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Section I: Description of the District
District Name: Patterson Irrigation District
Contact Name: Vince Lucchesi
Title: General Manager
Telephone: (209) 892-6233
E-mail: pid@pattersonid.org vlucchesi@pattersonid.org
Web Address http://www.pattersonid.org/

A. History
1. Date district formed: November 1955

Date of first Reclamation contract:

December 18, 1967

(No. 14-06-200-3598A)
Original size (acres): 15,000+

Current year (last complete calendar year): 2018

2. Current size, population, and irrigated acres
2018
12,660
N/A
12,660 (est)

Size (acres)
Population served (urban connections)
Irrigated acres
3. Water supplies received in current year
Water Source
Federal urban water (Tbl 1)
Federal agricultural water (Tbl 1)
State water (Tbl 1)
Other Wholesaler (define) (Tbl 1)
Local surface water (Tbl 1)
Upslope drain water (Tbl 1)
District groundwater (Tbl 2)
Banked water (Tbl 1)
Transferred water (Tbl 1)
Recycled water (Tbl 3)
Other (define) (Tbl 1)
Total

AF
14,250

34,368
3,879

52,497

4. Annual entitlement under each right and/or contract
AF
Source
Reclamation Urban AF/Y
Reclamation Agriculture
6,0001 CVP-DMC
AF/Y
Reclamation Agriculture
16,5002 CVP-DMC
AF/Y
4-3

Contract #
14-06-2003598A-LTR1
14-06-2003598A-LTR1

Availability period(s)
March 1 – Feb 28/29
March 1 – Feb 28/29
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Other AF/Y

50,000+

San Joaquin
River

Pre-1914
Appropriative
Rights

Jan 1 – Dec 31

Notes:
1. Replacement Water
2. Project Water Contract

5. Anticipated land-use changes. For Ag contractors, also include changes in irrigated acres.
Patterson Irrigation District’s service area has remained unchanged since the last water management
plan. Its anticipated that a potential 100 acres may be annexed from the District in the future for a
development. There is no other additional development or land use changes in the next 5 years.

6. Cropping patterns (Agricultural only)
List of current crops (crops with 5% or less of total acreage) can be combined in the ‘Other’ category.
Original Plan (enter date)
Previous Plan (2010)
Current Plan
Crop Name
Acres
Crop Name
Acres
Crop Name
Acres
Alfalfa
3,510.63 Almonds
4,022.98
Corn
2,066.78 Alfalfa
2,593.55
Oats/Wheat
1,855.87 Wheat
1,536.17
Beans
1,531.15 Corn
1,428.14
Almonds
1,219.99 Walnuts
1,150.46
Tomatoes
982.27 Tomatoes
859.03
Walnuts
911.45 Pasture
498.32
Other (<5%)
Other (<5%)
2,198.29 Other (<5%)
2,810.74
1
Total
Total 14,275.80
Total 13,877.17
Notes:
1. 2018 cropping includes 1,022.22 acres of idle/fallow land in the District, its included in the
“other” section
2. 2018 cropping includes 2,213.15 acres of double cropping, mostly oats and wheat
(See Planner, Chapter 3, Addendum D for list of crop names)
7. Major irrigation methods (by acreage) (Agricultural only)
Original Plan (enter date)
Previous Plan (2010)
Irrigation Method
Acres
Irrigation Method
Acres
Level Basin
Furrow/Level
11,042.84
Basin
Furrow
Sprinkler
885.31
Sprinkler
Low Volume
912.96
Low-volume
Multiple
Other

Current Plan
Irrigation Method
Acres
Furrow/Level
5,609.14
Basin
Sprinkler
800.03
Low-volume
5,210.44
Fallow
920.37
Other
161.94

Other
Total

Total
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12,841.11

Total

12,701.92
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B. Location and Facilities
See Attachment A for maps containing the following: incoming flow locations, turnouts (internal flow),
and outflow (spill) points, conveyance system, storage facilities, operational loss recovery system,
district wells and lift pumps, water quality monitoring locations, and groundwater facilities.
1. Incoming flow locations and measurement methods
Location Name
Physical Location
San Joaquin River
(SJR)

SJR Rivermile 98.5, approximately
3.5 miles east of the City of Patterson

Delta Mendota
Canal
Groundwater Wells

DMC Milepost 42.51L

Type of Measurement
Device
Sub-critical contracted
flume section w/h
SonTek-SW Doppler
Device
Propeller Meter

Various Locations in District

Propeller Meters

2. Current year Agricultural Conveyance System
Miles Unlined - Canal
Miles Lined - Canal
3.75
51.75
3 Current year Urban Distribution System
Miles AC Pipe
Miles Steel Pipe

Accuracy
+/- 2%

+/- 2%
+/- 2%

Miles Piped
86

Miles - Other

Miles Cast Iron Pipe

Miles - Other

4. Storage facilities (tanks, reservoirs, regulating reservoirs)
Name
Type
Capacity (AF)
Northside Reservoir
Recycled Water Reuse, 45
Spill/Tailwater
Recovery, Regulating
Reservoir
Marshall Reservoir
Recycled Water Reuse, 45
Spill/Tailwater
Recovery, Regulating
Reservoir
Main Canal Reservoirs
Small, settling basins to Negligible
(3)
remove silt and reduce
maintenance
Lateral Reservoirs (2)
Small, settling basins to Negligible
remove silt and reduce
maintenance

Distribution or Spill
Both

Both

Distribution

Distribution

The District has three – (3) reservoirs on its main canal and two smaller reservoirs – one each on
Laterals 5-South and “M” prior to lift pumps stations. These reservoirs were originally designed a
settling basins to settle out silt from the San Joaquin River source water; thereby reducing wear on pump
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impellors and improving the turbidity of the water delivered to the farms. These reservoirs have
negligible storage capacity.
The District also has a 14 acre reservoir, the Marshall Reservoir (aka Southside Reservoir), on a 20 acre
parcel on the Districts south side. The reservoir collects surface runoff and operational spill from the
District’s upper south side. The Marshall Reservoir storage has a maximum capacity of about 45 acre-ft
at maximum. The water is currently impounded and re-used on approximately 850 acres on the Districts
lower south side. After the two-drains pumping plant relocation occurs, the service area may expand to
approximately 4,000 acres.
The Northside Reservoir, completed in 2009, is a 45 acre-ft capacity reservoir for the collection of
tailwater and operational spill water from approximately 4,800 acres for redistribution on 1,300 acres on
the District’s north side.
5. Description of the agricultural spill recovery system and outflow points.
The District has eight active outflow locations around the District. These locations are described in
more detail under Section 2F. These outflow locations include ends of laterals that flow into Del Puerto
Creek to the north or Marshall Road drain to the south, subsurface drainage outflow, or into Ramona
Lake, where it is comingled with surface supply for reuse by a local irrigation company.
The District has implemented two tailwater and operational spill recovery/regulatory reservoirs, as
well as main-canal modernization to limit operational spills. With these projects, the District has
focused efforts on collection and redistribution of tailwater/operational spill outflow, rather than
measurement. As a result of these projects, the District has reduced by approximately 90-percent, the
amount of tailwater and/or operational spill that historically left the District through outfall points and
redistributes much of this as irrigation supply in the District.
In addition to the tailwater recapture on the southside. A new project became operational in 2016
titled Two Drains. The project incorporates a recapture facility along one of the tributary drains from the
south of the District that drains into the Marshall Drain. The recapture facility then pumps the water into
the District’s southside reservoir. In turn, a recirculation pumping plant takes the water and redistributes
water from the reservoir to the entire southside of the District creating a new flexible operational
scheme. Its anticipated that this project will increase supply to the District by 5,000 acre-feet. The
project is still needing some tweaks and one such tweak is the recirculation facility is not operating as
planned and needs to be relocated.
The District is a founding member of the Westside San Joaquin River Watershed Coalition, formed
in response to and as a tool to comply with, the State Water Resources Control Board Irrigated Lands
Conditional Waiver Program, and likely the pending Irrigated Lands Regulatory Program. As such, the
Westside Coalition has an approved Monitoring and Reporting Plan which includes sites in which the
District and its farms discharge operational spills and on-farm surface drain water. Drain water is tested
for many constituents including salinity, sediment toxicity, pesticides, and dissolved oxygen. These
sites include Marshall Road drain, and Del Puerto Creek. Additionally, Marshall Road Drain is
monitored for flow by the Coalition.
6. Agricultural delivery system operation (check all that apply)
Scheduled
Rotation
Other (describe)
X
X
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The District generally requires 24-hour advanced notice for water deliveries and two-three hours for
water shut-offs. In most cases however, water orders can be accommodated immediately and shut-offs
can be accommodated within 1-2 hours advanced notice. Full automation of main canal facilities and
major lateral turnout facilities with an integrated SCADA system for remote monitoring and control,
construction of two recycled water/tailwater recirculation/regulatory reservoir projects, as well as labor
management, has allowed for this type of system flexibility for irrigation water deliveries.
7. Restrictions on water source(s)
Source
Restriction
San Joaquin
Water Quality
River
Groundwater
Water Quality
Delta Mendota
Canal (CVP)

Quantity

Cause of Restriction
Naturally Occurring
Naturally Occurring
Reclamation

Effect on Operations
Reliance on lower TDS
CVP Water
Reliance on lower TDS
CVP Water
CVP water limited by
annual allocation of total

8. Proposed changes or additions to facilities and operations for the next 5 years
The District has aggressively pursued automation and modernization improvements since 1997, and
will continue to do so well into the future. Modernization efforts have included the following:
• Repair and replacement of older, less efficient pumps, motors and electrical panels, and pump
stations
• Automation and Remote Control/Monitoring (SCADA) of major delivery facilities
• Cell-phone, radio and paging systems to enhance personnel and farmer communications
• Installation of flow meters at farm turnouts and delivery points for accurate flow rate and
volumetric measurement, and increased delivery efficiency
• Design/construction of two drainage reuse/operational spill/regulatory reservoirs, Marshall and
Northside reservoirs, for increased delivery efficiency and flexibility.
A SCADA system has been developed during the modernization and automation process for the
District which provides the following:
• Real-time flow rate, water level, and pump status monitoring
• Site specific alarm generation with output to cell phones and printers
• Control Microsystems Software which allows for remote, manual control of pumps, wells and
key delivery facilities when needed
• Implementation of the Northside Reservoir project, which includes sophisticated automation to
control VFD pumps and automated gates for water level control in adjacent laterals, flow control
in downstream laterals, and conveyance of operational spill and tailwater into the Northside
Reservoir from all five northern laterals.
The District has constructed its 2-drains recycled water project. The Project can recapture
approximately 5,000 acre-feet annually from drainage water that flows past the District on its southside.
This another major surface drainage and operational spill recovery project on the south-eastern end of
the District that will include another regulatory reservoir, new pipelines, VFD pumps, long-crested
weirs, and automated flow structures. This project provides flexibility on the southsides operations and
provide supply in areas that may be short on water.
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The District is in the implementation phases of the East-West Conveyance Program aimed at
improving operational efficiency along the District’s Main Canal and to provide climate change
resilience. This program will ultimately conserve supplies by piping main canal facilities, improve
overall pumping efficiency by replacing old pumping systems, and provide a conduit available for other
San Joaquin River rights holders, Reclamation, and upstream tributary agencies to convey water from
the San Joaquin River to other places of need on the Westside of the San Joaquin Valley.
The District has developed a long-term capital-improvement program to plan and implement systemwide improvements to existing facilities. This project is aimed at focusing on canal lining replacements,
piping of sub-laterals, pump facility replacement, and system capacity improvements.
The District will also continue its commitment to improving irrigation delivery flow measurement.
The District has been proactively installing propeller and Doppler flow measurement technologies in
existing turnouts, depending on turnout configuration and water quality considerations. This
implementation will occur well into the future, allowing PID to accurately measure grower flow and
volumetric deliveries.

C. Topography and Soils
1. Topography of the district and its impact on water operations and management
The upper/western portion of the District has a downward slope of 30 ft. per mile and the lower portion
has a downward slope of 15 ft. per mile. Due to the steep slope and soil textures within the District,
irrigation induced sediments are carried in surface tailwater and are discharged into the San Joaquin River.
Various studies conducted by the Soil Conservation Service1 have identified the West Stanislaus Study
Area as a contributor of non-point source sediment pollution in the San Joaquin River. In 2004, the District
was a founding member of the Westside Watershed Coalition to address surface drainage issues and
respond to the criteria required by the State Water Resources Control Board and its Conditional Ag Waiver
Program. The need to reduce sediment transport has been and will continue to be addressed by the
implementation of numerous water conservation projects in the District, including the Marshall Road
Reservoir, the Northside drainage project, and additional planned projects.
1 USDA Soil Conservation Service, 1992, West Stanislaus Sediment Reduction Plan, Water Resources
Planning Staff, Davis, California.

2. District soil association map (Agricultural only)
See Attachment A, District Soils Map
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3. Agricultural limitations resulting from soil problems (Agricultural only)
Soil Problem
Estimated Acres
Effect on Water Operations and Management
Salinity
High-water table
High or low infiltration rates
Other (define)
No agricultural limitations resulting from soil problems or irrigation in the local region have been
identified.

D. Climate
1. General climate of the district service area
The climate is characterized by long, warm to hot, dry summers for ripening of crops without mildew.
The summers are characterized by little to no precipitation, requiring irrigation water to meet the
demands of seasonal and permanent crops. The mild, wet winters provide some moisture for winter
crops and leaching of salts that can accumulate during dry periods.

Avg Precip. (in)
Avg Temp. (*F)
Max. Temp.
(*F)
Min. Temp (*F)
ETo (in)

Jan
2.36

Feb
2

Mar
1.60

Apr
0.77

May
0.33

Jun
0.06

Jul
0.01

Aug
0.02

Sep
0.19

Oct
0.48

Nov
1.10

Dec
1.78

Annual
10.69

45
55.9

49
62.6

53
69

58
76

64
84.4

69
92

72
97.3

71
95.1

67
90.5

60
80.7

50
67.2

44
56.5

59
77.3

36.2
1.10

39.5
1.97

42.1
3.64

45.1
5.19

49.9
6.87

55.3
7.86

59.3
8.00

58
6.92

54.9
5.17

48.8
3.47

40.3
1.75

35.7
1.11

47.1
53.04

Weather station ID NOAA Newman Station
Year

Data period: Year

1902

to

2016

ET Station ID

71

Average annual frost-free days:

262

Frost Free Days - According to National Oceanic and Atmospheric Administration (NOAA), frost free
days are days with temperatures greater than 28 degrees Fahrenheit.
1. National Oceanic and Atmospheric Administration, Newman, CA COOP Station.
http://www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?ca6168. Accessed on August 8, 2019. Precip, Max
temp, and Min Temp
2. California Irrigation Management Information System (CIMIS), Modesto Station (71).
http://wwwcimis.water.ca.gov/cimis/monthlyEToReport.do. Accessed on September 24, 2019.
Note period of record is from July 1987 to Current.
3. National Oceanic and Atmospheric Administration, Modesto Airport ASOS Station.
http://www.wrcc.dri.edu/htmlfiles/westwind.final.html#CALIFORNIA. Accessed on June, 28,
2011.
2. Impact of microclimates on water management within the service area
None identified or studied
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E. Natural and Cultural Resources
1. Natural resource areas within the service area
Name
Estimated Acres
Del Puerto Creek
Salado Creek

Description
Creek bordering north end of the District and
flows to the San Joaquin River
Enters District from the west and is pipelined
to the San Joaquin River through the District

2. Description of district management of these resources in the past or present
The District has constructed the Northside Reservoir project which recovers operational spills
and on-farm surface drainage that historically reached Del Puerto Creek, resulting in less on-farm
surface drainage/tailwater flowing into the creek and eventually, into the San Joaquin River. The
District is not actively involved in the management of Salado Creek.
3. Recreational and/or cultural resources areas within the service area
Name
Estimated Acres
Description
None
No recreation or cultural resources in PID

F. Operating Rules and Regulations
1. Operating rules and regulations
See Attachment B, District Rules and Regulations (water related)
2. Water allocation policy (Agricultural only)
See Attachment F
Water is allocated equally (ac-ft per acre) to all landowners on a yearly basis. The allocation is
determined in February of each year and any additional water made available by the District during the
water year is made available to all customers.
3. Official and actual lead times necessary for water orders and shut-off (Agricultural only)
See Attachment B
With the implementation of automation and SCADA in key distribution system facilities, labor
management, and distribution system modernization the district can generally provide water within a 2-4
hours of an order and allow for shut-offs with the same lead-time. There is no official District policy on
lead-time for shut-offs. The District, however, requires that landowners make their orders and the
District will respond within 24 hours of when water can be made available to the landowner.
4. Policies regarding return flows (surface and subsurface drainage from farms) and outflow
(Agricultural only)
See Attachment B
The District allows continuing surface drainage into its laterals. This return surface drain water is
comingled with the District’s source waters and delivered to customers. The return surface water not
delivered to customers leaves the District as operational spill water. The Marshall Road Reservoir on the
Districts south side recovers operational spill water from Laterals 3-North, 4-North and 5-North. This
water is impounded in a reservoir and recycled for on-farm use and delivery to customers. Similarly, the
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District recovers operational spill and tailwater from the five (5) laterals on the north-side of the District
and impounds this water in the Northside Reservoir for reuse.
5. Policies on water transfers by the district and its customers
See Attachment B
The District allows landowners or water users to transfer water allocations from one owned or leased
property to another within the District. These transfers are for water that has been allocated under the
landowners assessment. All water belongs to the District and users are not allowed to transfer water to
other districts. The District staff and Board evaluate water supply conditions throughout the year and
make decisions regarding transferring water in/out of the District as allowed by state, federal, and local
laws, regulations, and contracts.

G. Water Measurement, Pricing, and Billing
1. Agricultural Customers
Refer to BMP A.1. Information on water measurement for agricultural contractors is completed
under BMP A.1 on page 4-15.
2. Urban Customers -No Urban Customers within PID
a. Total number of connections
b. Total number of metered connections
c. Total number of connections not billed by quantity
d. Percentage of water that was measured at delivery point
e. Percentage of delivered water that was billed by quantity
f. Measurement device table
Meter Size
and Type

Number

Accuracy*
(+/-percentage)

Reading
Frequency
(Days)

5/8-3/4"
1"
1 ½"
2"
3"
4"
6"
8"
10"
Compound
Turbo
Other (define)
Total
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Frequency
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Maintenance
Frequency
(Months)
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3. Agricultural and Urban Rates
a. Current year agricultural and /or urban water charges - including rate structures and billing
frequency
See Attachment F, for current year rate ordinance
b. Annual charges collected from agricultural customers
Fixed Charges
Charges
Charge units
Units billed during year
($ by unit)
$/acre, etc.
acres, etc.
$12.00
Landholdings
42 parcels
under one acre
under ($/parcel)
$15.00
Landholdings
50 parcels
over one acre and
less than two
acres ($/parcel)
$60.00
Landholdings
12,660 acres
greater than 2
acres ($/acre)

Volumetric charges
Charges
Charge units
($ by unit)
$/AF, etc.
$30
Tier 2 Water
($/AF)

Units billed during year
AF, etc.
19,716.83 AF

Total $ collected
($ times units)
$504

$750

$759,600

Total $ collected
($ times units)
$591,504.90

See Attachment C, District Sample Bills
c. Annual charges collected from urban customers
Fixed Charges
Charges
Charge units
Units billed during year
($ by unit)
($/meter size)
(by meter size) etc.

Total $ collected
($ times units)

Please refer to the guidebook for information when completing the table.
Volumetric charges
Charges
Charge units
($ by unit)
($/HCF), etc.

Units billed during year
HCF, Kgal, etc.

4-12
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Please refer to the guidebook for information when completing the table.
See Attachment C, District Sample Bills
d. Describe the contractor’s record management system
Currently, the District monitors water use daily by lots grouped as individual fields. The average
individual irrigated field size (grouped lots) is 23.0 ± acres. Water tags are kept as a record of each
irrigation on each field. Included on the tag are the lateral number, the gate number, the crop, the
number of acres, the owner, the lot number, the time of irrigation started and stopped, and the flow rate
of the delivery on each day the field is irrigated. The tag also shows the amount of water allocated to the
lot(s), the amount used during the irrigation, and the balance of water allocation remaining after the
irrigation event. The records for the past 10 years are on file at the District.

H. Water Shortage Allocation Policies
1. Current year water shortage policies or shortage response plan - specifying how reduced water
supplies are allocated
See Attachment D, District Water Shortage Plan
The District does not have an official policy for water shortages. Each year, the Board of Directors
determines water availability and water rates for growers, based on budgetary considerations, and
hydrologic conditions prior to the beginning of the irrigation season. During drought conditions, the
District implements a Landowner Groundwater Plan which involves landowners who own wells that are
connected to District facilities. These wells are efficiency tested and are subscribed to make water
available to growers who are in need of additional supplies. This program is only enacted in the event of
a shortage. The District intends on revisiting this policy on an as-needed basis during periods of drought.
2. Current year policies that address wasteful use of water and enforcement methods
See Attachment B
The District’s rules and regulations outline the considerations of wasteful use of water and enforcement
methods with a program of locking turnouts and setting fines.

I. Evaluate Policies of Regulatory Agencies Affecting the Contractor and Identify
Policies that Inhibit Good Water Management.
Current policies of regulatory agencies have not affected the District as of yet. There are new
regulations that may require new policies by the District. Below are some issues and policies that the
District is considering in the future due to new regulations.
•

Currently the District is working on the implementation of the Sustainable Groundwater
Management Act which may have an affect on groundwater extractions. Policies may be
developed if there is a need to better manage the groundwater supplies beneath the District

•

The District is looking to have parcels within the District that discharge their tailwater, better
manage their sediment discharges. This policy may require a better designed sump and pump
discharge, require other sediment management tools such as using polymers that bond with the
suspended soil particles. This policy is intended to support the discharges in the District to help
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be in compliance with new regulations from the State Water Resources Control Board and
sediment discharges.
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Section II: Inventory of Water Resources
A. Surface Water Supply
1. Surface water supplies in acre feet, imported and originating within the service area, by month
(Table 1).
See Chapter 5, Water Inventory Tables, Table 1
2. Amount of water delivered to the district by each of the district sources for the last 10 years
See Chapter 5, Water Inventory Tables, Table 8.

B. Groundwater Supply
1. Groundwater extracted by the district and delivered, by month (Table 2)
See Chapter 5, Water Inventory Tables, Table 2
2. Groundwater basin(s) that underlies the service area
Name
Size (Square Miles)
San Joaquin Basin
13,500

Usable Capacity (AF)
80,000,000

Safe Yield (AF/Y)

3. Map of district-operated wells
See Attachment A, for District Map
4. Description of conjunctive use of surface and groundwater
Water applied to the ground within the District, both at the farm level and as distribution system
seepage/deep percolation, enters the groundwater aquifer and is either stored there or continues to flow
underground into the San Joaquin River. In both cases, this seepage is made available to the District as
supplies through indirect recharge. Such indirect recharge has historically been important to the District
to maintain the groundwater basin, which is used by the District, as well as to provide water available to
be pumped from the San Joaquin River.
5. Groundwater Management Plan
See Attachment E, Groundwater Management Plan
6. Groundwater Banking Plan
N/A

C. Other Water Supplies
1. “Other” water used as part of the water supply – Describe supply
See Chapter 5, Water Inventory Tables, Table 1

D. Source Water Quality Monitoring Practices
1. Potable Water Quality (Urban only)
N/A
4-15
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2. Agricultural water quality concerns:
Yes
xx
No
(If yes, describe)
The District’s San Joaquin River and groundwater sources have EC concentrations. These water
quality conditions affect and limit cropping patterns and have effects on yield reductions. Problems with
San Joaquin River water quality are well documented by the Regional Water Quality Control Board and
USGS.
3. Description of the agricultural water quality testing program and the role of each participant,
including the district, in the program
The District has installed a water quality monitoring device in the Main Canal, as well as the new
Fish Screen Intake Structure to measure constituents such as electro conductivity, temperature, and pH
real-time. This information is stored directly into servers for record keeping and historical data tracking.
This information is made available to landowners and growers upon request. Because of the relatively
new installation, this information is not readily available yet for prior years of monitoring. In addition,
since the District is a proponent of the Drainage Authority, water quality on the San Joaquin River is
monitored in real time for EC to help manage discharges of poor quality water into the River.
Regional groundwater information is regularly monitored through the District’s AB 3030
Groundwater Management Plan administration and is provided to the State of California for inclusion in
the California State Groundwater Elevation Monitoring (CASGEM) database.
4. Current water quality monitoring programs for surface water by source (Agricultural only)
Analyses Performed
Frequency
Concentration Range
Average
Complete Analysis
2 times a year
150-2,260
1,100
including pH, EC,
soluble salts, nitrogen,
calcium, magnesium,
potassium, Boron, and
Chloride
EC
Real-time
262-1500
960

Note:
1.
2.

Range and average data for the analysis from California Region 5 Water Quality Control Board data gathered from
1985-2004 at the Patterson Bridge, ¼ mile upstream of Patterson ID on the San Joaquin River.
EC data retrieved from 2010 from SJR site at Patterson Bridge, ¼ mile upstream of Patterson ID.
www.cdec.water.ca.gov

Current water quality monitoring programs for groundwater by source (Agricultural only)
Analyses Performed
Frequency
Concentration Range
Average
pH
2-3 years
7.3-7.8
7.7
EC (mmhos/cm)
2-3 years
1.2-3.01
1.73
Soluble Salts (ppm)
2-3 years
700-1,930
1,121
Boron (ppm)
2-3 years
0.34-1.53
0.69
Nitrate (ppm)
2-3 years
1.3-131.6
32.6

E. Water Uses within the District
1. Agricultural
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See Chapter 5, Water Inventory Tables, Table 5 - Crop Water Needs
2. Types of irrigation systems used for each crop in current year
Crop name

Total
Acres

ALFALFA
ALMONDS
APPLES
APRICOTS
BEANS
CACTUS
CANTALOUPE
CHERRIES
CORN
FALLOW
GRAPES
NURSERY
OATS
PASTURE
PEACHES
PISTACHIO
POMEGRANATES
PUMPKINS
SPICES
SUDAN
TOMATOES
TURF
WALNUTS
WATERMELON
WHEAT

2420.24
3814.13
10
464.03
303.54
10
172.51
246.95
1418.14
1002.88
19.62
7.04
13.41
458.16
22.1
5.43
10
42.84
21.48
52.8
783.1
152.42
1120.46
20
110.64
12701.92

TOTAL

Furrow/Level
Basin - acres
2298.75
130.89
10
221.89
263.29
10
132.51
30.74
1360.32
45.43

Fallow acres

Sprinkler –
acres

301.2

Low
Volume acres
80
3362.04

Other methods acres
41.49
20

242.14
40.25
40
46.13
910.37

160.08
47.82

37.08

10
10
10

19.62
7.04
13.41
458.16
22.1
5.43
10
42.84
21.48
52.8
310.76

472.34
152.42
201.72

180.12
43.6
5609.14

910.37
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800.03

738.62
20
5210.44

67.04
171.94
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3. Urban use by customer type in current year
Customer Type
Number of Connections
Single-family
Multi-family
Commercial
Industrial
Institutional
Landscape irrigation
Wholesale
Recycled
Other (specify)
Other (specify)
Other (specify)
Unaccounted for
Total

AF

4. Urban Wastewater Collection/Treatment Systems serving the service area
Treatment Plant
Treatment Level (1, 2, 3)
AF

Disposal to / uses

Total
Total discharged to ocean and/or saline sink

5. Groundwater recharge in current year (Table 6)
Recharge Area
Method of Recharge

AF

Method of Retrieval

Total
6a. Transfers and exchanges into the service area in current year – (Table 1)
No transfers occurred into the District’s service area.
6b. Transfers and exchanges out of the service area in current year – (Table 6)
From Whom
Patterson ID
Patterson ID
Patterson ID
Patterson ID
Patterson ID
Patterson ID
Patterson ID

To Whom
Westlands Water District
Westlands Water District
Westlands Water District
Westlands Water District
Santa Clara Valley Water
District
Del Puerto Water District
San Luis Water District
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AF
360
1,000
2,500
2,740
6,000

Use
Agricultural
Agricultural
Agricultural
Agricultural
Agricultural

400
100

Agricultural
Agricultural
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Total

13,100

7. Wheeling, or other transactions in and out of the district boundaries – (Table 6)
From Whom
To Whom
AF
Use
San Joaquin River Restoration Friant Water Authority
17,150
Ag & M&I

Total

17,150

8. Other uses of water
Other Uses

AF

F. Outflow from the District (Agricultural only)
See Facilities Map, Attachment A, for the location of surface and subsurface outflow points, outflow
measurement points, outflow water-quality testing locations
1. Surface and subsurface drain/outflow
The District currently does not have a defined flow measurement or water quality program for
outflow points. Approximately 90-percent of farm surface drains return to district delivery systems and
are co-mingled with source supplies and delivered to other customers as agricultural supplies. The
district also maintains a district delivery percentage of approximately 85 percent, largely due to the fact
that the District can collect and redistribute this drain water through the Northside and Southside
Reservoir projects. These reservoirs were planned and installed with coordination and funding from the
State Water Resources Control Board.
Considering estimates for seepage and evaporation, operational spills are estimated to total
approximately 5-10% of total imported supplies.
Outflow
point

Location description

AF

Type of
measurement

Outflow
Where the outflow goes (drain, river or other location)
point
Laterals
2N, 3N,
4N, M
Northside Reservoir, Del Puerto Creek
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Accuracy
(%)

% of total
outflow

Acres
drained

Type Reuse (if known)
2,300 AF Agricultural reuse in
District
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Outflow
point
Laterals
5S, 4S,
3S
Laterals
2S
Lateral
1S
Apricot
Avenue
Drain

Where the outflow goes (drain, river or other location)

Marshall Reservoir, Marshall Road Drain

Type Reuse (if known)
2,000 AF Agricultural Reuse in
District

Marshall Road Drain
Agricultural

Drain

Agricultural
Drain

2. Description of the Outflow (surface and subsurface) water quality testing program and the role of
each participant in the program
The District currently does not have a defined flow measurement or water quality program for water
draining from outflow points. Most surface drains are recycled and mixed with source water supplies
from the San Joaquin River, CVP supplies, and groundwater. As a majority of the source water is of
generally high salt content from the SJ river source, salinity testing of drain water has not been a testing
priority.
The District is a founding member of the Westside San Joaquin River Watershed Coalition, formed
in response to and as a tool to comply with, the State Water Resources Control Board Irrigated Lands
Conditional Waver Program. As such, the Westside Coalition has an approved Monitoring and
Reporting Plan which includes sites in which the District and its farms discharge operational spills and
on-farm surface drain water. These sites include Del Puerto Creek and Marshall Road Drain. This
information is provided to the State Regional Board to fulfill monitoring requirements on an annual
basis. These reports are also uploaded to the San Luis & Delta Mendota Water Authority website at
http://sldmwa.org/sjv_drainage_auth_.htm.

3. Outflow (surface drainage & spill) Quality Testing Program
Concentration
Analyses Performed
Frequency
Range
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Average

Reuse
limitation?
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Outflow (subsurface drainage) Quality Testing Program
Concentration
Analyses Performed
Frequency
Range

Average

Reuse
limitation?

4. Provide a brief discussion of the District’s involvement in Central Valley Regional Water Quality
Control Board programs or requirements for remediating or monitoring any contaminants that would
significantly degrade water quality in the receiving surface waters.
The District is a founding member of the Westside San Joaquin River Watershed Coalition, formed
in response to and as a tool to comply with, the State Water Resources Control Board Irrigated Lands
Conditional Waiver Program, and the pending Irrigated Lands Regulatory Program. As such, the
Westside Coalition has an approved Monitoring and Reporting Plan which includes sites in which the
District and its farms discharge operational spills and on-farm surface drain water. Drain water is tested
for many constituents including salinity, sediment toxicity, pesticides, and dissolved oxygen.
Districts included in the drainage problem area, as identified in “A Management Plan for
Agricultural Subsurface Drainage and Related Problems on the Westside San Joaquin Valley
(September 1990),” should also complete Water Inventory Table 7 and Addendum C (include in
plan as Attachment H)
Please note, although the District has been identified in the drainage problem area, as identified in
“A Management Plan for Agricultural Subsurface Drainage and Related Problems on the Westside San
Joaquin Valley (September 1990)”, the District does not have a shallow groundwater problem that is
perched or over a saline sink. Although the District does have high EC groundwater, the District does
not have the problems as shown in Table 7.

G. Water Accounting (Inventory)
Go To Chapter 5 for Agricultural Water Inventory Tables and Instructions.
Go To Chapter 6 for Urban Water Inventory Tables and Instructions.
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Section III:
Contractors

Best Management Practices (BMPs) for Agricultural

A. Critical Agricultural BMPs
1. Measure the volume of water delivered by the district to each turnout with devices that are operated
and maintained to a reasonable degree of accuracy, under most conditions, to +/- 6%
a. Number of delivery points (turnouts and connections)

453

b. Number of delivery points serving more than one farm

156

c. Number of measured delivery points (meters and measurement devices)

336

d. Percentage of water delivered to the contractor that was measured at a delivery point
100%
e. Total number of delivery points not billed by quantity

0

f. Delivery point measurement device table
Measurement
Type

Number

Accuracy*
(+/- %)1

Reading
Frequency
(Days)2

Calibration
Frequency
(Months)1,3

Maintenance
Frequency
(Months)3

Orifices
1
Propeller meter
185
Weirs
37
Flumes
3
Venturi
0
Metered gates
66
Acoustic doppler
23
Magnetic Meter
21
Total
336
Note:
1. All flow meters to turnouts in PID are owned by the landowners and water users and are serviced
and calibrated by the owner of the meter. Therefore, accuracy documentation is not available for
the flow meters.
2. All meters are read at the start and stop of irrigations for the meter. There is no consistency with
the meter reading.
3. All water users are notified when there appears to be an error on the meter. Then the meter is
typically sent out for maintenance. In regards to District meters, the District employs the same
practice and will send the meter out for maintenance and calibration when the meter appears to
be off.
2. Designate a water conservation coordinator to develop and implement the Plan and develop
progress reports
Name: Vincent Lucchesi

Title: General Manager

Address:

948 Orange Avenue, Patterson, CA 95363

Telephone:

(209) 892-6233

E-mail:
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3. Provide or support the availability of water management services to water users
See Attachment F, Notices of District Education Programs and Services Available to Customers.
a. On-Farm Evaluations
1) On farm irrigation and drainage system evaluations using a mobile lab type assessment
Total in
# surveyed
# surveyed in # projected for # projected 2nd
district
last year
current year
next year
yr in future
Irrigated acres
12,660
0
0
140
100
Number of farms
0
0
5
5
The District has supported Mobile Labs in our area in varying ways since 1990. There has been a
low level of interest to date within the District. Some years the District has paid for irrigation
evaluations on a demand basis, other years in has funded the Mobile lab directly and recently the District
provided the availability of irrigation evaluations through its membership in the San Luis and Delta
Mendota Water Authority.
The District plans to provide for on-farm irrigation evaluations on a demand basis to ensure funding
of this BMP occurs within the District. The local mobile lab has been very well established in the
Northern San Joaquin Valley. The District has determined there is no need to sponsor the Mobile Lab
when its services can be hired out for direct benefit for water users within the District. District staff is
also readily available to landowners to questions regarding irrigation efficiency and provide
recommendations for most efficient irrigation practices on a case by case basis.
Although the interest has been low to-date, the growers receiving irrigation evaluations have
implemented recommendations generated from the evaluations including management of tailwater
sedimentation ponds, tailwater return systems and proper systems operation, management and
scheduling of irrigation with drip/micro systems, including filtration system management which increase
system efficiencies.
The District will sponsor on-farm irrigation evaluations, offering this service to fields greater than
100 acres, on a 50-50 cost share basis between the District and the grower, if funding is not made
available. Targeting larger fields will provide the best chance for water conservation and efficiency
improvements. In the event that sponsored farm evaluations are provided free to growers, the District
will notice growers of this opportunity.
2) Timely field and crop-specific water delivery information to the water user
The Districts water database produces reports giving growers a wide array of water use and crop
water use information, including their field water use by crop and comparison to district averages. The
District sends out statements monthly and includes copies of irrigation tags which are used to record
single field irrigation events. This way the farmer has monthly up to date information on where his crops
and fields stand on water usage. The District plans on implementing a new water accounting database
within the next three years and providing annual reporting of individual grower’s crop water usage in
comparison to the District averages for the similar crops. A copy of a statement and associated
irrigation tags is attached.
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b. Real-time and normal irrigation scheduling and crop ET information
In order to make this information more readily available to growers, the District intends on
advertising CIMIS website, and Cal Poly Irrigation Training and Research Center resources regarding
irrigation scheduling. However, this is a work in progress and no date is set for publishing.
e. Surface, ground, and drainage water quantity and quality data provided to water users
The District has and will continue to implement an aggressive modernization program to allow for
real-time flow rate measurement of all district in-flows. This information, coupled with delivery records
and estimates on evaporation and seepage provide the data to perform a water balance and estimate
operational tailwater spills. The District has installed devices to measure real-time water quality at the
Northside Reservoir, and plans on using this data to track drainage water quality on the northern portion
of the District. If successful, this strategy will also be deployed on the Marshall reservoir. Furthermore,
the District has installed a water quality sondes at the San Joaquin River diversion and main canal to
track real-time water quality through our SCADA system.
The District does not measure drainage water quantity. A large percentage of District surface drain
water is re-circulated within the Districts water distribution system and recaptured through the Northside
and Marshall reservoirs and reused by water users.
d. Agricultural water management educational programs and materials for farmers, staff, and
the public
Program
Co-Funders (If Any)
Yearly Targets

See Attachment F for samples of provided materials and notices
Patterson Irrigation District is a member of the San Luis & Delta Mendota Water Authority,
Association of California Water Agencies, California Farm Water Coalition, the California Water
Awareness Campaign, and the Stanislaus County Farm Bureau, which provide education on waterrelated issues from local to state levels. PID staff have also expressed interest to local educators to
facilitate classroom discussions on water related-issues including hydrology, water resources, canal
safety, and irrigation. The District has also partnered with Turlock Irrigation District in the past to
educate local school children on canal safety.

e. Other
Patterson Irrigation District is a member of the San Luis & Delta Mendota Water Authority,
Association of California Water Agencies, California Farm Water Coalition, the California Water
Awareness Campaign, and the Stanislaus County Farm Bureau, which provide education on waterrelated issues from local to state levels. PID staff have also expressed interest to local educators to
facilitate classroom discussions on water related-issues including hydrology, water resources, canal
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safety, and irrigation. The District has also partnered with Turlock Irrigation District in the past to
educate local school children on canal safety.

4. Pricing structure - based at least in part on quantity delivered
Adopted in 2018, the District charged a minimum of $60 per acre for which the customer is entitled
to 1 acre-foot or less of water per acre. Annual assessments for purchase of irrigation water are paid in
two equal installments due on March 31st and June 30th. All deliveries are measured volumetrically.
Any volume of water used above the 2 acre-feet Tier I allocation are billed monthly. In 2018, this
second Tier rate was also $30/acre foot. In the Districts experience this pricing structure encourages
conservation and to a degree, deficit irrigation. Landowners do not like additional bills for Tier II Water
and a majority of the water users track use to avoid and/or minimize Tier II use and subsequent billing.
This pricing structure encourages farming with 2 ac-ft/acre of water in many cases.
5. Evaluate and improve efficiencies of district pumps
Describe the program to evaluate and improve the efficiencies of the contractor’s pumps.

