles. From a regional 
perspective, under existing conditions the simulated undrained area underlain by the 
shallow water table within 7 feet of land surface is 330 square miles, and under the No 
Action Alternative the area decreased to 286 square miles (a net decrease of 44 square 
miles). The No Action Alternative therefore has a beneficial effect on the area affected by 
the shallow water table relative to existing water table conditions in the western San 
Joaquin Valley. 

Groundwater Salinity 
Under the No Action Alternative, increased bare-soil evaporation without drainage to 
remove salts would increase soil and groundwater salinity. In the GDA, without the 
Grassland Bypass Project San Luis Drainage use agreement, recycling and reuse would 
increase the salinity of the applied irrigation water and increase soil and groundwater 
salinity levels. For example, HydroFocus estimated a 10 percent groundwater salinity 
increase in the GDA after 9 years of conditions similar to the No Action Alternative 
(Reclamation 2001). If undiluted drainwater is applied directly, especially under 
undrained conditions, the expected salinity increase is more dramatic. For example, 
HydroFocus’ calculations indicated that irrigation with undiluted drainwater caused soil 
salinity to more than double under undrained conditions. The above salinity increases 
under the No Action Alternative were considered significant adverse effects. 
 
In Westlands, it was determined that constituent concentration levels measured in 2002 
monitoring well samples were not statistically different from similar samples collected in 
1984. The analysis focused on possible changes in boron, molybdenum, Se, and salinity 
(as represented by electrical conductivity). Groundwater levels in the sampled wells were 
significantly deeper during the 2002 sampling relative to the 1984 sampling. Irrigation 
activity clearly influences local groundwater levels. For wells surrounded by fallow or 
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partially fallow land, average water levels were over 3 feet deeper in 2002 than 1984; 
and, for wells surrounded by cropped land, average groundwater levels were 0.2 foot 
deeper in 2002 than 1984. Reduced regional recharge rates owing to land fallowing, and 
regional groundwater pumping activities probably caused the water level decline. The 
lower water levels decreased evaporation rates and its corresponding evaporative 
concentration effects on dissolved solids. Furthermore, concentration decreases in wells 
surrounded by cropped areas may be the result of the downward displacement of shallow, 
poor quality water by relatively higher quality irrigation water. The No Action 
Alternative probably has a beneficial effect on groundwater salinity because land 
retirement increases the depth to water and possible dilution effects from higher quality 
irrigation water in cropped areas.  The No Action Alternative, therefore, provides a 
beneficial effect relative to existing groundwater salinity conditions in the western San 
Joaquin Valley.  

Drinking Water Supplies 
For the No Action Alternative, concentrations of most contaminants are expected to 
continue to increase. Even though the contamination would take 100 to 400 years to 
travel to the wells, the migration toward drinking water sources would continue. A Se 
forecasting study by the USGS mentions “drainage alone cannot alleviate the salt and Se 
buildup in the San Joaquin Valley, at least within a century” (Luoma and Presser 2000). 
 
The majority of municipal drinking water wells in the area of the San Luis Interceptor 
Drain extract their water from deep aquifers, which are protected by the thick, low 
permeability Corcoran clay layer and, thus, are less vulnerable to any of the action 
alternatives. Most likely, practices that alter the quality or quantity of the shallow 
groundwater would not have a significant effect on the sub-Corcoran aquifer for a 
century or more. However, composite wells screened above and below the Corcoran clay 
represent an increase risk for dissolved constituents to penetrate the clay and enter the 
sub-Corcoran aquifer system. 
 
In the western San Joaquin Valley, most municipal drinking water wells are less 
vulnerable than shallow groundwater. In the case of City of Mendota’s Well No. 5, water 
quality data indicate increasing salinity trends in the late 1990s, which may be attributed 
to westward movement of shallow, saline groundwater. 
 
However, changes to the No Action Alternative to include large-scale land retirement 
would have no significant effect compared to existing conditions. If drainage service is 
not provided and irrigation continues, high salinity groundwater effects to wells may 
increase. Relative to existing conditions, the increased salinity trends under the No 
Action Alternative are considered an adverse effect. 
 
Biological Resources No Action Alternative 

Terrestrial Resources 
No significant construction-related effects would be expected under the No Action 
Alternative. Consistent with the definition of No Action to exclude unplanned or 
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speculative projects, it is assumed that no new on-farm drainwater collection systems or 
disposal facilities would be constructed. Grassland Area Farmers would not complete the 
unfunded expansion of the Panoche reuse facility. Instead, they would maintain the 
existing 2,700-acre reuse facility at its current influent capacity of 8,100 AF/yr. No 
similar regional facilities would be developed. 
 
Under the No Action Alternative a total of 109,100 acres of irrigated and temporarily 
fallowed croplands would be permanently retired, including 65,000 acres under the 
Westlands settlement; 34,100 acres under the Sumner-Peck settlement; 7,000 acres under 
the CVPIA Retirement Program (including 2,091 acres already retired); and 3,006 acres 
already retired under the Britz settlement. Vegetation on these lands has not yet been 
thoroughly inventoried so current ground cover, vegetation conditions, and habitat values 
are unknown. The Sumner-Peck and Britz lands under WWD ownership presumably 
would be managed to provide lease opportunities for dryland farming and grazing, or 
portions would be left temporarily fallowed. CVPIA Land Retirement Program lands 
under Federal ownership presumably would continue to be managed to provide wildlife 
habitat or to be compatible with wildlife use under the present CVPIA program. A 
comprehensive long-term land management plan for the Westlands settlement lands has 
not yet been developed. 
 
Under the No Action Alternative, no valley-wide strategy is currently in place for 
coordinating management of the retired lands and, other than the CVPIA program, no 
current mechanism would provide for future development of wildlife habitat 
improvements or long-term habitat management.  Retired agricultural lands converted to 
nonirrigated crops would continue to be periodically disturbed for cultivation and 
harvesting and, therefore, would not develop significant wildlife value. Production of 
small grains (wheat, barley) on dryland sites, though, could provide improved food and 
cover over existing conditions, but wildlife benefits would depend on location, parcel 
size, adjoining habitats, and management. Fallowed, abandoned, or grazed lands could be 
invaded to varying degrees by noxious weeds or other undesirable species. Some of the 
retired lands would continue to act as salt sinks, collecting and concentrating salts until 
they support limited vegetation and offer little wildlife habitat value. Retired lands 
occurring in large contiguous blocks would provide higher terrestrial habitat value than 
parcels in small, scattered, and isolated tracts. In general, in the absence of any long-term 
program to develop and manage retired lands for wildlife habitat under the No Action 
Alternative, the effect to terrestrial resources from anticipated long-term changes in 
vegetation and cropping patterns would be only a slightly beneficial effect. The long-term 
potential for minimally managed lands to increase the spread of noxious weeds, however, 
would be an adverse effect. 

Aquatic and Wetland Resources 
Under the No Action Alternative, no large (regional) drainwater collection or 
treatment/disposal facilities would be developed and no new surface-water 
impoundments (e.g., regulating reservoirs, evaporation basins) would be constructed as 
part of any drainage control program. Without large-scale construction projects, no 
aquatic or wetland habitat would be lost or disturbed. No existing jurisdictional wetlands 
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would be drained or filled, and no stream channels or other waterways would be crossed 
or altered. No migratory movements of native fish would be temporarily or permanently 
blocked. 
 
Under the No Action Alternative, irrigation water freed up from planned or scheduled 
land retirements would be reallocated to other agricultural lands and would not be made 
available for aquatic or wetland habitat improvement. 
 
Under the No Action Alternative, Grassland Area Farmers would be forced to 
discontinue use of the northern 28 miles of the San Luis Drain to discharge GDA 
drainwater to Mud Slough and the San Joaquin River after December 2009. Without 
continued use of the Drain, substantial environmental benefits to area waterways and 
wetlands derived from the Grassland Bypass Project since 1996 would cease and future 
anticipated benefits from the planned full implementation of the Grassland Bypass 
Project would not occur. With discontinued use of the concrete-lined Drain segment, 28 
miles of aquatic habitat would be eliminated, and any fish species present in the 
substantially dewatered segment would be lost or would need to be salvaged and 
relocated. However, because the Drain and associated canals provide only artificial 
habitat, loss of this marginal canal fishery would not be considered adverse. 
 
Without the Grassland Bypass Project discharges, year-round flow in Mud Slough would 
decrease substantially after December 2009. The flow reduction would generally be 
considered an adverse effect, and the associated improvement in water quality of the 
receiving waters could result in a minor improvement in aquatic habitat conditions. 
However, the improvement in aquatic habitat would vary depending on prevailing 
rainfall, seasonal conditions, and the amount of uncontrolled agricultural drainage that 
would continue to contribute to the flow. Unmanaged drainage flows of poor quality 
would degrade aquatic habitat conditions. The Grassland Bypass Project currently 
prevents uncontrolled lateral seepage of Se contaminated drainwater and limits 
occasional overtopping of surface runoff (during prolonged wet periods and storm 
events) into a number of canals and laterals used for wildlife refuge water supplies in the 
Grasslands region (see the Grassland Bypass Project Final EIS, p. 6-22 [Reclamation 
2001]).  

Special-Status Species 
No substantial adverse effects to special-status species are anticipated under the No 
Action Alternative. No new regional collection facilities would be constructed or put into 
operation through 2061. Without collection facilities, no new regional drainwater 
disposal facilities such as treatment plants, reuse facilities, evaporation facilities, or other 
costly technologies would be developed. On-farm source control measures, on the other 
hand, would undoubtedly expand over the 50-year period, but would have little direct 
effect on special-status species. 
 
Changes in crop production could affect the character, quality, and pattern of terrestrial 
habitat provided by agricultural lands as farmers in drainage-impaired areas convert to 
more salt-tolerant crop mixes. However, no identified special-status species are known to 
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utilize existing irrigated crop types exclusively and, thus, none would be significantly 
affected by any wide-scale conversions to more salt-tolerant irrigated crops. Lands 
converted to dryland farming would continue to be disturbed during cultivation and 
harvesting, and, therefore, would not develop significant wildlife value. 
 
The amount of agricultural land removed from production (retired, temporarily fallowed, 
or abandoned) would continue to increase as additional drainage-impaired lands lose 
productivity and become uneconomical to farm. Under the No Action Alternative, 
planned land retirements would increase to as much as 109,100 acres by 2061, an 
increase of 88,600 acres over existing conditions. A portion of these lands would act as 
salt sinks, collecting and concentrating salts until they support little vegetation or possess 
little wildlife habitat value. Other abandoned lands would revert in varying degrees to 
undesirable invasive species. This conversion of irrigated lands to other uses would 
progress in a scattered, uncoordinated manner depending on site specific conditions and 
individual circumstances. There would be no program of planned placement of 
abandoned lands into alternative uses or for managing lands removed from production. 
However, individual farmers could manage the retired lands for dryland farming, grazing, 
and other agricultural uses not dependent upon CVP water sources. Portions of the 
65,000 acres of land acquired by Westlands could be irrigated with groundwater or non-
CVP water sources. As a result, the overall potential benefits to special-status species 
from alternative land use are not expected to be important. 
 
Selenium Bioaccumulation No Action Alternative 
The No Action Alternative evaluates the effect of not conveying drainwater out of the 
drainage study area for disposal. This alternative is defined as what could be expected to 
occur in the 50-year planning period if drainage service is not provided to the Unit and 
related areas. It represents existing conditions for drainage management plus changes in 
management reasonably expected to be implemented by individual farmers and districts 
in the absence of Federal drainage services and not of a magnitude to require 
CEQA/NEPA documentation. The No Action Alternative includes only regional 
conveyance, treatment, or disposal facilities that existed in 2001 or that are authorized, 
funded projects. No use of the San Luis Drain would be planned after 2009, as it would 
require a new action and CEQA/NEPA documentation. It is anticipated that adverse 
effects to surface water quality in the San Joaquin Valley wetlands would occur under the 
No Action Alternative, because some subsurface drainage is expected to migrate 
uncontrollably and laterally into wetland channels. 
 
Refuge waterways would be adversely affected because they have benefited in recent 
years from declining contaminant levels. Therefore, because Se bioaccumulation is 
primarily dependent on water quality, adverse effects to aquatic receptors related to 
changes in Se bioaccumulation are anticipated under the No Action Alternative. Special-
status species affected may include the giant garter snake and California red-legged frog. 
 
Geology and Seismicity No Action Alternative 
The No Action Alternative would consist of reasonably foreseeable future conditions 
without drainage service alternatives. Under the No Action Alternative approximately 
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109,100 acres of land would be retired from irrigation. Some reuse due to the existing 
Grassland Bypass Project would occur, and existing pilot projects that could utilize reuse 
and treatment systems would continue in the area. 
 
The existing San Luis Drain would be in use until 2009 and is subject to one documented 
geologic hazard, land subsidence. Two types of land subsidence are most commonly 
encountered along the existing Drain: reduction of pore space from overpumping of 
groundwater resources and hydrocompaction. Subsidence due to oil extraction has been 
documented in southern San Joaquin Valley near Bakersfield and should not be an issue 
with the No Action Alternative. 
 
Topographically, San Joaquin Valley slopes downward in elevation northward toward the 
Delta region; the southern portion of the Drain is located at a topographically higher 
elevation than the northern portion. This slope allows the existing Drain to be gravity fed 
and does not require uphill pumping of the agricultural wastewater. It is likely that certain 
portions of the existing Drain have been affected at some point by land subsidence. 
However, the amount of land subsidence around these portions of the existing Drain may 
not have been significant enough to alter the grade of the drainage route. Since the 
importation of surface water to this area, the rate of land subsidence has diminished and 
would have no effect to the existing Drain by the 2009 closure date. 
 
The No Action Alternative may also be subject to strong earthquake shaking and the 
attendant affects of liquefaction, seiche, and mass wasting. The magnitude 6.4 1983 
Coalinga earthquake caused extensive structural damage in and around the town of 
Coalinga. Other effects included damage to canals and canal linings resulting from lateral 
spreading and liquefaction. Similar effects can be expected for a future earthquake 
located along the Coastal Range-Sierran Block. A repeat of the 1857 earthquake on the 
San Andreas fault would also result in widespread strong shaking over much of the 
project area. Liquefaction would be widespread in sandy and silty materials and would be 
exacerbated if a large earthquake were to occur during the winter when the groundwater 
elevation increases due to higher precipitation. Water retention structures, including 
holding ponds, may also be subject to damage from seiches of impounded water and 
liquefaction/lateral spreading of poorly constructed earth embankments. No new 
collection facilities would be constructed; therefore, the likelihood of affecting geologic 
resources of economic or scientific value would be negligible. 
 
Energy Resources No Action Alternative 
Under No Action, farmers would pursue individual actions related to local drainage 
control and reuse and cropping patterns. Energy would be required for small sump pumps 
used to locally convey drainwater. The pumps would be located throughout the drainage 
study area in a dispersed manner. The evaluated drainwater reduction options are 
expected to result in a negligible incremental increase in local electrical energy utilization 
and would, therefore, have a minimal effect on the existing energy requirements. 
 
The overall energy requirements for the limited irrigation system improvements and for 
ongoing drainwater reduction measures would be expected to increase within the 
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drainage study area over time due to the general growth of the irrigation improvements 
program. However, because of the disbursed nature of the loads and the relatively small 
size of the pumps, this incremental change would be expected to have a minimal effect on 
the electrical power supplies in the region (i.e., project area). This minor energy demand 
growth could be supplied by a number of power suppliers including PG&E and the 
alternative generators. 
 