Wells
Lift pumps

Total in
district
7
28

# surveyed
last year
0
16

# surveyed in
current year
2
4

# projected for
next year
2
2

The District has made much progress in this area over the years. The District has completed
automating all its pumping plants on its main canal and installing downstream control automation using
a VFD at each pumping plant. The pumps which are most efficient operate the most hours and the least
efficient units operate the least hours. As older, less efficient pumps wear out they are replaced with new
higher efficiency pumps and motors.
In 2008, when the threat of drought was apparent, the District developed a Landowner Groundwater
Plan which involved groundwater well testing for private well owners, a determination of costs to run
these wells, and payment of a fee to these the well owners if supplies were needed to augment District
supply. These wells tests were subsidized by the District. The District will continue to implement this
program on a regular basis to prepare for the possibility of drought.
In 2013, the District began with the development of its East-West Conveyance program which
would address the inefficiencies of the current pumping plants and canals. The project would involve
improvements along the canal, abandoning and consolidating pumping plants to improve efficiency. In
2018, the District issued its first contract under this project and has consolidated pumping plants 2 and 3
into a pumping plant and a pipeline. The next phase includes consolidating pumping plants 4 and 5, and
then expanding the main canal.
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B. Exemptible BMPs for Agricultural Contractors
(See Planner, Chapter 2, Addendum B for examples of exemptible conditions)
1. Facilitate alternative land use
Drainage Characteristic
Acreage
High water table (<5 feet)
Poor drainage
Groundwater Selenium
concentration > 50 ppb
Poor productivity

Potential Alternate Uses

N/A. No major problems or issues have been identified to be caused by irrigation service.
2. Facilitate use of available recycled urban wastewater
Sources of Recycled Urban Waste Water
AF/Y Available

AF/Y Currently Used
in District

The availability to incorporate local wastewater that is treated for recycling has not been studied
with the local city municipality at this time. Initial discussions though with the City of Patterson have
indicated that the City is relying on the incorporation of recycled water use for landscape irrigation as
part of its water supply to support future growth and development, and would likely not seek an
agricultural recycled water project with the District The District operates open channel delivery facilities
for much of its system, providing water to forage crops and crops grown for human consumption, which
may prove problematic for recycled water supplies. The District does recycle agricultural drain for
reuse within the District, reducing District outflow by nearly 90 percent.
3. Facilitate the financing of capital improvements for on-farm irrigation systems
Program
Description
On-Farm Efficiency/Drainage Reduction Programs District informs landowners of opportunities,
through NRCS, CURES
facilitates contacts between Landowner and
District, provides assistance on forms
The District also stays informed on programs, such as those administered by NRCS and CURES and
informs landowner/growers of funding opportunities to improve irrigation efficiency and/or reduce
agricultural drainage.
In recent years, the District has seen conversion from apricots and other traditionally surface
irrigated crops to more permanent crops such as almonds and walnuts. These new permanent crop
plantings are almost exclusively implementing drip, micro or sprinkler irrigated systems.
As part of the Northside Reservoir project, the District funded construction of a two-stage tailwater
collection reservoir, return pump station, and pipeline which services approximately 550 acres. This
system conveys tailwater into a sedimentation pond to settle out silt, then return the system back to the
top of the field where it is blended with irrigation water. This project was constructed to conserve water
by reducing tailwater flow into local tributary streams, and to compare operations and
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maintenance/benefit costs between local grower-based tail-water return systems, and more regional
drainage solutions such as the District’s Northside Reservoir Project.
The Districts irrigation evaluation program is also used as a tool to help water users better manages
their water; thereby providing financial incentive for improved on-farm management. This program is
provided on an on-demand basis.
In 1993, the District notified their water users of the availability of a low interest loan program under
the State of California’s water conservation loan program. Notification was by direct mailing and by
public notice published in the Patterson Irrigator. The loan money was to be used to purchase irrigation
equipment to improve on-farm irrigation efficiency. There was interest from 25 water users in
purchasing around $700,000 worth of equipment to alter irrigation techniques on around 1,000 acres of
land. The project with the most favorable return on investment was installation of solid set under tree
sprinklers in orchards to replace border and furrow irrigation. Gated pipe did not show enough water
savings to justify the investment, and the useful lives of drip systems were not long enough to justify the
loan. When the interested parties were advised that under the state program they would have no control
over who would be installing the systems on their farms, interest in the program was lost.
4. Incentive pricing
Adopted in 2018, the District charged a minimum of $60 per acre for which the customer is entitled
to 1 acre-foot or less of water per acre. Annual assessments for purchase of irrigation water are paid in
two equal installments due on March 31st and June 30th. All water usage is billed volumetrically. The
charges for the volume of water used above the 2 acre-feet are billed monthly. In 2018, this second Tier
rate was also $30/acre foot. In the Districts experience, this pricing structure encourages conservation
and to a degree - deficit irrigation. Landowners do not like additional bills for Tier II Water and a
majority of the water users track use to avoid and/or minimize Tier II use and subsequent billing. This
pricing structure encourages farming with 2 ac-ft/acre of water in many cases.
Depending on the year and hydrology, the Board may reduce the amount of water allocated each
year with the District assessment. Especially during years of drought, this provides a greater incentive
to conserve water as less water is made available to growers through the first allocation, causing Tier II
water costs to be much greater than usual for growers.
5. a) Line or pipe ditches and canals
Canal/Lateral (Reach)
Type of
Improvement
Main Canal Lift 5
Expansion/Lin
ing
Pipeline Extension of
Expansion/Pip
Main Canal Lateral 5
ing
to DMC
Main Canal Second
Piping of
Lift
Canal

Number of
Miles in Reach
3,500 feet
11,500 feet

4,000 feet
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Estimated
Seepage (AF/Y)

Accomplished/
Planned Date
April 2010

0 (Nominal,
April 2010
Rubber Gasketed
PVC Pipe)
0
May 2019
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The piping and lining noted above were part of the District’s 2008 Pipeline Project, which involved
expansion and lining of an existing canal from a lateral into the main canal stem, as well as construction
of a pump station and pipeline to convey water from the District’s Main Canal to the DMC.
The District is in such close proximity to its Main Source, the San Joaquin River, and also pumps
groundwater on an as needed basis, the District considers its water management practices to be
consistent with a conjunctive use-type district. As such the District has focused its efforts on improving
delivery efficiency and pumping efficiency by recycling surface drainage as opposed to preventing
seepage, which makes its way into the aquifer from which the District pumps and also as groundwater
seepage into the San Joaquin River.

b) Construct/line regulatory reservoirs
Reservoir Name
Location
Describe improved operational flexibility and AF savings
Northside Reservoir Elm and
2,400 AF/Y
Fruit Aves
Marshall Reservoir Marshall
2,000 AF/Y for spill recover and regulation
and
3,000 AF/Y for 2-Drains Recirculation Project
Armstrong
Ave
6. Increase flexibility in water ordering by, and delivery to, water users
See Attachment G, contractor ‘agricultural water order’ form
7. Construct and operate district spill and tailwater recovery systems
Distribution System Lateral
Annual Spill
Quantity Recovered
(AF/Y)
and reused (AF/Y)
1
“M” Lateral
320
300
Lateral 4-North1
330
300
1
Lateral 3-North
650
600
Lateral 2-North1
650
600
1
Lateral 1-North
650
600
Lateral 5-South2
650
650
2
Lateral 4-South
680
680
2
Lateral 3-South
680
680
Total
4,610
4,410
Notes:
1. All recovered and reused operational spill/tailwater resulting from the Northside Reservoir
Project.
2. All recovered and reused operational spill/tailwater resulting from the Marshall Reservoir.
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Drainage System Lateral

Annual Drainage
Outflow (AF/Y)

Quantity Recovered
and reused (AF/Y)

Total

The District generally slopes from West to East and drains toward the San Joaquin River. Most
surface irrigated fields are delivered water from an upslope canal normally to the west and drain into a
down slope canal normally to the east either by gravity drain or pumped drain. This surface drain water
enters the lateral below and is mixed with other source and drain water in the delivery lateral. This water
then makes its way downstream and is either delivered to another customer or makes its way to the end
of the lateral and becomes operational spill. Most of the District’s canals are small with minimal storage
capabilities so efficient recycling of surface drain water is difficult. As a result of the comingling of
surface deliveries and drainage, it is difficult to assess how many acres and how much associated
tailwater is currently lost. Projects such as the Northside Reservoir Project and Marshall Reservoir
allow the District to measure and document how much water operational spill/tailwater could be
recovered in aggregate, instead of assessing or estimating tailwater losses or recovery.
The Northside Reservoir Project incorporated a reservoir and interceptor lines with pumping stations
to collect drain water from the northern District laterals and deliver it within the district to customers,
virtually eliminating operational spill. Magnetic flow meters and automated canal structures allow PID
to accurately meter deliveries from Fruit Avenue to the end of the system, nearly eliminating spills here.
The District has the ability to compare actual deliveries with what was metered into the delivery laterals
past the reservoir and closely estimate the outflow from that portion of the system.
8. Plan to measure outflow.
Total # of outflow (surface) locations/points
7
Total # of outflow (subsurface) locations/points 0
Total # of measured outflow points
Percentage of total outflow (volume) measured during report year

50%

Identify locations, prioritize, determine best measurement method/cost, submit funding proposal
Location & Priority
Estimated cost (in $1,000s)
Year 1
Year 2 Year 3 Year 4 Year 5
Lateral 4-North at Del Puerto Creek (Low)
Lateral 3-North at Del Puerto Creek (Low)
Lateral M at Del Puerto Creek (Low)
Lateral M at Del Puerto Creek (Low)
Apricot Avenue (Medium)
10
Almond Avenue (Medium)
10
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9. Optimize conjunctive use of surface and groundwater
The District relies on its surface supplies and only resorts to groundwater supplies when there is a
need such as facility or distribution system constraints such as lack of pumping capacity due to down
pump units, low-river, and/or distribution system bottlenecks.
10. Automate distribution and/or drainage system structures
The District has over the years reported on its main canal automation program and the completion of
the Marshall Road Reservoir Project. The District has also automated wells for remote operation and
installed long-crested weirs in key locations. Completion of the Northside Reservoir project facilities
included construction of automated canal structures for flow control from Fruit Avenue downstream on
Laterals 1-North, 2-North, 3-North, 4-North, and M Lateral. This allows PID to operate the end of these
laterals like new canal segments, turning accurate flow into these canals to meet grower demands at the
end of the system, and limiting operational spill into the downstream Del Puerto Creek.
Also, PID completed construction of the 2008 Pipeline Project in 2010 which included
construction of 3,500 feet of expanded and concrete-lined main canal for the fifth pool, five new and
efficient VFD driven pumps, 11,500 feet of 36-inch PVC pipeline, and installation of two automated
flow control structures at the headworks of Laterals 5-South and M-Lateral. These automated flow
control structures utilize orifice flow equations, level transducers, and SCADA for remote control and
operation to achieve accurate flow deliveries to downstream growers. Additionally, automation and
control on four of the five pump stations and lifts on the District’s main canal were calibrated and
improved to incorporate a new 35 cfs pump station, and five new pumps operating with a variable
frequency drive. This project cost approximately $3.9M, with approximately $92,800 invested in flow
measurement devices.
The District will also complete construction of the Fish Screen Intake Project in 2010, an
approximately $13.8 M effort to construct a replacement diversion facility on the San Joaquin River,
complete with a National Marine Fisheries Service and California Department of Fish and Game
approved fish screen to prevent entrainment and impingement of migrating salmon and steelhead in the
San Joaquin River. This facility will include a sediment suspension system, fish screen brush cleaner,
and Cathodic protection, and pumping systems that will be completely automated. The pumping system
will utilize algorithms, similar to the other main canal pumping plants, to achieve level control in the
first reach of the main canal.
11. Facilitate or promote water customer pump testing and evaluation
See Attachment F, Notices of District Education Programs and Services Available to Customers
In 2008, when the threat of drought was apparent, the District developed a Landowner
Groundwater Plan which involved groundwater well testing for private well owners, a determination of
costs to run these wells, and payment of a fee to these the well owners if supplies were needed to
augment District supply. These wells tests were subsidized by the District. The District will continue to
update policies for this program on a regular basis to prepare for the possibility of drought.
In addition, the District will continue to provide information available to growers regarding
pump efficiency testing available through university sponsored programs, or individuals locally who
specialize in pump testing through its newsletter. The Patterson Irrigation District’s electrical service
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provider is Turlock Irrigation District and growers are not eligible for pump testing through Pacific Gas
and Electric’s program with Fresno State.
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12. Mapping
Estimated cost (in $1,000s)

GIS maps
Year 1

Year 2

Layer 1 – Distribution system
Layer 2 – Drainage system
Suggested layers:
Layer 3 – Groundwater information
Layer 4 – Soils map
Layer 5 – Natural & cultural resources
Layer 6 – Problem areas

Year 3

Year 5

1

1

Year 6
1

3

3

3

1

The District currently has AutoCAD mapping of the District’s facilities. In addition, the District
water accounting program STORM has GIS capabilities that extract information from the iPAD’s
utilized for water deliveries. During the winter months in the future years, staff will be taking GPS
coordinates of all turnouts and infrastructure. This will be no added cost to the District since the
equipment is already available. In addition, the District has developed a Capital Improvement Plan, that
has mapped out the problem areas.
Since the District has already mapped the District’s facilities and has adopted a Capital Improvement
Plan, there are not plans to increase mapping unless necessary or new technology is made available.

C. Provide a 5-Year Budget for Implementing BMPs
1. Amount actually spent during current year.
Year
2018

Actual Expenditure

BMP #
A

1
2

4
5

Measurement
Conservation staff
On-farm evaluation /water delivery
info
Irrigation Scheduling
Water quality
Agricultural Education Program
Quantity pricing
Contractor’s pumps

1
2
3
4
5
6

Alternative land use
Urban recycled water use
Financing of on-farm improvements
Incentive pricing
Line or pipe canals/install reservoirs
Increase delivery flexibility

3

B

Staff
Hours

BMP Name
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$9,859.57
$0

0
0

$0

0

$0
$6,514.31
$0
$0
$82,703.72

0
0
0
0
0

$0
$0
$0
$0
$8,476,002
$0

0
0
0
0
0
0
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7
8
9
10
11
12
Total

District spill/tailwater recovery
systems
Measure outflow
Optimize conjunctive use
Automate canal structures
Customer pump testing
Mapping

$0

0

$0
$0
$35,782.88
$0
$0
$8,610,862.48

0
0
0
0
0
-

2. Projected budget summary for the next year.
Year
2019
BMP #
A

1
2
3

4
5
B

Staff
Hours

BMP Name

1
2
3
4
5
6
7
8
9
10
11
12
Total

Measurement
Conservation staff
On-farm evaluation /water delivery info
Irrigation Scheduling
Water quality
Agricultural Education Program
Quantity pricing
Contractor’s pumps

$10,000.00
$0
$0
$0
$0.00
$0
$0
$158,000.00

0
0
0
0
0
0
0
0

Alternative land use
Urban recycled water use
Financing of on-farm improvements
Incentive pricing
Line or pipe canals/install reservoirs
Increase delivery flexibility
District spill/tailwater recovery systems
Measure outflow
Optimize conjunctive use
Automate canal structures
Customer pump testing
Mapping

$0
$0
$0
$0
$3,476,930
$0
$0
$0
$0
$178,317.50
$0
$0
$3,823,247.50

0
0
0
0
0
0
0
0
0
0
0
0
-
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3. Projected budget summary for 3rd year.
Year
2020
BMP #
A

1
2
3

4
5
B

Staff
Hours

BMP Name

1
2
3
4
5
6
7
8
9
10
11
12
Total

Measurement
Conservation staff
On-farm evaluation /water delivery info
Irrigation Scheduling
Water quality
Agricultural Education Program
Quantity pricing
Contractor’s pumps

$10,000.00
$0
$0
$0
$8,000.00
$0
$0
$249,165.16

0
0
0
0
0
0
0
0

Alternative land use
Urban recycled water use
Financing of on-farm improvements
Incentive pricing
Line or pipe canals/install reservoirs
Increase delivery flexibility
District spill/tailwater recovery systems
Measure outflow
Optimize conjunctive use
Automate canal structures
Customer pump testing
Mapping

$0
$0
$0
$0
$20,000
$0
$0
$0
$0
$53,000.00
$0
$15,000
$ 355,165.16

0
0
0
0
0
0
0
0
0
0
0
0
-

4. Projected budget summary for 4th year.
Year
2021
BMP #
A

Staff
Hours

BMP Name
1
2
3

4
5

Measurement
Conservation staff
On-farm evaluation /water delivery info
Irrigation Scheduling
Water quality
Agricultural Education Program
Quantity pricing
Contractor’s pumps
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$10,000.00
$0
$0
$0
$8,000.00
$0
$0
$249,165.16

0
0
0
0
0
0
0
0

Plan Format

B

1
2
3
4
5
6
7
8
9
10
11
12
Total

Alternative land use
Urban recycled water use
Financing of on-farm improvements
Incentive pricing
Line or pipe canals/install reservoirs
Increase delivery flexibility
District spill/tailwater recovery systems
Measure outflow
Optimize conjunctive use
Automate canal structures
Customer pump testing
Mapping

$0
$0
$0
$0
$20,000
$0
$0
$0
$0
$53,000.00
$0
$15,000
$ 355,165.16

0
0
0
0
0
0
0
0
0
0
0
0
-

5. Projected budget summary for 5th year.
Year
2022
BMP #
A

1
2
3

4
5
B

Staff
Hours

BMP Name

1
2
3
4
5
6
7
8
9
10
11
12
Total

Measurement
Conservation staff
On-farm evaluation /water delivery info
Irrigation Scheduling
Water quality
Agricultural Education Program
Quantity pricing
Contractor’s pumps

$10,000.00
$0
$0
$0
$8,000.00
$0
$0
$249,165.16

0
0
0
0
0
0
0
0

Alternative land use
Urban recycled water use
Financing of on-farm improvements
Incentive pricing
Line or pipe canals/install reservoirs
Increase delivery flexibility
District spill/tailwater recovery systems
Measure outflow
Optimize conjunctive use
Automate canal structures
Customer pump testing
Mapping

$0
$0
$0
$0
$20,000
$0
$0
$0
$0
$53,000.00
$0
$15,000
$ 355,165.16

0
0
0
0
0
0
0
0
0
0
0
0
-
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Section IV:

Best Management Practices for Urban Contractors

A. Urban BMPs
Foundational BMPs
1. Utility Operations Programs
1.1. Operations Practices
A.1) Conservation Coordinator
A.2) Water waste prevention
A.3) Wholesale agency assistance programs
1.2. Water Loss Control
1.3. Metering with Commodity Rates for All New Connections and Retrofit of Existing
Connections
1.4. Retail Conservation Pricing
2. Education Programs
2.1. Public Information Programs
2.2. School Education Programs
Programmatic BMPs
3. Residential
A.1) Residential assistance program
A.2) Landscape water survey
A.3) High-efficiency clothes washers (HECWs)
A.4) WaterSense Specification (WSS) toilets
A.5) WaterSense Specifications for residential development
4. Commercial, Industrial, and Institutional (CII)
5. Landscape
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B. Provide a 5-Year Budget for Expenditures and Staff Effort for BMPs
1. Amount actually spent during current year.
Year 2017 or Year 1
BMP #
BMP Name
1. Utilities Operations

Projected Expenditures
(not including staff hours)

Staff Hours

$0
$0
$0
$0

0
0
0
0

2. Education Programs
2.1 Public Information Programs
2.2 School Education Programs

$0
$0

0
0

3. Residential

$0

0

4. CII

$0

0

$0
$0

0
0

Projected Expenditures
(not including staff hours)

Staff Hours

$0
$0
$0
$0

0
0
0
0

2. Education Programs
2.1 Public Information Programs
2.2 School Education Programs

$0
$0

0
0

3. Residential

$0

0

4. CII

$0

0

$0
$0

0
0

1.1 Operations Practices
1.2 Water Loss Control
1.3 Metering
1.4 Retail Conservation Pricing

5. Landscape
Total
2. Projected budget summary for 2nd year.
Year 2018 or Year 2
BMP #
BMP Name
1. Utilities Operations
1.1 Operations Practices
1.2 Water Loss Control
1.3 Metering
1.4 Retail Conservation Pricing

5. Landscape
Total
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3. Projected budget summary for 3rd year.
Year 2019 or Year 3
BMP #
BMP Name
1. Utilities Operations

Projected Expenditures
(not including staff hours)

Staff Hours

$0
$0
$0
$0

0
0
0
0

2. Education Programs
2.1 Public Information Programs
2.2 School Education Programs

$0
$0

0
0

3. Residential

$0

0

4. CII

$0

0

5. Landscape

$0
$0

0
0

Projected Expenditures
(not including staff hours)

Staff Hours

$0
$0
$0
$0

0
0
0
0

2. Education Programs
2.1 Public Information Programs
2.2 School Education Programs

$0
$0

0
0

3. Residential

$0

0

4. CII

$0

0

$0
$0

0
0

1.1 Operations Practices
1.2 Water Loss Control
1.3 Metering
1.4 Retail Conservation Pricing

Total
4. Projected budget summary for 4th year.
Year 2020 or Year 4
BMP #
BMP Name
1. Utilities Operations
1.1 Operations Practices
1.2 Water Loss Control
1.3 Metering
1.4 Retail Conservation Pricing

5. Landscape
Total
5. Projected budget summary for 5th year.
Year 2021 or Year 5

Projected Expenditures
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BMP #
BMP Name
1. Utilities Operations

(not including staff hours)

Staff Hours

$0
$0
$0
$0

0
0
0
0

2. Education Programs
2.1 Public Information Programs
2.2 School Education Programs

$0
$0

0
0

3. Residential

$0

0

4. CII

$0

0

$0
$0

0
0

1.1 Operations Practices
1.2 Water Loss Control
1.3 Metering
1.4 Retail Conservation Pricing

5. Landscape
Total
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District Water Inventory Tables

Section V:

Year of Data

2018

Enter data year here

Table 1

Surface Water Supply
Federal
Federal nonLocal Water
Other
Transfers into
Upslope
Ag Water
Ag Water. State Water
(Pre-14)
Water
District
Drain Water
2018
Total
Month
(acre-feet)
(acre-feet)
(acre-feet)
(acre-feet)
(acre-feet)
(acre-feet)
(acre-feet)
(acre-feet)
Method
January
65
0
0
371
0
0
0
436
February
852
0
0
20
0
0
0
872
March
0
0
0
464
0
0
0
464
April
0
0
0
2,020
360
0
0
2,380
May
0
0
0
6,113
1,090
0
0
7,203
June
0
0
0
6,625
1,190
0
0
7,815
July
0
0
0
6,334
1,130
0
0
7,464
August
0
0
0
6,069
1,090
0
0
7,159
September
0
0
0
3,847
690
0
0
4,537
October
0
0
0
1,397
250
0
0
1,647
November
0
0
0
1,108
0
0
0
1,108
December
0
0
0
0
0
0
0
0
TOTAL
917
0
0
34,368
5,800
0
0
41,085
Note: 1. 2018 diversions are estimated based upon deliveries. PID's flow meter off of the San Joaquin River was acting erratic and was sent for
maintenance multiple times.
2. Other water is recaptured drainwater and District tailwater for recirculation, the measurement method is E3.

Patterson Irrigation District
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Table 2

Ground Water Supply
2018
Month
Method
January
February
March
April
May
June
July
August
September
October
November
December
TOTAL

District
Private Agric
Groundwate Groundwater
(acre-feet)
*(acre-feet)

Patterson Irrigation District

0
88
123
99
104
765
1,381
1,089
177
30
23
0
3,879

0
63 0.71898206
88
71
75
550
993
783
127
22
17
0
2,789
*normally estimated
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Table 3

Total Water Supply
Surface
District
Recycled
Total
Water Total Groundwater
M&I
District
2018
Month
(acre-feet)
(acre-feet)
(acre-feet)
(acre-feet)
Method
January
436
0
0
436
February
872
88
0
960
March
464
123
0
587
April
2,380
99
0
2,479
May
7,203
104
0
7,307
June
7,815
765
0
8,580
July
7,464
1,381
0
8,845
August
7,159
1,089
0
8,248
September
4,537
177
0
4,714
October
1,647
30
0
1,677
November
1,108
23
0
1,131
December
0
0
0
0
TOTAL
41,085
3,879
0
44,964
*Recycled M&I Wastewater is treated urban wastewater that is used for agriculture.

Patterson Irrigation District
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Table 3 cont.

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sept
Oct
Nov
Dec
TOTAL

2018 Precipitation Worksheet
inches precip ft precip
acres
0.02
10.28
0.22
0.08
52.00
0.91
0.14
5.33
1.72
0.14
12.00
1.72
0.00
11.22
0.05
0.00
13.61
0.00
0.00
7.27
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.06
0.00
0.67
0.16
0.00
1.95
0.20
2.41
9.66
0.81

Patterson Irrigation District

AF/Year
8.28
41.86
4.29
9.66
9.03
10.96
5.85
0.00
0.00
0.00
0.00

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sept
Oct
Nov
Dec
TOTAL

2018 Evaporation Worksheet
inches evap
ft evap
acres
AF/YEAR
0.10
10.28
48.14
1.21
0.18
52.00
243.41
2.17
0.33
5.33
24.97
4.00
0.48
12.00
56.17
5.71
0.63
11.22
52.51
7.56
0.72
13.61
63.71
8.65
0.73
7.27
34.04
8.80
0.63
0.00
0.00
7.61
0.47
0.00
0.00
5.69
0.32
0.00
0.00
3.82
0.08
0.00
0.00
0.96
0.00
0.00
56.1715
4.68
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Table 4

Agricultural Distribution System
2018
Canal, Pipeline,
Lateral, Reservoir
Canal Lined
Lateral - Lined
Lateral - Earth
Lateral - Old Lining
Northside Res.
Marshall Res.
Sub-Earth
Sub-Lined
Spills

TOTAL

Patterson Irrigation District

Length
(feet)
22,400
205,920
21,120
47,520
699
1,540
52,800
443,520
0
0
0

Width
(feet)
20
11
11
11
699
385
6
0
0
0
0

Precipitatio
Surface Area
Evaporation
n
(square feet) (acre-feet)
(acre-feet)
448,000
8.3
48.1
2,265,120
41.9
243.4
232,320
4.3
25.0
522,720
9.7
56.2
488,601
9.0
52.5
592,900
11.0
63.7
316,800
5.9
34.0
0
0.0
0.0
0
0.0
0.0
0
0.0
0.0
0
0.0
0.0
89.9
522.9

Spillage
(acre-feet)
100
941
96
217
0
0
100
100
0
0
0
1,554

Seepage
(acre-feet)
62
311
565
180
123
150
771
0
0
0
0
2,162

Total
(acre-feet)
(202)
(1,454)
(682)
(444)
(166)
(203)
(899)
(100)
0
0
0
(4,149)
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Table 5

Crop Water Needs
2018
Area
Crop Name
(crop acres)
Alfalfa
2,594
Almonds
4,023
Apples
10
Apricots
464
Beans
304
Cactus
10
Cantaloupe
173
Cherries
287
Corn
1,428
Fallow
1,022
Grapes
20
Nursery
7
Oats
188
Pasture
498
Peaches
22
Pistachio
5
Pomegrantes
10
Pumpkins
43
Spices
21
Sudan
53
Tomatoes
859
Turf
152
Walnuts
1,150
Watermelon
20
Wheat
1,536
Crop Acres
14,899
Total Irrig. Acres
Notes (see page 7):
Patterson Irrigation District

11,664

Leaching
Crop ET
Requiremen
(AF/Ac)
(AF/Ac)
3.88
0.6
3.21
0.6
4.50
0.6
3.43
0.6
1.74
0.4
1.74
0.3
1.72
0.3
3.52
0.6
2.51
0.4
0.00
0.0
2.49
0.3
3.40
0.3
1.48
0.1
3.99
0.1
3.43
0.6
3.20
0.6
3.40
0.6
1.72
0.3
1.74
0.3
3.99
0.6
2.24
0.3
3.99
0.3
3.92
0.6
1.72
0.3
1.48
0.1

Cultural
Effective
Practices Precipitatio
(AF/Ac)
(AF/Ac)
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Appl. Crop
Water Use
(acre-feet)
11,382
15,305
51
1,866
644
20
342
1,180
4,013
(47)
54
26
295
2,037
89
21
40
85
43
238
2,100
649
5,192
40
2,412
48,074

(If this number is larger than your known total, it may be due to double cropping)
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1. Crop acres are higher due to double cropping in PID. This number is also reflected in the table below showing an
higher demand that deliveries. The crops that were double cropped were typically dependant upon rainfall and not
District water to satisfy ET. For 2018, PID had 1,022 acres that weren't cropped, and 2,213.15 acres of
double cropping that consisted of mostly oats and wheat that are dependant on precipitation and are not irrigated.
In the event there isn't enough precipitation, the farmer will let the oats and wheat go since the price of water doesn't
make financial sense to have a crop. Therefore, if a demand is shown higher than deliveries
2. Leaching Requirement = Ecx/(5ECe-ECw), where ECw is EC of irrigation water and ECe is the EC of saturated
soil extract. The Threshold values of ECe for various crops were obtained from Tanji, K. Kenneth, 1990, Agricultural
Salinity Assessment & Management, American Society of Civil Engineers, Manuals and Reports on Engineering Practices
No. 7 pp. 271-285
3. Crop Evapotranspiration estimated using crop coefficients from ITRC, Cal Poly, San Luis Obispo, CA developed for
local region, multiplied by the actual annual ETo for CIMIS.
4. Estimated effective precipitation based upon actual rainfall as measured by local CIMIS station for 2018

Patterson Irrigation District

Page 4-46

Table 6

2018 District Water Inventory
Water Supply
Table 3
Riparian ET
(Distribution and Drain)
Groundwater recharge
(intentional - ponds, injection)
Seepage
Table 4
Evaporation - Precipitation
Table 4
Spillage
Table 4
Transfers out of District
Water Available for sale to customers

minus
minus
minus
minus
minus
minus

44,964
0
0
2,162
433
1,554
0
40,815

Actual Agricultural Water Sales 2018
From District Sales Records
32,396
Private Groundwater
Table 2
plus
2,789
Crop Water Needs
Table 5
minus
48,074
Drainwater outflow
minus
0
(tail and tile, not recycled)
Percolation from Agricultural Land
(calculated)
(12,889)
Unaccounted for Water
(calculated)
8,419
Notes:
1. Percolation from Agricultural land would show that there is a higher demand for
groundwater; however, this does not convey the double cropping that occurs
where crops are not irrigated in the winter months and therefore the demand would be less
therefore, the additional extraction shown should be zero or positive.

Patterson Irrigation District
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Table 7

Influence on Groundwater and Saline Sink
2018
(1,717)
Agric Land Deep Perc + Seepage + Recharge - Groundwater Pumping = District Influence on
0
Estimated actual change in ground water storage, including natural recharge)
Irrigated Acres (from Table 5)
14,899
Irrigated acres over a perched water table
0
Irrigated acres draining to a saline sink
0
Portion of percolation from agri seeping to a perched water table
0
Portion of percolation from agri seeping to a saline sink
0
Portion of On-Farm Drain water flowing to a perched water table/saline sink
0
Portion of Dist. Sys. seep/leaks/spills to perched water table/saline sink
0
Total (AF) flowing to a perched water table and saline sink
0
Notes:
1. although the District has been identified in the drainage problem area, as identified in “A
Management Plan for Agricultural Subsurface Drainage and Related Problems on the Westside San Joaquin
Valley (September 1990)”, the District does not have a shallow groundwater problem that is perched or over a
saline sink. Although the District does have high EC groundwater, the District does not have the problems as
shown in Table 7.

Patterson Irrigation District
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Table 8

Annual Water Quantities Delivered Under Each Right or Contract
Year
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
Total
Average

Patterson Irrigation District

Federal
Federal nonLocal Water
Ag Water
Ag Water. State Water
(Pre-14)
(acre-feet)
(acre-feet)
(acre-feet)
(acre-feet)
5,444
0
0
43,427
2,441
0
0
34,327
6,654
36
0
37,982
1,579
10,015
0
60,892
500
9,483
0
65,968
3,115
2,006
0
58,151
0
3,567
0
35,325
0
17,983
0
44,794
5,083
0
0
29,120
917
0
0
34,368
25,733
43,090
0
444,354
2,573
4,309
0
44,435

Other
Transfers into
Upslope
Water
District
Drain Water
Total
(acre-feet)
(acre-feet)
(acre-feet)
(acre-feet)
0
0
0
48,871
0
0
0
36,768
0
0
0
44,672
0
0
0
72,486
0
0
0
75,951
0
0
0
63,272
0
0
0
38,892
0
0
0
62,777
0
0
0
34,203
5,800
0
0
41,085
5,800
0
0
518,977
580
0
0
51,898
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ATTACHMENT A -1
DISTRICT FACILITIES MAP

ATTACHMENT A -2
DISTRICT SOILS MAP

ATTACHMENT B
DISTRICT RULES AND REGULATIONS

Rules For the Distribution and Use of Water Within
the Patterson Irrigation District
Preamble
1 Definitions
2 Facilities
3 Operation of Irrigation System
Facilities
4 Duties of Irrigator
Distribution System Operator
5
Duties
6 Delivery of Irrigation Water
7 Drainage to District Facilities
8 Water Quality
9 Irrigation Regulations
10 Enforcement of Irrigation Rules
and Regulations
REVISED AND ADOPTED BY THE BOARD OF DIRECTORS MAY 19, 2021
RULES AND REGULATIONS FOR THE DISTRIBUTION AND USE OF
WATER WITHIN THE PATTERSON IRRIGATION DISTRICT
PREAMBLE
These rules and regulations (“Rules and Regulations”) are established
pursuant to Water Code Section 22257 to ensure the orderly, efficient, and
equitable distribution, use and conservation of the water resources of the
District. The District will endeavor to deliver irrigation water in a flexible,
timely manner consistent with the physical, operational and safety limits of
the delivery system facilities.
Section 1: Definitions
As used herein, the following words, whether or not initially capitalized, shall
have the following meanings:
1.1 "Assessment" means a charge for facilities, maintenance and operations,
etc., assessed against all parcels that irrigate and those parcels within District
boundaries.
1.2 "Board" means the Board of Directors of the District.
1.3 "Conduits" includes canals, laterals, ditches, drains, pipes, measurement,

control and monitoring devices, and all related operational facilities.
1.4 “Distribution System Operator” means those employees of the District
responsible for the daily operation of the district facilities; otherwise referred
to as ditchtenders.
1.5 "District" means the PATTERSON IRRIGATION DISTRICT functioning
under Irrigation District Laws of the California Water Code.
1.6 "District Conduits" mean Conduits owned or leased by the District.
1.7 "District Facilities" includes dams, structures, wells, conduits, pumps,
motors, pumping plants, reservoirs, and all other facilities of the District.
1.8 “District Office” means the main office of the District currently located at
948 Orange Avenue, Patterson, California.
1.9 "Distribution System Supervisor" means the Distribution System
Supervisor and/or his/her authorized representative.
1.10 "Irrigable" means all parcels that irrigate and all those parcels with or
without on farm irrigation facilities that could be irrigated by either District
supplies or from private wells.
1.11 "Irrigator" means the Landowner or tenant of a parcel of land who has
the primary responsibility for irrigating the parcel. The term includes the
irrigator's officers, employees and agents.
1.12 "Landowner" means holder of title or evidence of title to land.
1.13 "Manager" means the General Manager of the District.
1.14 "Tenant" means a person or entity who leases, rents, or sharecrops land
from a Landowner.
1.15 "Vehicle" means any motor vehicle, self-propelled vehicle, motorcycle,
motorized bicycle, or all-terrain vehicle.
1.16 “Water Quality Standards” means the then current water quality
standards established by the United States Bureau of Reclamation for
discharges into the Upper Delta-Mendota Canal.
Section 2: Facilities
2.1 CONTROL OF THE SYSTEM:
District Facilities are under the exclusive control and management of the
Board and its authorized agents, the Manager and the Distribution System
Supervisor and no other persons shall have any right to operate or interfere

with District Facilities in any manner.
2.2 ACCESS TO LANDS:
Every District director, employee, or authorized agent or representative shall
have free access at all times (including weekends and holidays) to enter any
land irrigated with District water for any of the following purposes: (1)
inspecting the District Facilities or private irrigation facilities flow of water
within such facilities (including measurement), and the use of water on the
land; (2) determining the acreage of crops irrigated or to be irrigated; and (3)
maintaining, constructing, demolishing, altering, improving, verifying,
surveying or operating District Facilities.
2.3 ENCROACHMENTS:
2.3.1 No trees, vines, shrubs, corrals, fences, or any other type of
encroachment shall be planted, or placed in, on, over, or across any District
Conduits or any District right-of-way unless the District has given specific prior
written approval for such encroachment.
2.3.2 Any unauthorized encroachment may be removed by the District at the
expense of the encroacher.
2.3.3 Encroachments on an improvement District right-of-way that interferes
with the operation or maintenance of that facility may be removed by the
District at the expense of the encroacher.
2.3.4 Encroachments of any facilities at ground level that cross or enter PID
infrastructure and will not be owned by PID shall require an encroachment
permit. The project proponent must take out an encroachment permit with
PID, otherwise the encroachment may be removed at the expense of the
encroacher.
2.3.4.1 The encroachment permit will require that prior to any
construction, the project proponent provide plans for PID approval
identifying the crossing to clearly delineate the crossing of PID’s
facility.
2.3.4.2 PID will require a fee to cover costs for PID’s staff to review the
plans of the crossing and inspection of the installation. The fee shall be
no less than $500 per crossing.
2.3.4.3 Encroachment permit will not be required for facilities
constructed by PID or PID’s contractors on behalf of the project
proponent as PID will be responsible for the installation and will be
reimbursed for any and all expenses related to the encroachment.
2.4 CONSTRUCTION OF IRRIGATION FACILITIES:

2.4.1 No temporary or permanent diverting gates, weirs, structures,
or pump intakes or improvement of any kind shall be constructed or placed

in or immediately adjacent to (collectively “Irrigator Facilities”) any District
Conduits until a written application for the construction of such Facilities
has been provided to the General Manager and written permission granted
therefore.
2.4.1.1 An application form for the construction of Irrigator
Facilities will be made available at the District’s office and website.
2.4.1.3 In the event that the proposed Irrigator Facilities are
for a non-agricultural development project, the District’s Urban
Encroachment Policy shall apply.
2.4.2 Any and all Irrigator Facilities shall be constructed by District
staff and its contractors; unless prior written authorization is received from
the General Manager.
2.4.3 Any and all such Irrigator Facilities shall be (1) installed by the
District, or contractors hired by the District, at the irrigator's expense,
including reimbursement of District staff or consultant time, (2) built to
current District Construction and Engineering Design Standards as
adopted by the Board, and (3) shall become the property of the District
upon completion and acceptance by the District.
2.4.3.1 In the event that the proposed Irrigator Facilities
require replacement of District infrastructure (such as a pipeline, headwall
or distribution structure) that has a history of requiring repairs, as
determined by the General Manager, no reimbursement shall be required
from the irrigator for that portion of the proposed Irrigator Facilities.
2.4.4 Any Irrigator Facilities constructed without the written approval
of the General Manager shall be removed at the expense of the irrigator.
2.4.5 Any temporary Irrigator Facilities shall be permitted for a
maximum of three hundred sixty-five (365) calendar days. After 365
calendar days or when the Irrigator Facilities are no longer needed,
whichever is sooner, District staff shall remove the temporary improvement
and make repairs at the District facility as necessary at the expense of the
irrigator.
2.4.6 If an irrigator requests cost-sharing for proposed Irrigator
Facilities, the irrigator shall provide a written request to the Board of
Directors. The request shall include drawings of the proposed Irrigator
Facilities, a map of the location of the Irrigator Facilities, the anticipated
cost of the Irrigator Facilities, the anticipated proportional benefit to the
District, and how much the irrigator is requesting on cost-share from the

District.
2.5 CONSTRUCTION OF NON-IRRIGATION FACILITIES:
2.5.1 No improvements such as buildings, bridges, gates, cross canal pipes, or
facilities, etc. shall be constructed or placed in, on, over or across any District
Conduits until an application for a Revocable License Agreement or
Encroachment Permit has been made to the District and Board authorization is
granted therefore. The applicant does not acquire any rights in the District's
right-of-way other than those set forth in the Revocable License Agreement or
Encroachment Permit.
2.5.2 All such permitted bridges, gates, or other cross canal facilities shall be
constructed, erected, installed, and maintained at the irrigator's expense and
built to District Construction and Engineering Design Standards.
Section 3: Operation of Irrigation System Facilities
3.1 LIMITS OF LIABILITY:
3.1.1 The District will not be liable for damage of any kind or nature resulting
directly or indirectly from any private ditch or Conduits or the water flowing
therein, or for negligent, wasteful, or other use or handling of water by the
users thereof.
3.1.2 The District's responsibility shall absolutely cease when the water leaves
the sidegate from a District Conduit onto the irrigator's land or into a private
conduit or improvement District Facility.
3.2 CONTROL OF GATES:
3.2.1 The District's employees have sole right and responsibility to open any
sidegate from a District Conduit, and they have the exclusive responsibility to
close such gate. The Distribution System Operator may make arrangements
with an irrigator allowing the irrigator to operate a sidegate during the period
the irrigator is scheduled to receive water.
3.2.2 Any irrigator or group of irrigators may lock their sidegate(s) from the
District Facilities with prior written permission of the District.
3.2.3 The District may lock or require an irrigator to seal or remove, at their
sole expense, a sidegate, turnout gate, or other valve where service from that
facility is no longer desired, required by the irrigator, or is subject to
vandalism.
3.2.4 All turnouts from District Facilities shall be gated or have another
positive shut-off system easily accessible to the Distribution System Operator
within the District right-of-way.

3.3 USE OF CANAL BANK ROADS:
3.3.1 Use of District canal bank roads and rights-of-way is at the sole risk of
the user.
3.3.2 No person shall drive any Vehicle upon any District canal bank road or
right-of-way unless such person has received prior written permission from
the District to drive upon such road or right-of-way.
3.3.3 The following persons have permission to drive a Vehicle upon a District
canal bank road or right-of-way:
3.3.3.1 Any District director, officer, employee, or agent in the
discharge of their duties.
3.3.3.2 Private parties actively involved with farming a parcel of land
adjacent to the specific District canal bank road or right-of-way, or
which require the use of a specific District canal bank road or right-ofway for access to irrigation facilities serving that parcel of land.
3.3.3.3 Any sheriff, police, fire, or public safety personnel on official
business.
3.3.3.4 Any District contractor who needs to use a specific District
canal bank road or right-of-way to perform work under their contract
with the District.
3.3.4 The Manager is authorized to adopt regulations setting forth the
procedure for other persons to obtain permission to drive a Vehicle on specific
District canal bank roads or rights-of-way.
3.4 INTERFERENCE WITH DISTRICT FACILITIES:
3.4.1 Any interference with or damage to any District or improvement District
Facility, or the banks of any District or improvement District Conduit is
prohibited.
3.4.2 Except for authorized District employees, agents and representatives,
and persons authorized under these Rules and Regulations, no person shall be
permitted to do any of the following:
3.4.2.1 To attach or place any boards, ropes, or any other object to, on
or upon any District or improvement District Facility;
3.4.2.2 To place or remove a weir board in a weir or drop;
3.4.2.3 To be on any counter weight, cable, or any parts of an
automatic gate;
3.4.2.4 To remove any chain, board, post, or gate placed on or across

any canal bank road of the District.
3.4.3 Any interference with or damage to District Facilities by pedestrians,
livestock, Vehicles, parking of Vehicles, or obstructions placed thereon is
forbidden. Costs for repair of damages to District Facilities shall be borne by
the party causing said damage or obstruction.
3.5 PUBLIC USE OF CONDUITS:
District Conduits shall be used solely for the authorized purposes of the
District, including conveying irrigation water for use on land and for conveying
drainage water away from the land. The use of District Conduits for any other
purpose shall be at the sole risk of the user.
3.6 PUMPING FROM CONDUITS:
3.6.1 All Landowners or Irrigators who pump from District Conduits for the
purpose of irrigating lands shall be governed in all respects by the rules and
regulations applicable to Landowners under gravity service, except system
design flows.
3.6.2 The District shall not be responsible for any trash or debris that may
flow or accumulate in the water, or for any interference with or decrease in
the operation or capacity of any private pump installations or pipelines.
3.6.3 All Landowners or Irrigators who pump from District Conduits for the
purpose of irrigating lands shall be required to install District approved flow
meters and maintain them to ensure proper operating conditions at all times.
3.6.4 Pumping directly from open Conduits is prohibited.
3.7 DISTRICT DRAINAGE WELLS AND PUMPS:
3.7.1 The water pumped from any District well shall be subject to all the rules
and regulations governing the use of gravity water.
3.7.2 During the non-irrigation season, District pumps are to be operated only
with prior authorization of the District.
Section 4: Duties of Irrigator
4.1 IRRIGATOR RESPONSIBILITIES:
4.1.1 When water is made available to an Irrigator by the District's
Distribution System Operator, the Irrigator must have a responsible person
present, and the land to be irrigated must be properly prepared to efficiently
take the water.
4.1.2 From the time delivery of water is commenced to the completion of

irrigation, the Irrigator shall, day and night, attend and control the water.
4.1.3 When water is delivered to the Irrigator, the Irrigator shall be
responsible for the water at all times after it leaves the District Conduit.
4.1.4 The Irrigator is responsible and liable for any damage caused by the
Irrigator's negligence or careless use of water, or the result of failure of the
Irrigator to properly operate or maintain any ditch, pipeline, or other facility
for which the Irrigator is wholly or partially responsible.
4.1.5 It is the Irrigator's responsibility to close all of the Irrigator's private
valves at the end of each irrigation.
4.1.6 It is the Irrigator's responsibility to clear the common facilities by
opening stopgates and closing sidegates, unless directed otherwise by rules of
that distribution system.
4.1.7 It is the responsibility of the Irrigator to call to schedule their water
order in accordance with Section 6.3, and it is also the Irrigators responsibility
to call their Distribution System Operator immediately after the irrigation to
report irrigation times on and off. Irrigation time may be estimated by the
Distribution System Operator, if the Irrigator does not call in a timely manner.
4.2 WASTE OF WATER:
4.2.1 All water must be applied efficiently and used in a reasonable and
beneficial manner.
4.2.2 No Irrigator shall waste water on roads, vacant land, or land previously
irrigated, either willfully, carelessly, or on account of defective or inadequate
Conduits or facilities, or inadequately prepare land. No Irrigator shall flood
any portion of the land to an unreasonable depth or amount in order to
irrigate other portions, or flood across one parcel to irrigate another parcel.
4.3 MAINTENANCE OF FACILITIES:
4.3.1 All private or improvement District Conduits must be kept free from
weeds and other obstructions, be of sufficient capacity, and be properly
constructed and maintained to carry the flow of water applied for, without the
danger of breaks, overflow, or undue seepage.
4.3.2 In addition to other remedies provided under these Rules and
Regulations, the District may require that Conduits be cleaned, repaired
and/or reconstructed before water is turned into them.
4.4 CAPACITY OF PRIVATE OR IMPROVEMENT DISTRICT FACILITIES:
4.4.1 All new private or improvement District Facilities for irrigation purposes
shall provide for a gravity flow of not less than five (5) cubic feet per second.
A variance from this minimum flow size shall be evaluated by the Manager on
a case-by-case basis considering the impacts on the operation of the delivery

system.
4.4.2 The Irrigator will be required to install and operate lift pumps to receive
water where the District is unable to deliver gravity water.
4.4.3 The location and tie-in of gravity or pump facilities to District Facilities
must meet District Construction and Engineering Design Standards and be
approved of in writing by the District.
Section 5: Distribution System Operator Duties
5.1 MEASUREMENT OF WATER:
All measurements of water delivered by the District to Irrigators shall be made
by the District at the District sidegate. The District shall maintain records of
the names of each Irrigator, the parcel that each Irrigator has irrigated, the
number of acre feet of water used by each parcel, and other such irrigation
and operations information as required by the Manager.
5.2 INFORMATION TO WATER USERS:
The Distribution System Operator will provide a service to water users by
informing and advising each Irrigator of the anticipated time of water delivery
to his parcel of land and the persons water is to be received from and passed
on to. The Distribution System Operator will confirm information on flows,
sidegate operation, and any special instructions related to the delivery.
Section 6: Delivery of Irrigation Water
6.1 WATER ALLOTMENT AND CHARGES:
6.1.1 Each year the Board shall establish the quantities of water and the
charges for each quantity of water, assessments and standby charges, and the
beginning and ending dates for the irrigation season.
6.1.2 Pursuant to Water Code Section 22259, the Board may determine that
surplus water is available and can be sold for irrigation of lands outside the
District boundaries. These above normal water supplies are intermittent and
should not be counted on as a firm supply to be delivered every year.
6.1.3 All water charges and other irrigation or drainage related charges shall
be due and payable as stated by Board resolution and notices in billing
statements. Charges for water delivered are due thirty (30) days from date of
invoice. Accounts not paid by the 15th of the subsequent month are considered
delinquent.
6.1.3.1 If the 15th falls on a weekend or a holiday, the due date shall
be the next subsequent business day.