Air Resources No Action Alternative 
The No Action Alternative evaluates the effects of not conveying drainwater out of the 
basin for disposal, thus providing a benchmark against which action alternatives may be 
evaluated. No new construction would occur as part of the No Action Alternative. The 
only operational emissions would result from maintenance of existing facilities.  
Therefore, no effects beyond existing conditions would occur due to the No Action 
Alternative with regard to construction or operations and maintenance. 
 
Land retirement is defined as the removal of lands from irrigated agricultural production 
to other forms of land management by means of land purchase or lease. Non-irrigated 
(retired) lands would be tilled to control weeds approximately twice a year. Lands could 
also be grazed or sprayed for weed management. This level of dust-generating activity is 
less than what would of this alternative would be used for wildlife habitat, dry pasture, 
and dryland summer fallow grain operations on 109,106 acres. Compared to the existing 
condition’s retirement of only 20,518 acres, the reduced land preparation, cultivation, 
harvest activities, and vehicular travel over unpaved roads associated with this 
alternative’s increased land retirement/fallowing activities would result in an overall air 
quality benefit and reduction in particulate matter less than 10 microns in diameter 
(PM10) fugitive dust emissions from the affected agricultural lands. 
 
The San Joaquin Valley Air Pollution Control District requires owners and operators of 
agricultural operations in the valley to reduce PM10 fugitive dust from on-farm sources. 
Best Management Practices (BMPs) are to be identified for each agricultural operation by 
December 2004 and implemented in 2005. Land fallowing is identified as one measure 
that reduces land preparation and cultivation activities.   
 
Agricultural Production and Economics No Action Alternative 

Northerly Area Districts 
Key Assumptions 
The following assumptions are used to analyze agricultural production and economics 
under the No Action Alternative in the Northerly Area districts: 
• Drainage collected from each drained acre in the Northerly Area would be about 0.45 
AF/acre/year while drains are operating (see Grassland Bypass Project assumption 
below). 
• The current rate of recycling, 0.12 AF/drained acre, would continue in order to meet the 
load restrictions on discharge. For analysis, the drainwater is assumed to be recycled on 
all lands within the drainage-impaired area, not just lands with installed drains. This 
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assumption implies that 0.06 AF of drainwater/acre would be applied as irrigation water 
to each acre within the drainage-impaired area. 
• The natural drainage rate was estimated by regional groundwater modeling for the 
drainage impaired areas. The rate varies across the region, averaging about 0.2 
AF/acre/year by 2030, which is a regional average for the drainage-impaired lands. 
Mapping of natural drainage rates shows that lands most affected by drainage and salinity 
have a lower rate. For purposes of analysis, lands with drains installed are assumed to 
average a natural rate of 0.15 foot/year. The remaining lands are assumed to average 0.30 
foot/year, such that the overall, acreage weighted average is about 0.2 foot/year. 
• Drains are designed and operated to maintain a water table depth of between 6 and 6.5 
feet. 
• The Grassland Bypass Project will continue to operate until the year 2009. After that, 
no drainage access to the San Joaquin River will be available for this area. Initially, the 
effects of two assumptions were assessed regarding the response of growers in the 
drained area: 
− Drains are plugged and no further drainage is collected. The shallow water table 
continues to build up under the cropped land, increasing the upward movement of salts 
into the root zone. Levels of irrigation and salinity management must improve 
substantially to reduce deep percolation yet maintain leaching of salts. 
− Drains continue to operate, but all drain flow must be recycled within the drainage 
area. The shallow water table is controlled by continued operation of drains, but irrigation 
normal water supply. The relatively large volume of salt-laden drainwater used for 
irrigation resulted in steady and rapid rise in soil salinity. Therefore this option was 
abandoned. 
• 30,000 acres of tile drains are currently installed in the San Luis Unit portion of the 
GDA, and another 18,000 acres are installed outside the Unit. 
 
Results 
Under current conditions, with drainage discharge to the Grassland Bypass, the salt 
balance and soil conditions are favorable for crop production. Drainage volume collected 
from field drains is estimated to be approximately 20,200 AF, including drainage from 
within and outside the Unit.  Additional flow into sumps and collectors from shallow 
groundwater and surface runoff increases total annual drain flow to about 28,000 AF. 
However, when the Bypass is shut (by assumption), conditions worsen quickly and 
significantly. Figure 1 shows a 50-year trend in the root zone and shallow groundwater 
salinity for a representative drained area in the Northerly Area districts. The root zone is 
defined for analytical purposes as the soil from ground surface down to the shallow water 
table or simply the upper 6 feet of soil, whichever is less. The jump in soil salinity is 
quite clear in year 9 and later, and results from the loss of drainage and rise in the water 
table below those lands. 
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CRZ = Concentration of salts in the root zone (ppm TDS of saturation extract) 
CDrn = Concentration of salts in drainwater or potential drainwater (ppm TDS) 

CSGW = Concentration of salts in shallow groundwater (ppm TDS) 
Figure 1. Salinity Trends in the Northerly Area, No Action Alternative 

 
The figure shows the result under the assumption that the drains are plugged. (A side 
analysis was conducted indicating that the salinity increase is even more pronounced 
under the assumption that drains continue to operate but that 100 percent of the 
drainwater has to be recycled.) Soil salinity is typically measured as the electrical 
conductivity (EC) of a saturation extract in dS/m (deciSiemens per meter), and the 
ultimate root zone salinity shown corresponds to an EC of over 4.1. At this level, the mix 
of crops that can be grown narrows significantly. 
 
Because a drainage outlet is no longer provided after year 9, soil salinity would rise and 
net deep percolation would be limited to the small amount of natural drainage that exists, 
estimated to be 0.15 foot/year for lands currently having drains installed. A combination 
of crop mix changes, rotational fallowing, and irrigation management would be needed to 
maintain land in production. 
 
Crop changes can accomplish two objectives: they can reduce or eliminate crops that are 
sensitive to saline soil conditions; and they can reduce the overall level of water use and 
therefore the deep percolation needed for salt leaching. An appropriate mix of salt-
tolerant crops can meet these criteria. This analysis has estimated that a mix of 30 percent 
rotational fallow, 35 percent cotton, and 35 percent grain crops can reduce crop ET to 
about 1.5 foot/year. At that level of ET, irrigation management equivalent to 85 percent 
seasonal application efficiency (SAE), measured here as crop ET of applied water 
divided by total applied water, would hold the net deep percolation equal to the natural 
drainage of 0.15 foot/year. A further discussion of the implications of crop mix changes 
and irrigation management in the No Action Alternative is included below in the analysis 
for the Westlands subareas. 
 
Substantial reductions in net farm revenue would result from the cropping and irrigation 
changes needed to reduce net deep percolation. Results are summarized at the end of this 
section, and are presented as benefits (avoided costs) provided by drainage service. 
Salt balance in the Northerly Area districts is favorable during the initial years when 
drainage is discharged through the Grassland Bypass and San Luis Drain to Mud Slough 
and subsequently to the San Joaquin River. Over 28,000 AF of drainwater at an average 
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salinity of about 4,100 ppm (parts per million) TDS (total dissolved solids) are 
discharged, removing more than 160,000 tons of salt annually from the area. Additional 
salts would migrate more slowly from the area through groundwater pathways, but no 
estimate of this amount has been made. After the closure of the Bypass in 2009, no salts 
would be removed through artificial drainage. 

Westlands Water District 
The drainage-impaired area within Westlands has been divided into three subareas. Many 
of the assumptions described below apply to all three of the subareas. Where differences 
exist, those are noted. 
 
Key Assumptions 
The following assumptions are used to analyze agricultural production and economics in 
Westlands under the No Action Alternative: 
• No drainwater is currently being collected and removed from Westlands. The No 
Action Alternative assumes that this situation would continue. Irrigation efficiency in 
Westlands is currently quite high and is expected to remain so over time, consistent with 
projections made by the DWR (Bulletin 160-93 and unpublished supporting data, 1993). 
Growers may need to make additional changes in efficiency to manage irrigation in the 
drainage-impaired area analysis. 
• Shallow water table depth would continue to be a concern in substantial areas within the 
district. The changes in depth to water and the acreage affected by shallow groundwater 
are based on groundwater modeling analysis. 
• The analysis uses the current mix of crops as the starting point for a 50-year simulation 
of drainage and soil salinity conditions. The analysis will assess how future drainage and 
salinity conditions in the drainage-impaired area would affect crop selection. 
• Irrigation water in the drainage-impaired area is a mix of surface supplies and 
groundwater. The mix can vary considerably between fields or farms, from year to year, 
and even within a year. For purposes of analyzing the long-term trends in salinity, 
irrigation water is estimated to be 88 percent surface water and 12 percent groundwater 
(based on unpublished estimates of future conditions in Westlands made by Reclamation, 
2002). The resulting salinity of applied irrigation water is about 530 ppm TDS. 
• Two categories of land retirement are considered in the No Action Alternative. The first 
is land retired under all alternatives, including No Action, as part of existing programs or 
settlements. This category totals about 44,100 acres. The second category is land 
assumed to be retired in the No Action Alternative, but that could remain in production 
under the action alternatives. A total of about 65,000 acres in the drainage impaired area 
of Westlands fall in this category. The exact location of these lands is not yet known. For 
purposes of analysis, they are distributed proportionately among the three subareas. Table 
2 summarizes the lands retired and those remaining under irrigation. 
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Table 2.  Lands Assumed Retired in the No Action Alternative 

 
 
The key issues for the Westlands subareas under No Action are whether lands can stay in 
production given the small level of natural drainage, and if so, at what cost.  The 
evaluation follows closely what was described above for the Northerly Area districts after 
closure of drainage to the Grassland Bypass. The natural drainage rate was estimated by 
regional groundwater modeling for the drainage-impaired areas in Westlands. The rate 
varies across the region, averaging about 0.25 AF/acre/year by 2030, for all of the 
drainage-impaired lands. 
 
Mapping of natural drainage rates shows that lands most affected by drainage and salinity 
effects have a lower rate. For purposes of analysis, lands receiving drainage installation 
in drainage service alternatives are assumed to average a natural rate of 0.20 foot/year. 
The remaining lands are assumed to average 0.35 foot/year, such that the overall, 
acreage-weighted average is about 0.25 foot/year.  
 
As described for the Northerly Area districts, two strategies can be used to reduce deep 
percolation to a level that does not exceed the natural drainage rate. First, crop mix can be 
changed to reduce overall water use, including changing the crops grown and increasing 
the frequency of fallowing. Second, irrigation management and application uniformity 
can be improved to reduce the deep percolation of applied water. Both strategies must be 
implemented in a way that can maintain adequate leaching of salts, or that at least 
provides enough leaching to avoid rapid deterioration of soil conditions. Estimates of 
current water use in the drainage-impaired area indicate that irrigation efficiencies are 
already quite high, especially considering the need for leaching water – SAE is estimated 
to average about 85 percent. Therefore, irrigation efficiencies are assumed to be 
maintained at this high level under the No Action Alternative. Under the No Action 
Alternative, no salts are removed from the irrigated area through artificial drainage; 
consequently, they continue to accumulate in the soil and groundwater. 
 
Results 
Results for the three Westlands drainage-impaired subareas (North, Central, South) are 
similar. The main difference is in the estimated starting salinity in shallow groundwater. 
Figure 2 shows estimated salinity conditions for the Westlands Central drainage-impaired 
area. Conditions appear to remain relatively stable over the 50-year horizon, but at very 
restrictive drainage conditions that substantially limit crop mix and profitability. 
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CRZ = Concentration of salts in the root zone (ppm TDS of saturation extract) 

CDRN = Concentration of salts in subsurface drainwater (ppm TDS) 
CSGW = Concentration of salts in shallow groundwater (ppm TDS) 

Figure 2 Salinity Trends in Westlands Central, No Action Alternative 
 
As was described for the Northerly Area districts, salt balance is not achieved in 
Westlands under the No Action Alternative. Although Figure 2 appears to show a balance 
in salt concentration, in fact a substantial mass of salt continues to percolate below the 
shallow water table into the deeper groundwater layers. In addition, the No Action 
Alternative does not provide any outlet for removing the salts that have accumulated in 
the soil and groundwater from past irrigation. Conditions for Westlands North and South 
would be similar to Westlands Central. 
 
Discussion of Irrigation Management, Crop Mix, and Natural Drainage 
The evaluation of SAE and crop mix changes to maintain land in production without 
artificial drainage depends critically on the estimated rate of natural drainage. Poorly 
drained lands have a low rate of natural drainage. If aggregate deep percolation can be 
kept equal to or less than natural drainage, and the deep percolation provides an 
acceptable leaching fraction, then long-term root zone equilibrium can be maintained. 
Several considerations are important for managing irrigated crop production under poor 
drainage conditions: 
• Even if irrigation can be managed to hold deep percolation equal to natural drainage, 
salts would continue to accumulate in the shallow groundwater. These salts would also 
continue to migrate into deeper groundwater over time. Only artificial drainage that 
removes and disposes of salts can improve the long-term salt balance that includes both 
root zone and groundwater salt loads. 
• Very careful irrigation management is required, which means that both SAE and 
distribution uniformity must be high. The cost of irrigation hardware and management is 
significantly higher than for irrigation under well-drained conditions. 
• Lands for which revenues cannot support the higher irrigation and management costs 
would go out of production. 
• The continued accumulation of salts in the shallow groundwater makes this situation 
relatively risky. Small changes in the overall water and salt balance (for example, 
reducing groundwater pumping that provided some portion of the natural drainage, or a 
change in the salinity of applied water) can result in a fairly rapid deterioration of root 
zone conditions. 
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• To keep deep percolation within the limits provided by natural drainage, the cropping 
pattern generally needs to be restricted to lower-ET crops. Small grains (e.g., wheat and 
barley) may need to play a larger role in the crop mix. Sugar beets and some forage crops 
can tolerate the saltier soil conditions, but their relatively high water uses may result in 
more deep percolation than allowed by drainage conditions. 
• The net result of higher soil salinity and restricted deep percolation is a crop mix that 
excludes both salt-sensitive crops and high water-using crops. Small grains, salt-tolerant 
row crops, and a mixture of cotton with grains and/or row crops are the most feasible 
cropping systems. When natural drainage is very restrictive (e.g., less than 0.25 
foot/year), rotational fallowing may be required to allow the shallow groundwater to 
subside. Again, careful irrigation management is needed to avoid excessive salinization 
of the soil. 
 
The benefits of the action alternatives can be estimated as the costs avoided relative to the 
No Action Alternative. These avoided costs fall into three categories: 
• Irrigation management costs 
• Net revenue losses resulting from the restricted crop mix 
• Net revenue losses from land retired 
Analysis and results for the action alternatives are described later in this section. 
 
Interaction Between Land Retirement and Irrigation Management 
In the No Action Alternative, it is estimated that about 109,000 acres of land would be 
retired within the drainage-impaired area of Westlands. Land retirement has two effects 
on regional drainage conditions. First, it removes drainage-impaired land from production 
and, therefore, eliminates the need to provide artificial drainage on those lands. Second, 
the reduction in irrigation and deep percolation of irrigation water may provide some 
regional benefit to the shallow groundwater: lands remaining in production may benefit, 
because the regional water table may be lowered to some degree due to retirement. The 
magnitude of this second effect has not been quantified, although groundwater analysis 
performed as part of plan formulation has estimated the effect to be small (see PFR 
Addendum [Reclamation 2004]). Several combinations of land retirement and irrigation 
improvements were evaluated as part of the screening analysis of land retirement 
scenarios. Results of the screening analysis are described in the PFR Addendum 
(Reclamation 2004). 
 
Sensitivity Analysis on Natural Drainage Rate 
The natural drainage available to lands in the drainage-impaired area is small but 
significant. For the Northerly Area drained lands, it is estimated to be about 0.15 
foot/year under the No Action Alternative in 2030; the corresponding estimate for most 
drainage-impaired Westlands’ lands is 0.20 foot/year. These are regional averages 
estimated using a calibrated groundwater model. Actual conditions are likely to vary 
around the estimated average, resulting in some lands having more restricted drainage 
and some lands having less restricted drainage. To illustrate how small changes in the 
natural drainage rate can affect conditions, the drainage and salinity model was used to 
estimate the required net deep percolation and the resulting soil and shallow groundwater 
salinity over time under a range of assumed natural drainage rates. For illustration 
purposes, conditions in Westlands North are used, but general conclusions apply for the 
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other areas. Also, crop mix is held constant; and regional shallow groundwater trends are 
assumed to be the same as for the No Action Alternative. Table 3 summarizes the 
required average irrigation efficiency (defined here as seasonal ET of applied water 
divided by seasonal applied water) to maintain stable water table conditions. Natural 
drainage rate was varied between 0.1 and 0.3 foot/year. 
 

Table 3.  Sensitivity Analysis on Natural Drainage 

 
 
All of the drainage rates shown in the table require a high level of irrigation management 
to balance the need for leaching with the small amount of net deep percolation available 
through natural drainage. In fact, the modeling indicates that for a natural drainage rate of 
0.25 foot/year, irrigation management is just able to maintain both leaching and shallow 
water table management, although the cost is high. At natural drainage rates of 0.20 
foot/year or less, adequate leaching is not achieved and soil salinity deteriorates over 
time. (Note that this conclusion also depends on other assumptions and starting 
conditions such as TDS of shallow groundwater and applied water.)  Figure 3 illustrates 
the effect on shallow groundwater salinity over time at different rates of natural drainage. 
Shallow groundwater is defined here as groundwater less than 20 feet below surface. The 
trend lines all start at 8,000 ppm of TDS and reflect the assumption that land is kept in 
production. The analysis suggests that shallow groundwater salinity can be held 
reasonably constant at a natural drainage rate of 0.25 foot/year, assuming irrigation and 
cropping patterns are managed appropriately. This does not imply, however, that salt 
balance is achieved: salts continue to move downward and accumulate in the aquifer 
below 20 feet. 
 
This analysis indicates how drainage rates, irrigation water use, and soil salinity interact. 
Note that achieving the high irrigation efficiencies shown in Table 3 would be extremely 
difficult. A similar analysis could be conducted holding irrigation efficiency constant and 
estimating the average applied water (as determined by crop mix) that maintains net deep 
percolation at or below the natural drainage. This approach is described later and is used 
to estimate the change in crop net revenue from improved drainage conditions. 
 
 

A-20 



Appendix A 
DFRES No Action Alternative Summary 

 
Qv = rate of natural drainage, in feet per year. 

Figure 3. Sensitivity Analysis on Shallow Groundwater Salinity, Different Conditions of 
Natural Drainage 

 
Land and Soil Resources No Action Alternative 
The No Action Alternative assumes that the proposed Federal action would not be 
implemented to improve the drainage and salt outlet problem. Each district and the 
growers would continue to attempt to solve the drainage problem on their lands but no 
major improvements would take place. A total of 379,000 acres would be affected by 
shallow groundwater by the year 2050.  Presumably, no new private drain systems would 
be installed due to the expense of on-farm reuse and salt disposal installations. The 
Northerly Area districts and Panoche Drainage District, in particular, would be severely 
impacted by the loss of their drainage outlet in 2009. Water tables in much of Panoche 
Drainage District are expected to rise to within 2 feet of the ground surface, making 
irrigated farming nearly impossible and creating several salt sink areas. Nearly the entire 
Panoche Irrigation District and many adjoining areas would no longer qualify as Prime 
Farmland due to the shallow groundwater conditions and associated soil salinity 
problems. 
 
Conditions would continue to deteriorate after 2050. Salt management and disposal 
facilities would be installed in some current reuse areas that serve privately drained areas. 
Under this alternative, agricultural productivity in the area would continue to decline. A 
total of 109,100 acres of lands would be retired from irrigation, and soil salinity would 
continue to rise on drainage-impaired lands, decreasing the overall land productivity in 
the area. The retired lands would be used for wildlife habitat, dry pasture, and dryland 
summer fallow grain operations. These lands would no longer qualify for Farmland of 
Statewide Importance (FSI) since they would not be irrigated.  Portions of the additional 
65,000 acres of land acquired by Westlands (Sagouspe settlement) and retired from CVP 
irrigation water deliveries could be irrigated with groundwater or other non-CVP water 
sources. Salt-tolerant crops such as cotton, grains, and sugar beets would be grown on 
these lands. Irrigation of these lands with groundwater would provide some drainage 
relief for the entire drainage-impaired area and reduce the potential for salt sink 
development. These lands would still meet the criteria for FSI, but soil salinity would be 
too elevated for some crops. It is anticipated that between 0 and 17,000 acres of these 
lands would be irrigated in any given year. 

A-21 



Appendix A 
DFRES No Action Alternative Summary 

 
The average acreage irrigated is assumed to be 6,500 acres (10 percent). It is further 
assumed that these acres would be rotated so that about 15,000 acres of lands would be 
irrigated in any consecutive 3-year period. Based on this assumption, the 15,000 acres 
would still qualify as FSI.  Lands remaining in production in drainage-impaired areas 
would continue to experience soil salinity increases. Soil salinity on these lands would 
exceed criteria for Prime Farmland.  Growers would produce mostly salt-tolerant, low-
water-use crops such as cotton, barley, safflower, and winter annual dairy support crops 
such as triticale. The amount of fallowed lands would increase, especially in low water 
supply years, which would cause the water table to slowly recede in response to the slow 
natural drainage (<0.1–0.3 foot per year) and to use the water supplies on permanent 
crops and more valuable vegetable crops grown on the higher lands that are not affected 
by shallow groundwater. Many of these lands have been removed from consideration as 
Prime Farmland since 1985, and about 76,000 acres that now are considered Prime 
Farmland would no longer qualify based on current soil salinity and water-table trends 
and projections made by the APSIDE and Hydrofocus models. 
 
The middle and upper alluvial fans would remain productive Prime Farmland under the 
No Action Alternative. Production on these lands may actually increase due to additional 
water supplies becoming available upon retirement and increased fallowing of downslope 
lands.  When compared to the existing environment, this alternative would result in a net 
loss of about 76,000 acres of Prime Farmland and a loss of about 87,000 acres of FSI. 
The size of existing district and private salt management facilities and terminal reuse 
areas is expected to increase by about 160 acres during the impact analysis period. 
 
Salt sink areas are expected to increase in the No Action Alternative relative to the 
existing situation, since the effects of recent groundwater transfers to upslope lands have 
not yet fully impacted downslope areas. Groundwater-pumping-induced drainage would 
also be reduced somewhat under the No Action Alternative on Area of Potential Effects 
lands due to land retirement. Land use would not change due to management of retired 
lands for related purposes: dryland farming, grazing, or fallowing. Nearly all of the 
retired lands are committed to preservation as agricultural lands under the Williamson 
Act. These lands would not be completely changed from agriculture. 
 
Recreation Resources No Action Alternative 
The No Action Alternative would consist of reasonably foreseeable future conditions 
without drainage service alternatives. Under the No Action Alternative approximately 
109,100 acres of land would be retired from irrigation. Some reuse due to the existing 
Grassland Bypass Project would occur, and existing pilot projects that could utilize reuse 
and treatment systems would continue in the area. 
 
With no drainage service to the drainage study area, it is probable that salts and Se could 
accumulate in some areas and reduce the viability of the affected lands for wildlife 
habitat.  Recreation use could be reduced if some areas with hunting or wildlife viewing 
potential were put out of operation. In addition, fishing in the nearby wildlife refuges 
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could be affected if the salts or Se levels became elevated due to uncontrolled discharges 
within the watershed from seepage, unplanned discharges, and/or storm events. 
 
Cultural Resources No Action Alternative 
The No Action Alternative would have both negative and positive effects on cultural 
resources over the 50-year planning horizon.  Changes in cropping patterns would affect 
cultural resources in a number of different ways.  Deep ripping and leveling could further 
degrade archeological deposits. New irrigation techniques and drainage may further 
disturb cultural resources. The construction or removal of agriculture-related structures 
may also have a direct effect on historic properties. 
 
An increase in land retirement, abandonment, or temporary fallowing may both reduce 
and increase effects to historic properties. Since many operators would be forced to 
fallow a portion of their fields in multiyear rotations, effects to archeological resources 
from plowing, leveling, and other agriculture-related activities may be reduced. 
Abandonment of historic structures may lead to their destruction and loss. Effects to 
cultural resources by conversions to nonagricultural land use would vary depending upon 
the change. 
 
No new collection facilities would be constructed through the 50-year project life. The 
likelihood of disturbing buried archeological resources would be reduced. On-farm 
source control measures could increase the likelihood of disturbing cultural resources. 
The exact nature of effects to cultural resources under the No Action Alternative would 
depend on the particular changes in land use which might occur. A Class I records search 
was not conducted for the No Action Alternative.  In the absence of actual cultural 
resource site locations, the conservative approach would be to consider that this 
alternative would have adverse effects on historic properties. The No Action Alternative 
does not require mitigation. 
 
Aesthetics No Action Alternative 
The No Action Alternative assumes that the SLDFR project facilities would not be 
implemented to address drainage and water quality problems within and downslope of the 
SLDFR lands. Under this alternative, no new Federal drainage conveyance facilities 
would be constructed, nor would additional regional drainwater treatment, conveyance, 
and disposal facilities be developed beyond those that either existed in 2001 or are 
currently authorized, funded projects. Thus, visual effects would be limited to changes in 
existing patterns of land use within the SLDFR lands. 
 
A total of 109,106 acres would be expected to be retired from active agricultural 
production under this alternative by the year 2050. Given the assumed salt buildup in the 
soil of these areas, it is assumed that much of this land would convert to unmanaged open 
space or be used for dry pasture, dryland summer fallow grain operations, fallowing, and 
other uses consistent with local plans and zoning. Lands remaining in production within 
drainage-impaired areas would likely be switched over to salt tolerant, low water use 
crops such as cotton, barley, safflower, and winter annual dairy support crops such as 
triticale. An increase would likely be seen in fallowed lands during low water supply 
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years. This increase would be in addition to the land retirement described above.  None of 
these changes in land use would result in the introduction of new visual elements that are 
not currently present within the SLDFR lands. However, these changes in land use could 
produce some visual effect, particularly if the retired acres are located in contiguous 
tracts. This effect would be potentially minor and permanent. 
 
Certain components of the GDA’s proposed In-Valley Treatment/Drainage Reuse 
Facility are included under No Action. These components would result in an increase in 
the area planted with salt-tolerant crops and serviced by subsurface drainage systems. 
However, in the absence of the SLDFR, none of the other components are expected to be 
implemented. Other on-farm, indistrict activities are assumed to occur under No Action, 
including ongoing use of existing drainage control/reuse measures, on-farm irrigation 
system improvements, changes in irrigation practices, reallocation of water from 
drainage-impaired areas to unaffected areas, and other drainwater reduction measures. 
None of these activities would alter the characteristics of viewsheds within the SLDFR 
lands, nor would they introduce new visual elements that are not currently present. The 
visual effects associated with these activities would, at most, consist of a change in 
cropping patterns on lands that have been historically in agricultural production. This 
effect would be potentially minor and permanent. 
 
Regional Economics No Action Alternative 
To estimate the regional economic effects of the various action alternatives, specific 
information about each alternative must be acquired and compared to the No Action 
Alternative. This information includes the anticipated change in irrigated acres and 
cropping patterns, i.e., the amount of land removed from agricultural production, the 
changes in types of crops grown, and changes in crop yields expected to occur if no 
drainage facilities are developed.  
 
Assumptions used to analyze regional economic effects of the No Action Alternative in 
comparison to the existing conditions in 2002 are: 
• Increased expenditures for irrigation hardware, technology, and management expertise 
would be required to improve irrigation efficiency and application uniformity to allow 
continued agricultural production on drainage-impaired lands. These expenditures are 
assumed to be a redistribution of expenditures made by irrigators rather than an overall 
increase in regional expenditures. In other words, the increased cost of implementing 
improved irrigation management measures is not a measure of additional money spent in 
the regional economy. Rather, irrigators would have less money to spend on other crop 
production expenses than they typically would if adequate drainage conditions existed. 
From a regional economic perspective, this shift in expenditures from one cost category 
to another should be measured to determine the economic effect within the region. 
However, since insufficient data exist to predict how irrigators would change specific 
crop production expenditures, the cost of improved irrigation management measures is 
not incorporated into the regional economic analysis. 
• In spite of irrigation improvements indicated above, the currently existing crop mix 
would change to one with a lower overall water requirement and a corresponding 
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decrease in on farm revenues. The decrease in farm revenue is incorporated into the 
regional economic analysis. 
• Approximately 65,000 acres of land within the drainage-impaired area of Westlands 
would be retired from agricultural production and land retirement payments of $100 
million would be paid by Westlands to compensate landowners for lost farm revenues.  
 
Since it is expected that Westlands would fund land retirement payments by charging 
additional fees to the remaining irrigators within the district, these land retirement 
payments, like the costs of improved irrigation management discussed above, are 
considered to be a redistribution of regional expenditures rather than an increase in 
regional spending. Therefore, any land retirement payments made by Westlands are not 
included in the regional economic effect analysis. Estimated changes in agricultural 
output from switching to a salinity-restricted crop mix are caused by a regional shift to a 
salinity-restricted crop mix under the No Action Alternative. The projected changes in 
crop revenues are displayed on Figure 4. Economic effects of crop losses estimated to 
occur in Years 1, 10, 25, and 50 are displayed in Table 4. 

 
Figure 4. Projected Crop Revenue Losses Under the No Action Alternative 
 
Table 4.  No Action Alternative Regional Economic Effects of Annual Crop Revenue Losses 
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Social Issues and Environmental Justice No Action Alternative 
Under the No Action Alternative an increasing loss of jobs would occur. The estimated 
employment effect for the nine-county project area would be a loss of 500 jobs during 
years 1 through 10, a loss of about 800 jobs in year 25, and a loss of about 1,400 jobs in 
year 50. Since the losses are primarily due to changes in agricultural output, it is likely 
some of those adversely affected would be minority and low-income workers. Because 
the number of jobs lost is a small percentage of total minority and low-income 
employment, the effect is minimal. 
 
Other Disclosure Requirements No Action Alternative 
• The No Action Alternative has an adverse effect on bare soil evaporation relative to 
existing conditions. 
• Increased bare-soil evaporation without drainage to remove salts would increase soil 
and groundwater salinity. In the Grassland Drainage Area, a 10 percent groundwater 
salinity increase is estimated after 9 years of conditions similar to the No Action 
Alternative that would be an adverse effect. 
• The risk of introduction or spread of noxious weeds and invasive species would 
increase as the aerial extent of retired, settlement, temporarily fallowed, and drainage-
impaired lands increases and would be considered a significant adverse effect. 
• Without continued use of the Drain (as part of the Grassland Bypass Project), seepage 
of drainwater into the supply channels and periodic overtopping during storm events 
would degrade the water quality in the channels and in downstream wetlands, resulting in 
unavoidable effects to Federally and State-listed special-status species. 
• With the No Action Alternative, additional acres of agricultural land would go out of 
production. Higher costs of irrigation and salinity management and restricted crop 
production would occur. The loss of access to the Grassland Bypass for drainage 
discharge would result in irrigation management and crop revenue losses. 
• The No Action Alternative would result in a net loss of about 76,000 acres Prime 
Farmland and 87,000 acres FSI, an adverse effect and largely unavoidable. 
• The increase of salt sinks due to the No Action Alternative would have an adverse, 
unavoidable effect. 
• Land uses would change and become inconsistent with local zoning policies and 
general plans, resulting in an adverse effect on land use. 
• With possible unplanned discharges or seepage of stormwater runoff into the existing 
San Luis Drain, the No Action Alternative may have an adverse effect on wildlife 
viewing/hunting opportunities in refuges connected to the San Joaquin River. 
• In the absence of actual cultural resource site locations, the conservative approach 
would be to consider that the No Action Alternative would have adverse effects on 
historic properties.  However, the No Action Alternative is not an undertaking subject to 
Section 106 of the National Historic Preservation Act; therefore, it does not require 
mitigation for adverse effects. 
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1.0  PURPOSE OF PAPER 
This paper provides additional information in response to the hypothetical question, what impacts 
may result if factors limiting contract deliveries to contractors in the San Luis Unit are removed, so 
that contractors receive the maximum amount of water authorized under their contracts, and no 
federal drainage solution is implemented within the San Luis Unit during the term of the renewal 
contracts?  