6.2 FAILURE TO PAY CHARGES:
6.2.1 If an account is delinquent:
6.2.1.1 Water deliveries will be withheld until the account is paid in full
(including any accrued interest and penalties).
6.2.1.1.1 Water deliveries will not be withheld if the charges
for water delivered and associated finance charges are at or
below $10.
6.2.1.2 Any unpaid balance shall be subject to a 1.5% finance charge
and will be applied and due the 15th of the following month or next
subsequent business day.
6.2.1.2.1 If the finance charge amount is less than $2, a $2
minimum applies.
6.2.1.2.2 Finance charges will be compounded each
subsequent month a balance remains unpaid.
6.2.2 If an invoice is not paid within seventy-five (75) days from the invoice
date, the account holder and landowner will be notified of an impending lien
and that all delinquent charges and assessments, together with any accrued
interest and penalties, may be collected in accordance with the procedures
specified in Water Code Section 25806.
6.2.3 If an invoice is not paid within ninety (90) days from the invoice date, in
addition to all other remedies:
6.2.3.1 A Three Hundred Dollar ($300.00) lien placement fee will be
assessed to the account.
6.2.3.2 An additional fee of Three Hundred Dollars ($300.00) will be
assessed to release the lien.
6.2.3.3 The lien, plus any then applicable penalties and interest, must
be satisfied and all other current due amounts must be paid in full prior
to release of the lien and re-establishment of water deliveries to the
property. If payment to re-establish water deliveries is made by check,
water deliveries will not be re-instated until the required funds have
cleared the bank.
6.2.4 If an invoice is not paid within three hundred fifty (350) days of the
invoice date, in addition to all other remedies:
6.2.4.1 the District will provide the landowner and any account holder
with a Notice of Delinquent Sale; and
6.2.4.2 the Board of Directors, by resolution, may direct the District
staff to commence with the Delinquency Procedures detailed in Chapter

5 of Division 11 of the California Water Code.
6.3 IRRIGATION SERVICE:
6.3.1 Irrigation water will be provided to the Irrigator on the basis of an
arranged demand delivery, "call system", whereby the rate of gravity water
delivered, the frequency and the duration of use is requested by the Irrigator.
6.3.2 The Distribution System Operator will endeavor to meet the scheduled
time of delivery within the capacity and safety limitations of the District
Facilities while maintaining efficient and equitable water distribution between
Irrigators. A time limit may be applied to each delivery of water to prevent
unreasonable use or waste of water. Delivery of water to parcels not in the
original water order may be curtailed to meet previously scheduled deliveries.
6.3.3 To schedule an irrigation, the Irrigator must place an order with the
District Office. In the water order, the Irrigator should give a reasonably close
estimate for the length of irrigation time the water will be used for each
individual parcel intended to be irrigated. The Irrigator will confirm the
delivery flow for each parcel with the District Office and Distribution System
Operator. The Distribution System Operator, within twenty-four (24) hours of
receiving the irrigation request will give the Irrigator an estimate of the date
when water will be available, and will later attempt to give the Irrigator at
least twelve (12) hours’ notice of any change in time of delivery. The Irrigator
must have his land ready to receive water when the water request is made.
Water will be made available on requested specific dates, if it does not
jeopardize service to another customer or operation of the canal system.
6.4 REFUSAL OF WATER BY IRRIGATOR:
6.4.1 If an Irrigator fails or refuses to continuously use the entire head of
water normally delivered to him, then the following shall apply:
6.4.1.1 The full amount will be charged to the Irrigator;
6.4.1.2 The Irrigator shall not be entitled to use the unused portion of
water at any other time;
6.4.1.3 The Irrigator will be required to reschedule for delivery of
water;
6.4.1.4 The Irrigator may not be allowed to reschedule water for a five
(5) day period because of repeated refusals of previously scheduled
water.
6.4.2 The District will endeavor to utilize canceled water to the benefit of other
Irrigators and that portion so utilized will not be charged to the Irrigator
described in Section 6.4.1.
6.5 INTERRUPTIONS OF SERVICE:

When a break occurs in any private or District Facility necessitating an
interruption of irrigation service, the Irrigator whose irrigation was
interrupted, shall be allowed, when service is restored, to finish irrigating
before water is taken from the Irrigator.
6.6 UNAUTHORIZED USE OF WATER:
6.6.1 Any person who uses the District water without the District's permission
may become subject to criminal prosecution and civil liability.
6.6.2 First time use of the District's water without the District's permission
shall result in an additional charge, for the water taken, at the rate set by the
Board for the unauthorized use of water.
6.6.3 Subsequent taking of water without permission shall result in forfeiture
of irrigation water for the remainder of the season and an additional charge,
for the water taken, at the rate set by the Board for the unauthorized use of
water.
6.6.4 If the District cannot make a reasonable estimation of the water taken,
the average irrigation in acre-feet of the parcel irrigated without the District's
permission shall be used for assessing the additional charge.
6.7 SERVICE TO PRIVATE OR IMPROVEMENT DISTRICT SYSTEMS:
Water entitlements of Irrigators who utilize private or improvement District
Conduits shall be delivered to the head of these facilities by the Distribution
System Operator. It shall be incumbent on the Irrigators to control the actions
of individuals taking water from private or improvement District Conduits.
6.8 TRANSFER OF WATER:
6.8.1 A Landowner may transfer water from an owned or rented parcel to
another parcel which the Landowner owns or rents provided all of the
following conditions are met:
6.8.1.1 Both parcels are entitled to receive water;
6.8.1.2 The rented parcel from which water is transferred shows on the
District records to have been rented to the same Landowner or
Irrigator during the prior year's irrigation season;
6.8.2 All transfers must be approved by the Manager and must be completed
by September 1st.
6.8.3 The Landowner may request that the District Office link parcels
described in Section 6.8.1 together for the purpose of water transfers. It is the
Landowner’s responsibility to designate which parcels are to be linked and to
inform the District Office of any additions or deletions in the parcels to be
linked together.

6.8.4 No individual or entity may transfer water into or out of the District.
6.8.5 Sales of water from private wells between well owners or operators and
District water users which involve the use of District Facilities shall not be
permitted.
6.9 IRRIGATION OF GARDEN SERVICE AREAS:
6.9.1 Garden service areas, which are ordinarily parcels each less than two
acres in size that are separate or distinct from farm service areas, will be
irrigated as a group, where possible, with a standardized rotation irrigation
flow consistent with the capacity of the garden service area irrigation facilities.
6.9.2 Deliveries of water to ditches or pipelines for irrigation of garden service
areas will be scheduled by the District and may be subject to interruption
when it is necessary to minimize waste of water.
6.10 DISCHARGE OF WATER FROM PRIVATE IRRIGATION WELLS INTO
DISTRICT FACILITIES:
6.10.1 No discharge of water from private irrigation wells shall be allowed into
District Facilities without prior written approval from the District. Private
irrigation well discharge into District Facilities shall be considered by the
District only if there is a shortage of District water.
6.10.1.1 A shortage of District water shall be a determination of the
Manager, and the usage of the private well shall be subject to a
predetermined per acre-foot wheeling charge, adopted and approved
by the Board.
6.10.1.2 The District shall be notified a minimum of twenty-four (24)
hours in advance of any intended discharge of a private well into
District Facilities.
6.10.1.3 Any well water allowed to be discharged into District Facilities
under this section will only be allowed to be distributed in-District
without the prior written consent of the Manager, and shall be allowed
only in times of shortage and there are no requests for water inDistrict.
6.10.2 When well owners are not using a well for their purposes and wish to
allow the District to lease their well for supplemental supply purposes and the
District wishes to lease the well, the District will pay a per acre-foot premium
adopted and approved by the Board for the water delivered to the District.
6.10.3 The operation, maintenance and repair of the well will be the
responsibility of the owners/operators.
6.10.3.1 The chemical quality of the well water shall be checked by the
District, and shall not exceed the Water Quality Standards. No
sediment concentration shall be allowed beyond of what is currently

within the Main Canal.
6.10.3.2 Water quality testing shall follow the standard well sample
protocol and tested every two (2) years, or sooner at the request of
the District. The well owner will be allowed to discharge for twenty-four
(24) hours prior to any sample being taken. The well owner shall
receive credit for the water discharged; however, the well owner shall
not turn on their well for credit until the water quality results have
been received by the District. The well owner shall bear the costs of the
water quality testing, including any rush related expenses.
6.10.4 Private well water exchanges, in which an owner/operator supplies well
water for irrigation into District Facilities at one location, in exchange for
District water in another location owned or operated by the owner/operator of
the well, shall be provided only if the District cannot provide District water to
the target location.
Section 7: Drainage to District Facilities
7.1 DRAINAGE DISCHARGE TO DISTRICT FACILITIES:
7.1.1 No discharge is allowed to enter into any District Facility without the
prior express written approval of the District.
7.1.2 Use of District Facilities for transportation of animal wastewater is
strictly prohibited.
7.1.3 Any person who willfully or negligently allows any discharge to enter any
District Facility without the prior express written approval of the Manager shall
be liable for all damages caused by the discharge and the costs of the cleanup
of all affected facilities and of all property adversely affected by the discharge.
7.1.4 The District will not deliver water to the land from which the discharge
originated until the facilities by which the discharge entered the District
Facilities are removed or permanently sealed and all costs associated with the
cleanup and damages have been paid by the Landowner.
7.2 DRAINAGE PERMIT:
7.2.1 A written agreement for drainage or discharge, approved by the District,
is required to pump, siphon, or drain surplus irrigation water, storm water,
waste water, subsurface drainage, or any other water into any District
Conduit, Facility or property.
7.2.2 The rate and quantity of drainage into the District Facility is subject to
limitations based on the capacity of the facility and the quality of the drainage
water. Connections to District Facilities shall be made to District Construction
and Engineering Design Standards at the permittee's expense.
7.2.3 If the Manager determines that it is in the best interest of the District,
existing field drainage facilities not currently covered by a Revocable License

Agreement shall become subject to the same limitations on rate, quantity, or
quality as the then current standards for new installations under a permit. The
Manager determination shall be on a case-by-case basis unless federal, state
or local law requires that all such facilities or discharges be regulated.
7.3 DRAINAGE OF WATER:
Where excessive runoff from lands receiving District water are entering
District Facilities, the District may reduce the quantity of water delivered in an
effort to reduce the drainage flows, or require the Landowner to install special
drainage facilities to regulate the flow back into the District Facilities. The
District may also require a Landowner to cease all such runoff into District
Facilities whenever necessary for the District’s or the public’s interest,
including, but not limited to, ensuring water quality standards, preventing
injury or damage, performing repair or maintenance, or adhering to any and
all applicable local, state or federal laws and regulations.
Section 8: Water Quality
8.1 WATER QUALITY REQUIREMENTS:
8.1.1 In addition to any other legally required standard, any discharge of
water into District Facilities must meet Water Quality Standards prior to
discharge to into the District Facilities.
8.1.2 Dischargers are solely liable and responsible for meeting and complying
with all local, state, and federal regulation of water quality for both subsurface
and surface drainage and pumping. Dischargers agree to indemnify, defend
and hold harmless the District, its Board, officers, employees and agents
against all liability, claims, damages and costs (including reasonable attorneys’
fees) relating to the water discharged by a discharger.
8.1.3 New Drainage Systems: Prior to the first discharge of drainage into
District Facilities, the District will perform a water quality test on the water to
be discharged. All water quality tests performed under this section will be at
the expense of the discharger and discharger agrees to reimburse District for
such testing.
8.1.3.1 Drainage systems found to be non-compliant will be required to obtain
a Variance per section 8.3 prior to commencing discharge into District
Facilities.
8.1.4 Existing Drainage Systems: the District will perform water quality tests
quarterly or at other intervals at the District’s discretion. All water quality
tests performed under this section will be at the expense of the discharger and
discharger agrees to reimburse District for such testing.
8.1.4.1 Within one (1) month of water quality test, the District will
notify the discharger of non-compliance. The discharger will be given
thirty (30) days to apply for a variance.

8.1.4.2 Failure to apply for a variance within the thirty (30) day period
will result in immediate suspension of discharge privileges.
8.2 VARIANCE PROCESS:
8.2.1 To apply for a variance, a Discharger must prepare and submit to
District a proposed plan of operation, along with the variance application. If
land being drained is used for dairy operations or nutrient water is applied to
the soil on land subject to subsurface drainage, the grower must also
successfully complete the California Dairy Quality Assurance Program, and
include the certificate of completion with the variance application.
8.2.2 The objective of the operational plan is to identify all Landowner facility
modifications or best management practices necessary to improve the water
quality so that the discharges will meet Water Quality Standards within twelve
(12) months.
8.2.3 Upon written approval from the Manager, a Discharger will be allowed
up to a twelve (12) month variance to bring a non-compliant facility into
compliance with Water Quality Standards for discharges. At the sole discretion
of the District, the twelve (12) month period may be reduced as a result of
new requirements imposed upon the District by any local, state, or federal
agency.
8.2.4 Discharger shall physically implement operational changes according to
the schedule detailed in the approved plan of operation for the variance to
remain in effect.
8.2.5 The District will conduct an annual review to verify compliance with the
approved plan of operation and assess the effectiveness of operational
changes. Modifications to the original approved plan of operation may be
necessary as a result of the annual inspection and shall be implemented by
Discharger. Failure to comply with the provisions contained within the
approved plan of operation will result in the suspension of discharge to the
District Facilities until such time that the plan is brought into compliance as
set forth by the District.
8.2.6 The District may, in its sole discretion, accept non-compliant drainage
discharges during the variance period provided they do not adversely impact
Water Quality Standards or cause other potential injury, which in no event
shall obligate District to accept other non-compliant drainage discharges. The
District will not re-operate District Facilities to ensure non-compliant
discharges meet Water Quality Standards. However, the District can, at its
sole discretion, identify methodologies to aid non-compliant discharges in
meeting Water Quality Standards, including but not limited to, establishing a
rotating block system to cycle available drainage operating times.
8.2.7 In the event that the District concludes that Landowner facility
modifications, or suitable best management practices are not available to or
being implemented by the discharger to improve the water quality of the
discharges, the discharger will not be allowed to discharge into the District

Facilities.
8.2.8 If after twenty (12) months discharger’s water being released into
District Facilities does not meet standards, the discharger must immediately
cease discharging of any water into District Facilities.
8.3 DELIVERED WATER QUALITY:
8.3.1 The District does not guarantee that the delivered water will be of any
specified condition or quality.
Section 9: Irrigation Regulations
9.1 AUTHORITY OF MANAGER TO ADOPT IMPLEMENTING RULES:
The Manager is authorized to adopt rules to implement or supplement these
Rules and Regulations.
9.2 VIOLATION OF A MANAGER RULE CONSTITUTES A VIOLATION OF
THESE RULES AND REGULATIONS:
A violation of a manager rule adopted pursuant to Section 9.1 shall constitute
a violation of these Rules and Regulations.
Section 10: Enforcement of Irrigation Rules and Regulations
10.1 FAILURE TO COMPLY WITH RULES OR REGULATIONS:
10.1.1 In the event that a Landowner or Irrigator fails or refuses to comply
with any of these Rules or Regulations, such violation will be sufficient
grounds for terminating delivery of District water to the lands of such
Landowner or Irrigator violating the Rules and Regulations in the District’s sole
discretion.
10.1.2 Failure or refusal of any Landowner or Irrigator to comply with the
Rules or Regulations will also be subject to the following fees as set forth in
the Fee Schedule below, which has been adopted by the Board:
Fee Schedule
1st Occurrence
2nd Occurrence
3rd Occurrence
4th1 Occurrence

Warning Letter
$500.00
$1,000.00
$3,000.00

Note: 1 – Applies to any subsequent occurrence thereafter

10.1.3 An “Occurrence” is defined as any event that is a violation of the Rules
and Regulations within a given water year (March 1st through February 28th)
by the Landowner or Irrigator and will not be limited to a per parcel basis but
to the accounts of which the Landowner or Irrigator are associated with. Upon
the termination of delivery of District water to the Landowner or Irrigator,

water shall not be delivered until Landowner or Irrigator is in full compliance
with all Rules and Regulations as determined by the District.
10.1.4 Rules Committee
10.1.2.1 To prevent conflict associated with the Manager assessing
fees based upon his or her interpretation of the Rules and Regulations
applied to accidents and negligence on an Irrigator’s part, the Board
shall appoint a Rules and Regulations Committee to evaluate violations.
10.1.2.2 At its January and July Board Meetings, the Board shall
appoint two (2) Board Members plus an alternate to serve as the Rules
and Regulations Committee for the District to review Landowner and
Irrigator violations under these Rules and Regulations that are subject
to fees. The Rules and Regulations Committee shall meet monthly prior
to each Board meeting to review all incidents of the previous month
and shall determine if the violations that occurred shall be subject to
fees. Such determination by the Rules and Regulations Committee shall
be final and payment of fees shall be paid accordingly.
10.1.2.3 In the event one of the two (2) Board Members selected for
the Rules and Regulations Committee is being considered for a
violation or fee, the alternative shall replace such Board Member to
make the determination if the violation that occurred should be subject
to fees.
10.1.2.4 The Rules and Regulations Committee will consider all
violations and shall approve or reject the recommendation of the
Manager regarding the violations and the fees.
10.2 NOTICE AND ORDERS:
10.2.1 The Manager is authorized to issue a written Notice and Order to any
Landowner or Irrigator the Manager determines is in violation of any Rule and
Regulations. An oral or written warning may be issued in lieu of a Notice and
Order.
10.2.2 The Notice and Order shall contain a brief description of the violation, a
statement of the action required by the District to be taken by the Landowner
or Irrigator, and an explanation that a written appeal must be filed with the
District Office by the Landowner or Irrigator in violation within ten (10)
calendar days of the date of service of such Notice and Order or the person
waives all rights to a hearing on the matter.
10.3 RED TAGS:
10.3.1 The Manager and his/her duly appointed and authorized District
personnel are authorized to immediately terminate the delivery of District
water to a parcel under any one of the following circumstances:
10.3.1.1 If the land or irrigation facility in question is in such a

condition that could make it immediately dangerous or harmful to any
person, to the public, or to any property, including but not limited to
the flooding of property;
10.3.1.2 If the Landowner or Irrigator has failed to comply with a prior
District Notice and Order or warnings pertaining to the same or similar
problem; and
10.3.1.3 Such other circumstances as are described in rules adopted by
the Manager.
10.3.2 Notice of an immediate termination of the delivery of District water
shall be by service of a Notice and Order with a Red Tag.
10.3.3 When a Red Tag is issued, the Board will be notified at the next Board
meeting.
10.4 SERVICE OF NOTICE AND ORDERS AND RED TAGS:
Each Notice and Order and Red Tag shall be served upon the Landowner or
Irrigator either personally or by regular mail to each such Landowner or
Irrigator at the address indicated in the District's records. Service by mail shall
be effective on the date of mailing. The Red Tag may also be posted on the
affected land or irrigation facility.
10.5 COMPLIANCE WITH NOTICE AND ORDERS AND DECISIONS:
10.5.1 A Notice and Order becomes final if a written appeal is not filed by the
Landowner or Irrigation within ten (10) calendar days of the date of service of
such Notice and Order.
10.5.2 After a Notice and Order has become final, no person to whom any
such order or decision is directed shall fail, neglect, or refuse to obey any such
order or decision.
10.5.3 If any Landowner or Irrigator refuses or fails to comply with any Final
Notice and Order, the District may refuse to furnish water to the land in
question and the District may institute any other appropriate action under
these Rules and Regulations or applicable law.
10.5.4 Whenever any action or repair required by any Notice and Order is not
implemented by Landowner or Irrigator as set forth in the Notice and Order,
within seven (7) calendar days after any order or decision has become final or
in its sole Discretion the District determines the order action or repair is not
being implemented with sufficient diligence by Landowner or Irrigation to
enable the order action or repair to be completed within the time established
for compliance, the Water Distribution Department Manager may issue a Red
Tag if a Red Tag has not already been issued.
10.6 APPEALS OF NOTICE AND ORDERS AND RED TAGS:

10.6.1 Any Landowner or Irrigator affected by the Notice and Order and or
Red Tag may file a written appeal with the District Office.
10.6.2 When a Notice and Order is issued without a Red Tag, a written appeal
must be filed by the Landowner or Irrigation within ten (10) calendar days of
the date of service of such Notice and Order or the person waives all rights to
a hearing on the matter by the Board.
10.6.3 When a Notice and Order is issued with a Red Tag and water delivery is
terminated, a written appeal must be filed by the Landowner or Irrigator with
the District within ten (10) calendar days of the date of service of such Notice
and Order or the person waives all rights to a hearing on the matter.
10.6.4 All appeals shall be heard by the entire Board at the next Regular
Board meeting held at least seventy-two (72) hours after the appeal is filed.
The decision of the Board on any appeal shall be final.
10.6.4 If the final decision on appeal requires compliance with the Notice and
Order or any portion thereof and delivery of water is terminated to the land in
question for failure to comply with the Notice and Order, the Landowner or
Irrigator must fully comply with the Notice and Order and with all Rules and
Regulations before water will be delivered.

ATTACHMENT C-1
SAMPLE DISTRICT
ASSESSMENT BILLS

ATTACHMENT C-2
SAMPLE DISTRICT
WATER BILLS

ATTACHMENT D
DISTRICT WATER SHORTAGE
PLAN

Patterson Irrigation District
Agricultural Water Management Plan Addendum
A. Drought Management Plan.
Patterson Irrigation District adopted a Drought Mitigation Policy on January 31, 2014.
The policy is included below.
The Patterson Irrigation District (District) shall apportion water to each District delivery
facility in a manner to assure fair and equitable distribution of water to the entire District.
Factors affecting the distribution of water to lateral systems include wateruser demand,
available water supplies, and effective reuse of return flows. The Distribution System
Operators (DSOs), under the supervision of the Watermaster, shall distribute water
within the District in a fair and equitable manner.
Rationing
During times of drought, available water supplies can be very uncertain. Tier I
allocations may be lower than historically provided. During times of water shortages
caused either by a short water supply in the San Joaquin River, emergency, or a
situation where demand exceeds the available capacity of District distribution facilities
and supplies, the DSO shall, under the supervision of the District Watermaster and the
General Manager, implement a water rationing plan within the District according to the
following conditions:
a. District landowners/waterusers have first priority for delivery of available water
supplies. Delivery to waterusers through Out-Of-District Contracts to Priority
Area I and II lands shall be curtailed and/or cease depending on available
supplies in order to meet in-District demands.
b. Whenever demands within the District exceed the supply of water available to the
District, rationing shall be conducted so as to distribute the supply of water
evenly throughout the acreage demanding water service, both by available
capacity and by volume.
c. When it is projected that demands will exceed available supplies for an extended
period of time, Tier II water supplies available beyond the Tier I allocation will be
made on a monthly basis and will be subject to many factors including hydrology,
available water supplies including the San Joaquin River, facilities capacity, State
Water Resources Control Board (SWRCB) regulatory actions, etc. These
allocations will vary, but could range from three (3) to nine (9) acre-inches per
acre, per month (0.25 to 0.75 acre-feet per acre, per month) or less.

d. Landowners/water users are reminded that they may leave ground fallow, or
abandon a crop and transfer that supply to other fields owned and/or operated by
the same landowner/water user. All requests for transfer of water allocation shall
be made in advance of irrigation
e. A wateruser shall be allowed a ration comparable to the total number of acres
he/she operates. The District Assessment Roll shall be used in determining the
operator of each field or parcel.
f. A wateruser shall be allowed to combine and distribute his/her ration amongst
fields he/she operates except where lateral capacity is exceeded and fair
distribution of water to others is jeopardized.
g. Waterusers may mutually agree to combine and reciprocate his/her ration with
another water user if approved by the DSO.
h. Waterusers who operate fields in more than one lateral system will receive
computed rations in each respective system if necessary.
i.

Water quality cannot be guaranteed any District conveyance facility.

j. Individual situations may be subject to the discretion of the General Manager and
District staff, and will be handled on a case by case basis. It is the District’s
intention to work with all landowners and water users with flexibility to
distribute water as fairly and equitably as possible with minimal disruption.
k. Winter water availability will be subject to hydrology and a determination made at
a later date.
Landowner Groundwater Program
In addition to rationing, the District will be implementing a formal Landowner
Groundwater Program. The District will sign well lease agreements with landowners
who own groundwater facilities which can be discharged into the District distribution
system. Summary of the well lease agreements include the following provisions:

a. The District will have the ability to call on and operate the well during the
irrigation season, when the well is not being used for the irrigation benefit of the
well owner’s property. PID will provide regular maintenance of the well facilities
during this time.
b. The District will compensate the landowner per acre-foot for water pumped in for
the District at a fee to be determined by the Board of Directors. This fee shall be
inclusive of all costs related to energy, capital, and operations and maintenance
for time of district operation.
c. PID may install a propeller-type flow meter for the purposes of accounting for the
water pumped into the District facilities.
The use of private well water involving District facilities will be subject to the Rules and
Regulations for the Distribution of Water within Patterson Irrigation District.
Surface Water Transfers into the District
At the Board’s discretion during drought periods, the District may allow transfers
involving the Bureau of Reclamation (Reclamation) Delta Mendota Canal (DMC)
facilities to occur into the District. These transfers must involve the same
landowner/water user. All charges related to the transfer including charges levied by
Reclamation, the San Luis & Delta Mendota Water Authority, and PID administrative
costs, shall be paid by the landowner. Transfers must conform to Reclamation Law.
Transfer water from the DMC that cannot be delivered directly to landowners will be
blended in District facilities and be subjected to a 5-percent loss. Schedules for
transfers including quantity must be submitted upon request.

B. Quantification of Water Supplies and Demands for 2013 through 2015.
Table 1 shows the District water supplies in terms of Central Valley Project (CVP)
supplies, San Joaquin River supplies and groundwater, as well as the water
delivered to District growers.
Table 1: Quantification of Water Supplies and
Demands
2013
2014
2015
CVP Supplies
4,125
0
0
SJR Supplies
70,528 48,415 39,498
Groundwater
5,360
5,764
9,592
Total Supplies
80,013 54,179 49,090
District Demand
68,418 42,086 42,447
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Section 1
Introduction
In 1995, the San Luis & Delta-Mendota Water Authority (SLDMWA) entered into an activity
agreement with its member agencies; City of Tracy, Plainview Water District, Del Puerto Water
District, Banta-Carbona Irrigation District, West Stanislaus Irrigation District, Patterson Water
District and the Westside Irrigation District to provide an umbrella organizational structure for
managing groundwater resources. Those members adopted a Groundwater Management Plan for
the NA-DMC service area (GMP-NA) based upon the requirements of AB 3030, which GMPNA characterizes the groundwater basin; reviews factors of the water resources balance,
including groundwater; estimates basin-wide groundwater pumping and sustainable yield;
summarizes groundwater quality and reviews potential management elements to be considered
by the individual participating agencies. Since that time, the SLDMWA has entered into
memoranda of understanding with the City of Patterson and the San Joaquin County Flood
Control and Water Conservation District, expanding the coordinated effort. The Plain View
Water District has been merged with Byron-Bethany Irrigation District, which participates in the
plan for the Plain View service area.
Groundwater management plans need to be living documents that evolve to address legislative
and regulatory changes and changing conditions. The GMP-NA is being updated in the present
document to reflect the understanding of current conditions in the GMA, summarize the existing
groundwater management activities in the Groundwater Management Area (GMA), develop the
relative elements of the GMP, identifies management objectives, and provides project
recommendations for implementation. and incorporate the appropriate management goals and
components necessary to address recent changes that have occurred in regulations, participating
agencies’ (PAs) policies, and groundwater conditions since the last update. It is intended to
establish the framework for collecting the necessary groundwater monitoring data needed to
assess the impacts of the various activities that affect the groundwater basin and manage the
resource such that sustained use of groundwater can be optimized without adverse impacts to the
water quality and yield. Under this plan the PAs, will assume a more active role managing
regional groundwater resources within the basin. While PA’s will continue to individually adopt
the GMP-NA and to develop their own priorities, funding and projects, the Plan provides for
additional mechanisms for coordination and cooperation on a regional basis under the umbrella
of the SLDMWA. As part of this plan, the SLDMWA will assume the role as the entity
responsible for the groundwater monitoring function within the GMA on behalf of the PAs. The
groundwater monitoring function will be a cooperative effort of the PAs and the SLDMWA
under the SLDMWA’s administration.
The water resources utilized in the Northern Agencies (NA) in the Delta-Mendota Canal (DMC)
service area of the San Luis & Delta Mendota Water Authority (SLDMWA) support a variety of
uses, including industrial, municipal and agricultural application. To supply the various users’
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demands, several water sources are utilized within the NA-DMC service area. Water supplies
within the NA-DMC service area are obtained from three main sources:
1. Imported surface water diverted from the Sacramento River-San Joaquin River Delta
(Delta) and conveyed through the DMC under the Central Valley Project (CVP), and the
California Aqueduct (CA) under the State Water Project (SWP). The DMC and CA
provide water for urban use in communities, such as the City of Tracy, and for
agricultural production. Additionally, treated surface water is imported by the City of
Tracy from the South San Joaquin Irrigation District located east of the San Joaquin
River.
2. Local surface water supplies diverted from the San Joaquin River for agricultural use.
3. Groundwater for municipal and industrial purposes, rural domestic needs, and
agricultural production where the surface water supplies are either not readily available or
are insufficient to meet the demand.
Other sources of water supplies occur within the GMA, such as direct precipitation and local
stream flows, but these meet a relatively small portion of agricultural water demand and a minor
recharge source for groundwater.
As political and environmental conditions change, so does the availability of supplies from these
various sources. During drought, the water supply available from the CVP can be limited, which
then forces many users to pump groundwater to meet water demand. In addition, CVP water
supplies delivered south of the Delta can be limited in an effort to protect endangered species
that depend on adequate water conditions within the Delta. During periods when CVP surface
water supplies are limited, many water users have had to increase groundwater pumping to
augment their supplies to meet demands.
Communities that rely on groundwater have experienced water quality deterioration over time,
while regulations governing domestic water quality have become stricter. This combination has
made it increasingly difficult for these communities to find groundwater supplies meeting the
domestic water quality standards (CCR Title 22, Div. 4, Ch. 15) and has raised serious concerns
about the sustainability of groundwater resources to meet domestic demands without treatment.
As an example, the City of Tracy uses treated surface water to blend with higher salinity
groundwater to provide sufficient potable domestic water to meet the community’s water needs.
The growing demand for cost-effective water resources in an ever-changing environment
compels the responsible agencies resources to enhance management and to promote long-term
stability of this water resource to meet the water needs of the users without depleting the
resource. The proper management of groundwater resources requires knowledge of the storage,
distribution, depletion, and replenishment of the resource as well as the various local and
regional geologic and hydrologic factors. Without such knowledge, the effect of current and
future activities on the groundwater resources cannot be adequately predicted.

1.1 Regulatory Bas is
In 1992, Assembly Bill 3030 (AB 3030), the Groundwater Management Act, was enacted to
amend the California (State) Water Code, Sections 10750 through 10756. It established
provisions to allow local water agencies to develop and implement a groundwater management
Northern Agencies GMP
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plan (AB3030 GMP) in groundwater basins defined in the California Department of Water
Resources (DWR) Bulletin 118. AB 3030 provided a systematic procedure for existing local
agencies to develop AB3030 GMP. Twelve technical components are identified in the Water
Code that may be included in an AB3030 GMP. The twelve components consist of the
following:
1. The control of saline water intrusion;
2. Identification and management of wellhead protection areas and recharge areas;
3. Regulation of the migration of contaminated groundwater ;
4. The administration of a well abandonment and well destruction program;
5. Mitigation of conditions of overdraft;
6. Replenishment of groundwater extracted by water producers;
7. Monitoring of groundwater levels and storage;
8. Facilitating conjunctive use operations;
9. Identification of well construction policies;
10. The construction and operation by the local agency of groundwater contamination
cleanup, recharge, storage, conservation, water recycling and extraction projects;
11. The development of relationships with state and federal regulatory agencies; and
12. The review of land use plans and coordination with land use planning agencies to assess
activities which create a reasonable risk of groundwater contamination.
An AB3030 GMP can be developed only after a public hearing and adoption of a resolution of
intention to adopt a groundwater management plan. The procedures for Adopting an AB 3030
GMP are clearly defined in the Water Code. Once adopted, rules and regulations must be enacted
to implement the AB3030 GMP programs. Because there are no explicit provisions regarding
amendment or updating GMP programs, it is assumed that updated or amended plans must
undergo the same procedural process as the original adoption.
In 2002, Senate Bill SB 1938 was enacted to amend the Water Code Section 10750 et. seq. to
require that AB 3030 GMPs contain specific elements in order to receive state funding for water
projects (DWR, 2010a). This mandates the development of a AB3030 GMP with specific
elements, and documented public review if local agencies desire to remain eligible for water
grants or loans administered by the State (Water Funds). It also allows for additional elements to
be considered in an AB3030 GMP. In order to remain eligible for Water Funds, an agency
preparing the AB3030 GMP must include the following:
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a. Documentation that a written statement was provided to the public: “describing the
manner in which interested parties may participate in developing the groundwater
management plan”, Section 10753.4;
b. A plan to: “involve other agencies that enables the local agency to work cooperatively
with other public entities whose service areas or boundaries overlies the groundwater
basin”;
c. A map showing the area of the groundwater basin, as defined by Bulletin 118, with the
area of the local agency subject to the plan as well as the boundaries of the other local
entities that overlie the basin in which the agency is developing the AB3030 GMP;
d. Management Objectives for the groundwater basin subject to the AB3030 GMP;
e. Components relating to the monitoring and management of the groundwater levels,
groundwater quality, inelastic land surface subsidence, and changes in surface flow and
surface water quality that directly affect groundwater levels or quality or are caused by
groundwater pumping; and
f. Monitoring protocols for the components for those components described above (Water
code 10753.7 (a)(4)).
In 2008, a draft updated GMP for the NA-DMC service area was prepared as part of the ongoing
efforts by the SLDMWA and their PAs to assist in managing the limited water resources in
conformance with SB1938 and AB3030. The 2008 draft GMP-NA provided a mechanism to
bridge gaps and interface between local PAs' programs to support comprehensive regional water
resources management in the GMA. The PA’s and the City of Patterson used the SLDMWA
umbrella to jointly fund the preparation of a coordinated regional plan. In addition to the NA,
portions of San Joaquin County west of the San Joaquin River and outside the boundaries of a
local water agency or municipality were included into the GMA. These western outlying
portions of San Joaquin County are represented by the San Joaquin County Flood Control and
Water Conservation District (SJCFCWCD), which entered into a memorandum of understanding
with the SLDMWA such that the GMP-NA could cover this portion of the County. However,
the draft plan has not been formally adopted.
Now recent amendments to the Water Code Section 10920 et seq., enacted in 2009 through the
passage of Senate Bill SBx7-6, have established further requirements related to groundwater
management that have led to this current update to the GMP-NA. SBx7-6 mandates that
prescribed entities with authority to assume groundwater monitoring functions (entities) do so,
coordinate monitoring efforts with DWR, and convey the information regularly to DWR if they
seek to remain eligible for Water Funds (California, 2009). SBX7-6 mandates that (DWR,
2010b):
•
•

Local entities may assume responsibility for monitoring and reporting groundwater
elevations;
DWR work cooperatively with local monitoring entities to achieve monitoring programs
that demonstrate seasonal and long-term trends in groundwater elevations;
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•

•
•

DWR accept and review prospective monitoring entity submittals, then determine the
designated monitoring entity, notify the monitoring entity and make that information
available to the public;
DWR perform groundwater elevation monitoring in basins where no local party has
agreed to perform the monitoring functions; and
If local entities do not volunteer to perform the groundwater monitoring functions, and
DWR assumes those functions, then those entities become ineligible for water grants or
loans from the state.

This current update of the GMP-NA addresses these new regulatory requirements set forth in
SBx7-6. The GMP-NA designates the local entity that assumes responsibility for groundwater
monitoring, and sets forth the framework that will form the basis for a groundwater monitoring
program.

1.2 Setting
In general, this GMP-NA is meant to promote groundwater sustainability within the GMA.
However, as the individual PAs may have different ambitions they may seek to attain through
groundwater management, it would be very difficult to develop or implement highly-specific or
locally-specialized groundwater management programs that suit all of the needs of the individual
PAs. Rather, at this regional scale, it is more efficient and specific programs would be better
focused if they were undertaken by each individual PA or group of PAs depending on their
specific local needs. The GMP-NA has been prepared to facilitate coordinated regional
management of groundwater resources within the GMA and may not address all of the more
specialized or localized groundwater resources management needs that could occur. It is
intended that the GMP-NA afford the PAs the operational flexibility to address their own
individual or local group needs without being bound by specific programs that are irrelevant to
their operations, counterproductive to the cost-effective implementation of local good
groundwater management practices or not mandatory for the regional program. Thus, it is
anticipated that in some cases the individual PAs may also seek to prepare their own local GMP
to augment this regional plan and address specific local needs beyond the more general scope of
the GMP-NA. (For example the City of Tracy prepared their own GMP in 2007 that expands on
the GMP-NA for a management area encompassing their municipality.) The GMP-NA provides
the regional framework for:
•
•
•
•

Gathering the groundwater data needed to assess the regional impacts of activities that
affect the groundwater resources within the GMA;
Establishing standards amongst the PAs that promote consistency in management and
monitoring practices that provide regional benefits throughout the GMA;
Interaction of the PAs for regular, early collaborations to discuss and resolve concerns
that may arise from groundwater monitoring assessments and projections; and
Providing general guidance for programs to promote focused groundwater management
practices and resource sustainability throughout the GMA for the benefit of the PAs.

Since this is a regional plan, each PA would need to independently adopt the whole plan or
portions thereof. Through the appropriate execution of this GMP-NA and sincere efforts of the
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PAs, it is anticipated that the sustained use of groundwater within the GMA will be better
optimized without adverse impacts to the water quality and yield through the implementation of
this GMP. Regional sustainability of the groundwater resources throughout the GMA is the
basic goal of this program.
In the past, the PAs within the GMA have engaged in transfers of water supplies to qualified
recipients. Under this plan, the PAs will continue to reserve their operational flexibility to
engage in such water transfers. However, prior to undertaking any water transfer program, the
PAs will evaluate any adverse economic or environmental impacts of the program. The
evaluation may include, but is not be limited to, an assessment of management practices,
groundwater storage capacity, and conjunctive use with surface water supplies. These programs
may be undertaken to assist other areas in need of water, in addition to consumers within the
PAs’ service areas, and to benefit PAs and their consumers, as long as such programs do not:
•
•
•

Exceed the safe annual yield of the aquifer;
Result in conditions of overdraft or otherwise fail to comply with provisions of California
Water Code Section 1745.10;
Result in uncompensated adverse impacts upon landowners affected by the program.
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Section 2
The Groundwater Management Area
The DWR divides California into 10 hydrologic regions (HRs), which generally correspond to
the State’s major drainage areas (DWR, 2003). The HR and the GMA are shown in Figure 1.
The San Joaquin River HR was further divided into separate subbasins largely based on political
considerations for groundwater management purposes (Figure 2). Figure 2 depicts the
groundwater subbasins as described in the DWR Bulletin 118 Update 2003, and the relative
location of the GMA boundaries within the subbasins. The GMA lies within the Tracy (5.22-15)
and Delta-Mendota (5.22-07) Basins of the San Joaquin River HR, and covers western portions
of Merced, Stanislaus and San Joaquin Counties. The GMA is generally bounded:
•
•
•
•

on the North by Old River;
on the west by the Coast Range Mountains, Alamedas County, and those portions of
Byron Bethany Irrigation District that lie outside the CVP Service Area;
on the south by San Luis Water District and Santa Nella Village; and
on the east by the San Joaquin River and Central California Irrigation District.

The GMA encompasses 173,000 acres. Figure 3 shows the boundaries of the GMA.
The GMA encompasses the following agricultural water supply districts: Banta-Carbona
Irrigation District, Westside Irrigation District, West Stanislaus Irrigation District, Patterson
Irrigation District, Del Puerto Water District, and the Central Valley Project Service Area
(CVPSA) within the Byron-Bethany Irrigation District. Del PuertoWater District includes the
former Davis, Foothill, Mustang, Orestimba, Hospital, Kern Canon, Quinto, Romero, Salado,
and Sunflower Water Districts. The CVPSA within the Byron-Bethany Irrigation District is the
former Plainview Water District. In addition, the GMA encompasses: the City of Tracy (Tracy),
the City of Patterson (Patterson), several unincorporated communities, and unincorporated and
non-district lands within San Joaquin County represented by the SJFCWCD. A list of the current
PAs involved in the GMP-NA is given in Table 1.
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Table 1
List of Agencies Participating in the Groundwater Management Plan



San Luis & Delta-Mendota Water Authority (SLDMWA)

Water or Irrigation District:

Banta-Carbona Irrigation District (BCID)

Byron-Bethany Irrigation District (only the CVPSA) (BBID)

Del Puerto Water District (DPWD)

Patterson Irrigation District (PID)

West Stanislaus Irrigation District (WSID)

Westside Irrigation District (WID)
Cities:



City of Tracy (Tracy)
City of Patterson (Patterson)

Non-District Lands:

San Joaquin County Flood Control and Water Conservation District (SJFCWCD)
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Section 3
Characteristics of the GMA
3.1 Land Use and Groundwater Beneficial Use
Most of the land in the San Joaquin Valley is utilized for agricultural crop production. Major
agricultural activities include the operation of dairies, and the production of cotton, tomatoes,
beans, alfalfa, corn, grapes, walnuts, almonds and oranges. A number of small rural
communities, as well as some large municipalities exist within the San Joaquin Valley. The
largest of these communities, Fresno, has a population of nearly a half of a million people. The
majority of communities have populations of less than 100,000 people, and many have less than
10,000. Other notable large municipalities in the San Joaquin Valley include Stockton, Modesto,
and Bakersfield. The southern end of the San Joaquin Valley also has a large oil production
industry, and numerous oil/gas fields are located throughout the San Joaquin Valley.
Within the GMA, the majority of the current land use is agricultural, with irrigated crops, dairies
and rangeland. There are two municipalities within the GMA, the cities of Tracy and Patterson,
both of which are PAs. Tracy is a municipality with a population of about 80,000 people, and
Patterson has a population of about 21,000 people. There are also some smaller unincorporated
communities within the GMA.
The beneficial uses of groundwater in the GMA are predominantly for agriculture and related
industry, domestic potable water, and other municipal uses. For agricultural applications within
the GMA, groundwater is used conjunctively to supplement surface water supplies that support
the water needs in the GMA. However, groundwater is the primary source of domestic and
municipal water supplies within the GMA. In the case of Tracy, groundwater is supplemented by
imported surface water.

3.2 Topography and Structure
The San Joaquin Valley is the southern portion of the Great Valley Geomorphic Province in
central California. The San Joaquin Valley is a structural trough up to 200 miles long and 45 to
70 miles wide. It conjoins the northern portion of the Great Valley Geomorphic Province, the
Sacramento Valley, at the confluence of the Sacramento and San Joaquin Rivers (“the Delta”).
The Great Valley opens to the San Francisco Bay west of the Delta.
The San Joaquin Valley is bounded by the Sierra Nevada Mountains to the east, the Coast Range
Mountains to the west, and the Tehachapi Mountains to the south. It is a broad, fault bounded,
northwest trending, asymmetric topographic and structural trough, with axis of the valley offset
nearer the western margin. The topographic slope along the axis declines gently, generally
towards the north-northwest.
Within the GMA, the land surface generally slopes easterly to northeasterly from the base of the
Coast Range Mountains, near the western boundary, towards the trough of the valley and the San
Joaquin River, along the eastern boundary. Small ephemeral streams drain from the Coast Range
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Mountains typically trending northeasterly toward the trough of the valley. The natural land
surface is relatively flat to slightly undulating. However, agricultural practices have modified
many topographic features to provide suitable conditions for crop production. The land surface
elevation in the GMA ranges from about 60-feet above mean sea level in the southwest to about
sea level in the north. Major man-made features include Interstate Highway 5, the California
Aqueduct, the DMC, and a number of smaller canals used for water supply distribution and
drainage.

3.3 Climate
The San Joaquin Valley has a more continental climate than much of the more populous coastal
areas, with relatively warm summers and cooler winters. The mean annual high temperatures in
the valley range from about 73o Fahrenheit (°F) to 79oF, and the mean annual lows range from
about 48oF to 50oF.
Due to some rain shadow effects from the Coast Range Mountains and the lower elevations of
the valley floor, the valley experiences relatively little rainfall, typically less than 12 inches.
Some areas of the southern San Joaquin Valley experience desert conditions due to the very low
seasonal precipitation. Rainfall occurs typically between late fall and early spring, with dry
summers. Mean annual rainfall amounts range from 5 to 13 inches per year on the valley floor.
The range of typical climatic conditions experienced within the GMA can vary. Two
representative weather stations, with long documented histories, have been chosen to
demonstrate the range of climatic conditions within the GMA. The City of Los Banos (Los
Banos) lies within 10 miles of the southern boundary of the GMA, and Tracy lies within the
GMA near the northern boundary. The recent climatic history recorded for each location is
presented below:
•

Los Banos:
Between 1906 and 2010, the average annual temperature was 62.2oF, the average
monthly high temperature of 96.5oF was in July, and the average monthly low
temperature of 36.3oF was in December (WRCC, 2010). Los Banos averages about 97
days per year above 90oF, and 29 days below 32oF. The hottest day on record was 116oF
on July 30, 1931, and the coldest was 14oF occurring twice on January 11, 1949 and
December 22, 1990.
Between 1906 and 2010, the average annual rainfall was 9.21 inches. The highest annual
rainfall was 21.08 inches in 1998, and the lowest annual rainfall was 4.61 inches in 1947.
The maximum-recorded rainfall over a 24-hour period was 2.25 inches on September 30,
1983. Annually, Los Banos experiences, on average, about 46 days with precipitation
greater than 0.01 inches, 25 days with precipitation greater than 0.10 inches, 5 days with
precipitation greater than 0.50 inches, and 1 day with precipitation greater than 1.0 inch.

•

Tracy:
Between 1955 and 2010, the average annual temperature was 62.1oF, the average
monthly high temperature of 92.7oF was in July, and the average monthly low
temperature of 38.3oF was in January (WRCC, 2010). Tracy averages about 75 days per
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year above 90oF, and 17 days below 32oF. The hottest day on record was 112oF on June
15, 1961, and the coldest was 17oF on December 26, 1990.
Between 1955 and 2010, the average annual rainfall was 12.07 inches. The highest
annual rainfall was 27.48 inches in 1983, and the lowest annual rainfall was 5.44 inches
in 1976. The maximum recorded rainfall over a 24-hour period was 2.80 inches on
January 4, 1982. On average, annually, Tracy experiences about 55 days with
precipitation greater than 0.01 inches, 31 days with precipitation greater than 0.10 inches,
7 days with precipitation greater than 0.50 inches, and 1 day with precipitation greater
than 1.0 inch.
Table 2
Summary of Climatic Data for Los Banos and Tracy

Los Banos

Tracy

Average Monthly High Temperature

o

96.5

92.7

Average Monthly Low Temperature

o

36.3

38.3

Hottest Recorded High Temperature

o

116

112

Coldest Recorded Low Temperature

o

F

14

17

Day

97

75

Average number of Days Below 32 F

Day

29

17

Average Annual Rainfall

Inch

9.21

12.07

Highest Annual Rainfall

Inch

21.08

27.48

Lowest Annual Rainfall

Inch

4.61

5.44

Maximum 24-hour Rainfall

Inch

2.25

2.80

F
F
F

o

Average Number of Days Above 90 F
o

Based on the climatic data, both Tracy and Los Banos lie within Semi-arid hot climate regimes.
While the conditions in Los Banos lie in the middle of the Semi-arid climate regime, Tracy has
milder conditions and greater rainfall approaching a more Mediterranean climate regime typical
of the Delta. The northern end of the GMA receives on average about 30 percent more rainfall
annually than the southern end.