 1.1 Background 
Appendix A describes the affected area in more detail and provides relevant background material that 
more fully expounds on the nature of irrigated agriculture in a saline environment and the chronology 
of water supply development and drainage service in the western San Joaquin Valley. 

2.0  GRASSLANDS AGRICULTURAL SUBAREA 

2.1  Continued drainage management by local entities. 
The Grasslands agricultural subarea (Figure 1) is bounded by the Delta-Mendota Canal to the north, 
California Aqueduct to the west, and San Joaquin River on the east. Soils in the subarea are nearly 
level to gently sloping, and moderately to poorly drained and most are derived from low alluvial fans 
emanating from the Coast Range. The original source of irrigation water in the area was groundwater.  
However, because of the poor quality and limited quantities of groundwater, the agricultural water 
districts in the subarea began receiving project water from the San Joaquin River in the 1940’s under 
interim contracts. Contract negotations began with United States Bureau of Reclamation (USBR) for 
the CVP water in the late 1940’s, and long-term contracts were established in the mid-1950’s 
allowing for delivery from the Delta-Mendota Canal. In the 1960’s, contracts were amended to permit 
delivery of water from the newly constructed California Aqueduct to new areas. Irrigators in the 
subarea came to rely on relatively small CVP supplies (approximately 2.4 acre feet per acre at 100% 
deliveries) to the near exclusion of saltier groundwater.  The subarea receives a yearly average of nine 
inches of precipitation, most of which falls during the months of November through March and at 
times and quantities that very little of this rainfall can be applied as beneficial use for cropping. Of the 
approximately 100,000 acres in the Grasslands agricultural subarea, less than half are in the San Luis 
Unit.  These include lands within the Panoche Water District (approximately 38,000 acres), the 
Pacheco Water District (approximately 4,400 acres) and drainage areas within the San Luis Water 
District (approximately 5,100 acres).  Tables 1 and 2 summarize water use of Panoche Water District 
and Pacheco Water District, respectively. 
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CVP Net CVP Grower Total 
Water Allocation 94000 Net Well water  Delivered ** Acres Total Water
Year % (AF) Transfers estimates (AF) Farmed Applied AF/AC
1988 100% 99,308  1,450         97,858          33,645     97,858        2.91
1989 100% 93,958  7,919         86,039          35,661     86,039        2.41
1990 50% 43,919  9,072         6,000         52,991          32,681     58,991        1.81
1991 27% 38,519  1,690         18,000      36,829          27,173     54,829        2.02
1992 27% 32,672  494            4,500         32,178          27,920     36,678        1.31
1993 54% 81,098  8,257         6,078         80,413          32,536     86,491        2.66
1994 43% 47,998  15,914      65,379          30,301     81,293        2.68
1995 100% 64,796  3,000         79,669          32,707     82,669        2.53
1996 95% 69,911  7,236         4,000         79,640          35,805     83,640        2.34
1997 90% 63,204  11,712      5,000         77,949          35,849     82,949        2.31
1998 100% 52,685  10,000      4,000         65,063          36,130     69,063        1.91
1999 70% 58,054  5,536         6,000         73,131          36,197     79,131        2.19
2000 65% 57,081  2,242         8,500         77,834          35,249     86,334        2.45
2001 49% 54,087  1,798         2,000         69,626          26,205     71,626        2.73
2002 70% 62,856  449            10,000      80,336          37,764     90,336        2.39
2003 75% 60,245  8,297         10,000      76,900          38,886     86,900        2.23
2004 70% 56,112  6,824         8,500         76,740          37,143     85,240        2.29
2005* 85% 53,445  931            7,000         70,525          37,324     77,525        2.08

USBR Total District
Deliveries Deliveries

* deliveries through December 05 Blanks indicate no data available
** Includes CVP, transfers In , District Non-CVP acquisitions, and drain water recycled.

PANOCHE DISTRICT WATER SUPPLY

 
 
Table 1. CVP water supply allocation to Panoche Water District showing use of transfers, 

groundwater conjunctive use and in-district reuse to offset CVP shortages (Panoche Water 
District, 2006). 

 
The majority of agricultural acreage in Grasslands agricultural subarea is used to produce melons, 
cotton, alfalfa and tomatoes. The five major irrigation methods in the subarea (in order by highest to 
lowest acreage) are sprinkler (hand move), graded furrow (¼ mile length with siphon tube), drip 
(surface and subsurface), and furrow (¼ mile length with gated pipe). Irrigated acreage within the 
Grasslands agricultural subarea is relatively constant from year to year though land fallowing has 
occurred with a consequent reduction in irrigated acreage during drought and below-normal years 
when CVP water deliveries have declined to less than 50% of contract supply. Tables 1 and 2 show 
that during years when CVP water allocation is less than 100% water districts within the Grasslands 
agricultural area rely on local sources such as water transfers from other water districts, including the 
Exchange Contractors, groundwater pumping and both surface and subsurface drainage reuse to 
supplement their contract water supply.  
 
Drainage water from the subarea was discharged historically through the Grassland Water District, 
and diverted into either Mud or Salt Sloughs in transit to the San Joaquin River. In 1996 the drainage 
water was rerouted through a newly constructed channel that bypassed the Grassland Water District, 
along 29 miles of the former San Luis Drain into Mud Slough and the San Joaquin River (Appendix 
Figure A2). The Grasslands Bypass Project had been conceived almost a decade earlier as a means of 
limiting waterfowl exposure to potentially toxic selenium in the agricultural drainage passing through 
almost 90 miles of wetland channels and improving operational flexibility within Grassland Water 
District, which had to flush canals of selenium drainage water before making wetland deliveries.  
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CVP Net CVP Total 
Calendar Allocation 10080 Net CCID  Delivered ** Acres

Year % (AF) Transfers Contract (AF) Farmed AF/AC
1988 100%
1989 100%
1990 50%
1991 27% 9,137            4,060       2.25
1992 27% 8,784            4,060       2.16
1993 54% 10,106          4,060       2.49
1994 43% 10,133          4,060       2.50
1995 100% 7,902     4,533         11,215          4,064       2.76
1996 95% 8,610     5,078         12,908          4,064       3.18
1997 90% 6,741     4,837         11,430          4,072       2.81
1998 100% 5,228     1,563         6,691            4,072       1.64
1999 70%
2000 65% 4,734     32              5,667         9,657            4,243       2.28
2001 49% 6,023     396            5,066         11,106          4,243       2.62
2002 70% 6,249     499            5,623         10,974          4,243       2.59
2003 75% 7,229     706            5,260         11,597          4,242       2.73
2004 70% 8,272     908            5,821         12,292          4,243       2.90
2005* 85% 5,656     4,012         10,133          4,243       2.39

USBR Total District
Deliveries Deliveries

* deliveries through December 05 Blanks indicate no data available
** Includes CVP, transfers In , District Non-CVP acquisitions, and drain water recycled.

PACHECO DISTRICT WATER SUPPLY

 
 
Table 2.   CVP water supply allocation to Pacheco Water District showing use of transfers and how a 

contract with the Central California Irrigation District (CCID) is used to offset CVP 
shortages (Pacheco Water District, 2006).  Total water delivered includes in-district reuse. 

 
When the Grassland Bypass Project was implemented in 1996, Reclamation made the project 
proponents’ use of the federally owned San Luis Drain contingent on compliance with strict monthly 
and annual selenium load targets and the formation of a regional drainage management authority. The 
monthly and annual load targets for the 100,000 acre drainage service area (the majority of the 
Grasslands agricultural subarea) were established through a lengthy negotiated process between the 
water districts, State, Federal and local agencies, and private environmental organizations. Negotiated 
selenium load targets were set each month based on average monthly selenium loads from the project 
area - annual load targets were set at 6,600 lbs per year, less than the sum of the monthly load targets. 
The annual selenium load targets were reduced by 5% per year in the last 3 years of the 5 year 
project. Renewal of the project further reduced post-project with eventual compliance with Mud 
Slough selenium water quality objectives of 5 ppb slated for 2009.   
 
Incremental drainage incentive fees of up to $250,000 were to be levied for exceedence of either 
annual or mean monthly selenium load targets above 20%.  In order to meet load targets and avoid 
financial penalties local farmers and water districts implemented the most aggressive source control 
and drainage management program ever conceived in the Central Valley coupled with a subarea-wide 
drainage flow and water quality monitoring program. In the first few months of the project continuous 
flow meters were installed at each of the main discharge points. A monitoring program was 
developed to measure drainage discharge and selenium load for each district. Telemetered water 
quality sensors were installed allowing real-time access to each district’s contribution to overall 
drainage flow. Water meters were retrofitted on drainage sumps and discharge points within each 
district in order to estimate the drainage flow contribution from each sump and the mass contribution 
to each District’s selenium load. With this knowledge individual water districts were able to develop 
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their own internal load targets based on correlations between selenium loads and monthly flows at 
individual sumps. 
 
Water districts also mandated drainage management policies throughout the subarea such as 
prohibition of tailwater return flows in the District owned drain. The water districts worked with 
individual farmers to design and construct tailwater return systems so as to blend tailwater returns 
with surface water deliveries.  Some deep drains were also retrofitted with in-line control weirs to 
allow selenium drainage discharges to be regulated.  In the case of tile systems that discharged to 
sumps, sump pump control sensors were raised to allow discharge only when water tables in the field 
rose to within 5 feet of the ground surface.  Similarly, shallow groundwater levels were assessed 
through the construction of field water level indicators, color coded floating risers that protruded from 
shallow monitoring wells observable from the roadside that revealed the red colored band of the riser 
when water levels were sufficiently high to affect crop yields from rise of salts into crop root zone. 
This clever device, publicly visible, provided indirect peer pressure to those landowners whose water 
management practices allowed excessive deep percolation after irrigation and was very effective at 
improving on-farm drainage source-control practices.  In the case of drains that discharged directly to 
open ditches - some main lines were severed and weir control structures installed at the outlet to help 
store more drainage water beneath each field prior to discharge to the District’s drainage system. 
  
Tiered water pricing for water deliveries had been in place for several years in some districts prior to 
the Grasslands Bypass Project.  With the project, more districts adopted tiered pricing or modified 
policies to further encourage drainage reduction. In particular, water district policies of implementing 
separate tiered pricing for pre-irrigation addressed the propensity for lower on-farm irrigation 
efficiencies at the beginning of the irrigation season.  Districts have installed regional recirculation 
systems, where subsurface drain water was collected and pumped back into the regional irrigation 
system.  Irrigation water quality was closely monitored, and TDS levels within district canals were 
not allowed to exceed 600 mg/L.  
 
Other drainage management activities include a 4,000-acre drainage reuse project, developed on 
lower quality ground outside the San Luis Unit service area that lacks a surface water supply.  In the 
project, subsurface drain water is applied to irrigate salt tolerant crops, such as Jose wheat grass, 
paspalum grass, pistachios, eucalyptus trees, asparagus, and other pasture grasses. The area is being 
developed with subsurface tile systems and pumping facilities, to allow collection and reapplication 
of increasingly saline drainage and to protect against groundwater recharge. Full development of this 
area is anticipated by 2007.  The water districts and Reclamation are also supporting research into 
drainage treatment using reverse osmosis, crystallization of solids for reclamation of usable 
byproducts and/or land disposal, and the production of reusable water. 
 
The success with which the Grasslands Area farmers have reduced selenium discharges from the 
project area is shown in Figure 2. Figure 2 compares cumulative plots of selenium loads for the first 
eight years of the project (1997- 2003) and previous water years (1986 - 1996). Although selenium 
drainage targets were exceeded in January, February and April in the first year of the project this was 
not unexpected owing to the flooding that occurred due to El Nino conditions owing to higher than 
usual precipitation. The selenium load targets were based on mean monthly selenium loads recorded 
over a nine year period from 1985 - 1994, which included a sequence of drought years in the San 
Joaquin Valley and which was without any major flood events.  Despite the challenges of the 1997 
and 1998 El Nino years - average reductions of 60% compared to the pre-project mean monthly 
selenium load were achieved over a nine year period. A unique feature of the Grasslands Bypass 
Project was the spirit of co-operation being shown between water districts in this novel program.  
Rather than attempt to legally define each water district’s share of the collective selenium discharge 
target load, the participants have chosen to work as one unit in meeting goals allowing participating 
water districts to strive to implement best management practices at their own pace.  The advances 
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made in the past 9 years were an intensive learning experience for water districts within the subarea 
and individual growers alike as they sought ways to sustain agriculture while complying with 
discharge reduction goals defined by the Grassland Bypass Project Use Agreement to improve water 
quality conditions in the San Joaquin River. 

Figure  2.   Comparison of pre-project and post-project selenium and salt loads showing the success 
of the Grasslands Bypass Project for management of subsurface drainage and 
demonstrating the potential for real-time water quality management of the San Joaquin 
River Basin. 

 
  
As indicated in Figure 2, after 2010 the Dry Year Selenium objective in Mud Slough, into which the 
Bypass Waters are released, is 5 ppb.  This is in addition to the required selenium load reduction to 
approximately 1100 lbs to meet San Joaquin River selenium objectives.  Despite the success of the 
Grasslands Bypass Project, which showed that real-time water quality management is a viable option 
for improving San Joaquin Basin water quality, the selenium objective cannot be met in drainage 
discharges with current technologies. The Grassland Bypass Project contemplated the possibility of 
constructing a pipeline to carry drainage water below the Mud Slough compliance point.  However, 
construction expense, the uncertainty of environmental review and permit requirements, potential 
public opposition and the concern that future regulations would nonetheless preclude drainage 
discharges to the San Joaquin River have prompted participants to instead adopt a plan that calls for 
the elimination of all subsurface drainage discharge to Mud Slough and the San Joaquin River by 
2010.   
 
This plan requires the acquisition and development of approximately 2,000 additional acres dedicated 
to subsurface drainage reuse, for which water districts within the Grasslands agricultural area are 
presently preparing environmental review documents and developing local and outside funding 
strategies.  In order to reduce the scale of the reuse facility these water districts have continued to 
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implement innovative source control measures, have invested in improvements in conveyance 
facilities to reduce system losses, pumped shallow groundwater in problem areas, fallowed lands 
within Broadview Water District, and experimented with new drainage treatment technologies to 
produce reusable water and dispose of solid salts.  The current dedicated reuse facility and expansion 
target reuse areas are located on marginal agricultural lands located outside of the San Luis Unit 
service area that do not have CVP contract supplies and therefore do not retire prime agricultural land 
within the San Luis Unit.  This facility will be intensively managed in order to maintain a root zone 
salt balance to allow sustainable cultivation of salt tolerant agricultural crops. This facility is being 
equipped with shallow, closely spaced tile drains to prevent water logging and the evaporative build-
up of salts in the crop root zone and allow the sophisticated salt management required for 
sustainability and keep saline and selenium contaminated drainage from migrating offsite. A more 
detailed explanation of this concept is provided in Appendix A.   
 