3.4 Geology
The geologic materials that fill the San Joaquin Valley are comprised of mostly unconsolidated
alluvial and lacustrine sediments, Holocene to Jurassic in age, derived from parent materials of
the Coast Ranges and the Sierra Nevada Mountains. These sediments overlie older marine
sediments. The Valley fill reaches a thickness of about 28,000 feet in the southwestern corner
(Page, 1986). Continental deposits shed from the surrounding mountains form an alluvial wedge
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that thickens from the valley margins toward the axis of the structural trough. This depositional
axis is below to slightly west of the series of rivers, lakes, sloughs, and marshes, which mark the
current and historic axis of surface drainage in the San Joaquin Valley (DWR, 2003). Major
faults run parallel to the western boundary of the GMA, along the east side of the Coast Range
Mountains. In particular, the Greenville and Ortigalita faults lie within about 10 to 20 kilometers
of the western boundary.
The water bearing geologic formations within the GMA typically are comprised of continental
deposits of Late Tertiary to Quaternary age. These deposits include the Tulare Formation, older
alluvium, flood basin deposits, terrace deposits, and younger alluvium. The cumulative
thickness of these deposits ranges from a few hundred feet near the Coast Range foothills west of
the GMA to about 3,000 feet along the trough of the valley east of the GMA (DWR, 2003).
The Tulare Formation is composed of beds, lenses, and tongues of clay, sand, and gravel that
have been alternately deposited in oxidizing and reducing environments (Hotchkiss, 1972). The
Tulare Formation dips eastward from the Coast Ranges in the west towards the trough of the
valley east of the GMA. The total thickness of the Tulare Formation is about 1,400 feet (DWR,
2006). The Corcoran Clay occurs near the top of the Tulare Formation and confines the
underlying fresh water deposits.
3.4.1 Confined Aquifer
The confined aquifer zone underlying the Corcoran clay stratum extends downward from the
base of the clay to the base of fresh water (Page, 1971). Sierran Sand and Coast Ranges
alluvium interfinger in a similar fashion as those of the semi-confined zone above, except that
Sierran sediments extend further to the west in the confined zone (Dubrovsky et al., 1991).
3.4.2 Corcoran Clay Layer
Much of the central and northern portions of the valley, which includes the GMA, is underlain by
a continuous aquitard layer of Pleistocene age, known as the Corcoran Clay layer or E-clay. This
layer is comprised of fine-grained lacustrine and marsh deposits that divide the aquifer system
vertically into an upper semiconfined zone and a lower confined zone (Davis and DeWiest,
1966). Because of this, the underlying aquifer is typically designated the confined aquifer or
zone in the regions where the Corcoran Clay occurs. The Corcoran Clay member of the
formation underlies the basin at depths ranging from about 100 to 500 feet and acts as a
confining bed (DWR 1981). The unconsolidated sediments of the valley floor taper toward the
Coast Ranges, and the Corcoran Clay becomes discontinuous along the west margin of the
valley, near the western limits of the GMA.
3.4.3 Semiconfined Aquifer
Overlying the Corcoran Clay is the semiconfined zone. It is comprised of sediments derived
from the Coast Ranges on the west interfingered to the east with sediments derived from the
Sierra Nevada. These sediments comprise the older alluvium, younger alluvium and terrace
deposit layers. The Coast Range and Sierran sediments differ in their hydrogeologic
characteristics. The Coast Range sediments consist of beds, lenses, and tongues of clay, sand,
Northern Agencies GMP

12

AECOM

and gravel, and form most of the sedimentary material deposited west of the San Joaquin River
(Hotchkiss, 1972). Although there are no distinct continuous aquifers or aquitards within the
Coast Range alluvium, the term “semiconfined” is used to emphasize the cumulative effect of the
vertically distributed fine-grained materials. The Sierran sediment that interfingers with the
Coast Range alluvium is well sorted, medium to coarse-grained micaceous sand derived from the
Sierra Nevada. The uppermost expression of the interface between the Coast Ranges and Sierran
deposits is close to the eastern boundary of the GMA.
Across much of the San Joaquin Basin, a layer of older alluvium consisting of loosely to
moderately compacted sand, silt and gravel deposited in alluvial fans during the Pliocene and
Pleistocene ages overlies the Tulare Formation. The older alluvium is widely exposed between
the Coast Range foothills and the Delta. The thickness of the older alluvium is up to about 150
feet. It is moderately to locally highly permeable.
A layer of younger alluvium overlies the layer of older alluvium. This layer includes sediments
deposited in the channels of active streams as well as overbank deposits and terraces of those
streams. They consist of unconsolidated silt, fine to medium grained sand, and gravel. Sand and
gravel zones in the younger alluvium are highly permeable and, where saturated, yield
significant quantities of water to wells. The thickness of the younger alluvium near Tracy is less
than 100 feet (DWR, 2006). Further south, terrace deposits of Pleistocene age are up to several
feet higher than present streambeds. They are composed of yellow, tan, and light-to-dark brown
silt, sand, and gravel with a matrix that varies from sand to clay (Hotchkiss 1971). The water
table generally lies below the bottom of the terrace deposits.
In the northern portion of the GMA, flood basin deposits occur (DWR, 2006). They are the
distal equivalents of the Tulare Formation and older and younger alluvial units and consist
primarily of silts and clays. Occasional interbeds of gravel occur along the present waterways.
Because of their fine-grained nature, the flood basin deposits have low permeability and
generally yield low quantities of water to wells. The flood basin deposits are generally
composed of light-to-dark brown and gray clay, silt, sand, and organic materials with locally
high concentrations of salts and alkali. Occasional zones of fresh water are found in the basin
deposits, but they generally contain poor quality groundwater. The maximum thickness of the
flood basin deposits is about 1,400 feet.

3.5 Hydrology
The following sections discuss the surface and groundwater hydrology of the area.
Hydrologically, the GMA has inflow from outside bringing water supplies into the area.
Sources of inflow into the GMA include:
•
•
•
•
•

diversions into the GMA from the San Joaquin River,
the streams and channels conveying storm runoff from the east side of the Coast Range
Mountains,
the network of canals conveying surface water south from the Delta,
subsurface groundwater flowing in from the southwest,
and precipitation.
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Sources of outflow from the GMA include:
•
•
•
•
•
•

surface runoff to the San Joaquin River,
groundwater flow moving towards the trough of the valley and exiting the GMA,
groundwater discharged to the San Joaquin River system, directly or through subsurface
drainage systems in some areas,
evaporation,
Surface waters conveyed out of the GMA by canals and drainage ways,
and crop and phreatophyte evapotranspiration.

3.5.1 Surface Hydrology
Streams that drain into the northern two-thirds of the San Joaquin Valley, flowing from the
Sierra Nevada and Coast Range mountains, empty into the San Joaquin River and flow
northward to join the Delta. Historically, the rivers and streams in the southern one-third of the
San Joaquin Valley had no natural drainage connecting to the ocean, but rather drained into
Tulare and Buena Vista Lakes. Seasonal flooding would occur along these rivers and streams in
spring as rainfall and snowmelt from the mountains drained to the valley floor. A number of
dams placed along the major watercourses, particularly in the Sierra Nevada Mountains, have
alleviated the flooding. The majority of the runoff that drains into the San Joaquin River is
derived from the rainfall and snowmelt from the western side of the Sierra Nevada Mountains.
These rivers typically drain southwest to west out of the Sierra Nevada Mountains, turning north
at the trough of the valley floor, where the San Joaquin River is located.
The ephemeral streams of the eastern side of the Coast Range Mountains typically drain east to
northeast out of the mountains towards the trough of the valley floor. Many of these streams
only flow during torrential winter storms and for very short periods following. In the past, many
of these ephemeral streams would drain out onto the valley into wetlands and infiltrate before
reaching the San Joaquin River. This infiltrated water would supply base flow for the San
Joaquin River and recharge groundwater. Many of these ephemeral streams have been
transected by canals and highways, their drainage courses diverted, and agriculture reclaimed
and drained much of the wetlands and lakes. Much of the surface hydrology of the San Joaquin
Valley is controlled by man-made structures and practices. Surface waters in the San Joaquin
Valley are frequently conveyed into and out of the valley by a network of large canals that
supply users' needs in areas far from the natural source. Large man-made reservoirs are used to
retain and store runoff from the mountains and temporary surface water being conveyed to other
locations.
Consistent with most of the San Joaquin Valley, within the GMA, much of the surface hydrology
is governed by the man-made structures, agricultural practices, and urbanization. A notable few
ephemeral streams convey water into the GMA from the east side of the Coast Range Mountains.
These streams include:
•
•
•

Corral Hollow Creek,
Lone Tree Creek,
Hospital Creek,
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•
•
•
•
•
•

Ingram Creek,
Del Puerto Creek,
Crow Creek,
Salado Creek,
Orestimba Creek,
and Garzas Creek.

North of Tracy, a network of sloughs and river channels, including the Old River and Middle
River, intertwine as the San Joaquin River system and nearby streams forming a part of the
Delta. Some areas within the GMA are relatively flat, and groundwater can be seasonally
shallow. The San Joaquin River flows along the eastern boundary of the GMA and is a major
source of water to the GMA.
Besides the natural water conveyance systems, major canals convey water from the Delta, to and
through the GMA. These canals include the California Aqueduct and the DMC. Other smaller
canals in the network convey surface water from the San Joaquin River and the CVP to the users,
and drain runoff from areas within the GMA. The DMC is a major water supply source to the
GMA.
3.5.2 Subsurface Hydrology
Groundwater in the region occurs in three water-bearing zones (DWR, 2006). These include the
lower zone, which contains confined fresh water in the lower section of the Tulare Formation, an
upper zone which contains confined, semi-confined, and unconfined water in the upper section
of the Tulare Formation and younger deposits, and a shallow zone which contains semi-confined
and unconfined water to within about 25 feet of the land surface.
Agricultural irrigation in the GMA provides most of the recharge water of the upper
semiconfined zone through seepage losses occurring in irrigation water conveyance channels and
by deep percolation of applied water. Other sources of recharge include seepage from creeks and
rainfall. Occasional recharge from the creeks that enter the GMA from the Coast Ranges to the
west is relatively small compared to the other sources (KJC, 1990). Recharge to the lower
confined zone occurs primarily by infiltration downward from the unconfined zone through the
Corcoran Clay. Groundwater pumping from below the Corcoran Clay in the GMA is likely to
increase percolation through the clay layer.
Historically, groundwater flow was northwestward parallel to the San Joaquin River (Hotchkiss
and Balding, 1971). The groundwater flow direction towards the San Joaquin River typically
causes subsurface outflow laterally along the eastern boundary of the GMA. The hydraulic
gradients west of the San Joaquin River are generally steeper than gradients east of the river
(Phillips, et al., 1991). Typically, notwithstanding local influences, the water table west of the
San Joaquin River can be thought of as a subdued replica of the ground surface topography,
sloping gently toward the river from the Coast Ranges. More recent data shows flow tending
northeastward, toward the San Joaquin River (DWR 2003). Potentiometric surface maps,
developed from DWR water surface elevation measurements for wells screened in the
unconfined aquifer, for the Spring of 2004 and Spring of 2008 show the general subsurface flow
direction and gradients throughout the GMA during these periods (Figure 4 and Figure 5). The
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flow directions appear to continue to be generally consistent with the northeasterly trend towards
the San Joaquin River, as noted above, with some localized variations for well pumping
depressions and various minor physiographic features that effect drainage and recharge.
The previous GMP (Stoddard & Associates, 1996) indicated that the average groundwater levels
from 1986 through 1993 have declined in the subbasins, but from 1993 through 1994, water
levels rose throughout the study area, demonstrating recovery in the groundwater storage system.
That report concluded that the study area was in a hydrologically balanced condition over the
study period.
As a part of this planning effort, changes in groundwater levels in the upper zone were examined
over the 1993 to 2008 period. From Spring 1993 through Spring 1998, the groundwater levels
continued to rise throughout most of the GMA (Figure 6). This pattern reversed during the
Spring 1998 to Spring 2004 period (Figure 7). From Spring 2004 through Spring 2008, the
groundwater levels recovered slightly throughout most of the GMA, with localized areas where
water levels continued to decline west of the City of Newman, and northeast of Tracy (Figure 8).
Longer-term trends in the groundwater levels can be observed in the figures showing change in
groundwater levels from 1993 through 2008, and 1998 through 2008 (Figure 9 and Figure 10).
Over these longer time frames the groundwater levels appeared to be generally hydrologically
balanced across much of the GMA throughout the study period, with local areas of consistent
decline persisting west of Newman and in the area of Tracy. The change in groundwater levels
in the northern part of the subbasin (Tracy to Westley) appears to show a consistent decline in
groundwater levels. This decline could be indicative of a developing overdraft condition in that
area.
The groundwater levels underlying the vicinity of Patterson appeared to have minimal net
change and appeared generally hydrologically balanced through the study period. The DWR
groundwater database utilized a number of different wells for groundwater level measurements
between 1993 and 2008 for the central part of the GMA (West Stanislaus ID and Patterson ID).
Data from close-by monitoring wells was used to calculate groundwater level elevation changes
when there was no other information available. For this reason, some actual local elevation
changes may differ slightly from those depicted on the groundwater elevation change maps. The
minimal apparent net change in groundwater level elevation seems to indicate equilibrium within
the GMA between recharge and use during the study period. The change in groundwater levels in
the southern part of the subbasin (West of Newman) also appears to show a consistent decline in
groundwater levels. This decline could also be indicative of a developing overdraft condition in
that area. However, further south in the Merced County portions of the GMA (West of Ingomar),
the long-term change in groundwater levels appears to indicate this area is generally
hydrologically balanced.

3.6 Groundwater Quality
Between March and July 1985, the United States Geologic Society (USGS) analyzed water
samples from 44 wells in the northern part of western San Joaquin Valley (Dubrovsky, et al.,
1991). The objective was to assess the geochemical relations and distribution of major ions and
selected trace element concentrations in groundwater of the area. Their results indicate a
relatively better quality of water in the confined zone than in the semiconfined zone. These
results were supportive of those of Hotchkiss and Balding (1971). Concentrations of selected
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constituents reported by USGS (Dubrovsky, et al., 1991) in both zones are provided in Table 3.
It was concluded that the areal and vertical distributions of groundwater of varying quality has
been affected by different agricultural and natural sources of recharge, and the sources and
geochemical nature of the sediments are products of a depositional environment.
Table 3
Chemical Analysis of Selected Constituents in Groundwater
Upper Zone
TDS
(mg/L)

N

320
230
370
120
1200
540
300
120

1400
1100
1400
750
2400
1300
1900
750

9.1
6.4
0.1
18.0
0.9
15.0
11.0
11.0

2.20
1.60
0.90
0.58
2.20
0.51
0.64
0.48

<1
1
3
<1
3
<1
<1
<1

Sulfate

Lower Zone
TDS
(mg/L)

N

Boron

As

State
Well No.

Sampling
Date

Sulfate

2S/5E-13P1
3S/6E-07E1
4S/7E-33B1
5S/7E-01M2
5S/8E-22C1
6S/8E-04P1
7S/8E-13N1
8S/8E-01H1

3/28/85
3/11/85
3/12/85
5/01/85
4/30/85
5/16/85
3/26/85
3/27/85

State
Well No.

Sampling
Date

2S/5E-21D1
2S/6E-20L2
3S/5E-20A2
3S/6E-26Q1
4S/6E-09M1
4S/7E-36Q3
5S/7E-27B1
5S/8E-32K3
6S/7E-01R1
6S/8E-03R2
7S/8E-27Q1

3/27/85
5/21/85
3/28/85
3/12/85
3/13/85
3/13/85
5/16/85
4/30/85
5/16/85
5/16/85
5/13/85

220
140
330
120
44
120
190
530
630
360
56

650
510
920
710
340
690
760
1000
1300
820
650

Boron

As

Se
(µg/L)
4
2
10
2
13
4
<1
2

Se
(µg/L)

2.3
<0.1
1.4
5.6
9.1
8.3
16.0
4.0
9.6
6.4
10.0

1.30
0.57
3.00
0.79
0.43
0.59
1.20
0.67
0.86
0.41
0.47

1
5
<1
<1
<1
<1
1
1
1
2
<1

3
<1
2
1
2
1
5
11
6
8
<1

More recently USGS, in cooperation with DWR, has undertaken a comprehensive study of the
groundwater resources within California called the Groundwater Ambient Monitoring and
Assessment (GAMA) Program. The GAMA program collects groundwater data for numerous
chemical constituents of the water from numerous wells throughout the various groundwater
basins within the State. Currently, within the GMA only the initial study of the Northern San
Joaquin Study Unit has been published (Faunt, C.C., ed., 2009). This Study Unit consists of four
subbasins defined in Bulletin 118 including the Tracy subbasin in western San Joaquin County.
The results of that study are presented in the attached Appendix A. The remainder of the GMA
lies within the Western San Joaquin Valley Study Unit, which consist of the Delta Mendota
subbasin and the Westside subbasin. Publication of initial study of the Western San Joaquin
Valley Study Unit is pending and should be available later in 2011.
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3.6.1 Hydrochemical Facies
Chemical analyses of groundwater from the semiconfined zone show considerable variation in
water type and concentration of dissolved solids (Hotchkiss and Balding, 1971). In general, the
chemical character of the water in the upper water bearing zone (except near Patterson and
Crows Landing) is a transitional type, i.e., groundwater in which no single anion or cation
reacting value amounts to 50 percent or more of the total reacting values. The transitional type
groundwater in the GMA occurs in many combinations.
Groundwater near Tracy is very hard. Northwest of Tracy, in the vicinity of the Jones Pumping
Plant, groundwater is a chloride type. The sodium chloride type groundwater in the area
northwest of Tracy is probably due to infiltration of water from Old River. Old River water
varies from transitional chloride bicarbonate to sodium chloride type (Hotchkiss and Balding,
1971).
Sulfate type groundwater occurs in areas located west of Patterson and Crows Landing. Near
Patterson, groundwater is sodium magnesium sulfate type to the west and sodium calcium sulfate
type to the east. Waring (1915) mentioned some small sulfur springs on Crow and Orestimba
Creeks, indicative of sulfate bearing deposits that are probably responsible for the sulfate
groundwater type in the area near Patterson (Hotchkiss and Balding, 1971).
3.6.2 Dissolved Solids
Results of the USGS sampling study showed that in the semi-confined zone the total dissolved
solids (TDS) concentration ranges from 750 to 2,400 mg/L. Areal distribution of the data shows
a high TDS concentration (>1,500 mg/L) in groundwater in the semiconfined zone measured
near Patterson and west of Newman, and low concentration (<1,000 mg/L) is reported near the
community of Westley. The TDS concentration in water in the confined zone generally ranged
between 500 and 1,000 mg/L. Although high TDS concentrations (>1,000 mg/L) in water in the
confined zone have been reported southwest of Patterson by the USGS, Patterson has reported
TDS concentrations between 600 and 1,000 mg/L (Patterson, 2004). The distribution of TDS in
groundwater in the two zones shows little similarity, with the deeper zone showing relatively low
TDS, and shallower zone showing almost consistently high TDS.
3.6.3 Sulfate
Sulfate concentrations vary greatly in both water-bearing zones, but areal distribution is similar
in both zones. Highest sulfate concentration in groundwater (>500 mg/L) is measured in an area
centered near Crows Landing and Patterson. A similar area of high sulfate concentration was
also reported by Hotchkiss and Balding (1971) and is likely related to the Coast Range streams
that recharge this area (Hotchkiss and Balding, 1971). Smaller sulfate concentrations were
reported in 2004 by Patterson, which detected concentrations in a range between 190 and 380
mg/L (Patterson, 2004). In 2004, Tracy reported groundwater sulfate concentrations between 160
and 330 mg/L (Tracy, 2004). The lowest concentrations of sulfate in groundwater (<100 mg/L)
were measured in an area south of Vernalis. The similarity of sulfate concentrations in the GMA
could result from the presence of similar sulfate concentrations in the streams that were the
major source of recharge under natural conditions over a long period of time.
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3.6.4 Boron
Concentrations of boron in groundwater range from 0.48 to 2.2 mg/L in the semiconfined zone
and from 0.41 to 3.0 mg/L in the confined zone. Areal distribution of boron in the semiconfined
zone shows high concentrations (>0.75 mg/L) near Tracy and northeast of Crows Landing near
Patterson. The areal distribution of boron in the confined zone shows high boron concentrations
(>0.75 mg/L) near Tracy, Vernalis and west of Patterson. This agrees with the results presented
by Tracy (Tracy, 2004). The U.S. Environmental Protection Agency (EPA) suggested criterion
for boron concentration in water used for long-term irrigation of sensitive crops is 0.75 mg/L.
This limit was exceeded in four samples in the semiconfined zone and five samples in the
confined zone (Table 3).
3.6.5 Arsenic
Recently, the federal primary drinking water standard maximum contaminant level (MCL) for
arsenic was lowered from 50 µg/L to 10 µg/L. This change became effective for all states as of
January 23, 2006, and California's revised arsenic MCL of 0.010 mg/L (equivalent to 10
micrograms per liter, µg/L) became effective on November 28, 2008 (DPH, 2008). Currently,
the California standard is consistent with the federal standard. Arsenic is typically derived by
dissolution of igneous parent materials, and released from iron and manganese oxides when pH
declines. Based on the USGS study, arsenic concentrations in the groundwater samples from the
semi-confined aquifer in the GMA vicinity ranged between 1 and 38 µg/L, which at that time
were below the MCL (Dubrovsky, et al, 1991). Based on the USGS study, arsenic
concentrations in the groundwater samples from the confined aquifer in the region ranged
between 1 and 18 µg/L. Within the GMA the highest reported arsenic concentrations were 3
µg/L and 5 µg/L, respectively. In both aquifers, arsenic concentrations were reported that
exceeded the current MCL in the vicinity of the GMA, but none within the GMA. The arsenic
distribution between the groundwater in the semi-confined and confined aquifers showed little
difference. However, the areal distribution showed an increase in arsenic concentrations in the
GMA toward the southeast. The concentrations increased in the Sierran sediments. The increase
is probably related to the higher proportion of Sierra sediments in the profile towards the
southeast. In their respective water quality reports, Tracy reported arsenic concentrations as high
as 3 µg/L, and Patterson reported arsenic concentrations as high as 6 µg/L, which are below the
current MCL (Tracy, 2004; Patterson, 2004).
3.6.6 Selenium
Selenium concentrations in the GMA groundwater range from a less than detectable limit of 1
µg/L to 13 µg/L (Table 3). The current MCL for selenium in drinking water is 50 µg/L. The
selenium MCL concentration was equaled or exceeded in two samples from the unconfined zone
and in one sample from the confined zone. The concentration and areal distribution of selenium
were similar in both zones. Selenium concentrations are relatively high (10 µg/L) in a narrow
area of both zones between Patterson and Crows Landing. Lower concentrations (between 3 and
8 µg/L) were reported in 2004 by Patterson (Patterson, 2004). However, higher concentrations
(non-detect to 10g/l) were reported in 2009, consis tent with the range shown in Table 3
(Patterson, 2009). In the Tracy and Vernalis area, the selenium concentrations range between 1
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µg/L to 5 µg/L. The USGS (Dubrovsky, et al., 1991) study concluded that selenium was
transported to the area under natural conditions by runoff from the Coast Range.
3.6.7 Nitrate
The MCL for nitrate in drinking water is 45 mg/L. The USGS (Dubrovsky, et al., 1991)
sampling study indicated that no well water in the GMA exceeds the MCL for nitrate. This
agrees with the results presented by Tracy (Tracy, 2009). However, Dubrovsky et al (1991)
mentioned that there were reports of nitrate MCL exceedance in shallow domestic wells. In
general, higher nitrate concentrations in groundwater exist along the west side of the GMA and
in the Westley area. The areas along the San Joaquin River have lower nitrate concentrations
(Hotchkiss and Balding, 1971).
Within both the Tracy and Patterson areas, the quality of the municipal potable water supply is
routinely monitored as required by State law. Historical data provided by Patterson for
municipal supply wells shows a possible long term trend of increasing nitrate concentrations in
some wells, Wells 4, 6 and 8, (Patterson, 2010). These wells tend to be located in the western
portion of the distribution network for the City. Well No. 4 had to be removed from operation
recently, in 2007, due to continued exceedance of the primary MCL. Upon entering service,
nitrate concentrations in Well No. 4 were near the MCL and had remained marginal with water
quality frequently at or near the MCL and a few occurrences where sample results had exceeded
the MCL during this period of operation. All other wells in operation in Patterson remain viable
and show no signs of an increasing trend in nitrate concentrations.
3.6.8 Trace Elements
The Deverel et al. (1984) study (reported by Dubrovsky, et al., 1991) states that the shallow
groundwater, near the top of the semiconfined zone and less than 30-feet below the land surface,
generally has higher trace element concentrations than the deeper zones. This study indicates
that the higher trace element concentrations in the shallow groundwater might correlate with the
generally higher TDS concentrations in the shallow groundwater. The higher concentrations
probably result from leaching of soil salts and evaporative concentration of shallow groundwater
near the land surface.
Because of the high variability of groundwater quality in the GMA, focused groundwater supply
investigations are necessary to determine if groundwater is suitable for an intended use.
Additionally, management practices must be designed and implemented to maintain or improve
groundwater quality to meet the differing needs of the users within the GMA.
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Section 4
Management Objectives
As it was stated before, typically, this regional program will rely on the PAs to develop the
specific program components to meet management objectives that address local groundwater
concerns while considering regional interests.
There are general objectives that should be considered for management of groundwater resources
within the GMA:
•
•
•
•
•

Assure an affordable groundwater supply for the long term needs of the users.
Prevent long-term depletion of groundwater resources and maintain adequate
groundwater supplies for all users.
Maintain groundwater quality to meet the long-term needs of users.
Attempt to reduce or prevent inelastic land subsidence due to groundwater overdraft.
Maintain general continuity between groundwater management practices and activities
undertaken by the PAs.
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Section 5
Program Components Relating to Management
5.1 Components Relating to Groundwater Level Management
Groundwater level management is becoming more critical to protect against future problems
related to groundwater overdraft. Overdraft is the condition of a groundwater basin in which the
amount of water withdrawn by pumping over the long term exceeds the amount of water that
recharges the basin (DWR, 2003). Overdraft can lead to shortages in supplies, increased
extraction costs, land subsidence, water quality degradation, and environmental impacts. With
increasing demands for water supply, the ability to accurately quantify and manage groundwater
resources is imperative to maintaining a sustainable resource.
5.1.1 Reduction of Groundwater Use by Development of New Surface Water Supplies
Agencies buy water from out-of-basin sellers to supplement their supplies.
Activities within the GMA: Tracy is participating with the cities of Manteca, Lathrop, Escalon
and the South San Joaquin Irrigation District in the South County Surface Water Supply Project
(SCSWSP), which brings high quality Sierra Nevada water from the Stanislaus River to cities for
their urban use. The project reduces the reliance on groundwater while satisfying urban
demands. A water treatment plant on the Stanislaus River uses water that the irrigation district
has conserved from improvements in irrigation practices and water use efficiencies. Water from
South San Joaquin Irrigation District is conveyed through Woodward Reservoir, treated to
drinking standards, and conveyed to Tracy. Water deliveries commenced in July 2005, and
Tracy has been importing approximately 10,000 acre-feet of water a year through this source.
During those years where CVP allocations are significantly lower than normal, the PAs purchase
surface water from water suppliers north of the Delta in addition to using more of the local
groundwater resource.
5.1.2 Increase Use of Available Surface Water Supplies
There are some in-basin water transfers and purchases from agencies to others with limited
surface water rights and groundwater resources.
Activities within the GMA: Surface water is purchased by Tracy from West Side Irrigation
District and Banta Carbona Irrigation District. Tracy has developed agreements with ByronBethany Irrigation District to purchase additional water in the future from their CVP water
supply for Tracy’s municipal and industrial uses.
5.1.3 Development of Overdraft Mitigation Programs
According to the DWR definition, overdraft occurs when continuation of present water
management practices would probably result in significant adverse overdraft related impact upon
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environmental, social, or economic conditions at a local, regional, or state level. Long-term
depletion of storage can cause several problems, including land subsidence, degradation of
groundwater quality, and increased pumping costs.
Although overdraft of the entire basin is not occurring, conditions of localized overdraft could
happen, since areas of extraction do not typically coincide with areas of recharge. One portion of
the GMA can experience an increase in groundwater storage while another shows a continual
decrease. Such localized overdraft can cause the same adverse impact as basin-wide overdraft,
except on a smaller scale. Monitoring of groundwater levels and water quality is necessary to
identify areas where localized overdraft is occurring, and to evaluate its effect. The monitoring
will allow the overdraft to be quantified, which is needed to evaluate means to control or reverse
the overdraft. Curtailing local overdraft usually requires increasing or redistribution of basin
surface water supplies or reducing the amount of groundwater pumped.
The prerequisite to implementation of an overdraft mitigation program is to monitor groundwater
levels. Once groundwater trends are known, a responsive overdraft investigation program should
be developed around the following components:
•
•
•

Identify areas of overdraft.
Determine the potential for significant adverse impact due to the overdraft.
Formulate a plan to mitigate the impact and a strategy for plan implementation.

Activities within the GMA:
a. Activities in the GMA to address overdraft mitigation programs include those programs
described in 5.1.1 and 5.1.2 above.
b. Del Puerto Water District has implemented policies to restrict the pumping and transfer
of groundwater outside the area where the pumping occurs, and to restrict pumping for
transfer where such groundwater extraction may damage adjacent land owners or cause
overdraft conditions to develop.
c. SLDMWA through USBR has contracted the USGS to modify the USGS Central Valley
Hydrologic Model (CVHM) to provide a potential for increased resolution in the model
within the GMA, as well as other areas serviced by SLDMWA. It is intended that this
higher resolution CVHM will be accessible to PAs to employ in evaluating the potential
for changing groundwater conditions under selected potential water management
schemes.
d. Increased groundwater monitoring within the GMA
5.1.4 Development of Conjunctive Use Programs and Projects
Conjunctive use of groundwater and surface water typically occurs when the surface water
supply varies from year to year and is insufficient at times to meet an area’s demand. In some
years, the surface water supply is greater than the water demand; and in other years, the surface
water supply cannot meet the entire water demand. In the years when water is plentiful, water
available above the demand is utilized to recharge the groundwater aquifer. Recharge can occur
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either directly by operation of recharge facilities or injection wells, or indirectly, by applying
surface water where available to areas to avoid the pumping and use of groundwater. In effect,
the groundwater basin is utilized as a storage reservoir, and water is placed in the reservoir
during wet periods and withdrawn from the reservoir during dry periods.
There are opportunities for conjunctive use in the study area that could increase overall water
supply yield; however, each must be evaluated in terms of available water supply, basin geology,
available storage capacity, pumping zones, and recharge potential to determine yield, costs, and
potential adverse impacts. In the GMA, pumping takes place primarily from the confined zone,
while unoccupied aquifer storage is currently available only in the unconfined zone. Based on
the basin characteristics, water supply sources, and current groundwater usage, potential
conjunctive use opportunities should focus on the following:
•
•
•

Identifying areas of local overdraft and evaluating the viability of a recharge program
using direct recharge.
Evaluating the availability of additional surface water supplies, which could be utilized in
conjunctive use programs either directly or via exchange of CVP supplies.
Optimizing the overall groundwater yields during dry periods through sound basin
management.

In recent history in the GMA, conjunctive use has been practiced in an unmanaged fashion.
When full CVP water supplies are being received, relatively little pumping occurs and recharge
occurs through seepage and deep percolation of surface water. During water short periods, water
is withdrawn from the aquifer to make up for the deficits in surface water supply. Increased
pumping due to chronic surface water shortages are causing more emphasis to be placed on
locating water supplies for groundwater recharge.
Activities within the GMA: Patterson Irrigation District pumps groundwater on an as needed
basis. The District has focused its efforts on improving surface water delivery and pumping
efficiencies by recycling surface drainage as opposed to limiting canal seepage. Deep
percolation of irrigation water and distribution system seepage losses, recharge the groundwater.
The stored groundwater supply is available to the District and others during drought conditions.
Such recharge is an important component to the District’s water management strategy (Patterson
ID, 2005).DWR has implemented, through its Conjunctive Water Management Program
(CWMP), several integrated programs to improve the management of groundwater resources in
California. The program emphasis is on forming partnerships with local agencies and
stakeholders to share technical data and costs for planning and developing locally controlled and
managed conjunctive water use projects. DWR and SJCFCWCD entered into a Memorandum of
Understanding to cooperatively develop a CWMP, establish an advisory committee
representative of all water stakeholders, and complete a basin management evaluation (DWR,
2006).
Tracy has acquired permits from the Central Valley Regional Water Quality Control Board
(RWQCB) to proceed with an Aquifer Storage and Recovery (ASR) program. The ASR
program will utilize the local groundwater aquifer for long term water storage of available
surface water, as a way to increase the reliability of Tracy’s water supply. They have received
authorization to proceed with pilot testing and have proceeded through the 3rd cycle of a 4-cycle
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pilot testing program. The proposed project would consist of injecting surface water treated to
drinking water standards into the aquifer via deep wells during times of surplus water and
recovery of the water from the aquifer to optimize delivered water quality and meet demands
during droughts or when emergency or disaster scenarios preclude the use of imported water
supplies. Tracy anticipates that the ASR program will be capable of storing approximately 9,000
af of high-quality surface water allowing for on average 3,000 af of stored water to be available
in drought years, thereby increasing the reliability of Tracy’s water supply and closing the
potential future gap between supply and demand during drought or emergency conditions
through 2025 (EKI, 2005).
Tracy is also studying the possibility of procuring surface water storage to increase water supply
reliability. Tracy is evaluating the potential to buy water storage capacity in the Semitropic
Water Banking Project (Semitropic) in Kern County. To store water in Semitropic, Tracy would
transfer a portion of its CVP water from the DMC through the California Aqueduct for delivery
to Semitropic. During a drought, Semitropic would pump the stored water into the California
Aqueduct and a like amount of water would be made available to Tracy to pump from the DMC.
Tracy negotiated with Semitropic to purchase up to 10,500 af of storage volume. If this storage
were filled, it would provide Tracy with up to 3,500 af of water annually for three years during
water short periods (EKI, 2005).
Patterson is in the process of updating its General Plan and has prepared a Final Environmental
Impact Report (FEIR) on the update (Patterson, 2010). This FEIR includes new policies oriented
towards implementing conjunctive use of recycled water and imported surface water supplies to
augment the City’s supplies through application to landscape irrigation and other non-potable
municipal uses providing “in-lieu” groundwater recharge.
5.1.5 Development of Agricultural and Urban Incentive Based Conservation
Increasing water use efficiency, either urban or agricultural, should be an important component
of the long-term planning and management of water resources. It makes prudent use of the
available supplies, helps compensate chronic reductions in supply from competing demands and
in some cases may reduce the need for developing new water supplies.
The experience of active urban water conservation programs in California is that the potential for
water savings are initially about 10 to 20 percent of the volume of water used. Such programs
typically include distribution system leak-reduction programs, household metering, tiered pricing
to discourage inefficient use, education of the public on water savings measures and marketenforced transition to water-saving household plumbing devices.
The greatest potential for agricultural water conservation relies mainly on the use of more
efficient irrigation technologies and irrigation scheduling based on crop water needs. Increasing
irrigation efficiency decreases the amount of water that is lost to the system or leaves the site
through surface water runoff or deep percolation to groundwater.
In November 2009, SBx7-7 was enacted. It requires all water suppliers to increase water use
efficiency and utilize a single standardized water use reporting form, which would be used by
both urban and agricultural water agencies. It sets a goal for urban water users of reducing per
capita urban water use by 20% by December 31, 2020. Agricultural water suppliers must
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prepare and adopt agricultural water management plans by December 31, 2012, updating those
plans by December 31, 2015 and every 5 years thereafter. In addition, On or before July 31,
2012, agricultural water suppliers shall:
•

•
•

Measure the volume of water delivered to customers. The Department of Water
Resources shall adopt regulations that provide for a range of options that agricultural
water suppliers may use to comply with the measurement requirement.
Adopt a pricing structure for water customers based at least in part on quantity delivered.
Implement additional efficient management practices.

CVP contractors that maintain and regularly update the water management plans required by
federal law and regulations comply with these requirements. Agencies that fail to comply with
SBx7-7 would be ineligible for State Water funds.
Activities within the GMA:
a. Tracy developed a Water Conservation Plan in 2000. This plan was subsequently
updated in 2009 and is currently under review by the United States Bureau of
Reclamation for approval. The conservation efforts include implementation of the
California Urban Water Conservation Council’s (CUWCC) 14 Best Management
Practices (BMPs). The BMPs include residential water surveys, system water audits and
leak detection, water pricing to encourage conservation, waste prohibitions, public
information, landscape guidelines, etc.
An update of the Urban Water Management Plan (UWMP) for Tracy was prepared in 2005 to
fulfill the UWMP Act requirements. This UWMP describes how Tracy intends to manage its
current and future water resources and demands to continue to provide its customers with an
adequate and reliable water supply. This updated UWMP reflects changes to the Tracy’s water
supply portfolio and water demands since 2000 (EKI, 2005). Currently, a new update of the
UWMP is scheduled for 2011.
The PAs that utilize agricultural water supplies of CVP water have completed agricultural water
management plans and periodically update the plans pursuant to the Reclamation Reform Act of
1982 and the Central Valley Project Improvement Act (CVPIA). In these plans, water
conservation practices have been identified and instituted to maximize beneficial use of the water
supply. Practices include better irrigation management, physical improvements, and institutional
adjustments. Irrigation management practices include on-farm water management and district
water accounting, use of efficient irrigation methods, and on-farm irrigation system evaluations.
Physical improvements include lining of canals, replacement of unlined ditches with pipeline
conveyance systems, and improvement of on-farm irrigation and drainage technology.
Institutional adjustments include improvements in communication and cooperative work among
districts, water users, and state and federal agencies, increased conjunctive use of groundwater
and surface water, and facilitating the financing of on-farm capital improvements. Other
practices that have been instituted include installation of flow measuring devices, modification of
distribution facilities to increase the flexibility of water deliveries, and changes in the water fee
structure to provide incentive for more efficient use of water. The water management plans have
helped the districts identify and implement policies and projects for better irrigation water
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utilization. Compliance with CVPIA water management plans will also be compliant with
SBx7-7 requirements.
PAs with discharges from irrigation are also subject to the Irrigated Lands Regulatory Program.
While the original Program focused on surface water supplies, and implementation of best
management practices to address surface runoff may have positive or negative implications for
groundwater quality. Also, the ILRP long-term program requirements will include monitoring
and BMP’s for discharges to groundwater as well.
5.1.6 Replenishment of Groundwater Extracted by Water Producers
The hydrologic balance included in the previous GMP, suggests that lowering the groundwater
levels increases sustainable yield, since subsurface outflow is reduced which counteracts the
water extracted. More data and analysis is needed to confirm this finding and to determine the
level of pumping that can be sustained without overdraft. As urban areas develop and there is a
corresponding shift from surface water use to groundwater use, groundwater use increases and
aquifer recharge decreases. Judging by the water resources balance, the GMA should be able to
absorb the increased extraction due to increasing urban demand and maintain a balance.
However, localized overdraft conditions could develop due to changes in surface water delivery,
concentrated groundwater pumping, and water quality changes. The natural response of the
aquifer to limited increases in pumping can provide for some replenishment.
Activities within the GMA:
a. The Patterson General Plan update FEIR includes proposed policies to identify and locate
opportunities for proposed groundwater recharge facilities in a joint effort with other
local agencies, and to import or otherwise supply surface water to recharge local
groundwater supplies.
b. The Tracy ASR program will be injecting surface water into the groundwater aquifer to
replenish storage depleted during drought periods, as discussed above in section 5.1.4.

5.2 Components Relating to Groundwater Quality Management
Groundwater quality management is critical to protect against the degradation that could
adversely impact beneficial uses of available groundwater resources. Municipal, agricultural, and
industrial activities can all increase the risk of polluting groundwater resources. Pollutants from
these activities can find their way into the local aquifers degrading the water quality such that it
becomes unusable for some beneficial uses without substantial treatment and cost. Some sources
of pollution are natural. Through disruption in the existing barriers these low quality resources
can intrude into higher quality groundwater resources, degrading the groundwater quality. Other
sources are derived from anthropogenic applications and byproducts of human activities and
waste. Degradation of groundwater resources can lead to expensive water treatment or loss of
beneficial uses. The beneficial uses of groundwater resources may be sustained through proper
monitoring and management of the resources and potential sources of degradation.
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5.2.1 Regulation of the Migration of Contaminated Groundwater
Contaminants addressed in this section are those that result from improper application, storage or
disposal of petroleum products, solvents, pesticides, fertilizers and other chemicals used by
industry, and are distinguished from salinity degradation.
Activities within the GMA:
a. The RWQCB has primary responsibility in enforcing water quality regulations, in the
respective counties.
b. By acting as the regional monitoring coordinator the SLDMWA will help develop a
better understanding of the regional hydrogeology of the GMA, the vertical and lateral
groundwater flow directions, and groundwater quality based on the various groundwater
monitoring activities supporting this program. By distributing information and through
coordination sessions, the SLDMWA will be able to make the PAs aware of changes in
groundwater quality, which may indicate that new sources of contamination or changes in
existing plumes of contamination are occurring.
c. The San Joaquin County Environmental Health Department (SJCEHD) carries out
different management programs. The purpose of the “Underground Injection Control”
program is to protect public health and the environment from exposure to contaminants
that may exist in shallow underground injection wells, such as dry wells, seepage pits,
sumps, etc. These injection wells can transport contaminants to soil and groundwater.
The primary focus is the protection of groundwater from contamination. Activities
include identifying, mapping, inspecting and remediating potential or existing
contaminant sources. The SJCEHD also permits and inspects well installation and
destruction to minimize the potential for the wells to adversely impact groundwater.
The Underground Storage Tanks (UST) program was developed by SJCEHD to protect public
health and the environment from exposure to hazardous materials stored in USTs. The primary
focus is the protection of groundwater from contamination. Activities include inspection,
permitting, monitoring, repair, installation and removal of USTs. UST sites with identified
contamination are referred to the SJCEHD Site Mitigation Unit for cleanup oversight.
SJCEHD is also responsible for a Site Mitigation Database, which contains information about all
the known hazardous material contamination sites within San Joaquin County. The database was
established in 1993, although it includes information as far back as 1985. It is available to the
public.
The Stanislaus County Department of Environmental Resources, Hazardous Material Division
has an UST program. The goal of the program is to protect public health, the environment and
groundwater. UST inspectors make certain that businesses and facilities with ongoing UST
operations are properly permitted and meet the monitoring requirements applicable to their type
of equipment. The UST Program and the Site Assessment and Mitigation Program oversee UST
removal and soil clean-up activities. The primary function of the Site Assessment and
Mitigation Program in UST removal activities is to provide regulatory oversight for the site
assessment and mitigation of properties where unauthorized releases from UST systems have
occurred.
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The SWRCB developed a UST program which purpose is to protect public health and safety and
the environment from releases of petroleum and other hazardous substances from tanks. By
2005, there were approximately 2,650 open UST cases in the Central Valley Region. There are
four program elements: leak prevention program (requirements for tank installation,
construction, testing, leak detection, spill containment and overfill protection), cleanup of
leaking tanks, enforcement, and tank tester licensing. In addition, there is a database and
geographic information system (GIS), Geo Tracker, which provides online access to
environmental data (http://www.geotracker.waterboards.ca.gov/). It tracks regulatory data about
underground fuel tanks and public drinking water wells, as well as other types of sites, such as
above ground storage tanks and site cleanup cases (SWRCB, 2006).
Under the Pesticide Contamination Prevention act of 1985, the California Department of
Pesticide Regulation (DPR) maintains a Ground Water Protection Program (DPR, 2011).
Through the Ground Water Protection Program DPR evaluates risk and monitors for pesticide
contamination in groundwater, identifies sensitive areas, and develops mitigation measures to
prevent further contamination. DPR adopts regulations to protect groundwater as part of the
Ground Water Protection Program.
The agricultural PA’s are also subject to the RWQCB’s Irrigated Lands Regulatory Program
which is expected to require a groundwater monitoring program for specified constituents under
general orders for waste discharge requirements. To the extent the PA’s participate in the ILRP
through a watershed coalition, the watershed coalition will be the primary venue for regional
coordination, and PA’s will need to coordinate their participation in both programs.
5.2.2 Development of Saline Water Intrusion Control Programs
Groundwater quality within an aquifer can be permanently degraded if saline groundwater
migrates into the aquifer. Such degradation has the potential to render the groundwater
unsuitable for some uses, particularly potable water use, if not treated. Desalination treatment
systems are very expensive. In the GMA, saline water intrusion does not occur from an ocean or
saltwater body.
5.2.3 Identification and Management of Wellhead Protection Areas and Recharge Areas
The Federal Wellhead Protection Program established by Section 1428 of the Safe Drinking
Water Act (SDWA) Amendments of 1986 was designed to protect groundwater resources of
public drinking water from contamination and to minimize the need for costly treatment to meet
drinking water standards. A Wellhead Protection Area, as defined by the 1986 Amendments, is
“the surface and subsurface area surrounding a water well or well field supplying a public
water system, through which contaminants are reasonably likely to move toward and reach such
water or well field.” In 1996, Congress reauthorized SDWA and amended it to require each
state to develop and implement a Source Water Assessment Program.
In response to the 1996 re-authorization of the SDWA, Section 11672.60 amended to the
California Health and Safety Code. Section 11672.60 requires the Department of Public Health
Services (DHS, the precursor to DPH) to develop and implement a program to protect sources of
drinking water, specifying that the program must include both a source water assessment
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program and a wellhead protection program. In conformance with the legal mandate, the
California’s Drinking Water Source Assessment and Protection (DWSAP) Program was
developed (DPH, 1999). The DWSAP Program addresses both groundwater and surface water
sources.
In November 1999, the United States Environmental Protection Agency (USEPA) gave final
approval of the DWSAP Program as California's Source Water Assessment and Protection
program. The Department of Public Health (DPH) Division of Drinking Water and
Environmental Management is the lead agency for development of the DWSAP Program and its
implementation. California did not developed a separate Wellhead Protection program, thus the
groundwater portion of the DWSAP serves as the State’s Wellhead Protection program. In
January 1999, USEPA approved the DWSAP as California's wellhead protection program.
According to the California Water Plan Update 2009 (DWR, 2009), recharge area protection
includes keeping groundwater recharge areas from being paved over or otherwise developed and
guarding the recharge areas so they do not become contaminated. Protection of recharge areas,
whether natural or man-made, is necessary if the quantity and quality of groundwater in the
aquifer are to be maintained. Existing and potential recharge areas must be protected so that they
remain functional and they are not contaminated with chemical or microbial constituents.
Zoning can play a major role in recharge area protection by regulating land-use practices so that
existing recharge sites are retained as recharge areas.
In the GMA, an important source of groundwater recharge is derived from percolation of surface
water as well as a small component of rainfall. In some cases pollutants associated with the
percolating water can be transported from the surface into the underlying aquifer. The discharge
of wastewater to land or surface water conveyance systems could, if improperly managed, pose a
risk of polluting groundwater resources. The RWQCB has jurisdiction to regulate such
discharges.
Activities within the GMA: Through programs administered by a variety of State agencies, the
State of California regulates waste disposal. The PAs will rely on continued regulation by the
State; however, currently, both Tracy and Patterson routinely monitor water quality from local
groundwater productions wells that supply potable water. Furthermore, to the extent parties
subject to such permits request information from the PA’s, require permission from a PA or are
otherwise called to the PA’s attention, PA’s may advise the dischargers of the importance of
protecting the groundwater resource and/or request notice and participate in the public comment
opportunities of the agency with permit jurisdiction.
5.2.4 Administration of Well Abandonment and Well Destruction Program
State regulations require that all unused wells be properly abandoned or destroyed so that they do
not act as conduits for mixing of groundwater of differing quality. Non-pumped wells are a
much greater threat than pumped wells, since pumping normally quickly removes contaminants
that may have migrated during idle periods. In gravel packed wells, the gravel pack as well as
the casing itself can act as a conduit for mixing and potential contamination.
Permits are required from the local responsible jurisdiction, county or city, for abandonment of
wells within their jurisdiction.
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Activities within the GMA: The cities within the GMA defer this responsibility within their
jurisdiction to the county health departments for well abandonment and destruction permitting.
For public water supply wells, additional requirements may be prescribed by the DPH. Permit
fees are normally required. The agricultural PAs rely on continued administration of the well
abandonment and destruction program by the permitting agencies. The PAs’ role in well
abandonment and destruction is to provide available groundwater data, assist in identifying
locations of operating and abandoned wells, and advise well owners why proper well destruction
is important for protection of water quality.
5.2.5 Well Construction
Improperly constructed wells can establish pathways for pollutants to enter from surface
drainage and can cause mixing of water between aquifers of differing quality. Sections 13700
through 13806 of the California Water Code require proper construction of wells. The standards
of well construction are specified in DWR Bulletins 74-81 and 74-90 (DWR, 1981 and DWR,
1991).
The local jurisdictions, counties and cities, within the GMA have the fiduciary responsibility to
enforce well construction standards within their jurisdictions. Well construction permits are
required to drill a new well or to modify an existing well. Well Driller’s Reports must be filed
with the DWR and the respective counties.
Typically, it is the responsibility of the respective environmental health divisions of San Joaquin,
Stanislaus and Merced Counties to permit and enforce standards for construction and
abandonment of wells within their respective jurisdictions. The counties maintain records on
these permitted wells as well as DWR. These data are publicly available and should be collected
to incorporate into regional studies and monitoring programs, and may be supplemented with
data on water levels and groundwater quality collected by other agencies to identify locations
susceptible to intermixing of aquifer zones of varying water quality.
A better understanding of the subsurface geology and water quality is needed to define the
confining beds between aquifer zones of differing water quality. Site-specific hydrogeologic
investigations should be conducted to support well designs and should be submitted with the
proposed well designs to obtain the well drilling permit.
Activities within the GMA: The cities within the GMA defer this responsibility within their
jurisdiction to the county health departments for well construction permitting. Merced and
Stanislaus Counties have adopted the DWR California Well Standards. San Joaquin County has
developed its own standards that are slightly more rigorous than the DWR standards. The
authority over well construction remains with the respective counties. The PAs may obtain
information from the counties, such as copies of well permits, logs, and studies to assist in their
groundwater management activities
5.2.6 Review of Land Use Plans to Assess Risk of Groundwater Contamination
Land use planning is used by counties and cities for regulation of land uses within their boundary
or sphere of influence to create a quality of life and to achieve compatibility between man’s
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activities and the environment. It is a very effective method to mitigate impacts of changes in
land use on groundwater quantity and quality.
Policies set forth in county general plans, city general plans, and community specific plans that
affect groundwater may include:
•
•
•
•
•
•

Regulating growth in groundwater recharge areas to protect water quality;
Regulating development to improve water quality from storm water runoff and improve
groundwater recharge opportunities;
Monitoring water quality and groundwater levels;
Providing planning for proper disposal of solid waste, sanitary waste, storm runoff, and
hazardous wastes generated by the community;
Restrictions to projected growth based on water consumption relative to available water
supplies; and
Mitigating the impacts of reduction in surface water supply resulting from conversion of
land from agricultural use to urban use.

To achieve the common goals between the various land use plans and this GMP, close
coordination between agencies is needed. During periodic land use plan preparation and
updates, cities or counties should consult with the appropriate PAs to avail themselves of the
latest information on hydrogeologic conditions that may be affected by proposed activities, so
that appropriate mitigation measures can be included in the plans to avoid significant adverse
impacts to local water resources. Proposed land use plans and supporting environmental
documentation should be reviewed and commented upon by the PAs.
Activities within the GMA: Currently, The City of Patterson has proposed Low Impact
Development policies as part of their General Plan update that should be followed during the
planning process of development.
5.2.7 Construction and Operation of Groundwater Management Facilities
Groundwater management plans can include projects that protect the quality of groundwater and
assure that the quantity of groundwater in storage is managed to meet long-term demand. The
facilities that can aid in efficient management of groundwater resources include groundwater
contamination clean-up projects, groundwater recharge projects, water recycling projects, and
groundwater extraction projects. As knowledge is gained through implementation of the GMP
components, specific projects may be identified and evaluated. The individual PAs are
responsible for the development and implementation of those projects.
Activities within the GMA:
a. Tracy developed a regional groundwater management plan to refine and address their
specific needs and define projects to sustain the groundwater resources beyond those
identified in this Basin-wide GMP.
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b. SLDMWA is in the process of developing a basin-wide groundwater monitoring plan that
will include a groundwater monitoring network that will be developed following approval
by DWR. This monitoring will assist the PAs in identifying projects to manage the
groundwater resources.
c. The City of Patterson has included programs in their water supply planning and policy
documents to increase local groundwater recharge and protect groundwater quality.

5.3 Components Relating to Inelastic Land Surface Subsidence
Reducing the amount of groundwater in storage by pumping can cause the dewatering of finegrained geological formations, potentially resulting in land subsidence and a reduction in the
storage capacity of the aquifer.
The management of the land subsidence would include monitoring and prevention programs.
Management of land surface subsidence should contain the following elements:
•

•
•

Establish a subsidence monitoring program. Benchmarks should be established at well
locations, so it would be possible to relate the subsidence to groundwater levels and
extractions.
Identify areas where monitoring suggests land subsidence.
Identify groundwater management strategies that may be employed to minimize the
subsidence.

Activities within the GMA: Tracy established a subsidence-monitoring program in 2003.
Benchmarks were established near each of the City’s monitoring wells. A benchmark level
survey is performed in the spring periodically by using a Global Positioning System (GPS)
initially calibrated with precise differential level surveys. The results of the Monitoring Program
are presented in semiannual reports.

5.4 Components Relating to Surface Water Quality and Flow
SB 1938 requires the inclusion of components relating to the management of changes in surface
flow and water quality that directly affect groundwater levels or quality or are caused by
groundwater pumping. Specific actions may include:
•
•
•

Use of surface water supplies when available in a recharge program or conjunctive use
program that is sensitive to downstream users and the environment;
Avoidance or mitigation of projects that detrimentally affect surface water quality and
flow;
Increase understanding of the interaction between surface water quality and groundwater
quality through the GMA monitoring programs.

Activities within the GMA: The current and planned actions within the GMA related to recharge
and conjunctive use are detailed in previous sections. Monitoring programs are being expanded
through the SLDMWA basin-wide monitoring plan and network and also through the collection
of information required under the ILRP.
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Section 6
Groundwater Monitoring Programs and Plans
6.1 Groundwater Monitoring Programs
The purposes of a groundwater monitoring program are to identify areas of overdraft, provide
information that will allow computation of changes in groundwater storage to evaluate net
recharge or depletion, and identify the areas and extent of water quality degradation for potential
mitigation. Groundwater level monitoring is essential to understand the impact on aquifer
storage due to changes in water inflow and outflow components and in pumping activities.
Mapping of groundwater levels depicts the direction of groundwater movement and the hydraulic
gradient necessary for quantifying groundwater inflow and outflow to the GMA. Monitoring and
mapping should be done independently in the unconfined and confined zones.
On behalf of the PAs, SLDMWA plans to take on the role as the groundwater Monitoring Entity
within the GMA, in accordance with the requirements set forth in SBx7-6. As of January 2011,
SLDMWA notified DWR that they are planning to assume the responsibility for the groundwater
Monitoring Function within the GMA. Additionally, SLDMWA is preparing a groundwater
monitoring plan, assuming this role as an Umbrella Monitoring Entity in a collaborative effort
with USBR and the PAs. This plan will describe the proposed groundwater monitoring program
in detail. It is anticipated that this plan will be submitted to DWR by the summer of 2011 for
review and approval, and Monitoring Functions within the GMA undertaken by the PAs with
SLDMWA as the lead entity on or before January 2012. The proposed monitoring program
would rely on the collaboration with the PAs to perform any necessary measurements and collect
groundwater elevation data for regular submittals to DWR, at a minimum annually. As an
Umbrella Monitoring Entity, SLDMWA will collect and compile the water level data gathered
by the PAs for submittal to DWR. The proposed groundwater monitoring plan will describe:
•
•
•

•
•

•
•

A program for collaborating with and coordinating the efforts amongst the PAs to monitor
groundwater levels within the GMA;
Standard procedures and methods for the measurement and collection, quality assurance,
and documentation of field data;
A DWR approved monitoring network comprised of monitoring wells selected to be
representative of the groundwater conditions throughout the GMA, including a map of
the proposed monitoring locations;
A monitoring schedule that is coordinated amongst the PAs and approved by DWR that
facilitates evaluation of seasonal and long-term trends in groundwater levels;
Standard protocols for the gathering and coordination of data from the PAs and other
agencies, as applicable, like DWR, USGS, DPH, San Joaquin County, Stanislaus County,
and Merced County;
Standard procedures for reporting results and findings to the PAs for evaluation; and,
Standard protocols for data transmittal from the SLDMWA to DWR.

Northern Agencies GMP

34

AECOM

As part of this groundwater monitoring plan, groundwater levels will be reviewed by the PAs.
An annual report will be prepared that describes the groundwater monitoring results, and
evaluates developing trends and the condition of the aquifer. Based on the information presented
in the annual report, the PAs, through a steering committee, will determine if additional activities
are warranted. Some details regarding the sources of groundwater data from within the GMA are
identified below.
DWR
In the past, DWR measured groundwater levels in wells and maintained a database of the
groundwater measurements statewide. Currently, DWR maintains publicly available statewide
groundwater level data at the Department's Groundwater Level Database website
(http://www.water.ca.gov/waterdatalibrary/). This site provides a graphical interface that allows
selection of individual wells from a local area map. Data can also be retrieved by specifying the
groundwater basin or township of interest. A selected well will return a groundwater level
hydrograph and data table including the depth to water below reference point, elevation of water
surface and depth to water below land surface. This site currently maintains groundwater level
information for nearly 18,000 wells within the San Joaquin District boundary and about 60,000
wells statewide.
With the passage of SBx7-6, DWR will be relying on local entities to take on the responsibility
of measuring groundwater levels within basins in conformance with a DWR approved
monitoring plan and schedule, and submitting the data to DWR. The data will be uploaded to a
DWR database in conformance with DWR protocols. Therefore, the number of groundwater
monitoring locations, and continuity with previous locations may change as the monitoring
responsibility transitions from DWR to local monitoring entities, and new monitoring networks
and schedules are established. Information regarding the SBx7-6 requirements may be obtained
through the DWR at the California Statewide Groundwater Elevation Monitoring (CASGEM)
website (http://www.water.ca.gov/groundwater/casgem/).
USGS
USGS maintains the Ground-Water Data for the Nation database, which contains groundwater
site
inventory,
groundwater
level
data,
and
water
quality
data
(http://waterdata.usgs.gov/nwis/gw). The groundwater site inventory consists of more than
850,000 records of wells, springs, test holes, tunnels, drains, and excavations in the United
States. Available site descriptive information includes well location information such as latitude
and longitude, well depth, and aquifer. The USGS annually monitors groundwater levels in
thousands of wells in the United States. Groundwater level data are collected and stored either
as discrete groundwater level measurements or as continuous record. The data available for this
GMA has not been updated.
USGS, in concert with other State and Federal agencies, developed and maintains a hydrologic
model of the Central Valley of California. The CVHM is a MODFLOW model developed from
a comprehensive geospatial database of numerous features of the heterogeneous Central Valley
aquifer system. According to USGS, CVHM will be operated by USGS and made available for
use by water managers and other agencies. It was designed to help resource agencies assess,
understand and address the many issues affecting the use of surface water and groundwater
supplies in the Central Valley. It is intended to aid water managers by simulating a number of
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water-management scenarios and assess possible changes in both groundwater and surface water
supplies on a regional scale. CVHM generally has a resolution of about 1 mile spacing between
nodes. However, at the request of SLDMWA through USBR, CVHM resolution is being
increased by USGS to approximately ¼ mile spacing between nodes within the areas serviced by
SLDMWA, including the GMA. This improvement to the CVHM, within the SLDMWA
Service Area, was requested to aid in modeling of potential subsidence from water withdrawal
and to assist PAs with alternatives impact analyses for local project decision-making through
groundwater modeling. The model can take into account a number of hydrologic factors
including the conversion of farmland to urban use, groundwater recharge and extractions, and the
effects of climate change. Limitations on the application of CVHM due to the scale used in
calibration may be encountered in some smaller applications by water managers. Upon request,
USGS can incorporate additional data into the CVHM to refine the input parameters and
calibration, thus providing improved accuracy and precision, within a specified region.
Information regarding the CHVM may be obtained through USGS (Contact: Claudia Faunt,
Phone: 619-225-6142; ccfaunt@usgs.gov).
SWRCB – USGS – Lawrence Livermore National Laboratory (LLNL)
The SWRCB is collaborating with the USGS and the LLNL to implement the GAMA Program.
The GAMA Program is a statewide comprehensive groundwater quality monitoring program,
developed in response to the Groundwater Quality Monitoring Act of 2001 (Water Code
sec.10780-10782.3). The goals are to improve statewide groundwater monitoring, and facilitate
the availability of information about groundwater quality to the public. The data collected will
provide an indication of potential water quality problems. It will also be used to identify the
natural and human factors affecting groundwater quality. Prior to 2003, the GAMA Program
conducted the California Aquifer Susceptibility (CAS) Assessment. The CAS Assessment
addressed the relative susceptibility to contamination of public wells. This effort was the
foundation for the GAMA Program. The GAMA Program also addresses the quality of
private/domestic drinking water wells through the Voluntary Domestic Well Assessment Project.
As part of the GAMA Program, the groundwater basins in California were ranked in groups of
sampling priority on the basis of the number of public wells, groundwater usage, and potential
sources of groundwater contamination in each basin. Three types of water quality assessments
were conducted for each unit:
1. The assessment of current groundwater quality.
2. The detection of changes in water quality.
3. The assessment of natural and human factors that affect groundwater quality.
To efficiently facilitate a statewide, comprehensive program most efficiently, uniform and
consistent study-design and data-collection protocols were applied to the entire state.
There are four currently active components of the GAMA Project:
1. GeoTracker GAMA: GeoTracker GAMA is a program to develop and implement a userfriendly internet accessible to georeferenced groundwater database. Data are searchable
by text or through an interactive map for groundwater constituents, location and other
parameters. The database includes over 150,000 sampling locations. GeoTracker
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GAMA provides tools to integrate, standardize, and analyze data from several datasets,
including data from:
•
•
•
•
•
•
•

California State Water Resources Control Board (SWRCB)
California Regional Water Quality Control Boards (RWQCB)
California Department of Public Health (DPH)
California Department of Pesticide Regulation (DPR)
California Department of Water Resources (DWR)
United States Geological Survey (USGS)
Lawrence Livermore National Laboratory (LLNL)

More information about this program is available
(http://www.waterboards.ca.gov/gama/geotracker_gama.shtml#).

through

SWRCB

2. Priority Basin Project: The GAMA Priority Basin Project assesses groundwater quality in
key groundwater basins in the State. Groundwater is monitored for hundreds of
chemicals at low detection limits, including emerging contaminants such as
pharmaceuticals and personal care products. The GAMA Priority Basins consist of 116 of
the 472 DWR defined groundwater basins in the State. The GAMA Priority Basin
Project is grouped into 36 groundwater basin groups called “study units”. Each study unit
is sampled for common contaminants regulated by the DPH, and also for unregulated
chemicals. Some of the chemical constituents that are sampled by the GAMA Priority
Basin Project include: volatile organic compounds (VOCs); pesticides; Stable isotopes of
oxygen, hydrogen, and carbon; emerging contaminants; trace metals; radioactivity;
general ions; nutrients; and bacteria. Monitoring and assessments for priority
groundwater basins is on-going and will be completed every ten years, with trend
monitoring every 3 years. Initial testing of and reporting on the groundwater quality is
being conducted currently. More information about this program is available through
SWRCB (http://www.waterboards.ca.gov/gama/priority_basin_projects.shtml).
3. Domestic Well Project: The GAMA Domestic Well Project collects and tests samples
from private domestic water supply wells, whose owners have volunteered for the
program, for commonly detected chemicals. Domestic well water is for private use and
consumption. Its quality is not regulated by the State. The results of the testing for each
well are shared with the well owner, and used to evaluate the quality of groundwater used
by private well owners. The Domestic Well Project has sampled five County Focus Areas
in California as of 2009: Yuba, El Dorado, Tehama, Tulare, and San Diego. None of
which lie within the GMA. In general, the Domestic Well Project tests for constituents
that are a common concern in potable water: bacteria, general minerals, general chemical
parameters, inorganic chemicals and nutrients, and organic chemicals. The results are
compared to CDPH drinking water standards. More information about this program is
available through SWRCB (http://www.waterboards.ca.gov/gama/domestic_well.shtml).
4. Special Studies Project: The GAMA Special Studies Project consist of a number of
studies undertaken by LLNL, to look at various relationships between land uses,
management practices, and other activities and the effects these activities have on local
groundwater resources. LLNL has conducted several groundwater special studies. Of
which, Seven projects have been completed; five reports have been published with
Northern Agencies GMP

37

AECOM

numerous scientific papers and presentation. The studies completed consist of the
following:
•
•
•
•
•
•
•
•

The fate & transport of nitrate sources from dairies
Nitrate management plan studies for the Llagas Basin (Gilroy), and Chico Basins
The fate and transport of nitrate sources and occurrence, and its relation to land
usage (fertilizer, wastewater, and/or agricultural)
Nitrate sources and occurrence in Orange County
Nitrate sources and occurrence in Livermore
Wastewater indicator study
A wastewater indicator study on how septic systems affect shallow groundwater
A wastewater indicator study of areas irrigated by recycled water in Gilroy and
Livermore.

The Special Studies still in progress address groundwater recharge, changes in chemistry
of groundwater recharged by surface waters, and development of a field deployable
apparatus for extraction and collection of dissolved gasses from groundwater samples.
More information about this program is available through SWRCB
(http://www.waterboards.ca.gov/gama/special_studies.shtml).
Findings from the initial studies conducted as part of the Priority Basin Project for the Northern
San Joaquin Study Unit have been completed and published by USGS, and are available at the
GAMA Program website (http://ca.water.usgs.gov/gama/SU/nsjv.htm). The northern portions of
the GMA within San Joaquin County lie within the Tracy Subbasin, which in turn lies within the
western portion of the Northern San Joaquin Study Area (Bennett, G.L., et.al., 2006). The
remainder of the GMA lies within the Delta Mendota Subbasin, which lies within the Western
San Joaquin Valley Study Unit. The initial sampling and testing of groundwater from wells
located in the Western San Joaquin Valley Study Unit is currently being completed and the
findings are scheduled to be published in early 2011 (Contact: jshelton@usgs.gov). More
information about this program is available through SWRCB or USGS
(http://www.waterboards.ca.gov/gama/ or http://ca.water.usgs.gov/gama/).
DPH - Division of Drinking Water and Environmental Management
Every public water system in the State has to have the analyzing laboratory enter the results of
all chemical monitoring to the Drinking Water Program, a water quality monitoring database. A
CD containing the database can be purchased from the Monitoring and Evaluation Unit (Contact:
Steve Book, Phone: 916-449-5566; sbook@dhs.ca.gov). For security reasons, DPH does not
provide the coordinates of each well included in the database. However, general location
information is easy to deduce from names of the water systems.
SLDMWA
The PAs cooperatively developed a comprehensive groundwater level and quality monitoring
plan for the GMA (Stoddard & Associates, 1999). Currently, only the groundwater levels are
monitored twice a year at a portion of the wells identified in the plan. Other elements of the plan
have not yet been implemented, though implementation of additional elements will occur in the
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future as the groundwater monitoring plan is prepared and approved by DWR. (Contact: Joe
Martin, Phone: 209-832-6241; joe.martin@sldmwa.org.)
San Joaquin County
The San Joaquin County Groundwater Data Center (GDC) is a countywide centralized
groundwater information medium that provides access to groundwater data collected and shared
by agencies throughout San Joaquin County. The county groundwater level monitoring program
includes semi-annual measurements of over 550 wells, of which approximately 300 are
measured by county staff. The data collected is stored electronically in a database for further
analysis. Historic groundwater data are accessible through the internet at the GDC website
(http://www.sjmap.org/groundwater/).
Stanislaus County
The County has groundwater quality information available from the Public Water System
database. An appointment is necessary to gather that information. At this time, there is no
groundwater level information available. (Contact: Tom Wolf, Phone: 209-525-6756)
City of Tracy
Tracy developed a Mitigation Monitoring Program in 2001. The monitoring network consists of
eight active production wells, four nested monitoring wells, and 18 clustered monitoring wells.
Because of the design of the monitoring wells, data from those wells are considered
representative of individual aquifer conditions and are generally of higher quality than the data
obtained from production wells. Groundwater levels are obtained monthly, and water quality is
collected quarterly. This program also includes a subsidence survey. The annual benchmark
survey is performed in the spring periodically. The results of the monitoring program are
presented in semiannual reports (GEI Consultants, 2005). (Contact: Steve Bayley, Phone: 209831-4420; steve.bayley@ci.tracy.ca.us.)

6.2 Monitoring Plans
SB 1938 requires the adoption of monitoring protocols designed to detect changes in
groundwater levels, groundwater quality, inelastic surface subsidence for basins for which
subsidence has been identified as a potential problem, and flow and quality of surface water that
directly affect groundwater levels or quality or are caused by groundwater pumping in the basin.
The monitoring protocols shall be designed to generate information that promotes efficient and
effective groundwater management.
For this GMP, monitoring protocols will be defined based on goals of particular programs. As
part of the requirements of SB 1938, the PAs must adopt monitoring protocols to measure
changes in water levels and quality, subsidence where subsidence has been identified as a
potential problem, and flow and quality of surface water directly influenced by groundwater.
Under the requirements of SBx7-6, the SLDMWA has notified DWR as the monitoring entity for
the GMA on behalf of the PAs. As the Umbrella Monitoring Entity in the GMA, SLDMWA is
responsible for coordinating the activities of the PAs with regard to groundwater monitoring,
including development of schedules, approved monitoring network, and standardized collection
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techniques for groundwater level monitoring, groundwater quality sample collection,
preparation, documentation, laboratory procedures and methods, and data validation and transfer
procedures. All of these elements are described in the recent Groundwater Monitoring Plan
prepared by SLDMWA. The Groundwater Monitoring Plan should be adopted by the PAs, and
then approved by DWR by the summer of 2011, and implemented before the end of 2011.
SLDMWA, through consultation with the PAs, will describe in the Groundwater Monitoring
Plan the framework for analysis of data and dissemination of the results in conformance with
DWR data transfer protocols. There are currently 6 proposed elements, or plans, considered for
the Groundwater Monitoring Program.
Data Collection
This proposed element will describe a data collection plan to ensure that data is collected in a
consistent manner that produces meaningful data for reporting. To this end, this element will
include procedures associated with the data collection process, such as the protocol for sampling
and/or measuring point location, frequency of sampling/measuring, what entity performs the
sampling/measuring, quality assurance, quality control, documentation requirements, well owner
notification procedures and parameters to be monitored. This element will also include a
description of procedures for obtaining access permission from well and/or land owners, for
documenting special access requirements, for marking and identifying monitoring points, and for
obtaining and documenting site conditions and survey information regarding the monitoring
points.
Groundwater Elevation Monitoring
This proposed element will describe a groundwater elevation monitoring plan to provide accurate
and dependable groundwater well depth-to-water field measurements that are the basis for
evaluating the long-term trends in the change in groundwater levels and quantity within the
GMA. This element will include procedures and schedules for conducting groundwater level
measurements to determine groundwater elevations. A schedule for conducting measurements
will be included and will be based on sampling periods most likely to be representative of longterm groundwater conditions, anticipated to likely occur in spring and fall of each year based on
current understanding of regional conditions. In addition, groundwater level information will
also be regularly collected from continuously monitoring instrumentation affixed to a number of
groundwater monitoring points throughout the GMA. Groundwater level data will be
incorporated into the SLDMWA database in accordance with data collection protocol and
uploaded to the DWR web-based database at least once a year in accordance with DWR
protocol.
Groundwater Quality Monitoring
This proposed element will describe a groundwater quality monitoring plan to track various
groundwater constituents of concern that may demonstrate long-term trends in water quality that
may adversely impact the beneficial uses of groundwater within the GMA and to allow early
detection of potential trends as they develop so that timely remedial actions may be undertaken.
Water quality testing will be conducted routinely on wells within the GMA discharging to the
Delta Mendota Canal. Additionally, water quality testing will be conducted on some USGS
wells. Groundwater quality data will be incorporated into the SLDMWA database in accordance
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with data collection protocol and uploaded to the DWR web-based database at least once a year
in accordance with DWR protocol.
Groundwater Extraction Monitoring
This proposed element will describe a plan for documenting the amount and location of
groundwater extracted from within the GMA to aid in evaluating of groundwater conditions.
Groundwater pumping will be measured at a number of wells within the GMA affixed with
meters, many of which are currently measured for discharge to DMC under Warren Act
Contract. Groundwater extraction data will be incorporated into the SLDMWA database in
accordance with data collection protocol and may be uploaded to the DWR web-based database
at least once a year in accordance with any applicable DWR protocol.
Land Subsidence Monitoring
This proposed element describes a plan to measure land subsidence and to predict the potential
for further subsidence. Continuously operating subsidence monitoring stations have previously
been installed within the GMA, which will be utilized to measure subsidence. Tentatively, it has
been proposed that data will be collected monthly. Subsidence monitoring data will be
incorporated into the SLDMWA database in accordance with data collection protocol and may
be uploaded to the DWR web-based database at least once a year in accordance with any
applicable DWR protocol.
Reporting
This proposed element describes a plan for reporting the results of the monitoring program. As
the Umbrella Monitoring Entity representing the PAs, SLDMWA will take undertake the
responsibility of coordinating the collection and compilation of all applicable groundwater well
data within the GMA, and regularly submit the data, at a minimum annually, to the DWR in
conformance with the CASGEM protocol. Additionally, it is anticipated that as part of the
program, an annual Groundwater Monitoring Report will be prepared that summarizes the water
quality, water level, water extraction and subsidence data collected throughout the year. It is
anticipated that this report will provide summary information including maps, figures, charts,
and tables to characterize water quality, water level and subsidence trends occurring within the
GMA. Finally, in accordance with agreements with USGS, SLDMWA will submit data reports
on a regular basis to USGS for incorporation into the USGS Central Valley Groundwater Study,
and the groundwater flow and land-subsidence model that is currently being developed within
the SLDMWA boundaries.
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Section 7
Implementation of the Groundwater Management
Plan
The GMP implementation involves development of programs through cooperative efforts of the
PAs. Implementation of some aspects of the plan may require considerable expenditures and
formulas must be developed to allocate costs amongst the PAs. Implementation of regional
groundwater management plans is ultimately less costly than implementation of plans by
individual agencies, but the implementation strategy is complicated since the PAs have varied
reliance on the groundwater resource. The priorities for implementation of the various elements
of the GMP will vary from PA to PA. The potential benefits of regional planning within a
common groundwater basin or subbasin far outweigh the difficulties of plan implementation.
The cooperation of agencies increases the opportunities for water resource management.
In the GMA, the PAs can be generally separated into four categories:
1. Urban water users that currently rely exclusively or primarily on groundwater.
2. Agricultural water users who rely solely on groundwater for water supply.
3. Agricultural water users that rely on surface water and use groundwater for supplemental
supply.
4. Agricultural water users with sufficient surface water supply, with groundwater used only
for incidental purposes.
Depending on the category, a PA will be willing to invest an appropriate amount of time, effort,
and financial resources into groundwater management and make the investment in those
management elements that affect it the most. It cannot be expected that all agencies will invest
equally in all the elements of the GMP. Hence, an implementation strategy must provide
flexibility in the level of agency participation in each element of the plan. For instance, urban
agencies and agricultural agencies that rely solely on groundwater supplies may be much more
prone to invest in controlling saline water intrusion and localized overdraft; whereas, urban
agencies may be more interested in wellhead protection or controlling migration of contaminated
groundwater. Participating in conjunctive use operations is obviously desirable for those PAs
with water supply deficits, but may also be attractive to those with surplus surface supplies that
can be used for recharge purposes.
With consideration given to the reliance upon groundwater by the PAs and the varying
importance of the groundwater management elements, the recommended implementation
strategy is as follows:
•
•
•

After public review and consideration of comments received, the final plan should be
adopted by each agency.
The SLDMWA will facilitate coordinating plan implementation among the PAs.
Groundwater monitoring data collected annually will be provided to a consultant with
expertise in hydrogeology and local groundwater conditions for review and preparation
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•

•
•

•

•

•

of an annual report that will include a summary of the groundwater data, discussion of
developing trends and recommendations for groundwater management strategies.
Under the SLDMWA Activity Agreement, the Steering Committee made up of
representatives of the PAs will meet at least twice a year to:
1) Review findings of the groundwater monitoring program and developing trends,
2) Based on the annual findings, consider and recommend that the PA’s adopt new
regional groundwater policies as necessary,
3) Review particular projects being implemented or proposed by the Pas and their
potential impacts, and
4) Assist the PA’s to coordinate policies and projects under the regional GMP.
With consideration given to the identified problem areas, the committee shall establish a
recommended priority list for management actions.
Management activity groups will be formed, as needed, of those participating agencies
interested in implementing certain elements of the groundwater management plan to
identify specific management actions, develop budgets, and apportion costs.
Once a year, each PA will provide a summary of the status of their ongoing programs and
any proposed programs to be implemented within the following year for consideration by
the PAs and for coordination purposes.
An annual summary would be prepared to report the current state of the basin and
describe the management activity that has taken place for each plan element. It would be
used to keep PAs and the SLDMWA abreast of the group's activities.
At least once a year the PAs will meet to discuss budgets and cost allocations for
SLDMWA activities in facilitating and coordinating the regional monitoring program and
any other SLDMWA expenditures needed to facilitate and coordinate implementing
agreed upon groundwater management programs within the GMA.

This GMP is a living document and as such is expected to adapt as more information becomes
available through the various programs instituted within the GMA, as conditions change, and as
the needs of the PAs evolve. Thus, this implementation strategy is expected to be refined as
necessary by the management committee.
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FIGURES

APPENDIX A
USBR GAMA Water Quality Data for Tracy Subbasin Area

Field Parameters

TRCYFP-05

TRCY-11

TRCYFP-04

TRCY-08

TRCYFP-03

TRCY-03

(mm/dd/yy)

n/a

n/a

1/5/2005

1/6/2005

2/8/2005

2/17/2005

1/4/2005

1/5/2005

1/5/2005

1/5/2005

Well head altitude

(ft above
LSD)

n/a

n/a

16

207

105

26

29

22

199

45

n/a

n/a

1953

1989

1997

1985

1961

n/a

1988

1989

Units

Year of construction

Trihalomethanes

TRCYFP-02

TRCY-01

Threshold type

Sample Date

GAMA well
identification number

Solvents

Threshold level

Table 4
Findings from GAMA Priority Basins Program for Tracy Subbasin Area of the Northern San Joaquin Study Area

Well depth

(ft below
LSD)

n/a

n/a

502

900

340

400

1148

400

870

990

Top perforation

(ft below
LSD)

n/a

n/a

384

420

320

310

337

n/a

420

490

Bottom perforation

(ft below
LSD)

n/a

n/a

480

890

340

400

561

n/a

850

980

Total open length

(ft)

n/a

n/a

96

470

20

90

224

n/a

430

490

n/a

n/a

1

1

1

2

5

n/a

1

1

Number of openings
Turbidity(61028)

(NTU,
field)

n/a

n/a

nc

0.2

nc

nc

0.1

nc

0.2

nc

pH (00400)

(standard
units, field)

n/a

n/a

nc

7.5

nc

nc

7.7

nc

7.5

nc

pH (00403)

(standard
units,
laboratory)

n/a

n/a

nc

E6.6

nc

7.9

E7.2

7.5

7.3

7.5

Specific conductance
(00095)

(μS/cm at
25°C, field)

n/a

n/a

1880

1000

699

938

999

1060

1250

1290

Total hardness, as
CaCO3 (00900)

(mg/L,
laboratory)

n/a

n/a

nc

310

nc

160

290

210

370

250

Alkalinity, dissolved, as
CaCO3 (29802)

(mg/L,
field)

n/a

n/a

nc

A194

nc

nc

A122

nc

A184

nc

Bicarbonate, dissolved,
as HCO3 (63786)

(mg/L,
field)

n/a

n/a

nc

A235

nc

nc

A149

nc

A224

nc

Carbonate, dissolved,
as CO3 (63788)

(mg/L,
field)

n/a

n/a

nc

<1

nc

nc

<1

nc

<1

nc

(μg/L)

MCL-US

80

nc

E0.02

nc

nc

1.82

2.39

E0.02

E0.03

(μg/L)

MCL-US

80

nc

ND

nc

nc

1.2

3.8

ND

ND

Bromodichloromethane
(32101)

(μg/L)

MCL-US

80

nc

ND

nc

nc

3.06

5.91

E0.03

ND

Dibromochloromethane
(32105)

(μg/L)

MCL-US

80

nc

ND

nc

nc

2.9

6.8

ND

ND

Tetrachloroethylene
(PCE) (34475)

(μg/L)

MCL-US

5

nc

ND

nc

nc

ND

ND

ND

ND

1,2-Dichloropropane
(34541)

(μg/L)

MCL-US

5

nc

ND

nc

nc

ND

ND

ND

ND

Trichloroethylene (TCE)
(39180)

(μg/L)

MCL-US

5

nc

ND

nc

nc

ND

ND

ND

ND

1,1-Dichloroethene
(34501)

(μg/L)

MCL-CA

6

nc

ND

nc

nc

ND

ND

ND

ND

cis-1,2-Dichloroethene
(77093)

(μg/L)

MCL-CA

6

nc

ND

nc

nc

ND

ND

ND

ND

Tetrahydrofuran
(81607)

(μg/L)

n/a

n/a

nc

ND

nc

nc

ND

ND

ND

ND

Dichloromethane
(34423)

(μg/L)

MCL-US

5

nc

ND

nc

nc

ND

E0.03

ND

ND

Dibromomethane
(30217)

(μg/L)

n/a

n/a

nc

ND

nc

nc

0.14

0.38

ND

ND

trans-1,2Dichloroethene (34546)

(μg/L)

MCL-CA

10

nc

ND

nc

nc

ND

0

ND

ND

Tetrachloromethane
(Carbon tetrachloride)
(32102)

(μg/L)

MCL-CA

0.5

nc

ND

nc

nc

E0.02

0

ND

ND

Chloroform
(Trichloromethane)
(32106)
Bromoform
(Tribromomethane)
(32104)
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Tentatively identified compounds with CAS numbers1

Refrigerants

Organic synthesis

Gasoline

TRCYFP-05

TRCYFP-04

TRCYFP-03

TRCYFP-02

TRCY-11

TRCY-08

Units

TRCY-03

TRCY-01

Threshold level

Threshold type

GAMA well
identification number
Ethylbenzene (34371)

(μg/L)

MCL-CA

300

nc

ND

nc

nc

ND

0

ND

ND

Methyl tertbutyl ether
(MTBE) (78032)

(μg/L)

MCL-US

13

nc

ND

nc

nc

ND

0

ND

ND

Benzene (34030)

(μg/L)

MCL-CA

1

nc

ND

nc

nc

ND

0

ND

ND

Methyl tertpentyl ether
(50005)

(μg/L)

n/a

n/a

nc

ND

nc

nc

ND

0

ND

ND

Toluene (34010)

(μg/L)

MCL-CA

150

nc

ND

nc

nc

ND

V0.01

ND

V0.01

m-and p- Xylene
(85795)

(μg/L)

MCL-CA

1750

nc

ND

nc

nc

ND

0

ND

ND

o-Xylene (77135)

(μg/L)

MCL-CA

1750

nc

ND

nc

nc

ND

ND

ND

ND

1,1-Dichloroethane
(34496)

(μg/L)

MCL-US

5

nc

ND

nc

nc

ND

ND

ND

ND

1,2,4-Trimethylbenzene
(77222)

(μg/L)

NL

330

nc

E0.08

nc

nc

ND

ND

E0.09

ND

Carbon disulfide
(77041)

(μg/L)

NL

160

nc

ND

nc

nc

ND

ND

ND

ND

Styrene (77128)

(μg/L)

MCL-US

100

nc

ND

nc

nc

ND

ND

ND

ND

Bromochloromethane
(77297)

(μg/L)

HA-L

9

nc

ND

nc

nc

ND

0.24

ND

ND

Trichlorofluoromethane
(CFC-11) (34488)

(μg/L)

MCL-CA

100

nc

ND

nc

nc

ND

ND

ND

ND

Dichlorodifluoromethane
(CFC-12) (34668)

(μg/L)

NL

1000

nc

ND

nc

nc

ND

ND

ND

ND

Chloromethane (34418)

(μg/L)

HA-L

30

nc

ND

nc

nc

ND

ND

ND

ND

Cyclopentane (287-923)

(μg/L)

n/a

n/a

nc

0.1

nc

nc

nc

nc

nc

nc

Methane chlorodifluoro
(75-45-6)

(μg/L)

n/a

n/a

nc

ND

nc

nc

nc

nc

nc

nc

Methane dichlorofluoro
(75-43-4)

(μg/L)

n/a

n/a

nc

ND

nc

nc

nc

nc

nc

nc

C5-Alkene (109-67-1)

(μg/L)

n/a

n/a

nc

ND

nc

nc

nc

nc

nc

nc

C2-cyclopropane (119196-4)

(μg/L)

n/a

n/a

nc

ND

nc

nc

nc

nc

nc

nc

Sulfur dioxide (7446-095)

(μg/L)

n/a

n/a

nc

ND

nc

nc

nc

nc

nc

nc

Hexafluoropropene
(116-15-40)

(μg/L)

n/a

n/a

nc

ND

nc

nc

nc

nc

nc

nc

Pentafluoropropene
(690-27-7)

(μg/L)

n/a

n/a

nc

ND

nc

nc

nc

nc

nc

nc

Hexafluoropropene and
CO2

(μg/L)

n/a

n/a

nc

ND

nc

nc

nc

nc

nc

nc

Pentafluoropropene and
CO2

(μg/L)

n/a

n/a

nc

ND

nc

nc

nc

nc

nc

nc

Unknown (a)

(μg/L)

n/a

n/a

nc

ND

nc

nc

nc

nc

nc

nc

C1-Cyclobutane (59861-8)

(μg/L)

n/a

n/a

nc

ND

nc

nc

nc

nc

nc

nc

Unknown (b)

(μg/L)

n/a

n/a

nc

ND

nc

nc

nc

nc

nc

nc
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AECOM Water

Wastewater-indicator Constituents

Pesticide degradates

Herbicides

TRCYFP-05

TRCYFP-04

TRCYFP-03

TRCYFP-02

TRCY-11

TRCY-08

Units

TRCY-03

TRCY-01

Threshold level

Threshold type

GAMA well
identification number
Simazine (04035)

(μg/L)

MCL-US

4

nc

nc

nc

nc

ND

nc

nc

nc

Atrazine (39632)

(μg/L)

MCL-CA

1

nc

nc

nc

nc

ND

nc

nc

nc

11,2-Dibromo-3chloropropane (DBCP)
(82625)

(μg/L)

MCL-US

0.2

nc

nc

nc

nc

ND

nc

nc

nc

2Diphenamid (04033)

(μg/L)

HA-L

200

nc

nc

nc

nc

ND

nc

nc

nc

Hexazinone (04025)

(μg/L)

HA-L

400

nc

nc

nc

nc

E0.008

nc

nc

nc

Metolachlor (39415)

(μg/L)

HA-L

100

nc

nc

nc

nc

0.006

nc

nc

nc

Tebuthiuron (82670)

(μg/L)

HA-L

500

nc

nc

nc

nc

ND

nc

nc

nc

Trifluralin (82661)

(μg/L)

HA-L

5

nc

nc

nc

nc

ND

nc

nc

nc

11,2-Dibromoethane
(EDB) (77651)

(μg/L)

MCL-US

0.05

nc

nc

nc

nc

ND

nc

nc

nc

2Imazaquin (50356)

(μg/L)

n/a

n/a

nc

nc

nc

nc

ND

nc

nc

nc

Phorate (82664)

(μg/L)

n/a

n/a

nc

nc

nc

nc

ND

nc

nc

nc

(μg/L)

n/a

n/a

nc

nc

nc

nc

ND

nc

nc

nc

(μg/L)

n/a

n/a

nc

nc

nc

nc

ND

nc

nc

nc

2,6-Diethylaniline
(82660)

(μg/L)

n/a

n/a

nc

nc

nc

nc

ND

nc

nc

nc

3,4-Dichloroaniline
(61625)

(μg/L)

n/a

n/a

nc

nc

nc

nc

ND

nc

nc

nc

Isophorone (34409)

(μg/L)

HA-L

100

nc

E0.1

nc

nc

nq

nc

nq

nc

Benzophenone (62067)

(μg/L)

n/a

n/a

nc

ND

nc

nc

ND

nc

ND

nc

4-Nonylphenol (62085)

(μg/L)

n/a

n/a

nc

ND

nc

nc

ND

nc

ND

nc

1Caffeine (50305)

(μg/L)

n/a

n/a

nc

ND

nc

nc

ND

nc

ND

nc

Bisphenol A (62069)

(μg/L)

n/a

n/a

nc

ND

nc

nc

ND

nc

ND

nc

Tris (dichloroisopropyl)
phosphate (62088)

(μg/L)

n/a

n/a

nc

ND

nc

nc

nq

nc

ND

nc

2Phenol (34466)

(μg/L)

HA-L

2000

nc

V0.7

nc

nc

ND

nc

ND

nc

2-Chloro-4isopropylamino- 6aminos-triazine
(deethylatrazine)
(04040)
22-Chloro-6-ethylamino4-amino-striazine
(deisopropylatrazine)
(04038)
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A-3

AECOM Water

Inorganic Constituents

TRCYFP-05

TRCYFP-04

TRCYFP-03

TRCYFP-02

TRCY-11

TRCY-08

Units

TRCY-03

TRCY-01

Threshold level

Threshold type

GAMA well
identification number
Bromide, dissolved
(71870)

(mg/L)

n/a

n/a

nc

0.39

nc

0.51

0.44

0.46

0.5

0.71

Calcium, dissolved
(00915)

(mg/L)

n/a

n/a

nc

80.9

nc

38.5

66.5

49

94

57.9

Chloride, dissolved
(00940)

(mg/L)

SMCL-US

250

nc

102

nc

82.1

114

126

124

168

Fluoride, dissolved
(00950)

(mg/L)

MCL-US

2

nc

0.2

nc

E0.1

0.2

0.1

0.2

0.1

Iodide, dissolved
(71865)

(mg/L)

n/a

n/a

nc

0.015

nc

0.12

0.017

0.044

0.016

0.032

Magnesium, dissolved
(00925)

(mg/L)

n/a

n/a

nc

26.8

nc

16.2

30.6

21.9

33.2

24.7

Potassium, dissolved
(00935)

(mg/L)

n/a

n/a

nc

3.17

nc

3.39

4

3.67

3.41

4.49

Silica, dissolved (00955)

(mg/L)

n/a

n/a

nc

23.4

nc

34.3

21.3

24

24.8

20.1

Sodium, dissolved
(00930)

(mg/L)

n/a

n/a

nc

138

nc

134

120

145

156

170

Sulfate, dissolved
(00945)

(mg/L)

SMCL-US

250

nc

248

nc

191

252

223

309

244

Total dissolved solids
(residue on evaporation)
(70300)

(mg/L)

SMCL-US

500

nc

751

nc

604

721

675

889

778

Aluminum, dissolved
(01106)

(μg/L)

MCL-US

1000

nc

ND

nc

3

ND

E3

E1

ND

Antimony, dissolved
(01095)

(μg/L)

MCL-US

6

nc

ND

nc

ND

ND

ND

ND

ND

Arsenic, dissolved
(01000)

(μg/L)

MCL-US

10

nc

0.8

nc

7.2

1.3

2.5

0.8

1.7

Barium, dissolved
(01005)

(μg/L)

MCL-CA

1000

nc

25

nc

44

30

28

26

26

Beryllium, dissolved
(01010)

(μg/L)

MCL-US

4

nc

ND

nc

ND

ND

ND

ND

ND

Boron, dissolved
(01020)

(μg/L)

NL

1000

nc

2190

nc

916

1340

1180

2310

1180

Cadmium, dissolved
(01025)

(μg/L)

MCL-US

5

nc

ND

nc

ND

ND

ND

ND

ND

Chromium, dissolved
(01030)

(μg/L)

MCL-CA

50

nc

7.2

nc

ND

6.7

1.2

7.1

1.9

Cobalt, dissolved
(01035)

(μg/L)

n/a

n/a

nc

0.247

nc

0.107

0.211

0.142

0.29

0.163

Copper, dissolved
(01040)

(μg/L)

MCL-US

11300

nc

3

nc

1.1

3

1.2

3.8

1.1

Iron, dissolved (01046)

(μg/L)

SMCL-US

300

nc

E4

nc

8

E3

9

15

ND

Lead, dissolved (01049)

(μg/L)

MCL-US

115

nc

0.89

nc

0.27

1.15

0.44

1

0.65

Lithium, dissolved
(01130)

(μg/L)

n/a

n/a

nc

32.3

nc

5.4

20.8

16.6

35.3

18.8

Manganese, dissolved
(01056)

(μg/L)

NL

500

nc

VE0.2

nc

194

ND

1.9

1.5

2.1

Mercury, dissolved
(71890)

(μg/L)

MCL-US

2

nc

ND

nc

nc

E0.01

nc

ND

nc

Molybdenum, dissolved
(01060)

(μg/L)

HA-L

40

nc

1.9

nc

4.5

1.5

2.3

1.8

1.5

Nickel, dissolved
(01065)

(μg/L)

MCL-CA

100

nc

0.77

nc

1.11

0.8

1.7

1.05

1.44

Selenium, dissolved
(01145)

(μg/L)

MCL-US

50

nc

1.2

nc

0.7

1.3

1.7

1.6

3.2

Strontium, dissolved
(01080)

(μg/L)

HA-L

4000

nc

1060

nc

664

1630

1190

1310

1590

Thallium, dissolved
(01057)

(μg/L)

MCL-US

2

nc

ND

nc

ND

ND

ND

ND

ND

Tungsten, dissolved
(01155)

(μg/L)

n/a

n/a

nc

ND

nc

0.6

ND

ND

ND

ND

Northern Agencies GMP

A-4

AECOM Water

TRCYFP-05

TRCYFP-04

TRCYFP-03

TRCYFP-02

TRCY-11

TRCY-08

Units

TRCY-03

TRCY-01

Threshold level

Threshold type

GAMA well
identification number
Uranium, dissolved
(22703)

(μg/L)

MCL-US

30

nc

3.37

nc

0.21

1.69

1.05

3.68

0.97

Vanadium, dissolved
(01085)

(μg/L)

NL

50

nc

2.7

nc

0.3

4.6

8.3

3.1

6.3

Zinc, dissolved (01090)

(μg/L)

HA-L

2000

nc

VE2.0

nc

10.3

12.4

17.2

2.8

3.1

Notes:
TRCY, Tracy Basin; TRCYFP, Tracy Basin flowpath
The five digit number below the constituent name is the USGS parameter code used to uniquely identify a specific constituent or property.
ft, feet; LSD, land surface datum; mm/dd/yy, month/day/year; °C, degrees Celsius; mg/L, milligram per liter; μg/L, microgram per liter; mm, millimeter; NTU,
nephelometric turbidity units; μS/cm, microsiemens per centimeter
The threshold type identifies the source of the comparison threshold. The threshold level is the level with which ground-water detections are compared.
HA-L, lifetime health advisory (U.S. Environmental Protection Agency, 2004b); MCL-CA, California Department of Health Services Maximum Contaminant Level
(California Department of Health Services, 2005a); MCL-US, U.S. Environmental Protection Agency Maximum Contaminant Level (U.S. Environmental Protection
Agency, 2005); NL, notification level (California Department of Health Services, 2005d).
USGS, U.S. Geological Survey.
Concentrations preceded by “V” indicate detections potentially biased by contamination; A indicate averaged value; E, indicate estimated value.
n/a, not applicable or not available; nc, sample not collected, not analyzed; ND, analyzed but not detected;

Northern Agencies GMP

A-5

AECOM Water

ATTACHMENT F-1
NOTICES OF DISTRICT EDUCATION
PROGRAMS AND SERVICES AVAILABLE
TO CUSTOMERS:
IRRIGATION SYSTEM EVALUATION FLYER

Summer 2019

Irrigation Evaluation Program
Drip/Micro Irrigation Systems

The Cal Poly Irrigation Training & Research Center (ITRC) is inviting growers to participate in the 2019 Summer Irrigation
Evaluation Program. This program is funded by the US Bureau of Reclamation and supported by local irrigation/water
districts. Evaluations begin on June 24, 2019.