Should continued technical advances provide a breakthrough selenium remediation technology that is 
cost-effective – implementation of this technology could ultimately lead to use of the San Joaquin 
River as a legitimate drainage outlet. Under this scenario drainage discharges could be made under a 
real-time monitoring and management program up to the limit of assimilative capacity for salinity, 
consistent with terms of the TMDL recently adopted by the State Water Resources Control Board. 

2.2    Increased CVP contract deliveries without implementation of a federal drainage management plan 
In the selenium-affected portion of the Grasslands agricultural subarea (including Panoche, Pacheco, 
the Charleston Drainage area of San Luis in the San Luis Unit, together with Widren, Firebaugh and , 
the Camp 13 Unit of CCID and the Broadview Water Districts) - farm irrigation water management 
activities are tightly constrained by current environmental regulations and by continuing limitations in 
CVP contract allocations.  Despite these dual constraints, cropped acreage and therefore, total water 
demands have remained relatively constant and have been satisfied by a combination of CVP contract 
allocation, water transfers, landowner groundwater pumping, and recycling of subsurface drainage.  
The local planning for drainage management facilities has taken this level of agricultural demand and 
resulting drainage demand into account. 
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Figure 3.    Water and salt balance components for the Panoche Water District which is located in the 

selenium affected area of the Grasslands agricultural subarea. 
 
 
In Appendix A of this report there is a detailed description of the Basin hydrogeology and which 
shows how the Corcoran Clay layer restricts natural drainage in the Grasslands agricultural subarea. 
This section also explains how groundwater pumping, and both surface and subsurface drainage reuse 
reduce the amount of water required to meet the evapotranspiration needs of the growing crops. 
Figure 3 shows in diagrammatic form various components of the subarea water and salt balance for 
Panoche Water District and illustrates the fate of surface applied water which includes (1) loss to the 
processes of evaporation and evapotranspiration; (2) loss to groundwater which can contribute to (3) 
regional groundwater outflow from the district, (4) surface drainage return flows and/or (5) 
subsurface tile drainage.   
 
If farmers receive a higher percentage of their contract supplies, they will be able to meet their crop 
needs with this additional CVP water supply and therefore will decrease their reliance on water 
transfers from other water districts. Most transfers are from other CVP contractors who are also 
served by the San Luis or Delta-Mendota Canal. This transfer water retains the same salinity 
attributes as the basic contract supply. Increased CVP contract allocation is also likely to substitute 
for groundwater conjunctive use given the poorer water quality of groundwater pumpage and the 
higher costs of pumping. This substitution may help to improve root zone salt balance in those areas 
which received a larger component of groundwater pumpage in their water supply. In Panoche Water 
District groundwater pumped into the District system and subsurface drainage recycled water is 
typically blended with the CVP water supply to equitably distribute the salinity impacts of the poorer 
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quality water within the water district. Some groundwater is retained on-farm. The drainage reuse 
facility, previously described, is being sized to manage discharges from the irrigation of, what was 
shown in Tables 1 and 2, to be a relatively stable crop base. Hence any shift in the source of the water 
supply to the Grasslands agricultural subarea would not be expected to increase the applied water or 
drainage generated.  The water districts are also likely to continue the current practice of adjusting 
contract allocations to crop demand and installed drainage management technologies using annual 
water transfers, that have been permissible under previous contracts with Reclamation’s consent and 
which are subject to environmental review.  Such transfers may be used to further curtail groundwater 
pumping or to meet crop needs in districts without access to groundwater or where drainage 
management constraints are less and where even full contract allocation is inadequate to meet the 
water demands of permanent crops. 
 
Alternatively, if the agricultural water districts serving the Grasslands subarea apply additional water 
supply up to their full contract amount and continue to pump groundwater or accept transfers beyond 
current crop demand, they must still abide by the requirements of laws regulating water quality in 
discharges.  Consistent with current local drainage management trends, they would need to acquire 
additional land that would be dedicated to subsurface drainage reuse and salt disposal.  If the 
additional land is served with CVP supply, its dedication as a reuse facility would effectively retire it 
from commercial agriculture and the land would be dedicated to salt tolerant crops of lower economic 
value, such as Jose wheat grass, mixed pasture grasses, paspalum grass and eucalyptus.  
 
Another scenario could see the Grassland agricultural subarea embrace the recommended drainage 
plan in the San Joaquin Valley Drainage Program final report (SJVDP, 1990) which called for 
extension of the San Luis Drain to Newman Wasteway (which eliminates the Mud Slough selenium 
drainage constraint of 5 ppb) and the implementation of real-time salinity management as a means of 
disposing of a portion of the annual salt load generated in the subarea using the assimilative capacity 
of the San Joaquin River. Under real-time salinity management, as currently defined (Quinn and 
Karkoski, 1998; Quinn, 1999), allowable drainage salt load is defined in terms of the Vernalis salinity 
objective and the mass loading of additional salt that could be safely discharged without violating the 
objective.  Given that the current salinity objective is a 30-day running average EC – this provides a 
certain safety factor to accommodate inexact forecasts – reducing the averaging period to weekly or 
daily would optimize use of the River’s assimilative capacity. Implementation of a real-time salinity 
management program would reduce significantly the drainage constraint that might limit utilization of 
a full contract water supply.  In normal or wet years real-time water quality management might allow 
safe disposal of most of the drainage water generated by a full contract supply provided some short-
term storage of drainage was permitted either on-farm or in District managed detention basins. 
However, as noted earlier, this future drainage management plan has not been adopted by the 
landowners and water districts within the Grasslands agricultural subarea largely because of the 
uncertainty associated with undertaking such a program, the monitoring costs and the suspicion that 
future environmental regulation or regulation of a different contaminant might further constrain their 
allowable discharge.   
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2.3  Summary 
2.3.1   Continued  drainage management by local entities 

• Continue ongoing development of increased irrigation efficiencies, system improvements 
• Fully develop drainage reuse areas with salt-tolerant crops, tile and pumping systems to 

collect and reapply subsurface drainage and protect groundwater, reduce drainage for 
ultimate treatment to produce reusable water and/or dispose of solids to land 

• Soil salinity banked below reuse area lands 
• Additional requirements for land dedicated for reuse areas to implement zero discharge 
• Retirement of land without CVP supplies to provide salt balance for CVP-irrigated land, 

avoid increased salination of soil or groundwater to which CVP supplies are applied. 
 
2.3.2    Increased CVP contract deliveries without implementation of a federal drainage 

management plan  
• Continued emphasis on drainage reduction and management 
• Meet steady crop demand with increased CVP contract supplies, decreased reliance on water 

transfers, groundwater pumping and drainage reuse. 
• Lower rate of soil salinity accumulation beneath reuse area lands  
• Continue to use water transfers to adjust annual supplies to meet crop demands. 
• Potential future use of real-time management to allow discharge of low-selenium water - 

reduced constraints on drainage production, possible increased use of CVP contract water 
during wet years 

 

3.0   WESTLANDS  SUBAREA 

3.1  Continued drainage management by local entities. 
WWD is the largest water district in the nation with an area of approximately 650,000 acres, 
dominating the Westlands subarea. The Coast Range, which is the origin of soils within the subarea, 
is composed predominantly of sandstones and shales of marine origin that contain salts, as well as 
trace elements such as selenium. The texture of the marine deposits depends on the relative position 
on the alluvial fan and ranges from coarse sand and gravel to fine silt and clay. The fine textured soils 
are characterized by low permeability and increased concentrations of water soluble solids, primarily 
salts and trace elements. The Corcoran Clay formation ranges in thickness from 20 to 200 ft, 
underlying most of the subarea and dominates the subsurface hydrology. A more complete 
description of the hydrogeology of the Westlands subarea can be found in Appendix A. 
 
The Westlands subarea receives a yearly average of seven inches of precipitation, most of which falls 
during the months of December through March. Approximately 60 different crops are grown in the 
Westlands subarea – the majority with irrigation. In the year 2000, cotton, tomatoes, wheat, and 
almonds comprised almost 64% of the 564,200 acres of the Westlands Water District (WWD) within 
the subarea. In WWD irrigation water sources include groundwater and Delta water through the 
conveyance system of the Central Valley Project (CVP). Westlands will typically make up for water 
supply deficiencies through increased district and private landowner groundwater pumping and by 
acquisition of supplemental water supplies from water districts to the north such as the Exchange 
Contractors and smaller state and federal water districts (Table 3).  Some landowners in Westlands 
Water District often also farm properties in the smaller federal districts.  Water wheeling is typically 
used to effect water transfers and are recorded by Reclamation’s Operations and Finance Divisions. In 
the 2004, approximately 25% of all crop acreage was irrigated by surface systems (furrow and/or 
border irrigation), approximately 36% was irrigated by pressurized systems (sprinklers and/or drip 
irrigation), and approximately 39% was irrigated by a combination of surface and pressurized 
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systems. Groundwater sources are more saline than surface water deliveries – groundwater salinity of 
less than 1500 uS/cm is uncommon while surface water typically has an EC of less than 500 uS/cm. 
 

 
Table 3. Westland Water Supply 1988-2005 showing CVP allocation and estimated groundwater 

pumping within the District (Westland Water District web site : www.westlandswater.org). 
 
The closure of the San Luis Drain and Kesterson Reservoir in 1995 required plugging of close to 
5,200 acres of land with tile drains in the north-west section of the WWD. The end result has been to 
exacerbate the areal extent of shallow groundwater in the district, which has compounded problems 
associated with waterlogging and evapoconcentration of salts in the shallow aquifer and crop root 
zone. Groundwater levels are typically highest in April after pre-irrigation and lowest following the 
cropping season in October after crops have been harvested. 
 
The Westlands subarea has no drainage discharge to the receiving waters of the State, therefore it is 
not directly affected by the current salinity and boron TMDL which limits discharge into the San 
Joaquin River.  However, these actions have an indirect impact on the hydrology of the Basin owing 
to regional groundwater flow from Westlands into the Grasslands subarea.  Although Quinn and 
others, using two USGS models that overlay the boundary between the Westlands and Grasslands 
agricultural subareas (Belitz and Phillips, 1993 and Fio and Deverel, 1992) have estimated this 
migration at less than 3% of the deep percolation in any of the downslope, impacted water districts – 
the implementation of water conservation, drainage recycling and other drainage reduction best 
management practices in the Westlands subarea is a benefit to drainage management and disposal in 
the Grasslands agricultural subarea by reducing imported groundwater from upslope.  
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Westlands Water District has been a leader in research and development of innovative source control. 
This district offers an irrigation guide providing real-time crop ET information including actual daily 
water use for the past 28 days and a 10-day forecast of crop water use. A Water Management 
Handbook (WWD, 1999) is also available for education and training of irrigators. The District poured 
considerable resources into searches for cost-effective treatment technologies for removal of selenium 
from agricultural drainage.  The first technologies assessed such as the Binnie process adapted 
conventional activated sludge reactor technology to reduce incoming selenate-selenium to less mobile 
reduced forms of the metalloid with subsequent unit processes to separate the selenium from the 
biological floc. These experiments at Adams Avenue Research Facility in WWD were followed by 
various physical-chemical processes such as the Harza iron-filing process and algal-bacterial pond 
system developed by Oswald at UC Berkeley within the Panoche Water District (PWD) of the 
Grasslands Agricultural subarea, a co-leader in drainwater treatment technologies.  None of these 
technologies was able to consistently meet the selenium objectives of less than 5 ppb effluent water 
quality nor were they able to provide selenium load reduction at an affordable cost.  The District also 
experimented with Deep Well Injection but neither the underground formations nor the cost of 
disposal merited further development.  
 
A promising source control technology outcome of these years of research by the Westlands Water 
District has been Integrated Farm Drainage Management (IFDM). This technology was laid out 
conceptually in the final report of the San Joaquin Valley Drainage Program (SJVDP, 1990) and is a 
controlled reuse system whereby drainage is reused on progressively more salt tolerant crops with the 
final effluent discharged into a solar evaporator for later offsite disposal.  Areas of each irrigated crop 
are carefully calculated and drainage carefully managed to ensure complete reuse at each step in the 
process. The IFDM system only works if all components are carefully tuned to keep root zone salts in 
check and to ensure adequate flushing of the crop roots.  It achieves a salt balance by removing the 
salt from the productive land and storing it on farm. 
 
Research conducted over the past 20 years in WWD and PWD has provided a laboratory for drainage 
management in subareas to the north of the WWD as they adapt to increasingly restrictive TMDL’s 
that make it more difficult for farmers to achieve salt balance on their farmed lands.  Soil salination is 
a slow, progressive and inevitable process if salt balance is not achieved over the long term (Schoups 
et al., 2005).  Then, the only responses to TMDL drainage restrictions or the lack of a drainage outlet 
are in-valley disposal options or land retirement.  Since 2001, approximately 81,000 acres have been 
fallowed within WWD resulting as a result of the Sumner Peck Settlement which permanently 
removed approximately 35,000 acres from irrigated agricultural production, and from WWD 
acquiring 46,000 acres that were severely drainage impacted.  It is possible that when drainage 
service is provided, the 46,000 acres could again be irrigated.  Currently, these acquired lands are 
dryland farmed, grazed, being developed for some habitat uses, or dedicated to drainage reuse areas, 
similar to those discussed for the Grassland agricultural area.  Declining crop yields and loss of crop 
land to irrigated agriculture will result in declining regional economic conditions on the west-side of 
the San Joaquin Valley.  Because of the multiplier effect agricultural income has on the economy as a 
whole, jobs will likely be lost as income per capita in western Fresno and Tulare Counties declines. 

3.2    Increased CVP contract deliveries without implementation of a federal drainage management plan 
WWD has a CVP water allocation of 1,150,000 acre-ft which is insufficient to meet the district’s 
agricultural demands.  This can observed in Table 1 and in Figure 4 which show the relative amounts 
and sources of supplemental water supply the District has used to meet the demands of its farmers. 
Even in 1995, when the CVP allocation was 100% and the District received 1,021,719 acre-ft of CVP 
water there was approximately 150,000 acre-ft of groundwater pumped, 57,840 acre-ft was acquired 
by water users and 121,747 acre-ft was acquired from water transfers from outside the District.  In 
1995 CVP water constituted only 75% of the water supply and farmers within the District fallowed 
43,528 acres. As previously described, the Westplains region of WWD has always received an 
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allocation of 50% of its average demand and has relied water transfers from within WWD, from 
outside WWD, and on some groundwater.   
 

 
 
Figure 4.   Sources of supplemental water acquired by WWD by water year for the period 1988 

through 2005. 
 
The provision of a full CVP water supply would most likely just replace some of the water transfers 
and relieve some of the stress placed on the regional aquifer system through groundwater pumping. In 
the past overpumping of the regional groundwater system has led to extensive land subsidence 
especially around the town of Mendota and the hamlet of Five Points where land subsidence of more 
than 20ft has been recorded.  Provision of the full CVP water supply may reduce the risk of similar 
episodes in the future.  
 
The Integrated Farm Drainage Management (IFDM) technique has shown to be effective in drainage 
problem areas although the problem of salt disposal from solar evaporators is still an unresolved 
problem. The costs of implementing an IFDM system are substantially higher than routine irrigation 
management and may limit its application within the drainage problem area. 
 