Please share with growers who may be interested.
FIRST COME, FIRST SERVED!

Why Should I Participate?

For More Information

Irriga on system performance has a
huge impact on yields and yield
quality. Older systems need to be
checked out just like automobiles do.
This evalua on lets a farmer know if a
“tune‐up” is needed.

To apply to have an ITRC student team
perform irriga on system evalua ons
on up to three of your ﬁelds or for
informa on:
Email Dr. Franklin Gaudi at
fgaudi@calpoly.edu

On new systems, farmers should
expect a high Distribu on Uniformity
(DU). This program will allow farmers
to verify the quality of a new system.

Go to www.itrc.org/projects/evals.htm

Apply now at www.itrc.org/ISE/

What Does the Student Team Do?

What is the Farmer’s Obligation?










Spends about one day in the ﬁeld taking measurements of
pressures and ﬂows, and making observa ons of the
ﬁltra on, chemical injec on, etc.
Inputs data into the Cal Poly ITRC Irriga on Evalua on
Programs; examines ﬁeld data
Prints out data, results, and recommenda ons
Sets up an appointment with the farmer to review the
informa on




Who Gets the Information?





The farmer
The irriga on district, if applicable (USBR districts must use
federal project water)
The USBR or DWR, as applicable (with iden fying
informa on removed)
Cal Poly ITRC (for ongoing database with iden fying
informa on removed)

There is NO FEE; it is completely funded by USBR and DWR.
The farmer must agree to have someone show the students
the ﬁeld, explain the layout, and start/stop the pump on the
agreed‐upon date and me. It is VERY helpful to provide a
map of the irriga on system.
If the system is a subsurface drip system, the farmer must
provide workers with shovels to uncover tape in three
loca ons, about 30’ per loca on.
The farmer must be willing to take the me to sit down and
go over the results (about 30 minutes)

What Type of Information is Provided?




The Distribu on Uniformity (DU) of the irriga on system
The causes of non‐uniformity
Recommenda ons on how to improve that speciﬁc system’s
performance

ATTACHMENT F-2
NOTICES OF DISTRICT EDUCATION
PROGRAMS AND SERVICES
AVAILABLE TO CUSTOMERS:
NOTICE ON IRRIGATION EVALUATION
PROGRAM

Vincent Lucchesi
From:
Sent:
Subject:
Attachments:

PID Water Info No-Reply
Thursday, May 30, 2019 11:57 AM
Summer 2019 ITRC Irrigation Evaluation Program
ISE Flyer.pdf

Dear Landowner/Water User of the Patterson Irrigation District,
A unique opportunity has come up for irrigators. The Cal Poly Irrigation Training & Research Center (ITRC) is sending out
students for the summer to come and evaluate irrigation systems to help identify any areas in need of a tune-up. The
program is free and will be done on a first come, first served basis so get in your request soon if you wish to participate.

Please note, e-mails provided from this address are intended as informational only and are intended for the landowners and growers
within the Patterson Irrigation District. This communication and any accompanying attachment(s) are privileged and confidential. The
information is intended for the use of the individual or entity so named. If you are not the intended recipient, then be aware that any
disclosure, copying, distribution or use of this communication and any accompanying attachments (or the information contained in it) is
prohibited. If you have received this communication in error, please immediately delete it and notify the Patterson Irrigation District by
telephone at (209) 892-6233.
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NOTICES OF DISTRICT
EDUCATION
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TO CUSTOMERS:
2019 PID NEWSLETTER

2019 PID NEWSLETTER
As the Patterson Irrigation District (PID or District) rolls
into the new year, it’s time for the annual newsletter and District
update. Provided in this newsletter are updates from what
happened in 2018, major project updates, action that the Board
took in 2018, a recap of operations for 2018 and a projection for
2019.

Santiago “Chunky” Castillo Retirement
On Dec. 15, 2018, after 42 years of distinguished
service for the District, Chunky finally hung up his short sleeve
coveralls and called it a career. In the years Chunky has been
employed at the District, he has seen eight general managers,
observed multi-generational shifts in family farming operations
and became the unofficial spokesman and public relations
representative for the District.
The District held Chunky’s retirement party on
December 15 to recognize him for his distinguished service.
Although Chunky is officially retired, occasionally you may still
see him on a PID backhoe helping the District out. The District
wishes Chunky a bold farewell and all the best in his retirement.

Staff Anniversaries

East-West Conveyance Project - Main Canal
Rehabilitation Schedule A Improvements
On Jan. 10, 2018, the Board of Directors issued a notice
of award to Steve P. Rados Inc, for the Schedule A improvements
of the Main Canal Rehabilitation Project, the Main Canal effort of
the East-West Conveyance Project. The Schedule A
improvements consist of abandoning pump stations 2 and 3,
constructing a new pump station in place of pump station 2 and
constructing a new discharge pipeline west from the new pump
station crossing Orange and Sycamore avenues. The pipeline
would discharge just behind the District’s yard.
With the removal of pump stations 2 and 3 and replacing
them with one, the District will observe a large benefit of reduced
power costs. Both pump stations 2 and 3 were tested for
efficiency in 2018, and they operated at 48% and 40% efficiency,
respectively. Meaning, that if it cost $1 to move a molecule of
water through them, only $0.19 actually paid for the cost to pump
the water. The rest was lost due to inefficiencies. It is anticipated
that the new pump station will operate at about 80-90% efficiency.

Steel Pipeline Inside Trench

Starting in 2019, the District newsletters are going to
provide an update on staff anniversaries and feature a District
employee to help landowners and growers get to know who the
District is. In this newsletter, Santiago “Chunky” Castillo is
featured. In 2019, these employees will mark anniversaries:
Jim Boschi – DSO – 25 years
Tony Lomeli – DSO – 25 years
Steve Trinta – Operations Supervisor – 15 years
Toni Russell – Secretary/Treasurer – 13 years
Joe Silva – Mechanic – 13 years
Allen Hooper – Mechanic – 8 years
Ethan Dias – DSO – 6 years
Vince Sottile – Maintenance – 3 years
Vince Lucchesi – GM – 2 years

Profile of Pump Station 2
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projects, capacity projects, operations projects and failing
infrastructure projects. In addition, the projects are to be
compared to each other and ranked based upon in order of the
projects that provide the most “bang for your buck” investment in
the District. Meaning that, although lining canals throughout the
District is an issue, maybe there are other projects that better
benefit the District. This doesn’t mean that the District will forego
lining replacement, but the District needs to address the largest
deficiencies in its infrastructure that will provide the greatest
benefit.

Intake of New Pump Station 2

The study will continue into 2019 with the goal of having
a plan that can be put into motion where landowners and growers
can see how the District prioritizes its future projects. Please note,
that this plan is intended to be an organic document and will
evolve over time depending on needs and areas of benefit.

Sustainable Groundwater Management Act

Old Pump Station 3

Please note, that the Schedule A improvements only
address critical infrastructure to the District. If the District does
not proceed with any additional improvements under this project,
the District will not have constructed facilities that exceed the
internal needs of the District. These new facilities will provide a
more efficient pump station and distribution facility, which will
ultimately save the District money in pumping costs.

In 2014, the California Legislature passed
comprehensive groundwater legislation creating the Sustainable
Groundwater Management Act (SGMA). In adopting that act, the
Legislature intended to provide local groundwater agencies with
the authority and technical and financial assistance necessary to
sustainably manage groundwater. The act anticipates that each
affected groundwater basin or sub-basin will be regulated
separately by one or more groundwater sustainability agencies.
Groundwater sustainability under the act is to be achieved
through groundwater sustainability plans (GSPs), which can be a
single plan developed by one or more groundwater sustainability
agencies, or multiple coordinated plans within a basin or sub-

Aquatic Herbicides
In 2019, the District is commencing with an aquatic
herbicide program in an effort to 1) eliminate or reduce the need
to chain the canals, which will reduce the impact to the integrity
of District facilities; and 2) reduce the amount of vegetation that
grows in PID’s canals that plug up flow meters and reduce the
capacity of conveyance facilities. The herbicide program will
include the application of Teton herbicide into PID’s conveyance
facilities. Neighboring irrigation districts use the same chemicals
to address aquatic weeds and feel that it is a better approach than
to chain canals.

Capital Improvement Plan
Starting in 2018, the District retained the services of
Provost & Pritchard Consulting Group to evaluate the District and
to develop a prioritized project list to address capital infrastructure
needs. The project list is intended to encapsulate opportunity
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basin. The District is within the Delta-Mendota groundwater subbasin, which is bounded by the coast range to the west, the San
Joaquin River to the east, and extends from Tranquility north to
Tracy.
Delta-Mendota Sub-basin Boundary

In 2017, the Patterson Irrigation District, in conjunction
with the Twin Oaks Irrigation District, formed the Patterson
Irrigation District Groundwater Sustainability Agency. This GSA
was established with the intention to be able to regulate
groundwater within the two agencies’ boundaries in compliance
with SGMA. In addition, the GSA joined with other agencies within
the sub-basin to form the North-Central Delta Mendota GSP
group. The group was formed to help reduce the costs for each
GSA to develop a GSP. Within the sub-basin, there are six GSP
groups that were formed. By 2020, each group must coordinate
and demonstrate to the Department of Water Resources and the
State Water Resources Control Board that they have developed
their plans that have been coordinated. Each plan is intended to
address the six sustainability indicators:
•
•
•
•
•
•

Chronic lowering of groundwater levels
Significant and unreasonable reduction of groundwater
storage
Significant and unreasonable seawater intrusion
Significant and unreasonable degraded water quality
Significant and unreasonable land subsidence
Depletions of interconnected surface water

Once each plan has been developed and submitted, the
GSPs then have 20 years to achieve sustainability. The plans
developed are intended to be a “first cut” at sustainability and it’s
thought that the first 5-10 years will be a data collection effort and
the following 10 years will be an effort in addressing sustainability.
Each GSP is required to perform an update every five years
during the 20-year period to address changes in the basin and as
new data becomes available. For PID, once the plan is submitted,
landowners with irrigation production wells may be asked to have
meters on their wells read to help provide a better understanding
on groundwater usage within the PID GSA.

Digital Board Packets
For every PID Board meeting, staff goes through at least
two reams of paper, spends an entire morning assembling the
Board packets and tracking down Board members to ensure that
they have their packets in time to prepare for the upcoming Board
meeting. The day before the Board meeting, staff goes through
the same process again to make public copies. In reflecting on
this effort, it was felt that there must be an alternative available to
provide the Board organized packets for both prior to and during
the PID Board meetings without wasting so much paper and staff
time.
In December, the Board took action to try digital for
PID’s Board packets. The Board members will utilize District
owned tablets that are connected to the District’s data plan and

will be loaded with the BoardPapers software program. The
program allows each Board member to make notes, save the
notes, easily access previous Board Packets materials and easily
navigate the current Board meeting materials. The Board packets
will be backed up onto PID’s server to prevent any loss of
information were the tablets to be damaged or lost. The hope of
the conversion to digital would provide the Board an easier way
to follow Board meetings and to also be more conscious of paper
and staff time in preparation of the documents.

New Policies
For 2018, the PID Board of Directors adopted three new
policies to help the District operate smoother. These policies
consisted of
•
PID Purchasing policy, which provides staff guidance on the
following
o Professional Service Contracts
o Construction projects and contracting
o Purchase Orders
o Usage of PID’s petty cash
•

PID reserve policy, which directs how the District allocates
funds and provides transparency to landowners and water
users regarding the allocation of funds. This is discussed
further below.

•

Drainage Fee collection policy. The policy provides staff
direction on how to address farmers who do not pay their
San Joaquin River Westside Drainage Coalition dues.
Since the fees are not assessments charged by the District,
and the District pays them in advance and is reimbursed by
the farmers, the District has no real mechanism to address
growers who do not pay their dues. Therefore, if a farmer
refuses to pay the coalition fees by the end of August, staff
are directed to notify the coalition of nonpayment and the
Coalition is then to step in and address them directly and
potentially drop the farmer from the Coalition.

PID Reserve Policy
Prior to 2018, the District would set the allocations
based upon limited information on potential transfer and/or
wheeling revenue that would help fund capital improvement
projects and help keep growers’ costs down. However, since
2008, this effort has become increasingly hard to determine and
at best, the District has taken a risk each year in the hopes that
things will work out, and they have. But the District can’t hope to
weather every storm without a better way to plan for the future.
Therefore, the District adopted a reserve policy, where decisions
on how funds are allocated are based upon “cash on hand” rather
than the hopes for future opportunities.
The Board now tracks the reserves monthly, and
thankfully, due to a fortuitous year in transfers and wheeling, the
District was able to cover the subsidy for 2018 and provide for
one in 2019. This may not be the case each year, but the
determination on the subsidy will not be based on the potential
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for opportunities, but rather based upon the performance of the
year before. Further, with the implementation of the capital
improvement plan, growers can see how money is being
allocated and which project is next.

End of Year Evaluation
For 2018, the District Budgeted Operating Costs
(District expenses not including capital improvements and costs
for transfer water) at $3.6 million ($284/acre for 12,660 District
acres). With a 1 acre-foot per acre allocation, the District
generated roughly $1.4 million ($111/acre) from PID growers and
landowners. At the end of the year, the unaudited expenses put
the District at operating costs of approximately $3 million
($237/acre); which translates to a $1.6 million subsidy to PID
growers, or a subsidy of approximately $126 per acre.
For 2018, the District allocated 1 acre-foot per acre with
the expectation of no outside water sales and some wheeling. It
was projected that the District would lose or subsidize growers
water rates by $2.2 million. As the year progressed, the District’s
staff worked to constrain costs and to transfer and wheel what the
District could. In addition to revenue from transfers and wheeling,
the District observed operational savings from,
•
•
•
•

Re-apportioning pumping costs to wheeling based upon
volume of water moved under non-operating expenses
Expenses from Fishbio were not realized due to permitting
issues on the San Joaquin River
Expenses from Provost & Pritchard were spread out over
two years
Budgeted Warren Act expenses were not fully realized such
as non-project power and putting approximately 6,500 AF
into San Luis Reservoir for storage

The information below is an unaudited summary of District
operations for 2018:
2018 WATER DELIVERIES (AF)
Allocated Water

13,622

Excess Water

19,719

Out of District

954

2018 FINANCIAL1
$3,093,206

Operating Expenses
Non-Operating Expenses

$873,601

Capital Expenses

$237,105

Internal Revenues

$1,416,748

External Revenue

$4,782,653
Total

$1,995,489

Note: 2018 Financials are estimates and draft until the
audit is complete

2019 Outlook
WATER SUPPLY: As we move into the 2019-20 water
year, it’s relatively early to estimate exactly how much rain and
snow will arrive this winter and spring, considering that the rainy
season for the area runs from November through April. Current
reservoir conditions indicate that there may be enough water to
satisfy PID’s demands from the San Joaquin River for 2019.
Based upon storage projections and operations for the CVP, it
appears that the upcoming water year is tracking closer to a more
average or normal water year.
Current 2019 projections estimate CVP contractors will
receive an allocation in the range of 15-45% depending on San
Joaquin hydrology through spring. These translate into revenue
projections for the District. A lower allocation provides more
opportunities to wheel water and generate revenue from water
transfers; inversely, a higher allocation lowers revenuegenerating opportunities.
OPERATIONS: In January, the Board of Directors will
hold a training and strategic planning meeting intended to
educate the Board on the Brown Act, ethics and conflict-ofinterest laws, and to review the long-term viability of the District.
This effort is intended to reoccur every January after an election
year to re-up the Board on current issues, address the past
Strategic Plan and see if we need to make any course
corrections. This meeting will re-examine the priorities of the
District through the development of projects, milestones and
financial goals to provide direction to move the District ahead.

17,150

Wheeling to DMC

Mark Your Calendars
2019 Grower Workshop

2018 BUDGETED FINANCIAL
$3,602,806

Budgeted Operating Expenses
Budgeted Non-Operating Expenses

$456,364

Budgeted Capital Expenses

$403,500

Budgeted Internal Revenues

$1,403,455

Budgeted External Revenue

$1,735,719
Total

A grower workshop is scheduled for February 27 at the
Patterson Fire House #2. At this workshop, there will be a
presentation recapping 2018, a presentation on SGMA,
projections for 2019 and the water allocation, and a presentation
on Proposition 218 by Raftelis Financial Consultants Inc.

($1,323,496)
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PREFACE
A comprehensive study of agricultural

drainage and drainage-related problems on the

westside San Joaquin Valley has resulted in the management plan presented in this final
report of the Federal-State interagency San Joaquin Valley Drainage Program.

Understandably, some

may be

disappointed that no single, sure, and lasting solution to the

drainage problem has been put forward. Rather, the management plan presented

and includes

risks that could

be

costly.

Moreover,

it

may be

accumulation problem. Virtually everyone involved

salt

problem agrees, however, that there
But

it is

is

no

single solution

also generally agreed that the drainage

management

in

problem

logically begins in the valley with a broadly

only the

first

complex

step in solving the

examination of the drainage

and no easy answer
is

is

to the problem.

manageable and that

this

shared effort to reduce the amount

of drainage water, to place the remaining water under control, and to contain and isolate
toxicants such as selenium.

Such actions would

largely correct present

problems of

waterlogging of farmlands and could greatly reduce adverse impacts on fish and wildlife.

The

in-valley actions

recommended

in the plan

export of salt from the San Joaquin Valley.
regional drainage infrastructure that

here

is

implemented, a

salt

now

would also be necessary for any eventual
actions would provide a

The recommended

exists only in scattered pieces.

export decision need not be

made

If

the plan proposed

for several decades.

A review of the history of the drainage problem suggests that some of the reasons the
problem has grown to nearly 500,000 acres and is adversely affecting the environment include:
(1) Continued hopes for a master drain, (2) expectations of a technological breakthrough in
drainage water treatment, (3) the need for more information, and (4) a lack of cooperation
among parties affected. Viewed as an accumulation of years of piecemeal efforts and neglect,
the problem appears overwhelming.

manage

^

the problem

and contribute

It is

to

its

not.

Systematic, shared

eventual solution.

Xn4^

Edgar A. Imhoff, Program Manager
San Joaquin Valley Drainage Program

ui

work begun now can
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SUMMARY OF THE PLAN AND
RECOMMENDATIONS FOR ACTION

Chapter

1.

This report summarizes the results of an intensive study of the subsurface agricultural drainage

problems of the western side of the San Joaquin Valley, and presents a plan and
recommendations for managing those problems from 1990 to 2040. The study has led to a much
better understanding of the causes and effects of the drainage and drainage-related problems,
although much is yet to be learned and long-term monitoring of the problem will be necessary.

The study and
problems.

It

resulting plan focus

on

in-valley

management of

the drainage and drainage-related

appears that in-valley actions can manage the problems for several decades without

means of exporting drainage-related
remove salt from the valley.

salts to the ocean.

a

Ultimately,

it

may become

necessary to

The recommended plan, which is regional in both scope and detail, takes account of uncertainties
in information. The plan is not site-specific, and. without more detailed analysis, it is not a plan
from which structures may be
permit the present

built.

Rather,

level of agricultural

it

should be considered as a framework that

development

will

in the valley to continue, while protecting fish

and wildlife and helping to restore their habitat to levels existing before direct impact by
contaminated drainage water. It is noteworthy that many of the valley's water and drainage
districts and individual growers have already begun to take actions similar to those recommended
in this report.

Figure

1

shows the San Joaquin

Valley, the principal study area,

and the

five

subareas used for

planning.

SUMMARY OF THE PLAN
The plan recommended for management of subsurface drainage and drainage-related problems
on the western side of the San Joaquin Valley contains the following major components:
•

Source control. Consisting mainly of on-farm improvements in the application of irrigation

water to reduce the source of deep percolation. This
potential drainage
•

Drainage

reuse.

in turn will

reduce the amount of

problem water.

A planned
This

salt-tolerant plants.

and trace elements

system of drainage-water reuse on progressively more

will

for easier

Evaporation system.

reduce the volume of drainage water and concentrate

salts

containment and safe disposal.

Drainage-water evaporation ponds planned for storage and

evaporation of drainage water remaining after reuse on salt-tolerant plants. Four types of

ponds are included:

(a)

Nontoxic ponds

in

which selenium

in drainage-water

Figure

1
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inflow

is less

than 2 parts per billion (ppb); (b) selenium-contaminated ponds (inflowwater

containing selenium in the range of 2 to 50 ppb) that must include safeguards for wildlife

and an equivalent area of alternative freshwater habitat; (c) small selenium-contaminated
ponds designed with facilities to greatly accelerate the rate of evaporation, thereby
reducing the pond surface area; and (d) temperature-gradient solar ponds that generate
electricity by using water from other ponds containing very high salt and trace-element
concentrations.

Land

•

retirement.

Cessation of irrigation of areas in which underlying shallow ground water

contains elevated levels of selenium and the soils are difficult to drain.

Ground-water management. Planned pumping from deep within the semiconfined aquifer,

•

in places

where near-surface water tables can be lowered and the water pumped

is

of

suitable quality for irrigation or wildlife habitat.
to the San Joaquin River. Controlled and limited discharge of drainage water
from the San Joaquin Basin portion of the study area to the San Joaquin River, while

Discharge

•

meeting water-quality objectives.
Protection, restoration,

•

and provision of substitute water

supplies for fish

and

wildlife habitat.

Provision of freshwater supplies to substitute for drainage-contaminated water previously

used on wetlands and to allow protection and restoration of contaminated fisheries and
wetland habitat.
Institutional change.

Includes tiered water pricing, improved scheduling of water deliveries,

water transfers and marketing, and formation of regional drainage management
organizations to aid in implementing other plan components.

summarizes the extent to which each plan component is included in the plan, based on the
land area to which it applies or occupies and the water assigned for fish and wildlife uses.

Table

1

Table

1.

SUMMARY OF RECOMMENDED DRAINAGE MANAGEMENT PLAN

No

planned drainage management actions other than those being carried out currently are

recommended
the

for the

San Joaquin

Northern Subarea. However, drainage water from

River.

restrictive, actions that

Problem water
water

that, if

is

would aid

in

now flows
become more

this area

In the event that water-quality objectives for the river

meeting the objectives are discussed

in the

to

subarea plan.

a term introduced in this report to describe the volume of near-surface ground

reduced by source control or removed from plant root zones each year, would

eliminate the drainage-related impediment to agricultural productivity.

When

placed in streams

some problem water is potentially hazardous to fish and wildlife and therefore
must be managed to prevent environmental degradation. Drainage water that causes

or open basins,

levels of environmental degradation is viewed also as problem water for agriculture
must be remedied — even if retirement of irrigated land is required. Table 2 shows the
estimated reduction of problem water to be achieved by each plan component in each subarea. If

unacceptable

because

it

the targets are met, agricultural production could be maintained for at least the duration of the

planning period, without removal of
future, the actions

collection facilities,

recommended

salt

in this

from the

valley.

If salt

export becomes necessary in the

plan could create prerequisite conditions by providing

by reducing drainage water volumes, and by isolating and controlling

contaminants.

Table 2.

PROBLEM WATER REDUCTION,

2040

performed. For drainage reuse, an estimate of the value of wood produced has been reflected as
a cost offset. However, for source control and land retirement, any economic surplus that might
result

from the possible transfer of conserved water

to other uses has not

been included as a cost

offset.

Table

3.

ANNUALIZED COSTS OF THE RECOMMENDED PLAN
In $1, 000s

Agricultural Drainage

One-time
Source control
Drainage reuse
Evaporation system

2,940

Land retirement
Ground-water management

2,818

San Luis Drain

2,300

6,194
3,043

962

18,257

Subtotal

Operation, maintenance, and replacement
5,444

Source control
Drainage reuse
Evaporation system

2,291
1,915

300

Land retirement
Ground-water management

2,694

390

San Luis Drain

13,034

Subtotal

TOTAL

31,291

On-Farm Drains
Installation

6,473

Operation, maintenance, and replacement

1.536

TOTAL

8,009

Fish and Wildlife
153

Installation

Operation, maintenance, and replacement

18
2,548

Water supply

TOTAL

2,719

GRAND TOTAL

42,019

CONCLUSIONS AND RECOMMENDATIONS FOR ACTION
During

this study, a

massive amount of data has been collected;

many

reports have been

and public review have been completed. This has led to
the plan for drainage management presented in Chapter 6. However, a plan alone will not
manage or solve the drainage and drainage-related problems of the western side of the San
Joaquin Valley; actions are required on many fronts to make the plan a reality. These actions can
be grouped under implementation, planning, monitoring, additional study, and funding proposed
published; and

much

analysis, planning,

The conclusions and recommendations

actions.

for action that follow are presented in

each of

those groups.

Implementation
Local

initiatives

need to be recognized, supported, and enhanced by coordinated, comprehensive

Federal and State actions undertaken to manage drainage problems. Several components

management plan

in the

are either being studied preparatory to action or are actually being carried out

by organizations and private

interests in the

problem

Those

area.

activities that

meet the

criteria

and objectives of the long-term drainage management plan should be carried out as rapidly as
Generally, these activities will require approval or assistance from local. State, or

possible.

Federal agencies. They should receive high priority.

Some changes

in

law and policy by

local. State,

and Federal agencies would provide the impetus

or remove roadblocks for implementing some plan components. Policy actions by agencies
supplying, distributing, and regulating irrigation water and managing drainage facilities are

needed now and

in the future.

management

Institutional changes are also a part of the

plan,

which requires concerted action by both the California Legislature and the U.S. Congress.
Because unattended plans often do not materialize, the
short,

new

efforts reported here will

Federal-State effort between October 1990 and

December 1991

be followed by a

that will develop a

strategy for implementation of the plan.

Recommendation

I

- Implementation of Recommended Plan; Priority

Activities

Local, State, and Federal water organizations and authorities should consider the

recommended

plan and explicitly adopt those parts appropriate for their long-term strategy of contributing to
the

management or

The

following plan

solution of the drainage problems of the west side

San Joaquin

Valley.

components should be implemented as soon as final planning is complete,
funding and applicable clearances can be obtained, and agreement can be reached. An asterisk
(*) following a plan component indicates there is a related current local initiative that should

become part of the plan component.
Northern Subarea
•

Investigate, in detail,

measures that may be needed

established for the San Joaquin River/Delta.

if stricter salt

standards are

Grasslands Subarea
•

Use

the Grassland Task Force water districts as the nucleus of a regional drainage entity

to coordinate
•

Provide the

and

jointly

facilities

manage subarea-wide drainage problems.

*

required to intercept contaminated subsurface drainage water

now

being discharged into open channels within the grasslands wildlife habitat, and convey
these to the San Luis Drain.
•

Renovate and extend the San Luis Drain, bypassing 20,000 acre-feet of contaminated
*
drainage water around wetlands (similar to the Zahm-Sansoni-Nelson plan).

•

Improve on-farm water conservation and source control on all irrigated lands and reduce
deep percolation on lands having drainage problems by 0.35 acre-feet per acre per year
(on the average) as soon as possible.
Intensify

and complete

local

*

demonstration projects on source control and treatment of

drainage water. (Work already under way

in

Broadview, Panoche, and Pacheco water

*

districts.)
•

The U.S. Bureau of Reclamation should
74,000 acre-feet of water annually

actively seek authority to reallocate

from the Central Valley Project to replace drainage

water used on wetlands before 1985.
•

Restore drainage-contaminated wetlands.

•

Provide 20,000 acre-feet of water to the Merced River each October to attract migrating
fish

from drainage water discharging

to the

San Joaquin River.

Westlands Subarea
•

Improve on-farm water conservation and source control on all irrigated lands and reduce
deep percolation on lands having drainage problems by 0.35 acre-feet per acre per year
*
(on the average) as soon as possible.

•

Accelerate the pace and increase the

number

of field demonstrations of source control

measures and drainage water treatment research, including especially reuse of drainage
water on trees and removal of selenium from drainage water.

Develop guidelines

for retirement of irrigated lands that

*

have high selenium

concentrations in shallow ground water and that are difficult to drain.
•

Design and develop a 5,000-acre demonstration unit of closely-spaced, low-volume wells
the semiconfined aquifer for

planned drawdown

in

of the high water table.

Tulare Subarea
•

Develop a formal association of water districts (built around the existing Tulare Lake
Drainage District) for coordinated and joint management of subarea-wide drainage
problems.

•

*

Improve on-farm water conservation and source control on
deep percolation on lands having drainage problems by 0.2
the average) as soon as possible.

*

all

irrigated lands

and reduce

acre-feet per acre per year (on

•

Accelerate the pace and increase the number of field demonstrations of source control

measures and evaporation pond experiments, including especially the reuse of water on
trees

and modification of pond systems and

their

management

to

make ponds

bird-free or

*

bird-safe.
•

Demonstrate in the field the use of alternative safe-water habitat near an existing
evaporation pond containing elevated levels of selenium.

•

Design and develop a 5,000-acre demonstration unit of closely-spaced, low-volume wells

drawdown

the semiconfined aquifer for planned

good quality ground water

in the

in

of the high water table in the area of

Kings River Delta (Tulare Subarea water quality zone E).

Kern Subarea
•

Kern County Water Agency and

local

entity responsible for coordination

water districts should form a drainage management

and

joint

management of subarea-wide drainage

problems.
•

Improve on-farm water conservation and source control on all irrigated lands and reduce
deep percolation on lands having drainage problems by 0.35 acre-feet per acre per year
(on the average) as soon as possible.

•

Initiate intensive studies of the

*

ground-water resources of the old Buena Vista and Kern

lakebeds.

Recommendation 2 - Source Control

The agencies with major

responsibility for delivery of water to the study area (U.S.

Bureau of

Reclamation and California Department of Water Resources) should increase their work with the
university extension systems and water districts to demonstrate ways to improve the efficiency of
irrigation water application

and thereby reduce

Each water

by 1992,

district should,

potential drainage-water volumes.

would reduce deep
(preceding). State and Federal agencies

set objectives in their operation plans that

percolation by the amounts stated in

Recommendation

1

should help local water districts accomplish their water conservation improvement plans.

Recommendation 3 - Financing Source Control Measures

Both the Federal and State governments should explore ways of providing a portion of the
financing needed to implement irrigator source-control actions and to invigorate existing
programs. The U.S. Soil Conservation Service and U.S. Bureau of Reclamation both have

programs that could aid

in financing irrigator actions. The State of California, through the
Department of Water Resources, the Department of Food and Agriculture, and the State Water
Resources Control Board, could provide loans and grants for source-control actions, if funds were

made

available.

Recommendation 4 - Joint Technical Assistance

The U.S. Department of the Interior and the State of California should jointly develop a technical
assistance program to ameliorate the drainage problem, by providing water districts with
geohydrologic and economic information and analytical techniques useful in investigating local
areas for possible conjunctive surface- and ground-water use, land retirement, on-farm drainage,

source control, and reuse. Technical assistance

also

is

needed

in

environmental impact

assessment, toxicity assessment, and habitat restoration.

Recommendation 5 - State of California Lead

The

State of California should expand

and

program of on-farm water conservation to
source control measures on drainage-problem lands.

intensify

focus especially on demonstrating alternative

in Water Conservation

its

Recommendation 6 - Federal and State Programs' Adjustment

The

and the U.S. Department of the Interior should jointly consider the
and plans of the Drainage Program with respect to drainage problems, and
opportunities to encourage amelioration and resolution of these problems. This

State of California

findings, forecasts,

should look for

should be achieved through ongoing operations, planning, construction,

and

—

if

considered necessary

—

new

promulgation of rules and regulations, and

legislation,

appropriate language in contracts and administrative reviews.

Recommendation 7 - Western

The U.S. Department of

U.S. Applications

the Interior should consider the information, techniques, and experience

accumulated in the Drainage

Program and extend appropriate aspects of the knowledge base

to

other land areas in the western United States that are experiencing similar agricultural drainage

and drainage-related problems.

Planning
and drainage-related problems outlined in this
report provides a framework into which many actions can be fitted. However, before many of the
actions can move forward, additional work is needed to refine estimates of their scope and effects.
Generally, this additional planning will occur at local, State, and Federal levels, and at

The general plan

for reducing or solving drainage

combinations of each.

Recommendation

1

- Water

District Plans

With financial and technical assistance from State and Federal agencies, water

districts

should

lead in developing plans to:
•

Identify lands in drainage

problem areas

in

which the combined characteristics of high

concentrations of selenium and difficult-to-drain soils would
for retirement from
•

Identify locations in drainage

the high water table

make

these lands candidates

irrigation.

problem areas where there may be an opportunity to lower

by pumping from deep

Corcoran Clay), and design the
required to carry out pumping.

facilities,

in the

semiconfined aquifer (above the

reach agreements, and obtain policy approvals

Recommendation 2 - State Water Project Area
Within the State Water Project service area, the State of California should lead
regional drainage-water treatment and disposal needs that will arise from

planning for the

in

management and reuse

of drainage water within local water districts.

Recommendation 3 - Federal Water Service Area
Within the Federal water service area, the Department of the Interior should lead in planning for
the regional drainage-water treatment and disposal needs that will arise from

management and

reuse of drainage water within local water districts.

Recommendation 4 - Joint Planning for Ground-Water Management
Plans for installation and operation of well fields designed to

pump from

the semiconfined aquifer

be completed cooperatively by Federal and State agencies
In the Federal service area, the Bureau of Reclamation should work with

to lower the high water table should

and water

districts.

Westlands, Broadview, Panoche, San Luis, and Firebaugh Canal water districts to design well
fields for areas identified in this report.

In the State service area, the

Department of Water

Resources should work with Kern County Water Agency and Empire Westside, Riverside.

and Laguna irrigation districts. Lakeside Irrigation Water District, Kings County Water
and Kings River Conservation District for the same purpose. Services of the U.S.
Geological Survey should be used in locating favorable areas and in developing plans.
Stratford,
District,

Recommendation 5 -Joint Planning for Water Delivery
Federal and State fish and wildlife agencies, in cooperation with private wetland owners, and
Federal and State water development agencies should jointly plan the

facilities

required for

delivery of water to wildlife areas affected by subsurface drainage water.

Monitoring
To properly implement management of drainage and drainage-related problems, both the
problems and the progress in solving them must be monitored. This is especially important
because of the changing nature of the drainage problem and the
required for management. Monitoring
will

be

critical to

all

flexible array of

measures

aspects of the problem and the effects of

management

using the plan as a flexible guide to remedial actions.

Recommendation

I

- Local Water Agencies

and drainage agencies should participate in joint, coordinated programs
monitor the volume and quality of drainage water in the collection, treatment, and/or disposal
All local water supply

systems.
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to

Recommendation 2 - Joint

The

State/ Federal

U.S. Department of the Interior and the State of California should jointly design a

scientifically reliable
will detect

change

and

in the

cost-effective

network of physical and biological monitoring stations that

environment caused by subsurface agricultural drainage problems and

attempts to solve these problems. Areas expected to experience expansion of high water tables

should be included.

Additional Study
During the

six-year

life

of the Drainage Program, the absence of reliable information

made

it

necessary for the Program to fund basic research, as well as to fund investigations directly

Some

relevant to solving drainage problems.

additional study

is

needed to provide detailed

information for feasibility determinations.

Recommendation

1

- Study Needs

Water and land managers, universities, agencies, and individuals should emphasize the following
study categories and subjects, and support the development of information transfer programs to
extend study results to appropriate user groups.

Drainage Management
Develop measures
Develop a
Perform

to renovate or close

cost-effective treatment

field tests of tolerance

aged or toxic evaporation ponds.

method

to

remove selenium from drainage water.

of agricultural crops, halophytes, and salt-tolerant trees to

constituents in drainage water.

Develop

effective training

programs

Investigate the propagation

for personnel involved in drainage

and marketing of

management.

salt-tolerant crops that use saline drainage

water as an irrigation supply.

Demonstrate the use of an accelerated evaporation system, using a sprinkler system
similar to the University of Texas at El Paso's experimental system and the use of a
temperature-gradient solar pond system for

salt

disposal and generation of electricity.

Geohydrology
The

following studies are interrelated by the nature of the geohydrologic system.

to better understand the surface-

that will allow better

The

objective

is

and ground-water system's chemical and physical characteristics

management of

the natural resources.

Evaluate, in detail, the areal and vertical variability of ground-water quality in the Tulare

Subarea and

component

in all water-quality

zones considered for the ground-water management

in the plan.

Investigate solubility controls for specific elements of concern (selenium, arsenic,

molybdenum, and uranium) in various geologic conditions. Specifically, expand studies
include basin and lacustrine environments that dominate the Tulare Basin where drain
water disposal options are severely limited and conditions are highly varied.
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to

Develop

•

reliable, consistent

methods

for estimating

ground water pumping.

Complete investigation of surface water and ground water interaction in the San Joaquin
River so that the quantity, quality and timing of ground-water contributions to river flows
can be evaluated.

Complete development of a streamflow and solute transport model for the San Joaquin
River and couple it with reservoir operations models so that management alternatives can

•

be evaluated.

Determine the capacity of geochemically reduced Sierra Nevada sediments

•

to

remove

selenium.

Determine the hydraulic and water-quality

pumping from

feasibility of controlling the

water table by

wells in selected areas.

Continue development of quantitative analyses of ground water flow systems.

Economics
Use

•

and subsurface conjunctive-use model of the San Joaquin Valley (as
the Drainage Program) to evaluate water transfers and marketing scenarios.

the surface

developed for

Fish and Wildlife
Contamination. Continue the

effort initiated

extent,

and

water.

Special attention should be given

by the Program to determine the nature, geographic

severity of contamination of fish, wildlife,
to:

and

their habitats

by subsurface drainage

evaporation ponds and neighboring public and

private wildlife areas; agroforestry plantations; the

San Joaquin River, Delta, and San Francisco

Bay; and the six substances of concern discussed in this report (arsenic, boron, chromium,

molybdenum, selenium, and total dissolved solids) and ten additional trace elements and metals:
cadmium, copper, lithium, manganese, mercury, nickel, strontium, uranium, vanadium, and zinc.
Toxicity.

Continue the effort

initiated

by the Program to define, for

fish

and

and

wildlife, safe

toxic concentrations (and associated biological effects) of subsurface drainage water substances

of concern in water and food. Special attention should be given

to:

independent

toxicity of trace

elements other than arsenic, boron, and selenium (for example, cadmium, chromium, copper,
lithium,

manganese, mercury, molybdenum,

vanadium, and

chemistry (for example,
toxicity (for

nickel, strontium, total dissolved solids,

zinc); interactive effects of trace

example,

pH

and

in valley

salinity)

uranium,

elements in drainage water; effects of water

on independent and interactive

toxicity;

and

site-specific

aquatic and wetland habitats, evaporation ponds, and agroforestry

plantations).

Protection, restoration, substitute water supply,

and improvement. Continue the effort initiated
to: protect remaining fish and wildlife

by the Program to identify and evaluate measures

resources of the San Joaquin Valley from drainage-related impacts; restore drainage water

contaminated habitats; provide water supplies to substitute
fish

and

wildlife;

and improve

fish

and

for drainage

water previously used by

wildlife resources.