If the supplemental CVP water supply to full contract delivery is used to offset water reuse rather than 
groundwater pumping – the result will be improved root zone soil salinity, as discussed in Appendix 
A, with long-term improvement in crop yields.  If used to substitute for water transfers there is no net 
impact except on net farm income.  CVP water supplied directly by Reclamation will be delivered at 
a lower cost than water transferred from other water districts or wheeled using CVP facilities.  Hence 
the primary benefit of the full CVP supply is economic. 
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The long-term cost of the lack of an implemented drainage solution will be found in declining soil 
fertility and crop yields.  As discussed above, approximately 81,000 acres (and 9,000 acres in 
Broadview Water District) have been fallowed and are not being irrigated.  The water supply that has 
been relinquished from these lands will be applied to help offset the current deficit between irrigation 
demand and supply to the District. Over the long term it is anticipated that increasing areas of 
Westlands Water District located on the east-side along the basin trough (Appendix : Figure A3) will 
go out of production as crop yields decline and the costs of production exceed agricultural revenue.  

4.3  Summary 
4.3.1  Continued drainage management by local entities 

• Long-term build-up of salts in soils and groundwater 
• Additional requirements for land dedicated to salt management – IDFM approach 
• Land fallowing from irrigated agriculture 
• Some decline in rural economy in western Fresno and Kings counties 

 
4.3.2    Increased CVP contract deliveries without implementation of a federal drainage 

management plan 
• Full utilization of CVP contract water to offset in-district reuse, purchases of supplemental 

water from outside the district and groundwater pumping beyond safe yield 
• Improved shallow groundwater quality 
• Financial gain to landowners with reductions in water transfers and groundwater pumping 
• Short-term stimulus to local economy – longer term decline in agricultural revenue in eastern 

margins of water district. 
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A.1  Surface Water Resources 
The San Joaquin Valley extends roughly NNW to SSE, descending from the foot of the Tehachapi 
mountains, northwards to its confluence of the Sacramento River in the Sacramento-San Joaquin 
Delta.  The Valley is about 250 miles long and about 50 miles wide (Figure 1), bounded on the east  

 
Figure A1.   The San Joaquin Valley showing the Federal San Luis and Delta Mendota service areas. 

The San Luis service area contains Westlands Water District and  water districts located 
immediately to the north that produce tile drainage high in selenium and other harmful 
salts.  
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by the Sierra Nevada Mountains and on the west by the California Coast Ranges.  Physiographically, 
the San Joaquin Valley can be divided into two parts.  On the southern extremity, the Tulare Basin 
extends from the foot of the Tehachapi Mountains northwards to a divide located to the north of Los 
Gatos Creek and the Kings River.  The Tulare Basin is an isolated depression which contributes water 
to the San Joaquin Basin only during years of extreme flooding.  Fresno Slough connects the Tulare 
Basin with the San Joaquin River, across the topographic rise.  Depending on severity of floods, water 
may flow either way in this channel.  A fresh water lake, the Tulare Lake, occupied this depression at 
the turn of the century (Preston, 1979) and has since been converted to agricultural lands.  The Kings 
River, the Kaweah River and the Tule River drain into the Tulare depression.  Further south, the Kern 
River empties into the smaller Buena Vista Lake. Lake Isabella is a reservoir on the Kern River, east 
of Bakersfield.  Pine Flat Reservoir is located on the Kings River.  To the north of the Tulare Basin 
lies the San Joaquin River Basin which drains to the Sacramento-San Joaquin Delta and the Pacific 
Ocean.  
 
The San Joaquin Valley can be divided institutionally into State and Federal project service areas as 
shown in Figure A1.  The Federal service area in the San Joaquin Basin can be further subdivided into 
two major units – the Delta Mendota Canal Unit and the San Luis Canal Unit which were combined 
administratively in the mid 1990’s through the formation of a joint powers authority, the San Luis and 
Delta Mendota Water Authority which performs all operation and maintenance work associated with 
the management of the facility.  
 

Figure A2. Map showing both the Grasslands agricultural subarea (shown in yellow) and the 
Grasslands wetlands subarea, commonly referred to as the Grasslands Ecological Area. 
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This is comprised of : Grassland Water District (green), the State Wildlife Management 
areas (hatched purple) and the federal and Luis Refuge Complex (hatched brown). 

The San Luis Unit can be further subdivided into two subareas the Grasslands agricultural subarea 
(distinguishing it from the Grasslands Ecological Area – a 130,000 acre area of managed wetlands 
within the Grasslands subarea) and the Westlands subarea, comprising mostly Westlands Water 
District (WWD). The Grasslands agricultural subarea (Figure A2) comprises approximately 97,000 
acres of agricultural lands within the selenium affected alluvial fans. This area has an historic 
drainage outlet to the San Joaquin River. The Grasslands agricultural subarea, which after 1985 was 
no longer allowed to dispose of subsurface drainage water on managed wetlands within the Basin, 
was shown to be gaining both water and salt at a rate of 1900 AF per year (Quinn and Swain, 1990). 
This is a small increase in semiconfined aquifer storage and is equivalent to less than 0.05 ft/year of 
water table rise. Annual salt storage was estimated at 110,000 tons per year – approximately 1 
ton/acre-yr. 
 
South of the Grasslands agricultural subarea, located between the towns of Mendota and Kettleman 
City and to the west of the Basin trough, is the Westlands subarea dominated by WWD (Figure A3). 
This district, which contains over 640,000 acres of irrigable acreage, has no natural drainage outlet 
save Fresno Slough which drains into Mendota Pool in the north-east corner of the District. WWD 
contains two of the largest west-side alluvial fans, the Panoche and Cantua Creek alluvial fans, which 
both contain high concentrations of native selenium.   
 

 
Figure A3.  Map of WWD which dominates the Westland subarea.  Map shows areas of shallow 

groundwater.  (Source: Westlands Water District, 2003). 
 
 
The Westlands subarea was shown to have a 25,000 AF gain in semiconfined aquifer storage – 
equivalent to a 0.3 ft/year increase in water table (Quinn and Swain, 1990). Annual salt storage for 
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Westlands was also considerably higher than that in the Grasslands agricultural subarea at 670,000 
tons per year.   
 
The major tributaries of the San Joaquin River, from the south, are the Fresno, the Chowchilla, the 
Merced, the Tuolumne and the Stanislaus Rivers (Figure 2).  Many surface water impoundments have 
been constructed across the tributaries of the San Joaquin River for both flood control and irrigation.  
As is shown in Figure A4, these include, from the south, Friant Dam (across the San Joaquin), 
Hensley Lake (across the Fresno), Lake McClure (the New Exchequer Dam across the Merced), the 
New Don Pedro Dam (across the Tuolumne) and the New Melones Dam (across the Stanislaus).  On 
the foothills of the Coast Ranges, the San Luis Reservoir is a man-made surface water storage facility 
on the California aqueduct.   
 
Prior to the construction of the CVP and the Delta Mendota Canal, water from  the San Joaquin River 
was used to irrigate lands in the central portion of the west side, near Fresno.  However, with the 
construction of the CVP, water from the San Joaquin River at Friant Dam was diverted to the Tulare 
Lake Basin through the Friant-Kern Canal and water from the Delta Mendota Canal was made 
available for irrigating lands throughout the west side on agricultural land between Mendota and the 
CVP Tracy pumping plant. Although some areas of WWD could be served from the Delta Mendota 
Canal direct diversions from the California Aqueduct created a gravity pressurized water distribution 
system without the need for additional irrigation lift pumps. Mendota Pool is a storage reservoir on 
the Delta Mendota Canal, north of Fresno. The construction of the surface water reservoirs on the east 
side of the San Joaquin Valley, in particular the Friant Dam and the subsequent southerly diversion of 
water along the Friant-Kern Canal,  caused the annual outflow of the San Joaquin River at Vernalis to 
decline by about 1.3 million acre feet.     
 

 
Figure A4.  The San Joaquin Basin showing the major east-side tributaries and reservoirs             
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Scheduled discharges and flood releases from the many reservoirs play an important role in 
controlling water quality in the San Joaquin River.  Water releases from these reservoirs determine 
the amount of salt load that can be added to the river via drainage discharges (assimilative capacity) 
without exceeding State Water Resources Control Board salinity objectives, set at Vernalis. Exports 
of salt from the San Joaquin Valley are much smaller today than imports into the San Joaquin Valley 
by way of the Delta-Mendota Canal and the California Aqueduct.  Imported salt accumulates in the 
soil or in the groundwater aquifers beneath agricultural land on the west-side.   A study of the San 
Joaquin Basin surface water salt balance Orlob (1991) analyzed historic data to understand the state 
of balance between salt import and salt export into and from the San Joaquin Valley.  At the present 
rate the net import of salt annually would be about 2 million tons by the year 2007.  Orlob (1991) has 
estimated an average  salt accretion  to the San Joaquin Basin through the Delta Mendota Canal of 
between  1,000,000 and 1,300,000 tons of salt per year. 
 
Since the completion of the CVP’s Delta-Mendota Canal, over 16 million tons of salt have been 
imported into the Valley through water deliveries. Water pumped into the Delta Mendota Canal is 
generally inferior in water quality and higher in total dissolved solids (TDS) than water in the 
California Aqueduct owing to the proximity of the Tracy pumping plant to the San Joaquin River.  
Typical salinity  of the Delta Mendota Canal is in the range of 300 - 500 mg/l TDS.    
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Figure A5.  Topographic contour map of the west-side of the San Joaquin Valley (from Belitz, 1990) 

A2   Groundwater Resources 
The groundwater system beneath the west side of the San Joaquin Valley has been in state of 
disequilibrium since the advent of irrigated agriculture. Belitz (1988) provides an account of the state  
of the groundwater system as it existed at the turn of the century and how its character has changed to 
the present time.  The regional groundwater system is driven by gravity, hence the physiography and 
geomorphology of the Basin play a decisive role in determining its character (Narasimhan and Quinn,  
1996).  The west-side is characterized by a fairly simple topographic pattern; an easterly sloping flank 
of the Coast Ranges extending for over 80 miles in the NNW-SSE direction (Figure A5).   
 
The distance from the boundary of the Valley deposits to the San Joaquin River varies slightly around 
20 miles. Over this distance, the elevation declines from about 600 feet to about 160 feet above sea 
level.  The upper slope (comprising alluvial fans), from 600 feet to about 300 feet, tends to be steeper 
than the lower slopes.  Four intermittent streams, from south to north, the Los Gatos Creek, the 
Cantua Creek, the Panoche Creek and the Little Panoche Creek have created important geomorphic 
features of the Valley by virtue of their well-developed alluvial fans (Figure A6). 

Figure A6.   Alluvial fans and intermittent streams of the western San Joaquin Valley   
        (from  Deverel and  Gallantine, 1988). 
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A3   Surface And Subsurface Geology 
Sediments of recent alluvium deposited by the action of the west-side ephemeral streams cover much 
of the west-side, from the flanks of the Coast Ranges to the vicinity of the river.  On the upper slopes 
and in the prominent alluvial fans, the sediments tend to be coarse-grained, having been deposited by 
episodic, high-energy stream flows.  In the inter-fan areas and in the lower slopes of the Valley, the 
sediments show a flood-plain depositional character and consist of fine-grained materials.  Mass-
wasting, mud flows and surge flows associated with the high energy sediment transport of ephemeral 
and intermittent streams appear to play a very important role in controlling the physical- as well as the 
chemical properties of the sediments.  Marine sediments, ranging in age from Jurassic to Miocene age 
are exposed along the ridge crest of the Coast Ranges (Presser et al., 1990).  Two members of this 
sequence, the Moreno Formation (upper cretaceous to paleocene) and the Kreyenhagen Formation 
(eocene to oligocene) are exposed over a 20-mile stretch of the Moreno Ridge.  Despite their limited 
extent these formations play an important geochemical role because of their high salt and selenium 
content.  Following the miocene, during pliocene and pleistocene periods the marine conditions gave 
way to continental and lacustrine conditions.  The Tulare formation of pliocene to pleistocene age 
underlies the alluvium over much of the west-side. 

 
Figure A7.   Thickness of the Corcoran Clay layer (E-Clay) beneath the San Luis Unit in the western 

San Joaquin Basin (from Belitz, 1990). 
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The Corcoran clay of the Tulare formation, approximately 100 feet thick, constitutes an extensive 
marker horizon beneath the west-side.  The alluvial sediments overlying the Corcoran clay decrease 
in thickness from a maximum of about 800 feet on the Valley margins to less than 100 feet in the 
vicinity of the San Joaquin River (Figure A7).  In the Valley trough, the coast range alluvium, 
characterized generally by fine-grained sediments, gives way to the alluvial Sierran sands derived 
from the Sierra Nevada mountains. The coarser Sierran sands contain water with chemical 
characteristics distinct from the sediments of the Coast Ranges alluvium.  The alluvial sediments 
overlying the Corcoran Clay are frequently referred to as the "semi-confined" zone. 

A4   Regional Groundwater Flow 
The Coast Range mountains constitute the natural groundwater recharge area for the west-side.  At 
the turn of the century, before intense pumping commenced in the 1920s, the piezometric heads in the 
deep aquifers underlying the Valley floor were reportedly so high that free-flowing artesian wells 
were common along a long, narrow zone along the river (Figure A8).  The physical disposition of the 
artesian zone, extending parallel to the trend of the Coast Ranges, is an indication that the regional 
groundwater system is driven by recharge from the Coast Ranges.  Based on stable isotope data of 
water samples from wells located above and below the Corcoran clay, Dubrovsky et al. (1991) 
suggested that groundwater may also be leaking vertically through the Corcoran clay and recharging 
the deep aquifers, both due to pervasive flow through the formation and due to the several hundred 
wells which are screened in horizons above and below the Clay. 
 

 
Figure A8.  Generalized hydrologic cross section and approximate flow patterns in the semi-confined   

aquifer for the San Joaquin Basin. (from Belitz, 1990). 
 
The development of the western San Joaquin Basin for irrigated agriculture and the advent of deep-
well turbine pumps in the 1920s drastically changed the groundwater flow system. Groundwater 
became an important component of irrigation water and, responding to post-second-world-war boom 
in the economy, groundwater pumpage increased by a factor of four, reaching a maximum of about a 
million acre-feet per year between 1950 and 1970.  Most of this pumpage was from the confined 
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aquifer below the Corcoran Clay (Figure A8).  However, pervasive land subsidence over the west side 
and increased cost of pumping necessitated a reduction in groundwater pumpage and importation of 
water through the San Luis Canal.  Surface water deliveries to WWD that have continued since the 
first contract deliveries were made in the 1967 have caused water tables to rise throughout the water 
district except in the western sector of the District, formerly known as Westplains, where water 
allocation has been restricted to about 1.5 acre-ft/acre. The resulting water table surface is shown in 
Figure A8. The zone separating the areas impacted by shallow saline water tables has migrated to the 
west over time – however the region below the Westplains sector of WWD, which still relies on 
groundwater pumpage for up to 50% of its water supply, continues to show a deep water table more 
than 250 ft below the ground surface.  This condition is important to the analysis in Section 3 in the 
main body of this report. 

A5   Groundwater Pumping 
Groundwater pumping on the west side of the San Joaquin Valley has been responsible for much of 
the present day hydraulic condition and hydrochemistry of the Basin.  Gronberg et al. (1990) provide 
a summary of the distribution of wells on the west-side.  Although nearly 6,000 wells are known to 
exist in the Valley, useable information is available only with respect to about 2,550.  Nearly two-
thirds of these wells are completed in the semi-confined zone overlying the Corcoran clay.  Due to the 
general poor water quality within the shallow part of this zone (< 50ft from land surface), most of the 
wells in the shallow, upper portion are passive, observation wells.  Production wells in the semi-
confined zone are typically greater than 50 feet in depth.  The Coast Ranges alluvium in the semi-
confined zone generally comprises fine-grained sediments.  Because of the larger surface area of 
contact between water and solids in these sediments and longer residence times, these sediments tend 
to contain waters of poorer quality compared, for example, with waters of the Sierran sands to the east 
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Figure A9.  Map of the west side of the San Luis Unit showing the groundwater drainage divide and  

the areas irrigated by groundwater pumping in the 1940’s (from Belitz, 1990) 
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Figure A10.   Land subsidence induced by excessive groundwater pumpage in the San Luis Unit  
                      (from Belitz, 1990) 
 
of the San Joaquin River.  Therefore, in the Valley trough and the margins of the alluvial fans, 
irrigation wells in the confined zone tap aquifers in the Sierran sand which contains coarser, cleaner 
sands and better quality water.  Wells in the semi-confined zone have screens typically ten feet or 
more in length.  Some 533 wells reportedly tap aquifers in both the semi-confined zone and the 
confined zone.  In addition to providing irrigation water supply, these wells probably cause water 
within the two aquifer systems to mix.  The extent to which such mixing has occurred so far is as yet 
to be quantified. 
 