Out-of-valley drainage water disposal. In the event that out-of-valley disposal
future, develop information to assess the potential effects
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on

fish

and

is

pursued

wildlife habitats

in the

and

populations, and public uses of those resources in the receiving waters and lands. In light of

recommendations for consideration of disposal in these areas, special attention should be given
the Sacramento-San Joaquin Delta, San Francisco Bay, and the Pacific Ocean (CVRWQCB,
1988a;

NRC,

to

1989).

Public Health
To adequately quantify the risks of environmental chemical exposures, substantial information is
necessary on the environmental fate of the chemicals, the toxicity of specific forms, and the degree
to which humans are exposed to them. Although site- and organism-specific data are always
preferred, surrogate data are used frequently to

fill

data gaps (for example, animal studies are

human toxicity resulting from a chemical exposure). The following
summarizes information needed to best assess the probability of adverse human health effects
related to drainage contaminant exposures.

extrapolated to assess likely

Environmental
•

Further identify chemical forms of substances of concern in different environmental media
(air,

•

fate

water,

soil,

sediment, biota).

Further identify environmental conditions (pH, oxidation-reduction,

etc.) in

which

different chemical forms of substances of concern occur in different environmental media.
•

Continue studies conducted by the University of California to assess the uptake of
substances of concern into edible biota related to specific environmental conditions.

•

Place research emphasis on the environmental fate of substances of concern via typical
routes of

human exposure

(for example, food-chain transfer of organic

forms of trace

elements).

Toxicology
•

Perform additional chronic

toxicity testing

on

specific chemical

forms of substances

clearly

associated with the drainage problem.

Exposure assessment
•

Further identify contaminant threshold concentrations

in edible

animals in tissues used for

human consumption.
Further identify contaminant threshold concentrations in edible plants in tissues used for

human consumption.
•

Characterize consumption patterns of populations at

risk.

Risk quantification
•

Quantify option- and site-specific public health

risks.

Funding Proposed Actions
There has been no formal discussion or analysis of the way in which components of the plan and
the various actions recommended would be funded. Undoubtedly the costs would be shared by
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the private

and public sectors and

it is

essential that discussion begin

soon of distribution of plan

costs.

Recommendation

The

1

- Cost Allocation Principles

following principles should be considered in discussing allocation of the costs of

implementing the plan.
All areas contributing to a problem of subsurface agricultural drainage water should share
in the costs of resolution
•

With respect

and management of

to contributing areas, the cost-sharing formulas should be

available scientific information,
in light of
•

that problem.

new

based on best

and they should be re-evaluated and updated periodically

information.

Both direct indicators (upslope-downslope hydraulic relationships, for example) and
indirect indicators (water supply received, for example) should be considered for inclusion
in cost-sharing formulas.

•

All beneficiaries should

pay

for

drainage-management costs

in

proportion to benefits

received.
•

There are both market and nonmarket national.

State,

and

local benefits to

from the management of drainage problems. All beneficiaries should be
•

be realized

identified.

Because of the widespread occurrence of the drainage problem on the western side of the
valley

and the lack of

scientific

largest practicable land area

for

example

—

—

data on specific

sites,

costs should be distributed over the

a whole service area or an association of water districts,

rather than one small water district.

Recommendation 2 - Study Plan

The U.S. Department of

the Interior

Benefits

and the State of California should

jointly study the benefits

of implementation of the plan.

Recommendation 3 - Study

The

State of California should examine the need for

Legislative Needs

new

legislation to

remove obstacles or to
may be used for payment

create opportunities for water marketing so that funds from water sales

of drainage costs.
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Chapter

2.

THE PROBLEM

The San Joaquin Valley, which forms the southern portion of California's Central Valley, is
bounded on the east by the Sierra Nevada and on the west by the Coast Ranges (Figure 1).
It is made up of two geologic features — the San Joaquin Basin, drained by the San Joaquin
River, and the Tulare Basin, a hydrologically closed basin that is is drained by the river only
in extremely wet years. The two basins divide the San Joaquin Valley roughly into its northern and southern halves.
The general study area includes the

entire

San Joaquin

study area comprises lands that are

now

from the drainage divide of
Nevada foothills. The principal

Valley,

coastal mountains to the 1,000-foot elevation of the Sierra
directly affected

by or contribute to agricultural sub-

surface drainage problems, as well as lands likely to be directly affected in the future.

of these lands are on the western side of the valley and at

the

its

Most

southern end.

A BRIEF HISTORY
The conditions associated with
the region.

Inadequate drainage and accumulating

parts of the valley for

San Joaquin Valley are not new to
have been persistent problems in

agricultural drainage in the

more than a

century,

salts

making some

cultivated land unusable as far

back as the 1880s and 1890s (Ogden,

1988).

Widespread acreages of

on the

grain, first planted

western side of the valley in the 1870s and 1880s. were irrigated with water from the San Joaquin and Kings

This type of farming spread

rivers.

until,

by the 1890s. the

rivers' natural flows

were no longer adequate to meet the growing agricultural demand for water. Poor natural
drainage conditions, coupled with rising ground-water levels and increasing
that land

had

to be

meant

soil salinity,

removed from production and some farms ultimately abandoned.

The development of

San Joaquin Valley since 1900 owes a great
pump technology that took place in the 1930s. These achievements led to the development of large turbine pumps that could lift water hundreds of feet
from below ground. In time, heavy pumping triggered severe ground water overdraft because
more water was being extracted than was being replaced naturally. Ground water levels and
irrigated agriculture in the

deal to the improvements in

hydraulic pressure

fell

rapidly,

1950s, estimated overdraft in
Initial facilities

and widespread land subsidence began

Kern County had reached 750,000

to occur.

By

the late

acre-feet per year.

of the Federal Central Valley Project transported water from Northern Cali-

fornia through the Sacramento-San Joaquin Delta and the Delta-Mendota Canal in 1951 to
irrigate 600,000 acres of land in the northern part of the

San Joaquin

Valley.

This water pri-

marily replaced and supplemented San Joaquin River water that was diverted at Friant
to the southern

San Joaquin

Dam

Valley.

The CVP's San Luis Unit and

the State Water Project, each authorized in 1960, began deliv-

ering Northern California water to agricultural lands in the southern San Joaquin Valley in
1968.

Together they provide water to irrigate about

1

million acres. Authorization of the

San

Luis Unit also mandated construction of an interceptor drain to collect irrigation drainage

and carry it to the Delta for disposal. The Bureau of Reclamation's 1955 feasibility report for the San Luis Unit described the drain as an earthen ditch
that would drain 96,000 acres. By 1962, Reclamation's plans had changed to a concrete-lined

water from

its

service area

canal to drain 300,000 acres. In 1964, alternative plans added a regulating reservoir to tempo-

A decision was

rarily retain

drainage (USBR, 1964).

voir to store

and evaporate drainage water

until the

made

in the

mid-1970s to use the reser-

drainage canal to the Delta could be

completed.

At

this

same

time, questions were raised about the potential effects of untreated agricultural

drainage on the quality of water in the Delta and San Francisco Bay. This concern was
flected in a rider
".

.

.

added

to the

CVP

re-

appropriations act by Congress in 1965, which stated that

the final point of discharge for the interceptor drain for the San Luis Unit shall not be

determined

until

development by the Secretary of the Interior and the State of California of a

plan which shall conform with the water quality standards of the State of California as ap-

proved by the Administrator of the Environmental Protection Agency." This proviso remains
in effect today.

was conceived as a State/Federal facility, but the State twice declined to participate. The Bureau of Reclamation began construction in 1968 and, by 1975,
had completed 85 miles of the main drain, 120 miles of collector drains, and the first phase of
Initially,

the San Luis Drain

the regulating reservoir (Kesterson).
tional wildlife refuge

managed

jointly

In 1970, Kesterson Reservoir

became

part of a

new

na-

by Reclamation and the U.S. Fish and Wildlife Service.
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Diked ponds

in

Kesterson Reservoir fed by the San Luis Drain (open canai

in

mid-pho-

to) In the eariy 1980s.

Federal budget constraints and growing environmental concern about releasing irrigation runoff into the Delta halted

work on

the reservoir

and the

drain.

Bureau of Reclamation, the California Department of Water Resources, and the
State Water Resources Control Board formed the San Joaquin Valley Interagency Drainage

In 1975, the

Program

to find a solution to valley drainage

mentally,

and

politically acceptable.

to a discharge point in the Delta near

gan a special study to

fulfill

problems that would be economically, environ-

This group's recommendation was to complete the drain

Chipps Island (IDP,

1979).

In 1981,

Reclamation be-

requirements for a discharge permit from the State Water Re-

sources Control Board.

The 1983 discovery of deformities and deaths of aquatic

birds at Kesterson Reservoir altered

the perception of drainage problems on the western side of the valley. Selenium poisoning
was determined to be the probable culprit. In 1984 the San Joaquin Valley Drainage Program was established as a joint Federal and State effort to investigate drainage and drainagerelated problems and to identify possible solutions.
In 1985, the Secretary of the Interior ordered that discharge of subsurface drainage to Kester-

son be halted, and the feeder drains leading to the San Luis Drain and the reservoir were

plugged in 1986. The reservoir

is

now

closed.

The vegetation has been plowed under, and

low-lying areas were filled in 1988.
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now appearing

Contamination-related problems similar to those identified at Kesterson are
in parts of the Tulare Basin,

which receives

addition to other surface and ground

been observed

irrigation water

water supplies.

from the State Water

Wildlife deformities

at several agricultural drainage evaporation

Project, in

and deaths have

ponds.

THE AREA OF CONCERN
The

chief area of concern in this study

is

the western side of the

Sacramento-San Joaquin Delta on the north

San Joaquin Valley from the

Tehachapi Mountains south of Bakers-

to the

and San Luis Unit
irrigation service areas and the State Water Project service area. Figure 2 shows those service
areas, the Friant-Kern Service area on the eastern side of the valley, and the general study

field. This area coincides generally with the Federal Delta-Mendota Canal

area boundary. Lands

now

directly affected by, contributing to, or likely to

fected by agricultural drainage problems

ure

To aid planning and

1.

analysis,

make up

the principal study area

af-

Fig-

the principal study area has been divided into the

Northern, Grasslands, Westlands, Tulare, and Kern subareas.

on hydrologic considerations,

be directly

shown on

political boundaries, current

Subarea boundaries are based

drainage practices, and/or the

nature of the drainage-related problems.

The San Joaquin Valley is
long and an average of 45

a gently sloping, nearly unbroken alluvial plain, about 250 miles

The temperate climate, productive soils, and the application of water by farmers have combined to
make this one of the world's most productive agricultural areas. Nearly all crops grown commiles wide, that

is

characterized by a mild, dry climate.

mercially in the region require irrigation.
Soils

on the western side of the

the Coast

Range and are high

from the marine sediments that make up

valley are derived

in salts

and trace elements

Irrigation of these soils has dissolved these substances

the shallow ground water (Gilliom, et
al

drains are necessary,

al.,

1989a).

that occur in a

and accelerated

Where water

marine environment.

their

movement

tables are high

and

into

agricultur-

drainage water frequently contains elevated concentrations of these

constituents.

The

principal study area includes remnant natural and

diversity of fish

and

wildlife species.

managed

habitats of importance to a

Habitats include the Grasslands area, a large

grasslands/wetlands complex in the southern San Joaquin Basin, where for several decades

commingled surface and subsurface agricultural drainage water was used for habitat management; the San Joaquin River, into which an estimated 35,000 to 56,000 acre-feet per year of
collected subsurface agricultural drainage water

is

currently discharged; evaporation

ponds

(primarily in the Tulare Basin), where subsurface drainage water

is discharged and concenand the beginnings of agroforestry
plantations that are watered with subsurface drainage water and used by several terrestrial

trated

and which are used extensively by aquatic

birds;

wildlife species.

The

principal study area

is

predominantly

rural.

Communities tend

to have fewer than

whose main economic existence is tied directly to agriculture. Although the
sparse, compared to the central and eastern portions of the San Joaquin Valley,

10,000 residents

population

is

demographic

shifts are occurring with an influx of people into the Tracy-Los Banos area from
San Francisco Bay region and into the Bakersfield area from the Los Angeles basin. Migrant farm workers also are major contributors to the area's economy and population.

the
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Figure 2
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INTERESTS AFFECTED BY DRAINAGE PROBLEMS
Agriculture
Agriculture provides the economic base of the western side of the San Joaquin Valley (Archi-

About 90 percent of

bald, 1990).
in irrigated

crop production at any one time.

and nuts are important
nant crops

the 2,544,000 irrigable acres in the principal study area are

in the Tulare

in the

A

diverse range of crops

is

grown

there.

Fruits

Northern, Grasslands, and Kern Subareas, while the predomi-

and Westlands Subareas are

crops and cereal grains.

field

Cotton

is

the leading field crop in both subareas.
Irrigation practices, methods,

method
factors

in the

—

efficiencies vary

San Joaquin Valley was surface

subarea by subarea. In 1980, the predominant

irrigation.

The methods chosen depend on many

types of crops cultivated, cost of water, soil types, and current irrigation and drainage

management

practices.

Farming practices and

in soil type, climate, slope
If

and

irrigation efficiencies are influenced

by variations

of the terrain, crops grown, and a grower's experience.

current irrigation practices continue, areas in which ground-water levels are 5 feet or less

from the surface of

irrigated lands will continue to

expand

in the

Westlands, Tulare, and Kern

subareas. Such areas in the Northern and Grasslands subareas are unlikely to increase as
long as they can be drained to the San Joaquin River.
that level

now

is

The

total area in the

western side

about 847,000 acres, of which 90,000 acres are managed as wetlands. By

MELONS
Melons are an important crop

In

both the Grasslands and Westlands subareas.

20

at

2000, high ground-water levels

may be

adversely affecting about 1 million acres of irrigated
land (W.C. Swain, 1990a and 1990b), or about 40 percent of irrigable farmland in the principal study area. This will reduce crop productivity, cause loss of farm income through conversion from salt-sensitive to salt-tolerant crops, increase costs of drainage

management, and

force land out of production.

Fish

and

Wildlife

[The following section

is

supported by information in the Drainage Program 's

Technical Report, Fish and Wildlife Resources

and Agricultural Drainage

in

the San Joaquin Valley, California, October 1990./

Before settlement of the San Joaquin Valley began in the 19th century, the richly diverse landscape supported large populations of both resident and migratory species of fish and

wildlife.

Today, most of these aquatic, wetland, riparian forest, and valley oak savannah habitats have

been converted to

agricultural, municipal,

and other

water lakes, only about 7 percent of the riparian
nal wetlands remain.

As

a result,

some

forests,

native plants

landscape, and the continued existence of

many

Less than

uses.

and

less

1

percent of the fresh-

than 15 percent of the

origi-

and animals have vanished from the

others

is

in serious jeopardy.

The popula-

tions of birds that once lived in or visited the valley as migrants have been greatly reduced,

and the

grizzly bear, the

Impoundments on and

pronghorn antelope, and the gray wolf have disappeared

diversions from the San Joaquin River

and

its

tributaries have dra-

matically reduced the valley's fisheries. Native fish have declined drastically
species are

now dominant. Chinook salmon, once

spring run and a

About 200,000
ently managed

fall

abundant

sufficiently

entirely.

to

and introduced

have at least a

run, have been greatly reduced in population.

acres of private and public land and water in the San Joaquin Valley are presas parks, refuges,

and preserves, primarily

for the benefit of fish

and

wildlife.

These areas, which protect the surviving native habitats, include State and Federal wildlife
areas. State fishery facilities, private duck clubs, special management areas, and private nature preserves. Until recently, about half the water supplies used in these areas was provided
by agricultural drainage, but use of drainage water for such purposes has been discontinued

on almost
tion of

all

wildlife areas

major public

because

it

may endanger

wildlife areas in the

the health of fish

San Joaquin Valley

is

shown

and
in

wildlife.

Figure

The

loca-

3.

Laboratory research has demonstrated that elevated waterborne and/or dietary concentrations of several trace elements in

and

wildlife.

some San Joaquin

Valley drainage waters are toxic to fish

is the most prominent of these; other constituents of concern include
chromium, molybdenum, and salts.

Selenium

arsenic, boron,

Water Quality
The

State of California, through the State Water Resources Control

the nine Regional Water Quality Control Boards (Regional Boards),
tecting the quality of the State's water for beneficial uses.

discharges into both surface and ground water of the State

Board
is

(State

Board) and

responsible for pro-

Regulation of deleterious waste
is

their responsibility.

The Cen-

Regional Water Quality Control Board has adopted and the State Board has approved objectives for allowable concentrations of selenium, boron, and molybdenum at various sites on the San Joaquin River and tributaries (CVRWQCB, 1988a). [The U.S. Environtral Valley
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Figure 3
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mental Protection Agency, however, has disapproved certain of the Board's objectives, and
the matter is presently unresolved.] State water-quality objectives now and in the future will
limit the discharge of agricultural drainage

water to be assimilated by these streams. The

Regional Boards issue permits for construction and operation of drainage-water evaporation
ponds. Since events at Kesterson, the Regional Boards have become more concerned about
the operation

and eventual closure of these

facilities.

Actions proposed by the Drainage Program are consistent with the State's present waterquality objectives. However, concern over the quality of the State's surface and ground water
is

expected to continue growing and introduction of agricultural drainage water into either

body will likely be more strictly regulated in the future. In anticipation of these developments and in view of new scientific findings, assumptions based on more stringent objectives
have been included in the alternative plans in Chapter 5 to show changes in required actions

and associated

costs.

Public Health
For the most

contaminated agricultural drainage water is most likely to harm humans
through indirect contact, such as consumption of contaminated fish or wildlife, plants, or
part,

and Pilch, 1988). Hazards intensify when contaminants are bioconcentrated by plants and animals or by evaporation, as in evaporation ponds. Direct dermal conlivestock (Klasing

tact with drainage water
risks;

contaminants studied to date

is

unlikely to pose significant health

however, inhalation of some particulate sediments (chromium, nickel, and

silica,

for

example) has been shown to cause adverse health effects under some conditions.
Public health effects have been considered during this study, and plans were based on a criterion to minimize potential adverse public health risks from any drainage-water
strategy.

management

Conclusions from studies of various potentially harmful constituents of drainage

water as public health risks are presented in Chapter
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3.

WHAT THE STUDY HAS
REVEALED OR CONFIRMED

Chapter

When

3.

the San Joaquin Valley Drainage

Program was initiated in late 1984, there were many
questions and conflicting opinions about westside San Joaquin Valley drainage and
drainage-related problems. Through Program-supported studies from 1985 to 1990, some
questions have been answered, some myths discredited, and some controversy resolved; but
other questions and issues remain. The drainage problem was a long time developing. It will
likely

be solved only through the diligence and cooperation of many individuals and

organizations over a considerable period. Further study will undoubtedly be essential to
these efforts.

A common base of knowledge
potential solutions to

paramount

and for developing
drainage problems. This chapter describes major advancements in
is

to understanding the causes

knowledge of various aspects of the drainage problem.

GEOHYDROLOGY
Understanding the geologic makeup and hydrologic characteristics of the study area
necessary to understanding the cause of the drainage problem.

is

Geology
The Corcoran Clay, a clay
study area, was formed as

layer 20 to 200 feet thick that underlies

a lakebed about 600,000 years ago and

feature of the San Joaquin Valley (Figure

Ranges and 200 to 500

feet

deep

4).

it

much

in the valley trough, the

ground-water system into two major aquifers
semiconfined aquifer above

Lying as

—

all

is

but a small part of the

an important geologic

as 850 feet deep along the Coast

Corcoran Clay

effectively divides the

a confined aquifer below

it

and a

(Page, 1986).

In the San Joaquin Basin, the semiconfined aquifer can be divided into three geohydrologic
units,

Sierra

based on the sources of the

Nevada

soils

and sediments. These are Coast Range alluvium.
The Coast Range alluvial deposits, which

sediments, and flood-basin deposits.

range in thickness from 850 feet along the slopes of the Coast Range to a few feet along the

from the erosion of marine rocks that form the Coast
Ranges and contain abundant salt. Some of the marine sediments contain elevated
concentrations of selenium and other trace elements. The Sierra Nevada sediments on the

valley trough,

were derived

largely

eastern side of the valley generally do not contain elevated selenium concentrations.

The

flood-basin deposits are a relatively thin layer in areas of the valley trough that have been

created in recent geologic time. These three geohydrologic units differ in texture, hydrologic
properties, chemical characteristics,

and oxidation
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state.

Figure 4
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In the Tulare Basin, the semiconfined aquifer consists of the

same three geohydrologic units
found in the San Joaquin Basin, plus one additional unit, Tulare Lake sediments. The Tulare
Basin is characterized by the presence of several dry lakebeds, including Tulare, Buena Vista,
and Kern.

The marine sediments from which most

soils in the

study area are derived contain salts and

potentially toxic trace elements, such as arsenic, boron,

molybdenum, and selenium. When

these soils are irrigated, the substances dissolve and leach into the shallow ground water
(Gilliom, et

al.,

1989a).

Range sediments are

Selenium

selenium in livestock feed grown
it

is

largely a westside

must be added to the

in

some areas of

livestock diet.

as determined by a survey in the mid-1980s.

It is

Soils derived

the eastern side of the valley

Figure 5 shows selenium

the soils over the past 30 to 40 years, and
water.

phenomenon.

from Coast

generally far saltier than soils formed from Sierran sediments. In fact,

it

in the

is

so low that

top 12 inches of

soil,

Most soluble selenium has been leached from
now occurs in solution in the shallow ground

drained from there when growers attempt to protect crop roots from

salts

and a

high water table. Generally, growers need not be concerned about protecting crops from
selenium.

Surface Water
Precipitation in the study area

inches in the north. Virtually

is

low, ranging annually

occurs from

from 5 inches

in the south to 10

November through

by
most westside streams have ended or dwindled to

all rainfall

midsummer, the small natural flows in
more than trickles. Storage and development of

irrigation facilities

reduced inflow to once-large lakes such as Tulare and Kern.

Now

April, and,

little

on eastside streams have

water reaches their dry

lakebeds only in extremely wet years, such as 1983.

4
Natural vegetation growing on the westside San Joaquin Valley without irrigation.
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Figure 5
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its major westside tributaries, Salt Slough and Mud Slough, are
important to the study area because they convey drainage water away from the Northern and

The San Joaquin River and

Grasslands subareas. San Joaquin River flows are controlled by dams on tributaries and on
main stem upstream from Fresno. Water stored in Millerton Reservoir is diverted

the

through the Friant-Kern and Madera canals. Irrigation water historically diverted from the
lower reaches of the San Joaquin River was replaced with Central Valley Project water
provided through the Delta-Mendota Canal, beginning
is

essentially dry

much

in 1951.

Now, the San Joaquin River

of the year from below Gravelly Ford to the point at which irrigation

return flow and local runoff replenish the river. Development on major eastside tributaries

has also reduced the flow of the San Joaquin River. The combination of these actions causes

problems

in

water quantity and quality, both for

fish

and

for other

downstream

river users,

especially in the South Delta area.

water is still pumped from both above and below the Corcoran Clay, especially
during drought periods when surface water supplies are short.
Irrigation

Ground Water
from 1920 to 1950 drew ground-water levels down as
much as 200 feet in large portions of the study area (Belitz, 1988). High pumping costs, land
subsidence, and declining water quality created a need for new water supplies. By 1951,
Federal Central Valley Project water was being pumped from the Delta and delivered to the

Pumping of ground water

for irrigation

Northern and Grasslands subareas through the Delta-Mendota Canal. By 1968, water was
being delivered to the Westlands, Tulare, and Kern subareas through facilities of the CVP's

San Luis Unit and the State Water

Project.

29

ground-water pumping for irrigation lessened and the
ground-water reservoir gradually began to refill. The semiconfined aquifer above the
Corcoran Clay is now fully saturated in much of the westside area. Water tables continue to

With a

reliable supply of surface water,

and the waterlogged area is expanding. During the period 1977-1987, the O-to-5-foot area
expanded from 533,000 acres to 817,000 acres (WC. Swain, 1990a). Figure 6 shows areas in
which the water table was less than 5 feet deep, 5 to 10 feet deep, and 10 to 20 feet deep
rise,

during part of 1987.
Irrigation-induced leaching of the soil and accumulation of salts from both the leaching and

from imported water have concentrated dissolved
semiconfined aquifer. Most of these

ground surface (DuBrovsky and

salts in the

upper portion of the

now located in a zone 20 to 150 feet below the
Ground-water quality is generally better above

salts are

Neil, 1990).

and below this zone. Figures 7 through 11 show concentrations of salinity, selenium, boron,
molybdenum, and arsenic in shallow ground water (less than 20 feet below the land surface).
This shallow ground water, and, in some places, water located even deeper, is the source of
subsurface drainage water.

There are
water

is

still

zones in the semiconfined aquifer above the Corcoran Clay in which ground

present in quality and quantity suitable for irrigation. Figure 12 shows the location

of zones with salinity less than 1,250 parts per million (ppm) for several aquifer thicknesses
saturated with water of that quality.

The map was prepared by using

a geographic

information system and combining and evaluating water quality data and well construction
information for the study area, as obtained from the U.S. Geological Survey, the U.S. Bureau
of Reclamation, the Department of Water Resources, the Central Valley Regional Water

Quality Control Board, and local water agencies. The procedures used were designed to

produce a conservative estimate of the

total

depth of ground water that meets the specific

water quality criterion of 1,250 parts per million
quality water (less than 1,250

TDS) were

ppm TDS)

total dissolved solids.

Lenses of good

overlying poor quality water (more than 1,250

not included in the total depth calculations. In

some

ppm

areas, notably in the

southern Westlands Subarea, data from studies conducted

in the 1960s were used in the
absence of more recent data. Elsewhere, data from 1970 to 1989 predominated (Quinn, 1990).

DRAINAGE-WATER CONSTITUENTS
Salinity
Drainage water contains dissolved mineral substances often referred to as "salts." These
salts include sulfates, chlorides, carbonates, and bicarbonates of the elements sodium,
calcium, magnesium, and potassium.

The term

"salinity" refers to the salt content of

solutions containing dissolved mineral salts, which

dissolved solids

(TDS)

in parts

is

commonly measured

as either total

per million (ppm) or electrical conductivity (EC) in

microsiemens per centimeter (p.S/cm). There are three sources of

salts in the

study area:

Water imported from the Sacramento-San Joaquin Delta; (2) soils; and (3) ground water.
The imported water is of generally good quality; that is, its average salinity is less than 350
ppm. But because of the large volume of such water, about 1,600,000 tons^ of salts are

(1)

imported per year (D.G. Swain,
1

1990).

Calculated by: Firm water supply imported annually (3,400,000 acre-feet) x salinity (350

version factor (0.00136)

=

1,620,000 tons.

30

ppm TDS) x

con-
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NOTE: Cross-sections shown on Figure

4.

Figure 7
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A buildup

soil can adversely affect agricultural productivity. The arid soils on
San Joaquin Valley contain substantial amounts of naturally acquired soluble
that can leach into the ground water below the root zone. These salts contribute heavily

of salts in the

the westside
salts

to the salinity of the soil solution and, subsequently, to the drainage water,

drained.

(CH2M

About

if

a field

half the soluble salts in the crop root zone are derived from the

Hill, 1988).

is

soil

Evapotranspiration increases the concentration of salts in the

soil,

and

Use of irrigation return flows also further concentrates them.

Ponds used

to

divided into

cells,

evaporate subsurface drainage water often cover several hundred acres, are generally
and can evaporate about 4 feet of water per acre each year.

The chemical forms of

total dissolved solids (salts)

found

in

subsurface agricultural drainage

vary from region to region in the San Joaquin Valley. The composition of drainage water
largely

dominated by sodium and

sulfate,

U.S. Geological Survey study (Deverel, et

major substances

in

although chloride
al.,

is

dominant

in

some

places.

is

A

1984) described concentration ranges for these

drainage water from the Coast Range alluvium, the basin trough, and the

transitional basin rim.

Salts are highest in the basin

rim zone. Median concentration of

maximum of 65,000 ppm. Chloride varied from
a median of 220 to 455 ppm, with a maximum of 16.000 ppm. Sodium ranged from a median
concentration of 230 to 1,100 ppm in the three zones, with a maximum concentration of
sulfate

ranged from 310 to 3,450 ppm, with a

30,000

ppm. Other major substances are calcium, magnesium, potassium, and bicarbonate

plus carbonate. Electrical conductivity (EC) ranges from a median of 1,900 to 6,055 jiS/cm in

38

the three zones, while the

maximum

electrical conductivity of seawater

High concentrations of

some

areas.

observed value was 68,000 ^.S/cm. By comparison, the

is

about 50,000 jiS/cm.

ppm

nitrate with values greater than 70

have also been observed in

Nitrates are considered to have a dissolved salt source, although certain

pollutant-type sources such as fertilizers and feedlots have also been documented.
potential public health hazard

Nitrates

and

may

exist if nitrates in public

sulfates in drainage water also have

certain treatment processes (Hanna, et

al.,

A

water supplies exceed 45 ppm.

been shown to hinder selenium removal

in

1990).

Extensive sampling and analyses by Federal and State scientists during the period 1984-1989

have shown that pesticides are rarely detected

However, pesticides have been observed
mingling of tailwater

in westside

subsurface drainage water.

in field irrigation runoff (tailwater),

and subsurface water does occur

and comand

in parts of the valley (Gilliom

Clifton, 1987).

common means

Evaporation ponds are one of the most
water in

the southern San Joaquin Valley. High

to dispose of subsurface drainage

salinity in the

ponds, entering either from

outside sources or developing from evaporation, produces concentrations of salts that

may

the evaporation ponds are

cause environmental problems. The dominant minerals (salts) in
typically sodium sulfate and sodium chloride, mainly due to the composition of geologic

TDS concentrations were
(CVRWQCB, 1988c).

formations contributing to subsurface drainage systems. Inflow

observed to range from 2,500 to 65,000

ppm

in

one study

Concentrations in the ponds affected by evaporation have been measured as high as 388,000

ppm. (Seawater is about 31,000 ppm TDS.) During the evaporation-driven process of
concentration, numerous physical, chemical, and biological processes affect the reactivity,
solubility, and availability of trace element constituents in these high-salinity evaporation
ponds (K.K. Tanji, in press).

Trace Elements
Toxic and potentially toxic trace elements occur naturally in
the San Joaquin Valley,

These elements,

and they are leached

originally

found

mobilized, transported, and
of trace elements

is

some

into the shallow

in the geologic

soils

on the western side of

ground water during

irrigation.

formations of the Coast Ranges, can be

concentrated in irrigation drainage water.

Another minor source

imported irrigation water.

Over the past several

years,

many

studies have evaluated the chemical composition of

conducted by government agencies and other
researchers, have produced evidence of the existence of a large group of trace elements or

agricultural drainage water.

chemical substances that

These

studies,

may be found

at elevated concentrations at

some time or place

in

This group of elements or chemical constituents, called
"substances of concern," comprises 29 substances (Table 4). Basically, these substances are
of concern in the environment because of their actual or possible adverse effects on water
irrigation drainage water.

quality, public health, agricultural productivity, and/or fish

39

and

wildlife.

Table

Of Primary

4.

SUBSTANCES OF CONCERN

transferred soluble selenium from the upper soils to the shallow ground water, where

its

highest concentrations occur generally along the edge of the valley trough in the lower parts

of the Coast

Range

alluvial fans.

Selenium concentrations in shallow ground water show a wide range of values. In the U.S.
Geological Survey's study of three physiographic zones (Coast Range alluvium, the basin rim,

and the basin trough) on the western side of the valley (Deverel, et al., 1984), values ranged
from less than 1.0 part per billion (ppb) to 3,800 ppb, with a median concentration for all
zones of 6.0 ppb. Water entering Kesterson Reservoir in the spring of 1984 had an average of
385 ppb. To protect freshwater aquatic life, the Environmental Protection Agency recently
established ambient water-quality criteria for selenium — 5.0 ppb for chronic toxicity and
20 ppb for acute toxicity (USEPA, 1987). Saltwater limits are higher. The State Board has
established a monthly

mean

objective for selenium of 5.0

ppb

San

for a specific area of the

Joaquin River.
Evaporation ponds can accumulate and concentrate trace elements that may be hazardous to
wildlife, especially

waterfowl and shore birds that use the ponds.

A study of 22 ponds

by the

Central Valley Regional Water Quality Control Board indicates that trace-element
concentrations vary widely

(CVRWQCB,

Each of

1988c).

the four primary substances of

concern (selenium, boron, molybdenum, and arsenic) occurs

more of

the ponds.

to 1,900 ppb, with a

in high concentrations in

Selenium, for example, in these 22 ponds ranges from less

one or

1.0

ppb

median value of 17 ppb.

Elevated concentrations of boron (greater than 2.0 ppm) are found in parts of

subareas under study, except the Northern Subarea. Although boron
nutrition of certain plants, concentrations in excess of 0.5

some

than

crops. For this reason,

it is

ppm

are

is

all

the

essential to the

known

to

be harmful to

regarded primarily as an agricultural crop problem. The

Board established water-quality objectives for boron in the San Joaquin River that
ranged from 0.8 to 1.3 ppm, depending on the time of year or whether it is a critically dry
water year. The Regional Board's studies show that boron in evaporation ponds ranges from
2.5 to 840 ppm, with a median concentration of 20 ppm.
State

Molybdenum has been found

in elevated concentrations (greater than 20

ppb)

areas of the San Joaquin Valley, particularly in the Tulare and Kern subareas.
in very

low concentrations

is

essential to

many

plants

and some mammal

in various

Molybdenum

species.

In high

can be injurious to the growth of many kinds of plants. It can be toxic to
livestock through bioaccumulation, particularly in ruminant animals (cattle and sheep). A
technical committee of SWRCB recommended a 10-ppb criterion in water to protect

concentrations,

it

agricultural uses. The EPA has not set any water-quality criteria for molybdenum.
Molybdenum is an abundant element in evaporation ponds, ranging in concentration from
7.0 to 7,775 ppb at the inlets to the ponds and 58 to 40,000 ppb in the ponds. Few studies
have been performed to assess the potential consequences of elevated dietary molybdenum

in

humans.
Arsenic

is

a

known

toxicant that has been

shown

to

become concentrated

at relatively high

evaporation ponds in the Tulare Basin. Arsenic values in evaporation ponds range
from 2.0 to 900 ppb in the inlets to the ponds and 1.0 to 13,000 ppb in the ponds.
Occurrences in other parts of the San Joaquin Valley are not as frequent, nor are the levels as
levels in
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on the average. Certain chemical forms of inorganic arsenic are suspected human
carcinogens. The EPA has set 50 ppb as the current maximum contaminant level for arsenic
compounds in drinking water and established 190 ppb as the water-quality criterion for
high,

freshwater aquatic

life.

Uranium was not one

of the elements of concern studied in earlier evaluations of

drainage-water constituents. However, the presence of elevated concentrations of uranium in
Tulare Basin evaporation ponds has been documented

from 30 to 11,000 ppb

in studies

conducted

(CVRWQCB,

in 1987-88.

samples was 675 ppb, while the mean concentration

1988b).

These ranged

The mean concentration

in the inflow

for

pond

all

samples of the three basins

studied was 280 ppb. Over 60 percent of the evaporation pond area exceeded a Canadian
marine water-quality objective of 500 ppb uranium. At the present time, there is no
information regarding the role uranium may play in the toxicity problems of the evaporation
ponds. In 1988-89, the USGS studied the occurrence of uranium in shallow ground water in
parts of the Tulare Subarea.

The

Results have not yet been published.

toxicity of drainage-water constituents

other substances.

The understanding of

is

influenced by their chemical interaction with

these interactions

is

limited.

In addition to the

independent effects of trace elements, antagonistic or synergistic interactions

among
The

may

occur

various constituents.

list

may be of concern in drainage water is not final at this time.
not now listed have occasionally been detected in drainage-water

of substances that

Certain other substances

water influenced by subsurface drainage. Future studies and continued

samples or

in

monitoring

may produce

thought to be important

data that
will

will indicate

whether certain chemicals not presently

have to be more thoroughly appraised.

DRAINAGE-WATER TREATMENT AND REUSE
At the beginning of the Drainage Program, major
water to

make

it

effort

was focused on treatment of drainage

environmentally acceptable and/or reusable. Selenium became the principal

concern

in those efforts because of confirmed associations between adverse effects on wildlife
and the presence of selenium in drainage water. Unlike other substances of primary concern,
no practical treatment method for selenium removal was known to exist.

Treatment Processes
Problems at Kesterson Reservoir generated about 150 ideas and suggestions that were
submitted to the Drainage Program. Many were oriented toward drainage water treatment

and many were research proposals. The staff initially screened all the ideas and submitted
about 30 of them to the Program's Treatment and Disposal Subcommittee for evaluation and
final screening. The subcommittee further narrowed the choices, but because of funding
limitations, only the most promising methods were pursued.

The Drainage Program

investigated the 11 processes listed in Table 5 but did not fund

developmental research. Others (for example, Westlands Water

all

the

District, Panoche Drainage
and the California Department of Water Resources) also funded research on
treatment processes. Chapter 3 of the Drainage Program's Preliminary Planning Alternatives
District,
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summarized the various treatment processes investigated. Technical reports on the various
treatment processes have been prepared and a review and evaluation of each treatment
process has been completed (Hanna, et

al.,

1990).

Anaerobic-Bacterial Process
This process was tested by

EPOC AG

in a small-scale pilot plant, using a biological reactor

(including upflow fixed-film beds, fluidized beds, and sludge blanket reactors) and
microfiltration.

EPOC AG

concluded

in

1987 that the biological process

is

a practical and

proven method for treatment of selenium-laden drainage.

The optimum treatment

train

was sludge blanket

to fluidized

bed to microfiltration. The

process lowered selenium levels in the feedwater from 300 to 500 ppb

and thence

to

below

5.0

ppb with

data generated by the

EPOC AG

the plant's operation.

It

down

to 12 to 40 ppb,

ion exchange "polishing." However, interpretation of the
pilot plant is

operated under

complicated by the ever-changing nature of

field conditions,

quality and diurnal and seasonal temperature

with wide changes in drainage water

variation, as well as in other significant

parameters.

The anaerobic-bacterial process of removing selenium from drainage water was tested
small plant near Mendota in 1986 and 1987.

in this

Laboratory-scale research at the University of California, Davis, was conducted as foUowup
to the work by EPOC AG, mainly to determine the mechanisms of selenium removal in the
anaerobic-bacterial process (Schroeder, et

al.,

1989).

It

was determined from studies using

sequencing batch reactors and fluidized bed reactors that selenate reduction occurred
simultaneously with nitrate reduction.

It

was theorized

that selenate reduction

a detoxification mechanism, rather than a respiratory process. In respiration,
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was primarily
nitrate would

be used before selenate. The researchers postulated that the bacteria are detoxifying their
environment of high concentrations of selenate, while simultaneously respiring on nitrate.
Facultative-Bacterial Process
This process was studied
Salt

Lake

City.

Utah

in the

laboratory at the U.S. Bureau of Mines Research Center in

(Altringer, et

using facultative bacteria that can
in

al.,

live

1987).

Selenium was reduced from selenate to

selenite.

with or without oxygen, and precipitated from solution

elemental form. This study also demonstrated that the mechanism of selenium removal

influenced by nutrient addition, oxygen supply, and temperature. Aerobic conditions

encouraged bacterial growth, but selenate reduction was enhanced when the

air

restricted.

Table

5.

STATUS OF DRAINAGE-WATER TREATMENT PROCESSES
TO REMOVE OR IMMOBILIZE SELENIUM

Process

supply was

is

Microalgal-Bacterial Process
This process was investigated by the University of California
1990).

The process

is

at Berkeley (Oswald, et
based on the principle that soluble selenate can be reduced by

microorganisms to less-soluble
reactor.

suspended

and elemental selenium in an anoxic sludge blanket
and accumulates in the reactor sludge, selenite

selenite

While elemental selenium

settles

can be precipitated with

in the reactor effluent

al.,

ferric chloride

and removed by a

dissolved air flotation system.

The carbon source

for the biological reactor

is

algae cultivated in high-rate algal ponds fed by

drainage water. If drainage nitrate levels are above that which can be assimilated by
algae, a denitrification reactor

The researchers

is

added upstream from the selenate-reducing

pond

reactor.

methane for power
the algae ponds, and the

believe that excess algae can be fermented to produce

generation, carbon dioxide can be recycled for

pH

control in

digested sludge can be diverted to the biological reactors to supplement the algal feed.

Although the

field tests

did not reach steady-state conditions, the process showed promise of

greater than 95-percent removal of selenium.

Microbial Volatilization of Selenium

In

Evaporation Pond Water

This process was studied primarily as an in-situ means to maintain selenium
evaporation ponds below the hazardous waste criterion of

meet the more stringent

1.0

ppm.

It

levels in

was not intended

to

criteria for wildlife protection.

Investigators in 1990 reported that

compounds high

in protein,

accelerate biological removal of selenium, but substantial

such as casein, dramatically

amounts of the compounds are

apparently required, probably creating eutrophic ponds (Frankenburger and

Thompson-Eagle,

1989). Bacteria

methylators in pond water.

The

were identified as the predominant active selenium

researchers conclude that further studies are needed to

determine whether protein-mediated methylation can be optimized through the addition of
coenzymes, methyl donors, and aeration, as well as through the addition of specific microbial
inoculants.

They

further conclude that

selenium removal.

it

may be

possible to design a pilot bioreactor to test

This technique lags in developmental efforts.

Microbial Volatilization of Selenium from Soils and Sediments
This process

is

being investigated by researchers from the University of California at

Riverside to determine whether biomethylation of selenium could be accelerated and used as
a bioremediation technique to remove selenium from Kesterson Reservoir and the San Luis

Drain (Frankenburger and Karlson, 1989). Indigenous soil fungi are the primary organisms
that volatilize the selenium, and dimethylselenide is the primary gaseous end product. The
process was field-tested, following treatment methods in which different additives were used.
This work was done at Kesterson Reservoir, on San Luis Drain sediments, and at a Peck

Ranch evaporation pond.
At Kesterson Pond

4,

All treatments included moisture application

where selenium concentration

in the

and

upper 6 inches of

rototilling.

soil

averaged

about 39 milligrams per kilogram, treatment using citrus peel -I- ammonium nitrate + zinc
sulfate and treatment using casein were most effective. The average emission rate with the
citrus peel treatment

was about 40 times greater than
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it

was

for

background

level.

It

was

estimated that the treatment would require about seven years to achieve the cleanup goal of
4 mg/kg from the

initial

concentration of 39 mg/kg.

The selenium

temperature-dependent, with the highest rates occurring

volatilization rate is highly

in the late spring

and summer

months.

Geochemical Immobilization

A

physical/chemical attenuation process to transform and immobilize selenium in place was

investigated by

UC

Riverside researchers (Neal and Sposito, 1988).

to identify the pertinent variables in

an irrigated

management techniques that would control
the soil profile. The researchers concluded

soils

system designed to implement

the eventual fate of selenium by immobilizing
that the chemical form

the aqueous phase governs the applicability of this process.

San Joaquin

Valley, selenate predominates,

physical/chemical attenuation would have

The study was conducted

farm

little

level

If,

in

which selenium

management

practices to achieve

Panoche Water District Is testing ttie removal of selenium by passing drainage water
through a bed of iron filings in the bottom of this basin.

in

exists in

as in the soils of the western

success in immobilizing selenium.
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it

Iron Filings

Harza Engineering Company tested its patented heavy metals adsorption process for
removing selenium from drainage water at Panoche Drainage District. In this process, heavy
and toxic metals are adsorbed onto iron filings and removed from solution as drainage water
flows through a bed of "activated" iron filings. Before the beds are exhausted, the iron filings
In 1985,

are replaced, activated,

and returned

landfills or recycled to the

A problem arose

online.

The spent material can be disposed of

at

metal-working industry.

and clogged the bed. A study
was conducted at the University of Wisconsin, Madison, to determine the mechanism by
which selenium is removed and the selenium specie formed to effect removal (Harza, 1989).
It was concluded that selenium is removed by chemical adsorption on iron oxyhydroxide

The

in initial field testing.

surfaces at an orange-brown layer of iron

filings solidified

where drainage water enters the column.
Before the oxyhydroxide layer forms, selenium can be removed throughout the iron-filing bed
by physical adsorption. There is still uncertainty regarding the exact mechanism whereby
selenium

is

removed

The study did not

in the

filings,

Harza process.

conclusively define the cause of the bed-clogging problem.

The formation

of magnetite (Fe304), a ferromagnetic solid that restricts flow,

was suggested as a possible
such as calcite precipitation, were also suggested, but
bed-hardening also occurred in columns with selenate-spiked distilled water.

cause.

Other

possibilities,

Pilot tests are presently being

Information from these

tests

conducted

treatment ponds at Panoche Drainage District.

in

should help to better evaluate the effectiveness and cost of

this

process.

Ferrous Hydroxide
Studies of this process were conducted by staff of the U.S. Bureau of Reclamation's Denver
Office (Rowley, et

al.,

1990).

The process

is

based on a reaction

in

which ferrous hydroxide

reduces selenate to elemental selenium. The reaction rate depends on pH, for which the

optimum range

is

8 to 10.

Temperature

doubling the rate for each 10°

C

affects the rate of selenate

increase.

Most of

removal by about

the tests were conducted at 20° C, the

approximate average temperature of drainage water.