Wells penetrating the confined zone below the Corcoran Clay are generally restricted to the upslope 
areas at the head of the alluvial fans beyond the extent of the Sierran sands.  Gronberg et al. (1990) 
counted 410 wells that tap the confined zone with open screen intervals in excess of 100 feet.  
Examination of water table data and potentiometric data for 1984 by Belitz (1988) showed the 
existence of a pronounced groundwater divide approximately midway between the Valley trough and 
the Coast Ranges.  This divide, shown in Figure A9, has presumably occurred due to overdraft of 
groundwater by pumpage to the west and by leakage from the Aqueduct.  Clearly the pre-
development areal distribution of recharge and discharge areas of the west-side has been significantly 
modified by pumpage, with resulting physical and geochemical consequences. 
 
Ken Schmidt and Associates (Schmidt, 1997) have performed comprehensive studies of groundwater 
resources of the western San Joaquin Basin.  They found that wells located near Gustine and in areas 
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east of Dos Palos, where these groundwater wells tapped strata above the Corcoran Clay, water levels 
were relatively constant. However, for areas within the north-east corner of WWD and between 
Firebaugh and Mendota - water tables were generally rising over time. The majority of pumping in 
most west-side water districts takes place in strata immediately above the Corcoran Clay and 
immediately below the Corcoran Clay or in both.   

A6    Irrigation and Subsidence 
Irrigation-induced salination of land had already been observed and documented by Hilgard (1889), 
who drew attention to the long-term consequences of irrigated agriculture. In the 1920’s the 
development of the deep-well turbine pump helped to draw high-quality water for irrigation from 
deep aquifers, lying at depths of 2,000 feet or more.  By the 1930’s, the negative effect of this large-
scale pumping began to manifest itself in the form of land subsidence over the more actively pumped 
regions of the San Joaquin Valley.  Water was being mined from soft sediments such as clays and 
silts at rates far exceeding their groundwater recharge.  At some locations on the west-side, land had 
subsided by as much as 25 feet by the middle 1970s (Figure A10).  Moreover, the declines in water 
levels ensuing from excessive pumping added significantly to the cost of lifting water. A desire to 
arrest land subsidence and a consideration for reducing pumping costs led to the importation of 
surface water supplies from the Delta to the north through the Federal pumping plant of the Central 
Valley Project (CVP) into the San Luis and Delta Mendota Canals. Water deliveries from the Delta-
Mendota Canal  (of the CVP), which began in 1951, helped reduce subsidence and contributed to the 
gradual recovery of fluid pressures in the aquifers to pre-pumping levels over the next two decades.  
Although groundwater pressures in the confined aquifers recovered more or less completely, only 
about 10 per cent of the total subsidence recovered because of the plastic deformation properties of 
the sediments.   The remaining 90 percent constitutes groundwater storage that has irreversibly been 
lost. 

 A7   Cropping Practices 
The total irrigated area on the west side of the San Joaquin Valley is about 2.3 million acres (Tanji, 
1990), of which 0.89 million acres are affected by salinity and sodicity, 0.61 million acres by high 
water table and 0.93 million acres by poor groundwater quality (Figure A9).  Cotton is the major crop 
grown (over 49% of the irrigated area) on the west-side, with lesser areas planted with tomatoes and 
melons.  Commodity prices and expected crop revenues have a significant impact on long-term 
cropping practices on the west-side. 
 
The only drainage outlet from the San Joaquin Valley to the ocean is the San Joaquin River.  
Subsurface tile drains have been installed to control seasonally high water tables and to  dispose of 
salts flushed out from the root zone. To manage the application of irrigation water to cropland, a 
variety of irrigation methods are employed.  Pre-plant irrigation and irrigation scheduling during the 
growing season are commonly practiced to improve irrigation water-use efficiency and maximize 
crop yields.  Crop rotations are practiced on some lands to sustain soil fertility and control crop pests. 
 
Administratively, the west-side is divided into water and drainage districts. The largest water district 
on the west-side is the WWD which historically has been without a natural drainage outlet. 
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Figure A11.  Subareas within the western San Joaquin Basin affected by natural salinity and 

sodicity (from Belitz, 1990).  

A8    Irrigation Hydrology  
Irrigation activities on the west-side have interacted with and modified the pre-existing groundwater 
flow patterns by changing areas of recharge and discharge (Narasimhan and Quinn, 1996).  
Application of irrigation water causes the potentiometric head to increase at the land surface, leading 
to an increased vertically downward movement of water.  In areas of natural groundwater recharge, 
the irrigation deep percolation directly contributes to a rise in the water table elevation.  In areas of 
natural groundwater discharge if the downward gradients are maintained for prolonged periods of 
time, such areas could become areas of recharge and lead to a rise in the water table.  Because of the 
large areal extent of applied irrigation water on the west side, the resulting artificial recharge has 
significantly exceeded natural groundwater recharge by rainfall and stream flows. Williamson et al 
(1985) estimated that between 1961 and 1977 irrigation recharge was as much as 40 times that of the 
natural recharge over the entire west-side of the San Joaquin Valley.  
 
Applied irrigation water directly affects the shallow groundwater system. In turn, the dynamics of 
water flow and water table fluctuations in the shallow aquifer are intimately related to local 
topographic variations. Tile drains capture significant quantities of resident groundwater in the 
shallow semi-confined aquifer as well as deep percolation from the crop root zone immediately above 
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the drain.  Although the majority of flow from irrigation applications is downward through the soil 
profile into the groundwater system, researchers have sometimes observed groundwater flow in an 
upward direction from about 50 feet below land surface downwards to about 100 feet, based on 
piezometer data to a depth of 100 feet. Below this depth flow is again downwards.  In some 
downstream locations a horizontal groundwater divide seems to exist below 100 feet depth.  It is not 
clear, however, whether the upward flow observed by them is a manifestation of the regional flow 
pattern.  During periods of irrigation the gradient is reversed, causing the flow direction to change in 
the shallow zone, leading to downward migration of salts and soluble trace elements leached from the 
root zone (Narasimhan and Quinn, 1996).  Grismer and Woodring (1987) investigated the importance 
of lateral flows to drains on the west side from the regional groundwater flow system and concluded 
that the problem has to be studied on the scale of a township (intermediate scale).  Later studies by 
Fio and Deverel (1991), who observed both downward and upward groundwater gradients in a study 
area that included  the Panoche Drainage District, provided confirmation. 

A9    Groundwater Chemistry 
The regional hydrogeochemistry of the San Joaquin Valley is governed by the regional groundwater 
flow system and by the character of the source rocks.  According to Davis and Coplen (1989), the 
constituents present in the groundwater beneath the west side can be understood in terms of two 
distinct geochemical units.  The deep aquifers below the Corcoran Clay with thickness varying from 
1000 ft to 2500 ft contain very old waters (615,000 to 725,000 years before present).  These sodium 
sulfate waters are thought to be mixtures of waters derived from the Sierra Nevada mountains as well 
as the Coast Ranges.  Fairly well isolated by the poorly permeable Corcoran Clay, these waters are 
known to have a fairly uniform composition. 
 
The aquifers above the Corcoran Clay contain waters which are distinctly different in composition 
from that of the deeper aquifers.  Much richer in mineral content, the waters of the shallow aquifers 
exhibit a great deal of spatial variability in chemical composition. The waters of the shallow aquifers 
can be divided into Coast Range waters and Sierran waters. Groundwater in the Coast Ranges 
alluvium differs markedly from that in the Sierran sands.  The former contains significant quantities 
of nitrate, boron and selenium while that in the latter is significantly higher in arsenic, molybdenum 
and manganese (Dubrovsky et al., 1991).   
 
Reconnaissance studies by Presser et al. (1990) showed that selenium, which occurs mostly in a 
reduced elemental state in the marine shales, is oxidized to more soluble selenite and selenate   forms.  
From these observations the inference can be made that groundwater in recharge areas are 
characterized by an oxidizing environment.  In the distal parts of the fans, soluble selenates may 
occur with sulfate and other salts in evaporite deposits.  These evaporite deposits are typical of 
groundwater discharge areas, where salts are moved to the land surface by upward-moving 
groundwater and subjected to evaporative concentrations (Narasimhan and Quinn, 1996). 
 
As groundwater moves down-gradient into the Valley trough, its oxidation potential tends to 
decrease.  Also, Ca tends to precipitate gradually in the form of calcite (calcium carbonate) and 
gypsum (calcium sulfate) (Doneen, 1967).  Thus, groundwater in the Valley trough, in the vicinity of 
the San Joaquin River tends to be richer in NaCl and Na2SO4 and is characterized by lower oxidation 
potential as compared with upstream areas.  Dubrovsky et al. (1990) carefully studied the vertical 
variations in groundwater chemistry at a site near the Mendota airport where oxidizing irrigation 
waters have displaced native groundwater to depths in excess of 50 feet over a protracted period of 
time.  They found that prior to irrigation, the Sierran sand aquifer was part of a regional discharge 
area, characterized by low oxidation potentials and enriched in dissolved iron and manganese.  Prior 
to irrigation, selenium had been evaporatively concentrated in the near-surface soils at this site over a 
long period of time.  Due to vigorous pumpage of the Sierran aquifers for irrigation, the water table 
declined dramatically between the late 1950s and the middle 1970s.  This water table decline 



34 

presumably led to a seasonal down-ward movement of groundwater and the downward transport of 
salts and trace elements.  As the displacement proceeded, mobile selenium was removed from the 
aqueous phase by reduction to Seo, absorbed and/or precipitated in the vicinity of the interface 
between the two waters of contrasting redox states.  Deverel and Fujii (1987) have provided evidence 
to show that selenium has been evaporatively concentrated with other salts in areas of regional 
groundwater discharge and that NaCl and Na2SO4 waters are being displaced by waters rich in CaCO3 
and CaSO4.  These findings suggest that surface- and groundwater transients and redox conditions 
play a significant role in determining soil and groundwater chemistry in the near-surface soils and 
groundwater aquifers.  
 
Hydrogen isotope concentrations on groundwater have been used as a marker to estimate the depth 
penetration of irrigation deep percolation after the completion of the CVP facilities in the 1960’s.  
These data have also been interpreted to estimate the regional depth distribution of salts and trace 
elements in the semi-confined aquifer.  Gilliom (1991) has suggested that , in the vicinity of the 
Panoche Creek alluvial fan  most  salts and trace elements leached from the near-surface soils are 
contained in a zone between 30 feet and 150 feet below the land surface. 
 
The chemical nature of soils in the west-side is known to be significantly related to regional geologic 
setting and groundwater chemistry.  Southard et al. (1986) found that in the upper parts of the alluvial 
fans selenium content in the soils decreased with depth, suggestive of the important role played by 
sediment transport on soil chemistry.  In the medial and distal parts of the fans selenium content 
increased with depth, presumably indicating that the element was being displaced downwards by 
irrigation water.  The selenium variation with depth also indicated that the rate of downward 
displacement decreased with depth as oxidation potential decreased until reductive immobilization 
occurred in the vicinity of the interface with Sierran sands of low redox potential.   
 
Doner et al. (1989) carried out a comparative study of archival (1946) and contemporary soils in the 
west-side with special focus on selenium and arsenic.  The soils derived from the Coast Ranges 
sediments were found to be richer in selenium and arsenic than those derived from the Sierran 
sediments in the axial trough of the west-side.  It was found that selenium in its oxidized form of 
selenate tended to be mobilized and leached from the soil. Therefore, contemporary soils in the 
irrigated areas were found to contain less soluble selenium than the unirrigated soils. Doneen (1967) 
carried out a study of sediments collected from bore holes at 19 different locations along the then-
proposed alignment of the San Luis Drain.  Samples were collected from depths varying from 50 feet 
to 500 feet.  The samples from the axial trough of the valley (derived from the Sierran sediments) 
were found to have lower salt content than those of the fans (derived from the Coast Range 
sediments).  Virgin soils were found to contain more salts than irrigated soils, suggestive of active 
leaching. Depth profiles in the medial and upper parts of the fans were found to contain significant 
amounts of gypsum.  The relatively fine-grained nature of the Coast Ranges sediments as well as their 
origin in the chemical weathering of marine sediments contribute to the  higher salt content of the 
soils derived from them. This, combined with the oxidation state of the system plays an important 
role in the trace element of groundwater chemistry of the west-side.   

A10 Irrigation And Soil Salinity 
The depositional nature of the sediments on the west-side has been such that the alluvial soils, 
especially those in the Valley trough at the medial and distal ends of the alluvial fans, are prone to 
salinity due to water-logging and rising water tables.  For decades, the chief problem confronting crop 
yield the San Joaquin Valley was increasing salinity due to the accumulation of soluble salts in the 
root zone and toxicity due to trace elements such as boron. As salts build up in the root zone, the 
plants must expend extra energy to overcome osmotic forces and extract fresh water and nutrients 
from the soil.  Thus, high root-zone salinity was correlated with high water-stress to the plants.  To 
reduce this stress, the perceived solution was to flush the root zone of excess salts, normally 
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accomplished by leaching with irrigation water, applied in excess of the crop's water requirement.  In 
addition, networks of subsurface tile drains have been installed to remove these flushed salts and to 
control the proximity of the water table to crop roots.  Maintenance of a water table 6 feet or more 
below the ground surface was found to reduce evaporative concentration of salts in the root zone, 
which typically increases as water tables rise above an extinction depth of approximately 7 feet.  This 
extinction depth, defined as the limit of evaporative concentration of salts, depends on soil texture and 
capillarity.    

A11 Crop Root Zone Salt Balance 
Agricultural productivity and profitability determine on-farm decisions on the west-side of the San 
Joaquin Valley.  Clearly, a key to sustaining high crop yields is to manage the moisture content,  
aeration and salinity of the root zone.  Except for some phreatophytes, most crops cannot tolerate 
waterlogging of the root zone for extended periods; rather they require unsaturated conditions in 
which moisture and circulating air coexist in the root zone.  Given such an environment, plants 
extract water and selected salts from the soil for their growth and sustenance.  Although much 
remains to be understood about the mechanisms of uptake of water and nutrients by plant roots, it is 
generally believed that the uptake of water and salts by the plant roots is controlled by physical- and 
chemical driving forces.  In the unsaturated soil, water is held in the pores by capillary forces 
stemming from the affinity of water to bind to the surface of the soil particles.  Capillary forces 
progressively become large with decreasing moisture content.  Hence, to take water from the soil, 
plants have to expend energy to overcome capillary forces and gravity.  Moreover, when water in the 
root-zone has high salinity, osmotic potentials come into play and plants also have to spend additional 
energy to extract fresh water.   When they are forced to expend excessive energy because of high root 
zone salinity, plants become "stressed".  When moisture content in the root zone is relatively low, 
water is held in small pores under high capillary pressures, requiring plants to expend large amounts 
of energy to obtain the water necessary to meet transpiration needs and retain turgor pressure within 
the plant tissue. When turgor pressure declines plants wilt, the most visible early signs of plant stress.  
To achieve maximum crop yields, water content in the root zone should be at an optimal level over 
the entire crop growing season (neither too high to impair oxygen circulation nor too low to require 
high expenditures of energy to extract water).  Salinity in the root zone must not rise above a certain, 
crop-specific, threshold level for an extended period of time.  Certain crops such as cotton, wheat and 
sorghum exhibit greater tolerance to salinity than shallower  rooted vegetable crops such as melons 
and tomatoes.  
 
The amount of water required for growth of a crop is referred to as the crop's ET requirement. This 
quantity also varies from crop to crop.  Based on years of field experience (Westlands Water District, 
1984) the ET requirement has been shown to vary from less than 1 acre-foot per acre for melons and 
peas to as much as 4.2 acre-feet per acre for alfalfa (hay).  Many field-scale, multi-year experiments 
have contributed to current knowledge of the ability of plants to tolerate stress and salinity.  Although 
most plants do not like stress, some specific plants such as cotton may stand stress without adverse 
effects on yield during some part of the growing cycle (Ayars et al., 1990).  Certain crops such as 
cotton can presumably benefit from stress applied at critical times during the growing season which 
can help to stimulate seed production.  
 
A12 Crop Root Zone Leaching 
Maintaining optimal salinity in the root zone necessarily implies that excess salt must be removed 
from the root zone.  On the west-side, excess salinity in the root zone poses a particularly challenging 
problem requiring deliberate management interventions.  A common strategy to salinity management  
is to preirrigate the field during the winter or early spring months to flush salts  from the root zone. 
Growers with unused water supply allocations at the end of the water contracting year have been 
known to apply large volumes of water to attempt to “bank” water in the shallow groundwater aquifer 
for the following irrigation season. In the western San Joaquin Valley, dispersion of fine particles and 
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surface sealing of soils decreases infiltration capacity of soils and makes it difficult to meet crop 
evapotranspiration (ET) needs in the latter part of the irrigation season. Practices such as this, abetted 
institutionally by the timing of the water contracting year, has exacerbated saline shallow 
groundwater and drainage problems on the west-side. It has been estimated (Salinity and Drainage 
Task Force, 1992) that deep percolation arising from pre-season irrigation applications alone may 
have been as great as 0.5 - 1.0 acre-ft/acre of water per year during normal or wet water years.  
Irrigation engineers have long recognized the need to provide a certain amount of "excess" water to 
flush accumulated salts from the root zone.  Here the word "excess" refers to the amount of water 
exceeding the ET requirements of the plant.  Two important parameters, leaching required and 
leaching achieved, are used quantitatively by irrigation engineers.  
 

Figure A12.  Illustration of the importance of soil leaching in maintaining salt balance (Alemi, 2000) 
 
Closely related to the notion of leaching requirement is that of irrigation efficiency.  Irrigation 
efficiency has been defined in many different ways for both practical and policy reasons.  One 
definition of irrigation efficiency is the ratio of the irrigation water applied to the crop to the amount 
of water beneficially used by the crop.  Beneficial use is commonly defined as the annual crop ET or 
crop water requirement.  Some irrigation consultants and agricultural water districts have a broader 
definition of crop beneficial use which includes a minimum leaching requirement and an allowance 
for certain cropping practices such as frost protection.  The addition of these other factors produces 
higher estimates of irrigation efficiency since beneficial use is the denominator in the equation.  
Irrigation efficiencies greater than 100% have been reported by WWD in areas where shallow 
groundwater is utilized by the crop to satisfy a portion of crop ET.  In such areas the irrigation 
efficiency, if computed for each irrigation event, shows an increase over the irrigation season as crop 
roots develop and become extensive enough to intercept capillary water from the shallow ground 
water table.  Calculated irrigation efficiencies are typically lower for individual irrigation events than 
for the irrigation season as a whole.  It follows therefore that depending on whether one considers a 
single furrow, a single farm or a whole water district or whether one considers a single irrigation 
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event, irrigation over an entire season, or irrigation over the calendar year irrigation efficiency is a 
concept subject to spatial as well as temporal scale variations. 
 
Maximizing water use efficiency may not be in the best interests of the grower in circumstances 
where soils are heterogeneous in their hydraulic properties and where it is difficult to obtain high 
distribution uniformity of irrigation applications.  Burt (1993) has suggested a practical maximum 
distribution uniformity of 80% for most furrow irrigation systems.  With poor distribution uniformity, 
high irrigation water use efficiency is not possible if all parts of the field are to be provided with 
water sufficient to meet crop ET requirements.  In some circumstances, such as those which exist in 
the western San Joaquin Valley, where selenium contaminated drainage is produced in proportion to 
the  excess irrigation applied to the crop, it  may become more cost effective to maximize water use 
efficiency and minimize drainage discharge.  This has been demonstrated by Hatchett et al. (1989) 
using the Westside Agricultural Drainage Economics Model (WADE) where increasing costs of 
drainage disposal led to reductions in irrigation applied water. In these circumstances some portion of 
the field receives less than an optimal water supply - reduced ET then leads to a reduction in crop 
yield.  During the recent drought, water deliveries to growers were reduced by as much as 75%  
during 1992, which led to a large reductions in irrigated acreage .  
 
Salts that are flushed from the root zone will migrate downwards to the water table.  The migrating 
salts displace and mix with resident groundwater and generally act to freshen water quality at the 
interface between the saturated and vadose zone.  Refluxing of shallow groundwater by the processes 
of evaporative concentration and irrigation flushing increases the salinity of this water over the 
irrigation season.  Where subsurface tile drains are present, part of the saline percolating water  is  
intercepted by the drains and transported into sumps and surface drainage ditches . Should strong 
lateral groundwater flow exist below the water table, groundwater salinity may not change 
significantly because percolating water would continually dilute and displace resident saline water 
which in turn would migrate and disperse in the direction of the groundwater gradient.  However, in 
the vicinity of the Valley trough where groundwater gradients are minimal and lateral groundwater 
motion is sluggish, the shallow groundwater system refluxes the solubilized salts and as a result 
becomes increasingly saline. 
 
Because groundwater is a valuable natural resource in itself, concerns are being raised about the long 
term viability of the groundwater aquifer as a source of good quality irrigation water.  Downward 
migrating irrigation deep percolation displaces better quality groundwater - the rate at which this 
occurs in the upper aquifer is a function of groundwater pumping in the deep semi-confined and 
lower confined aquifers, which in turn affects the vertical hydraulic gradient in the upper aquifer.  To  
address concerns about irrigation induced salination of the aquifers, it is necessary to evaluate the 
relative magnitudes of the effect of practices such as  over-irrigation and groundwater pumping 
(Quinn, 1991). The first step towards achieving this end consists of reducing irrigation deep 
percolation by minimizing the leaching requirement through effective irrigation scheduling, choice of 
irrigation technology and tailoring crop ET needs.  In addition, one may manage to maintain as high 
as possible salt levels in the root zone as will be tolerated by the plants.  Letey and Knapp (1990) 
provide an account of how dynamic programming methods can help in designing irrigation schedules.  
There are two measures of performance of irrigation application.  The first is irrigation efficiency and 
the second is distribution uniformity as previously discussed.  Both these measures of performance 
can be affected by the choice of irrigation technology (i.e. furrow; drip etc.) as well as irrigation water 
management that describes the manner in which growers use the technology. Ayars et al. (1987) 
described strategies to improve irrigation water use efficiency which include improved irrigation 
methods, reduction of pre-planting water application, reduction of irrigation as crop nears maturity, 
partial re-use of drain water and use of on-farm indicators to dynamically guide water application. On 
the west-side, a variety of water application methods are used, including furrow- corrugation-, basin- 
and border irrigation methods as well as micro-irrigation methods comprising surface- and subsurface 
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drip irrigation and subirrigation (Kruse et al., 1990).  Sprinkler irrigation systems can be divided into 
permanent, moved, side roll and center pivot. Burt et al. (1992) makes the point that without  
deliberate attempts to improve irrigation management, adoption of new technologies by themselves 
may do little to improve irrigation water use efficiency.   

A13  Water Table Management 
Plant roots may draw water either from above (from applied irrigation water) or from below (by 
capillary suction from the water table).  Consequently, shallow water table can be an important source 
of water to satisfy crop ET needs.  Water tables that were too shallow lead to water logging of the 
plant root and limit the depth of penetration of roots.  Grimes and Henderson (1986) found that in 
areas of shallow perched water tables, 50 to 60 percent of the crop ET could come from below the 
root zone directly from the water table.  The actual uptake by the plants depends on the salinity and 
depth of near-surface groundwater.  In order to manage the water table efficiently as a source of crop 
ET needs, site-specific monitoring and data collection are necessary and a tile drain system should be 
in place to allow some control of the upward capillary flow. 
 
One of the deleterious effects of supplying water to the root zone from the water table is that salts will 
be inevitably transported upward to the root zone and subsequently concentrated by evaporative 
processes and plant water uptake.  These salts add to the total mass of soluble salts that must be 
periodically flushed from the root zone to sustain crop yield. The ability of water to transport 
nutrients as well as salts is a fundamental natural process.  Therefore, the direction and magnitude of 
water movement (as governed by hydraulic conductivity) as well as the change in water storage in the 
root zones (as governed by the hydraulic capacitance of the soil) dictate the rate of removal of salt 
from the root zone.  
 
The correlation between continued irrigation, rising water table and salinity on the west-side is well 
established.  Researchers who have carefully studied the performance of subsurface tile drains in the 
west-side (Deverel and Fio, 1991; Grismer and Woodring, 1987) have shown that drains can capture 
water by upward movement from substantial depths.  Since the major zone of salt contamination on 
the west-side lies between 30 feet and 150 feet below the soil surface (Gilliom, 1989) flow paths 
intercepting water at depths greater than 30 feet can contain elevated levels of salt and trace elements 
such as Se and B.   
 
In considering the linkage between irrigation water and the water table (which represents the local 
shallow groundwater system) it is necessary to recognize that local groundwater flow need not 
necessarily be horizontal (lateral flow).  Indeed, as a consequence of regional groundwater hydraulics 
the local groundwater flow field below the water table could, at places, be more vertical than 
horizontal.  In addition, zones of stagnation will exist within the flow system.  The hydrodynamics of 
the shallow groundwater system may have significant importance in regard to long-term salinity 
changes, local hydrogeochemistry and the performance of subsurface drains. 

A14 Subsurface Drainage 
Perhaps the most recognized method of controlling and managing the water table is to install 
subsurface drains to intercept irrigation deep percolation and transport the saline water away from the 
field.   Subsurface drains are no longer made of ceramic tile; rather they are made of perforated 
flexible plastic and are typically placed at depths varying from 6 to 10 feet below the land surface on 
the west-side of San Joaquin Valley.  The physical nature of the drainage process is such that each 
drain intercepts water from a zone of influence defined by the soil properties and the depth and 
spacing of the drains.  To intercept a maximum fraction of deep percolation, a system of drains must 
be laid down at shallow depths at appropriately close spacing.  Drainage networks requiring several 
hundred miles of drain lines will be needed if irrigated lands on the order of several thousand acres 
are to be drained. As one should expect, drains are most commonly installed in natural groundwater 
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discharge areas and in areas where the water table lies very close to the land surface.  Areas with 
installed subsurface drain networks occupy only parts of each water district. Growers commonly 
continue adding to drainage networks by placing new laterals between existing laterals until the 
desired effect on the groundwater is achieved. 
 
In order to mitigate potential salinity problems, Federal and State governments began, as early as 
1957 to draw plans for a master drain to collect and transport subsurface agricultural drainage from 
the west-side to Suisun Bay in the Delta.  However, the State of California withdrew support for the 
project in 1968 and the U.S. Bureau of Reclamation proceeded with the first stage of construction of 
the San Luis Drain.  The first stage, about 85 miles long, was completed in 1971, originating on the 
eastern boundary of the Westlands Water District and terminating adjacent to a series of shallow, 
excavated flow regulating ponds that were subsequently named Kesterson Reservoir.  Only 1280 
acres of the 5,900 acres of land acquired by the Federal Government for the regulating reservoirs 
received agricultural drainage water.  In 1976, with the passage of the amended National Wildlife 
Refuge  System Administration Act, all wetlands managed by the Fish and Wildlife Service were 
incorporated into a national wetlands system.  Kesterson Reservoir and the adjacent 4,620 acres were 
subsequently incorporated into the  Kesterson National Wildlife Refuge.  Between 1972 and 1978 
Kesterson Reservoir received fresh water inflows. Discharge of agricultural drain water from about 
5,300 acres of the Westlands Water District commenced in 1979 and by 1981, inflows into the 
Kesterson Reservoir consisted exclusively of agricultural subsurface drainage water. By 1982 all 
inflow to Kesterson was from subsurface drains. The San Luis Drain, with its terminus at Kesterson 
Reservoir, provided drainage relief until 1986 to only 5,300 acres of irrigated land within a 42,000 
acre area in the north-east corner of Westlands Water District. 
 
The discovery in 1983 of reproductive failure of waterfowl and deformities in waterfowl embryos at 
Kesterson Reservoir, both attributed to selenium poisoning, resulted in Federal action that eliminated 
discharge of subsurface  drain water from the Westlands Water District in 1986.  As a result, farmers 
have been forced to find local solutions to the problem of drainage management and salt disposal 
within the District. More than one third of the water district is so affected (Figure 3).  One strategy 
that has resulted from this search is the sequential use of progressively salt-enriched drainage waters 
and the final disposal of unusable brine into solar salt ponds as recommended by the San Joaquin 
Valley Drainage Program (1990).  For the past 20 years field experiments have been conducted on 
various reuse systems by which subsurface drainage water from salt-sensitive are crops used to 
irrigate salt-tolerant crops, followed by salt-resistant trees such as eucalyptus and finally, halophytes 
(plants which thrive on salt water).  Although these trees help lower the water table over the first few 
years, the gradual build up of salts inevitably follows, diminishing the abilities of these plants to 
extract water from the saline soil environment (Tanji and Karajeh, 1993).  Water from the halophytes 
are fed into small, lined experimental evaporation systems to recover salts, primarily sodium sulfate 
which has some commercial value.   
 
Although the on-farm tile drains in Westlands that discharged through collector drains into the San 
Luis Drain were plugged in early 1986, on-farm drains in water districts north of Westlands in the 
Grasslands Basin that deliver salt and selenium-contaminated water to the San Joaquin River continue 
to operate.   
 
To address the salination, drainage and drainage related problems on the west-side of the San Joaquin 
Valley, the following measures have been investigated and, in many cases, implemented: 

• Reduction of "deep percolation" losses to the water table through the adoption of water 
conserving irrigation technologies and practices, better irrigation scheduling and changes in 
cropping practices. 

• Reuse of drain water, through the use of salt-tolerant crops. 
• Manipulation of the water table to meet part of the crop evapotranspiration requirements. 
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• Conjunctive use of groundwater to meet a portion of crop needs. 
• Improved instrumentation and monitoring systems to produce accurate and timely 

information and improve access to this information by growers. 
• Develop and install monitoring systems to progressively evaluate changes in soil and water 

quality in the terrestrial and aquatic ecosystems over time. 

A15   Summary 
The west-side of the San Joaquin Valley contains some of the most productive agricultural land in the 
nation. Sustainability of this resource will depend on the success with which the custodians of the 
resource manage salt.  In the past decade significant advances have been made in environmental 
monitoring and in the formulation of models and decision support systems to help farmers achieve 
root zone salt balance, and maintain agricultural productivity.  These techniques are becoming more 
main-stream as west-side agriculture continues to adapt to environmental regulation of non-point 
source pollution. 
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