The

reaction time for selenate removal

concentration, which was

is

commonly used

inversely proportional to the ferrous hydroxide
in the

The
when
longer times were required when

range of 2.5 to 20 millimoles per

liter.

reaction times were very short (99-percent selenate removal in less than one minute)

deionized water was used for testing, but substantially

drainage water was used. Field tests near Mendota resulted

in

90-percent selenate removal

after four hours.

was concluded that high concentrations of bicarbonate would decrease the reaction rate by
while high concentrations of nitrate would reduce the reaction rate by a factor of 5. If
high concentrations of both ions were present, the initial rate of reaction would be reduced
by a factor of 17. Although oxygen does not appear to affect the rate of selenate removal, it
It

half,

oxidizes about 1.6 millimoles per

liter

of ferrous hydroxide
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if

the water

is

saturated at 20° C.

Ion

Exchange

Use of selenium-selected

resins to

remove selenium was investigated

drainage-water samples (Boyle, 1988).

commercial

resins,

showed

Two

strong anion-base

in laboratory tests

resins,

selectivity for the selenate ion over the sulfate ion.

investigators concluded that this indicated ion exchange

is

The

a promising method.

studies have not been conducted to demonstrate field-scale reliability

on

both similar to

and

However,

costs.

Reverse Osmosis to Remove Salts and Contaminants
This

is

a versatile, proven treatment process capable of removing

trace-element contaminants, but
processes.

The

it is

concluded that additional work

is

costly than the other treatment

Banos from the

pretreatment systems tested

fall

of 1983 to August 1986.

DWR

required on the pretreatment system to establish the

drainage water desalting

feasibility of a

much more

as well as

California Department of Water Resources operated a drainage-water

desalting demonstration plant at Los

(ion exchange

also

salts,

(DWR,

DWR has issued a report on the

facility.

1986),

and reports on other components of the project

and reverse osmosis) are being completed.

Cogeneration
This process uses waste heat from the thermal generation of energy to evaporate drainage
water.

However, from review of a cogeneration study completed

Drainage Program concluded that cogeneration using natural gas

in

1989 (RMI, 1989), the

fuel is not

promising for

evaporation of unconcentrated drainage water because of the high cost and the relatively
small

amount of drainage water

treated (about 7,500 acre-feet annually in conjunction with a

100-megawatt powerplant).
Westlands Water District, with Drainage Program participation, conducted a preliminary
study of burning salt-tolerant agroforest biomass to evaporate drainage water concentrated

by agroforestry crops (RMI, 1990).

RMI

concluded that wood

fuel

cannot be economically

component of a drainage water evaporation

substituted for natural gas to fuel a cogeneration
plant.

Future of Treatment Processes

The implementation of any drainage water treatment process is burdened largely by three
major items: (1) The need to keep costs low and affordable for agricultural application, (2)
the stringent performance criteria imposed by the need to reduce selenium to extremely low
concentrations (less than 5 ppb) in receiving water, and (3) the early developmental status of
technology for selenium removal from drainage water. Because selenium-removal technology,
unlike reverse-osmosis desalting, has not progressed to large-scale application,
to

recommend

a specific treatment process at this time.

indicates that treatment

may be

a viable drainage

it is premature
However, selenium removal research

management

conditions and, therefore, further treatment research

is

strategy under certain

justified.

Because the Drainage Program wanted to encourage the search for an economical way to
remove selenium from drainage water, its Interagency Technical Advisory Committee's
Treatment and Disposal Subcommittee was asked

for advice

on which process to pursue.

The subcommittee recommended support of a 30,000-gallon-per-day demonstration plant
using the anaerobic-bacterial process field-tested by EPOC AG. The Department of Water
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Resources intends to fund the demonstration plant
Bureau of Reclamation.
In the

EPOC AG

in 1990,

with support from the U.S.

selenium in drainage water at a concentration of 300 to
550 ppb was lowered to about 10 to 40 ppb after microfiltration and to less than 10 ppb after
polishing in boron selective ion-exchange resins. EPOC
has reported estimated
field-pilot tests,

AG

treatment costs for a 1-million-gallon-per-day prototype plant of about $76 per acre-foot to
construct (capital at 4 percent, with 20-year plant
Total product cost

10-mgd

would be about $224 per

life)

acre-foot.

and $148 per acre-foot to operate.
It was also estimated that, for a

would decline to about $145 to $175 per acre-foot,
and cost of a carbon source. These estimates did not include

plant, the total unit treatment cost

depending on the

availability

waste-stream disposal costs.

A study sponsored by the Drainage Program
investigated, and,

(Hanna,

et

al.,

interest rate

when

1990).

reviewed and evaluated each treatment process

cost estimates were available, adjusted

Revisions of

from 4 percent

9%

to

EPOC

AG's

them on a common basis
on increases in the

cost estimates were based

percent, electricity rates from $0,045 to $0.08 per

kilowatt-hour, labor costs from $28,470 to $40,000 per person per year, and capital costs by 35

Added to these were replacement costs and 27 percent for overhead and profit.
Those changes raised the estimated total product cost from $224 to $456 per acre-foot for a
1-mgd plant and from $175 to $301 for a 10-mgd plant. Neither estimate includes costs of
percent.

polishing to lower selenium levels to less than 10 ppb, or of waste-stream disposal.

Reuse
If

drainage water could be economically reused,

it

would be a resource, not a waste disposal

problem. The Drainage Program funded investigations of the reuse of drainage water for

and halophytes.

irrigation of salt-tolerant trees

It

also reviewed the results of reuse

investigations conducted by others. These mainly concerned the use of drainage water in

powerplant cooling, temperature-gradient solar ponds, aquaculture,

and marketing, and

There are no current plans for
significant

salt

and mineral recovery

agriculture.

demands

siting

major thermal powerplants

for drainage water for cooling.

in the valley

and hence no

Treatment costs would be substantial to

produce drainage water acceptable for powerplant cooling.

Possibilities exist, though, that

energy-producing solar ponds could be used in drainage water management because of the

demand

and cost of, electrical energy and because of growing concern
Both the Bureau of Reclamation and the Department of Water
Resources are pursuing further solar pond investigations.

increasing

for,

for air

quality in California.

and mineral recovery and aquacultural reuse rests largely with the
primarily sodium sulfate, in the case of salt recovery, and
marketability of the products
the products grown in drainage water, in the case of aquaculture. Such markets do not

The

potential for both salt

—

appear promising

change

at present

because sources are available elsewhere, but these are subject to

in the future.

Reuse of drainage water by

irrigating salt-tolerant crops or

by blending with normal irrigation

supplies are the only reuse options that appear promising at this time.
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AGRICULTURAL ECONOMY
economy of the westside San Joaquin Valley. Knowledge of
the agricultural economy and the way in which it relates to the region, the State, and the
nation are important to understanding and planning for management of the drainage
problem. The information that follows is from the Census of Agriculture reports (1978, 1982,
Agriculture

1987),

is

the mainstay of the

Census of Manufacture reports

(1978, 1982, 1983,

and

1985),

Food and Agriculture and a commercial

California Department of

and data from the
agricultural lending

agency, as presented in a report sponsored by the Drainage Program (Archibald, 1990).

Additional information

available in the

is

full

report.

The Contribution of Agriculture
California leads the nation in the market value of agricultural production.
California's total value of agricultural output

was $13.92

of the total $136 billion U.S. agricultural production.

Of the

In 1987,

represented 10.2 percent

billion; this

California total, $9.27 billion

was

contributed by crops and $4.65 billion by livestock, poultry, and related products.

The San Joaquin

Valley

California's largest single agricultural area, contributing $6.82

is

billion (49 percent) of the State's total agricultural output.

and

(65 percent),

livestock

and

Crops accounted

for $4.45 billion

livestock products contributed $2.37 billion (35 percent).

Figure 13 provides a breakdown of the total crop production value in the San Joaquin Valley.

Of

the total value of crop production in the U.S., 50.9 percent

and

49.1 percent

livestock

and

from nonirrigated land. In contrast, only

livestock products

Figure 13.

was derived from

was derived from

irrigated land

19.9 percent of the value of

irrigated land, while 80.1 percent

was

SAN JOAQUIN VALLEY TOTAL CROP PRODUCTION VALUE
(Value = $4.45 billion in 1987)
10%
fruits

51%

and nuts

cotton
s!!vj

vegetables

hay

10%
I

I

I

I

grain

miscellaneous
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contributed by nonirrigated land. Irrigated land in California accounted for about 45 percent
of total U.S. crop production on irrigated land, and the San Joaquin Valley alone contributed

about 21 percent of the U.S.

total.

The importance of agriculture to the economy of California can be estimated by examining
employment statistics. Statewide in 1987, agriculturally induced employment accounted for
least 17.3 percent of employment and 18.5 percent of total payroll. Within the San Joaquin
Valley, these categories

agriculturally induced

Figure 14.

were 48.6 and 54.2 percent,

employment

in the

respectively.

San Joaquin

Figure 14 shows

Valley.

AGRICULTURALLY INDUCED EMPLOYMENT
SAN JOAQUIN VALLEY BY COUNTY, 1987

IN

^^
30%

THE

Fresno

San Joaquin

I

10.5%

at

I

P'H

1,

Stanislaus

1,

!.

'SS

Kern

HH

Kings

9.5%

Madera
j

I

Merced

20.5%

19.5%

employment in each valley county was even more striking,
more than 50 percent of employment in Kings, Madera, Merced, and Stanislaus

In 1987, agriculturally induced

representing

counties and about 50 percent in Fresno, San Joaquin, and Tulare counties. In Kern County,
agriculture accounted for only 20 percent of employment, reflecting the development

and

growing importance of other industries, such as petroleum.

Exports
California also leads the nation in agricultural export value.

The

State's export value declined

during the 1980s, as did U.S. export value, but the State's value recovered significantly by
1987. The leading single export commodity from California is cotton lint. Figure 15 shows a
breakdown of the value of California commodity exports. In 1987, 62 percent of California's
cotton output was exported. This accounted for nearly half the value of U.S. cotton exports.
About 60 percent of the State's almond crop and 45 percent of the walnut crop were
exported. This was the entire amount of U.S. exports of these two crops.

Given these

levels of exports,

an estimated 1.76 million acres of California cropland were

dedicated to producing for export markets

in 1987.

Cotton dominates exports

in

terms of

land use. In 1987, production from 710,000 acres of cotton was required to meet California's
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Figure 15.

SHARE OF CALIFORNIA COMMODITY
EXPORTS, BY VALUE, 1987

42%
cotton

lint

almonds and walnuts

^1

major tree

18%
I

fruits

and grapes

meat and meat products

I

other commodities
I

export market.

Of that

area, 682,000 acres

were

in the

I

San Joaquin

Valley,

and 450,000 of

those acres are on the valley's western side. The rise in incomes in countries importing
agricultural products
fruits, nuts,

in

and

from California favors growth

beef.

in

higher value export crops, such as

For the 1990s, based on expectations of income and population growth

importing countries, the U.S. Department of Agriculture projects a 3-percent annual

growth rate for agricultural exports, led by growth

in high-value products.

Food grain exports

are not expected to grow as fast as feed grain exports, because importing countries are

increasing their domestic meat production and must import feed grains.

Land Use
was 30.6 million acres, with about one-third (10.5 million
acres) in the San Joaquin Valley. Farmland on the western side of the valley accounts for
one-third (3.4 million acres) of the valley total. About 7.5 million acres of cropland are
irrigated, with irrigated pasture accounting for only 5 percent of the total. Over half (57
percent) of the State's irrigated cropland is in the valley, and 40 percent of this is on the
western side. Together, the Westlands, Tulare, and Kern Subareas account for more than 75

Total California farmland in 1987

percent of westside irrigated cropland.
California farmland as a whole declined 2.3 percent from 1982 to 1987, a drop that
consistent with the national pattern,
valley, the decline

A

was

3.0 percent;

which declined 2.26 percent

on the western

side,

it

was

in the

Commodity Acreage Reduction Program and

was

period.

For the

11 percent.

partial explanation for the decline of irrigated westside cropland

the Federal

same

is

the acreage enrolled in

the Conservation Reserve Program.

Idled cropland in the valley increased 125 percent from 1982 to 1987, or 13.4 percent of total
irrigated cropland in 1987.

Land under

the Acreage Reduction

Program increased 256

percent from 1982 to 1987, to a total of 7.1 percent. Land set aside under the Conservation
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Reserve Program for the valley as a whole was

less

then

1

percent of irrigated land. Drought

conditions in 1987 also help explain the reduction in irrigated acreage.
Forty-three percent of irrigated cropland on the western side of the San Joaquin Valley was in

cotton in 1987. In the five subareas, the share of cropland in cotton ranged from 2.1 percent
in the

Northern Subarea to 52.2 percent

in the

Westlands Subarea (Figure

The cotton

16).

shares for the Kern, Tulare, and Grasslands subareas are 51.0, 49.5, and 34.6 percent,
respectively.
oilseeds,

and

Other
rice,

westside cropland

field crops, including feed grains, hay,

accounted for 34.3 percent of the
in 1987.

The shares of cropland

wheat, sugar beets, dry beans,

valley's

cropland and 38.4 percent of the

in these field crops

ranged from 28.7

percent in the Westlands Subarea to 51.9 percent in the Northern Subarea. Most dry beans

have been grown

in the

Northern Subarea; most sugar beets,

in the

Northern and Grasslands

subareas; and most oilseeds, in the Tulare Subarea. Conversely, hay has been grown

throughout the west

side,

Northern Subarea, as

is

but minimally

wheat

in the

in the

Westlands Subarea. Cotton

is

minimal

in the

Grasslands Subarea.

and nut acreage represented 8.3 percent of cropland on the western side and
33.4 percent in the San Joaquin Valley as a whole (Figure 16). Together, almonds, walnuts,
and apricots accounted for 92 and 86 percent of tree and vineyard cropland in the Northern
and Grasslands subareas, respectively.
In 1987, fruit

In 1987, vegetables accounted for 10.3 percent of cropland on the western side,

up from

7.7

percent in 1982 and 7.3 percent in 1978. This represented an increase of 17,000 acres during
the 10-year period.

The share

of cropland in vegetables ranged

among

the subareas from a

high of 25.8 percent in the Northern Subarea to a low of 2.8 percent in the Tulare Subarea.

which makes up most of the Westlands Subarea, had the greatest
vegetable acreage, withl40,868 acres (Westlands Water District, 1988). Tomatoes, cantaloupes,
lettuce, romaine, and dry onions occupied about 62 percent of land planted to vegetables in the
Westlands Water

valley.

District,

Tomatoes were the dominant crop, with 36 percent of the vegetable acreage.

Production Expenses
The western

side of the

San Joaquin Valley accounted for 29 percent of total valley
Given that the westside share of irrigated cropland

agricultural production expenses in 1987.

40 percent, this indicates lower per-acre expenses for the western side than for the
remainder of the valley. This could reflect a combination of a greater ratio of field and row
is

crops to trees and vines on the western side and some economies of scale associated with
large operations. Labor expenditures exceeded 20 percent of the total, followed by chemicals

and machinery (including equipment), each at 10 percent, and energy at 6 percent. The
shares of expenditures for labor, interest, and property taxes are lower than for the rest of the
Westside growers, however, dedicate a larger fraction of their production expenses to
machinery, energy, chemicals, and irrigation water. In the subareas, cash rents per acre

valley.

appear to decline as a proportion of total expenditures from north to south. The proportion
of expenses in the form of interest payments was greater in the Northern Subarea, reflecting
higher land values and per-acre investments in orchards. Energy expenditures in the Tulare
and Kern Subareas were greater in proportion to other expenses than in other areas,
reflecting the greater

dependence on pumped ground water as an
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irrigation supply.

Westside land values have followed the national pattern, increasing from 1970 to the early
1980s and then declining, with some recent evidence of recovery. Westside land prices are

about

five

times the national average and are highest in the Northern Subarea, where

orchards are prevalent.

Figure 16.

FRUITS,

IRRIGATED CROPLAND IN COTTON,
AND NUTS, BY SUBAREA - 1987
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Farms are fewer but substantially larger on the western side than in the rest of the valley.
Average farm size in the principal study area was about 500 acres in 1987, while the average
for the rest of the valley was about 100 acres. Farms in the Westlands Subarea averaged
1,100 acres in 1987; in the Tulare and Kern subareas, 500+ acres; in the Grasslands Subarea,
400 + acres; and in the Northern Subarea, 200 acres.

Farm tenure

types

fall

into three classifications:

they own; (2) part owners,
(3) tenants,

who

who

(1) Full

owners,

operate only land they rent (Figure

17).

Full

forms of land tenure on the western side exceeded 50 percent
Westlands, where

Farm operations

it

who

operate only the land

operate farmland they own, as well as land they rent; and

ownership as a percentage of

all

in all subareas, except in

was 44 percent.

are also divided into three basic types of

management

structures:

corporations, partnerships, and individual or family owners. Corporations are further

divided into three groups: family-held; other-than-family-held; and others, including
cooperatives.

In 1987, individual owners

and family corporations together accounted

for 76.3

percent of the farms on the westside San Joaquin Valley. In the Northern and Grasslands

Subareas, corporations accounted for less than

1

percent of farms and less than 2 percent in
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Figure 17.

PERCENT OF FARMS BY TENURE OF OPERATOR,
WESTSIDE SAN JOAQUIN VALLEY, 1987

full

owners

part owners

I

I

I

I

tenants

26%

each of the other subareas. All subareas had more than 70 percent of farms under individual
ownership or in family corporations.
Less than 0.5 percent of farmland

in the

Northern and Grasslands Subareas was owned by

corporations. During the 10-year period, 1978-1987. the portion of land

owned by

corporations in the Westlands and Kern Subareas increased from 6 percent to 8 percent and

from 7 percent to 8 percent, respectively. In the Tulare Subarea, the portion increased from 7
percent to 16 percent. During the same period, land owned by partnerships in the
Grasslands and Kern Subareas increased from 32 percent to 40 percent and from 35 percent
to 40 percent, respectively. In the Westlands Subarea, the portion increased from 28 percent
to 34 percent, while in the Tulare

Subarea

it

increased from 25 percent to 35 percent. Only

owned by partnerships during

the Northern Subarea reported a decrease in land

period

—

from 38 percent

this

to 36 percent.

Federal Agricultural Programs

Commodity Credit Corporation (CCC) payments
wheat, sorghum, barley, oats, cotton,

rye, rice,

to farm operators include loans for corn,
and honey. Government payments include

deficiency payments, paid diversions, soil conservation reserve payments, payments from the

Dairy Termination Program, other conservation programs, and other Federal farm programs

under which payments are made directly to the farm operator. In 1987,

government payments

to U.S.

farms totaled $17.9

billion;

remainder for payments. California received $69.1 million

government payments. Total

CCC

payments

for the

to 28 percent of California payments.

The
total.
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and other

in

CCC

loans and $238 million for

San Joaquin Valley were $17

government payments, or 53 percent of the State
program crops totaled $11.7 million.

amounting

CCC

$570 million was for loans and the

million,

valley received $126 million in

CCC

loans to the western side for

all

Cotton was the most important source of

Kern Subarea, 97 percent of

In the

CCC

CCC

payments

(83.6 percent)

on the western

side.

loan payments was for cotton, and the Grasslands

and Westlands subareas received 75 and 84 percent, respectively, for cotton. The Northern
Subarea received almost 40 percent of its CCC payments for corn, almost 50 percent for rice,
and the balance for wheat. Feed-grain payments were negligible in the other subareas.
While more than 25 percent of U.S. cotton farms participate in the CCC loan program, only
10 percent do so on the western side of the valley and in the State. In 1987. the Grasslands
Subarea accounted

for 13.8 percent of the westside acreage in

CCC

program crops, but farmers

in

The Westlands Subarea had 27.2 percent
of the acreage in program crops and received 33.1 percent of the payments. The Kern
Subarea had about 25 percent of the acreage and CCC receipts. The Tulare Subarea had
the subarea received 23 percent of the

32.8 percent of the acreage

and

loans.

18.3 percent of loan

payments.

In 1987, westside farms received 0.6 percent of total U.S.

payments and

CCC

loans to

all

farms, 2.5 percent of payments and loans to farms with any land irrigated, and 7.3 percent of

payments and loans

to irrigated farms.

The San Joaquin

21.3 percent of the value of U.S. agricultural output
10.5 percent of

FISH

Valley as a whole contributed

from irrigated farms and received

government payments to irrigated farms.

AND WILDLIFE RESOURCES
[Data, references,

and analyses supporting

the information included in this

section can be found in the Drainage Program's

1989

report.

Preliminary

Planning Alternatives./

Habitat Losses and Population Declines
Long

ago. seasonal flooding of large areas of the

patchwork of aquatic, wetland, riparian

forest,

San Joaquin Valley

and

valley

floor created a

oak savannah habitats.

Surrounding these overflow lands were large areas of California prairie and San Joaquin
saltbush.

In the southern part of the valley, Tulare

Lake and four smaller lakes were

interconnected by a vast network of sloughs, riparian forests, and wetlands.

during the past few thousand years,

all five

On

the average,

lakes in the Tulare Basin covered a total of about

516,000 to 625,000 acres, or about 800 to 1.000 square miles.

The

diversity of habitats in the valley supported large populations of resident

species of fish and wildlife.

and migratory

Before the region was settled, the year-round native plant and

life in the Tulare Basin was so abundant that it supported the densest population of
Americans on the North American continent that was not engaged in agriculture.
During the late 1800s, enormous numbers of waterfowl and fur-bearing mammals were
commercially harvested throughout the San Joaquin Valley, and Tulare Lake supported a
small commercial fishery for western pond turtles and native minnows.

animal
native

Widespread development of
drastically

agricultural lands, draining of the once-extensive lakes,

reduced instream flows, and declining water quality have taken a substantial

on the native aquatic, wetland,

The present acreage of

riparian,

and

terrestrial habitats of the

natural freshwater lakes on the valley floor
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is

San Joaquin

less

than

1

toll

Valley.

percent of

Migrating ducks rising from a

pond in wetlands

of the Grasslands Subarea on the Pacific Flyway.

the historic extent. Current acreages of wetland and riparian habitats are less than 15

percent and about 7 percent, respectively, of their historic extent. San Joaquin saltbush
habitat

now occupies

valley.

Several species that once occurred in the valley no longer exist there or have

extinct,

and 29 others are

Such drastic reductions of
these habitats have caused the decline of many species of plants and animals endemic to the
less

than 7 percent of

listed as

its

historic acreage.

become

endangered by the Federal or State governments.

Water Supplies and Needs
About 200,000

acres of public and private land in the San Joaquin Valley are

managed

primarily for the benefit of fish and wildlife. These areas need over 400.000 acre-feet per year

of fresh water to satisfy

optimum management

needs. Reliable firm supplies of fresh water

for these areas currently total about 30 percent of needs.

At

present, about 4.7 million acres of irrigated agricultural land in the

San Joaquin Valley

receive about 17.6 million acre-feet per year of irrigation water. Until recently, surface

and

subsurface agricultural drainage from some of these lands, commingled with other surface
water, provided over 50 percent of the water used by fish and wildlife areas,
still

and these waters

provide instream flows for fisheries and other beneficial uses.

Several major dam, reservoir, and canal systems have been constructed and are operated in
the Central Valley to serve agricultural and urban water needs. These projects have created
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many

severe problems for fisheries in the San Joaquin and other river systems. Although

specific instream flow needs for

yet been determined,
its

many streams and

associated fisheries in the valley have not

apparent that instream flows

it is

in the

mainstem San Joaquin (above

confluence with the Merced River) and in the major tributaries are currently inadequate to

Further study is needed to determine instream flow needs of
San Joaquin River fisheries. Additional planning, analysis, and field testing of methods to
provide adequate and firm supplies of clean, fresh water for valley fish and wildlife are also
sustain migration of salmon.

warranted.

Toxicity

of Drainage-Water Contaminants

Analyses of subsurface agricultural drainage water have revealed high

salinity

and elevated

concentrations of toxic or potentially toxic elements (including arsenic, boron, cadmium,

chromium, copper,
vanadium, and
wildlife are

lithium,

more

manganese, molybdenum,

Recent laboratory and

zinc).

nickel, selenium, strontium,

field toxicity

uranium,

research reveals that fish and

sensitive to the toxic properties of several of these chemical elements than

previously believed. This

is

illustrated

by the following examples for selenium, boron, and

salts.

The U.S. Environmental Protection Agency's ambient freshwater aquatic life water-quality
criterion for selenium was recently reduced from 35 to 5 ppb. The State Water Resources
Control Board and the Central Valley Regional Water Quality Control Board have

recommended

that water used for wetlands

management

average selenium concentrations of 2 ppb or
scientists

have identified

less.

6.0 ppb.

Grasslands Subarea contain

Furthermore, University of California

ppb waterborne selenium

1.0 to 1.5

Mud

adverse effects. Selenium concentrations in North

Subarea average

in the

Selenium concentrations

and

as the range that causes
Salt Sloughs in the

in the 7,000 acres

no

Grasslands

of evaporation ponds

average 49 ppb, based on acreage-weighted means, and range above 1,000 ppb.

Boron, which was previously thought to be
nontoxic to wildlife, has been shown to

have

adverse

effects

upon

wildlife

at

ppm (dry weight) in

concentrations of 900

the diet. Waterfowl food-chain organisms
collected

from Kesterson Reservoir and
ponds in the

several other evaporation
valley

have

found

been

to

contain

concentrations of boron that approach or

exceed this toxic threshold.

Highly saline water, free from elevated
concentrations of trace elements, can also

pose a health threat to

wildlife.

For

example, freshwater ducklings are very
sensitive to salty water. Toxicity tests with

mallard ducklings have shown that molt

was slowed when they were provided a
Embryo

of a black-necked
selenium poisoning.

J
.
smgle source off drmkmg
water
contammg
,

•

•

I

»
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stilt

deformed by

3,000

ppm

total dissolved solids,

and growth was reduced when

their sole source of drinking

water was 7,720 iJiS/cm electrical conductivity. In addition to containing elevated
concentrations of various trace elements, evaporation ponds in the San Joaquin Valley,

and other aquatic birds for nesting and rearing of young, are also very
saline
up to 388,000 ppm TDS — and average 31,850 ppm TDS, about equal to seawater.
The combination of saline ponds and the extremely limited acreage of freshwater wetlands in
the southern San Joaquin Valley during the spring breeding season potentially increases this
heavily used by ducks

—

toxic threat to aquatic birds.
Finally, the toxicity to fish

water depends upon,

and

among

wildlife of various salts

and trace elements carried

in

drainage

life stage, health, and diet of the
form of the contaminant; the bioavailability of the contaminant
(which for waterborne concentrations can be affected by other chemical characteristics of the
water); and the interactions (additive, synergistic, and antagonistic) of multiple contaminants.

other variables, the species,

target organism; the chemical

Very

little

research

information

is

is

available regarding

many

of these complex issues, and additional

warranted.

Contamination and Biological Effects
Elevated concentrations of drainage-water contaminants have been discovered in water,
sediments, food-chain organisms, and major vertebrates in a

number

of San Joaquin Valley

areas outside Kesterson Reservoir and the San Luis Drain. These areas include rivers,

streams, and ponds; riparian zones and wetlands; and upland
natural and

manmade)

All these areas (both

provide fish and/or wildlife habitat. In several of them, elevated

contaminant concentrations exceed documented

documented adverse

sites.

toxicity thresholds,

and studies have

biological effects that are believed to be contaminant-related.

San Joaquin Basin, the same drainage water that previously was used to flood wetlands
in the Grasslands area is now being discharged into various canals and natural channels for
conveyance to the San Joaquin River. In the Tulare Basin, the number and size of
In the

evaporation ponds receiving drainage water have continued to increase.

Evaporative concentration

is

dramatically increasing the waterborne concentrations of

drainage-water contaminants such as boron and molybdenum in these ponds. In addition,

through bioconcentration and possibly biomagnification, aquatic plants and animals can

accumulate tissue concentrations of some drainage contaminants 100 to 10,000 times greater
than those in the water. Statistically significant adverse biological effects (including impaired
egg hatchability, elevated frequencies of embryo deformities, and reproductive failure) have

pond systems (about 58 percent of the
ponds studied, which represent about 60 percent of the total acreage of ponds in the valley).
Not all evaporation ponds have been studied, and efforts to date have focused upon breeding
been documented

birds.

at seven of the valley's evaporation

Additional research

is

needed

to determine

occurring at other ponds and what effects,

if

whether adverse biological effects are

any, operation of the ponds

is

having on

wintering waterfowl and shorebirds, endangered species, and public health. Additional field
research

is

also needed to field-test techniques for decontaminating

drainage-water-contaminated

fish

and

wildlife habitats

and

eliminating the hazards posed to wildlife by evaporation ponds.
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and restoring

significantly reducing or

test plot of eucalyptus trees (background) and atriplex (fore- and midground) being irrigated
with drainage water. Plant transpiration reduces the water volume and concentrates the salts in
the remaining drainage.

A

Agroforestry Plantations
Agroforestry plantations are being established

in the

study area in an attempt to reduce the

The

magnitude of agricultural drainage-related problems.
halophytes (such as atriplex) are used

to:

(1)

trees (primarily eucalyptus)

Lower the ground-water

table

and

(2)

and

reduce

the volume of drainage water by increasing evapotranspiration. Recent studies have shown
that the plantations provide habitat for several species of wildlife, including

mourning doves,

ring-necked pheasants, blacktailed jackrabbits, desert cottontails, a wide variety of songbirds,

and possibly some large mammals such as foxes and coyotes. The plantations may benefit
both farmers and wildlife. However, where they are irrigated with concentrated drainage
water, more research is needed to determine whether these sites pose a contaminant hazard
to wildlife.

Appropriate management practices that

will either increase wildlife values

or

reduce or eliminate contaminant hazards must be identified.

PUBLIC HEALTH
Public health concerns associated with drainage water were investigated during this study

(Klasing and Pilch, 1988; Klasing, et

al.,

1990).

Table 6 summarizes the concerns with

drinking water, food crops, fish and game, and occupational exposures.

Safety of Food Crops
To date, selenium concentrations have been measured

in

about 125 food-crop samples grown

some cows

in the

western San Joaquin Valley, as well as

area.

Overall, selenium concentrations in crops from the study area were similar to typical

in the
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milk and

liver

of

raised in the

U.S. selenium concentrations reported for those samples.

Of

the food samples analyzed, even

consumption of the crops with the highest selenium levels found in the western part of
the valley would not approach the quantity necessary for selenium toxicity. At most, they
daily

would provide part of the

nutritional requirement for selenium in the

selenium content of cow's milk and

liver

crops; however, the extent to which these cattle
trations of selenium

is

may

have been previously measured.

meet

diet.

The

may have been exposed

to elevated concen-

unknown.

Certain crops in isolated areas

foodstuffs to

human

obtained from the study area were similar to that for

possibly contain higher concentrations of selenium than

If this is the case,

their dietary needs (such as

persons

may occur

who

place heavy reliance on those

with subsistence gardening) would

increase the risk of selenium toxicity. However, this has not been reported to have occurred
in the

westside San Joaquin Valley. Most consumers eat a variety of foodstuffs from

geographic areas. Persons whose consumption patterns are limited either to a small
of foodstuffs or to a very small geographic region

and excesses of

The

may

many
number

increase their risk of both deficiencies

trace elements in their diet.

from potentially elevated concentrations of other agricultural
drainage-water contaminants in foodstuffs is not known at this time. Currently, several other
elements (arsenic, boron, and molybdenum) that have been found to be elevated in some
risk to public health

agricultural drainage water are being analyzed in local food crops.

Safety of Consuming Fish

and Game

Because selenium can be concentrated by some aquatic plants and invertebrates to levels far
higher than those found in the water in which they grow, selenium from agricultural drainage
water has become toxic to some aquatic birds that feed in drainage-contaminated aquatic
environments. Fish and aquatic birds

may

in turn

accumulate

of selenium in their tissues, becoming a potential health risk to

A survey of these species
shown

at specific locations within the

humans has not been reported

toxicity.

humans who consume them.

western San Joaquin Valley has

that unrestricted consumption of contaminated fish or

could cause recognizable signs of selenium

relatively high concentrations

game over an extended period

To date, however, selenium

to public health officials or

toxicity in

confirmed as a result of such

consumption.
Studies of other agricultural drainage-water contaminants in the tissues of fish and wildlife

have not shown risks that exceed those from exposure to selenium. Therefore, procedures
currently recommended to reduce selenium exposure from contaminated fish and wildlife (for
example, health advisories to limit consumption of such game) can be expected to also
protect the

consumer from overexposure

to other drainage contaminants.
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Table

PUBLIC HEALTH CONCERNS ASSOCIATED WITH DRAINAGE WATER

6.

Some domestic

Selenium

Fish and

Food Crops

Drinking Water

Constituent

wells

in

high-selenium areas may
exceed the present EPArecommended safe level of
10 ppb. However, EPA has

Field

suggest

tests

normal
crops

is

that

consumption

of
unlikely to exceed

recommended

dietary al-

lowances.

proposed raising the level
to 45 ppb. See the Federal
Register,

May

22,

1989;

Molybdenum

Daily consumption of water from some domestic
wells in

No

fish and
from evaporation
ponds and other contaminated areas that exceed
safe levels should be reIn most other
stricted.
cases, normal consumption would be unlikely to

game

No

standard defined.

Exposures

Consumption of

cause

vol. 54, no. 97.

Occupational

Game

Workers

should reexposure of
direct
contact with
ele-vated
levels
of
contaminants.
strict their

toxicity.

health-related data

Same

as above.

Same

as above.

available.

high-molybdenum

may exceed recommended health levels.
areas

Some domestic

Arsenic

wells

in

may exrecommended safe

high-arsenic areas

ceed

Regulatory standards are
not developed.

levels.

fish and
from evaporation
ponds and other contaminated areas should be re-

Consumption of

game

stricted.

Safety of Foraging
Preliminary investigation of persons

who

forage in the western side of the San Joaquin Valley

has not shown evidence of overexposure to selenium. However, substantial difficulties exist
in

obtaining and evaluating survey data of this nature. Thus,

population of foragers in this region

is

safe

it

cannot be assumed that the

from exposure to potentially

of agricultural drainage-water contaminants. Persons

who make

toxic concentrations

a regular practice of

foraging would likely be at similar or greater risk from exposure to drainage contaminants

than would fishermen and hunters,

Occupational Exposures

to

who

are likely to eat a

more varied

diet.

Drainage Contaminants

Concentrations of selenium in the blood and urine of personnel monitored during closure and

cleanup operations at Kesterson Reservoir were within normal

limits.

that such occupational exposures at sites similarly contaminated

selenium

levels.

Thus,

it

seems unlikely

would cause above-normal

Occupational exposures to other contaminants have not been evaluated.

Because occupational

activity

may

result in significant

or dermal routes rather than by ingestion, different

contaminant exposures by inhalation

methods

for assessing exposure

and

As an example, certain chemical forms of
chromium and arsenic (and several other metals) are known to cause respiratory cancers or
other chronic pulmonary diseases when inhaled. No investigation has been made of specific
adverse health effects

risks to

may be

warranted.

workers from inhalation or dermal exposures to contaminants found

at sites

where

drainage water has accumulated and concentrated (such as evaporation ponds or treatment
facilities).

No

evidence

would be elevated

is

available to suggest that health risks

for the general population.
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from these exposure routes

Safety of Drinking Water

Some ground-water

sources of drinking water in westside San Joaquin Valley have
concentrations of certain drainage constituents that can adversely affect human health,

when consumed over a long period. Arsenic, selenium, and nitrates have all been
some domestic wells in the valley in concentrations that exceed current water-quality

particularly

found

in

guidelines.

With the exception of

background

nitrates, these elevated concentrations are

merely

many

levels that, in

cases, can be considered normal for these elements in the
important to document when concentrations of substances
exceed criteria set to protect an area's public health so that this information can be used in

study area. Nonetheless,

it is

formulating drainage planning alternatives.

SOCIAL CONDITIONS
Community

Infrastructure

While the economies of the communities on the western side of the San Joaquin Valley are
primarily based on agriculture, these towns have sufficient infrastructure and other

commercial resources to adapt to broad changes in the valley economy. A number of these
communities are currently experiencing significant growth caused by residential-development
overflow from coastal metropolitan areas. The rural character of these towns is being rapidly
altered as they become more suburban, with residents commuting to cities on the eastern side
of the San Joaquin Valley, to the Santa Clara Valley, and to the San Francisco Bay area. The

dependence of westside community residents on agriculture
larger proportion is working in nonagricultural jobs.
direct

The

is

diminishing because a

and rapidity of this suburbanization were not anticipated, and the emergence of
zoning changes and subdivision development poses new problems for farms and wetlands in
the surrounding areas. Given this continuing growth and high real estate prices in the
metropolitan areas from which the newcomers originate, this transformation is expected to
continue and even accelerate.
extent

Farm Labor
Farm workers

Most come from Mexico,
but significant numbers also come from Central America, Asia, and the Middle East. Only
about ten percent of California's farm laborers were born and raised in the United States,
and only about half of these are from California. Once they have arrived, a large minority of
farm workers continues to migrate, either by moving back and forth between the U.S. and
Mexico during the year or by following seasonal cropping patterns around the State. About
in the

San Joaquin Valley are

typically immigrants.

37 percent of the State's farm workers take part

(Mines and Martin,

1986).

Crop

on

specialization

in

one of these forms of continuing migration

valley farms has created seasonal

employment

for

farm workers, who

often secure a succession of short-term jobs to remain employed for most of the year.

Although mechanization, new seeds, and improved production techniques are causing
seasonality to decline, large

numbers of seasonal farm workers are

California (Martin, 1987).
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Large numbers of farm workers are needed to tend and fiarvest crops on the westside San Joaquin

Valley.

San Joaquin Valley depend more on hired labor than do farmers elsewhere in
the U.S. Most farmers rely either on foremen to recruit laborers, usually without the direct
involvement of top management, or on farm labor contractors, who hire farm workers and

Farmers

in the

then contract with growers to provide a temporary workforce. The use of intermediaries to

meet farm labor demands

is

becoming increasingly important

Issues surrounding farm workers' health

and

in the State (Martin, 1987).

safety are growing in importance as concern for

public health and environmental quality focus attention on farm chemical use and other

management

practices.

Water Supply and Drainage Management Organizations
Most

management processes

San Joaquin Valley either originate
organizations or are strongly mediated by them. At the most general level, valley water
management is institutionalized within organizations and networks of interorganizational
agricultural water

relationships that structure linkages

organizations,

in the

among water

users, local water

and government agencies. Responsibility

in

management

for water-use policy, planning,

and

day-to-day activities affecting drainage-related agricultural water management in the valley
dispersed

is

among a large number of public and private water management organizations.
management involves water agencies, joint power authorities, hundreds of

Public water

special districts, county governments,

regulatory agencies.

Private water

and a plethora of State and Federal administrative and

management

is

structured by incorporated and

unincorporated river water associations and nonprofit mutual water companies, numerous
agricultural corporations, family farms,

and other groups (Coontz, 1989 and

1990a).

Water Management Networks

No

single organization or

of water

network shapes overall water management or

management throughout

the valley. Valley water
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management

is

is

found

in all

phases

shaped by a variety

J

of networks of private and public water management organizations. Network structures
affecting agricultural water management at any given location and for specific kinds of water

management

activities are

organizations.

unique configurations of arrangements among various

"Application" and "regulatory" networks are

affecting agricultural water

management

among

the

more important types

practices (Coontz, 1990b).

Application networks develop programs to provide professional and/or financial assistance to
both on-farm and local organization water managers with the aim of improving water

management

practices

and

facilities.

University researchers, Federal and State agencies, and

contract consulting firms are the cornerstones of application networks.

Regulatory networks are composed of relationships

among government

regulatory agencies

and various groups with interdependent interests tied to drainage management. Regulatory
networks mediate conflicting interests by attempting to constrain and/or induce the
discretionary activity of network participants so that they conform to a limited range of
accepted actions and/or results. At least two qualitatively different regulatory networks,
roughly corresponding to the valley's two hydrologic basins, shape regional regulatory
strategies.

These are a prescription-oriented network

in the Tulare

Lake Basin, which defines

a range of acceptable actions to resolve drainage problems, and a performance-oriented

network

in the

San Joaquin River Basin, which places more emphasis upon defining and

meeting water-quality objectives.

Regional Institutional Spheres
In addition to organizations and networks, regional institutional spheres are important social
structures that shape agricultural water management.
political,

economic, and social

management organizations

They are configurations of unique
users and local water

arrangements among and between water

within a region. These spheres are

than regulatory networks and application networks. The

more geographically

restricted

principal institutional factors

contributing to regionally specific variations that influence relationships

among and between

water managers within a region to outside organizations or government agencies include:
(1) The degree to which formal or informal water management arrangements dominate,

which State or Federal agencies are integrated into water supply
management, especially by the institutional structure of water rights and water contracts,
drainage management
(3) the degree to which agricultural water supply management and
relative importance of
the
and
structures,
management
integrated
(4)
represent separate or
(2) the extent to

market relations

in regional

water management. The Drainage Program's

roughly correspond to major

five

subareas

regional institutional spheres (Coontz, 1990b).

THE EXISTING INSTITUTIONAL STRUCTURE
summarized from a comprehensive study of water
by the Drainage Program (Thomas and
sponsored
resources institutions

[Information in

this section is

Leighton-Schwartz, 1990).

and laws that can both contribute to and help solve drainage
and drainage-related problems are best described by illustrating the "chain of custody" of the
water that ultimately results in problem drainage. Governing all water use in the State is the
Water management

institutions
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Constitution of the State of California.
State

is

that

all

water within the

the property of the people of California.

Though conceptually
exclusive right to

The

The Constitution provides

its

the physical resource remains a public asset, individuals

use in the nature of a property right. But

State Water Resources Control

it is

may

acquire an

a highly qualified one.

Board oversees the allocation of these

rights

and the

protection of water resources for the people of California. Private rights are conferred to

those

who

exercise physical control over the water

—

be

it

surface or ground water

—

and

put the water to a reasonable and beneficial use. Recognized beneficial uses pertinent to the

drainage problem include irrigation, ground-water storage, and

"environmental water right" vests only where the water
as

when

it is

applied to a refuge, but

Specifically, appropriative

it

is

fish

and

diverted from

does not vest when the water

and riparian water

rights (post- 1914) are

wildlife uses.
its

is left

An

natural channel,
in the

waterway.

now administered

through water permits issued by the State Board. Most of the irrigation water that eventually
contributes to drainage

is

supplied through the Federal and State Water Projects as

appropriative rights holders. However, appreciable amounts are supplied from ground-water

pumping and local surface water. The Bureau of Reclamation holds water permits from the
State Board entitling it to store, divert, and deliver water to the San Joaquin Valley through
the Central Valley Project. The California Department of Water Resources holds permits for
the water

it

develops and distributes to the valley through the State Water Project.

In protecting the public's water resources, the State

Board

retains authority to

modify these

permits to prevent the unreasonable use of water. However, unlike the diversion of surface
water, there

is

no State-administered permit system

for ground-water extraction.

Nonetheless, the State Board's authority to prevent waste and unreasonable use of water

comes not only from

its

contractual rights under the permits

it

issues,

but also from the State

Constitution, which does extend to the use of ground water. This authority
State law

and provides that the State Board, on

aggrieved person,

may

own motion

codified in

or by petition of

DWR or an

prevent the unreasonable use of any surface or ground water.

In theory, this authority allows the State

DWR,

its

is

their contractors, or the

Board

to require the

Bureau of Reclamation and

end water user to take steps to reduce the generation of

surface and subsurface drainage caused by excessive water application. In practice, however,
the State
is

Board has never used this power to address the drainage problem, and its exercise
and judgmental that it is unlikely to provide a reliable solution to

sufficiently discretionary

the overall problem.

Moving down a link in the chain of water management and use, the Bureau of Reclamation
and DWR provide water to local water entities, including water agencies, water districts,
irrigation districts, mutual water companies, and joint-powers authorities through contracts.
These

irrigation water service contracts vary significantly, but generally

place,

and manner-of-use

restrictions

on the

districts.

impose repayment,
Pursuant to Federal contracts, which

are effective for 40 years and automatically renewable, water entitlement

is

a stated

maximum

volume of firm water supply in acre-feet per year and currently priced between $3.50 per
acre-foot and $19.31 per acre-foot. The price depends on the cost of facilities that were
necessary to develop and deliver the water at the time of the contract and annual operation

and maintenance

costs.

When

these contracts are renewed, water charges will be based on
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annually adjusted cost-of-service rates. In 1990, Central Valley Project irrigation
cost-of-service rates for the Delta-Mendota Canal and San Luis service areas varied between
$13.58 and $23.01 per acre-foot (USER, 1989). Water use is restricted to agriculture, and may

be neither transferred to another nor used outside the
approval of the Bureau of Reclamation.

district's

boundaries without the

Pursuant to State Contracts, which are effective for 75 years, the amount of
entitlement of State Water Project water that

use

is

may be

delivered in any

total

annual firm

month for agricultural
The price, which is

limited to 18 percent of a contractor's annual entitlement amount.

based on the estimated actual operation, maintenance, energy, and capital recovery cost, is
calculated annually. The 1990 price of State Water Project water in the San Joaquin Valley
ranges from $32 per acre-foot to $67 per acre-foot (DWR, 1989). Transfers of SWP water
must be approved by DWR.
seeks concurrence of all SWP contractors on transfers.

DWR

The

final link in the

chain

is

the sale of the water from the district to the grower. Generally,

growers have pro rata shares or entitlement to the
designed to defray the costs of capital

and administrative expense.

facilities,

A few districts

and pay for it at a rate
contract charges from project operations,
district's water,

are currently experimenting with tiered or

progressive water rates that are designed to induce conservation of water in excess of

minimal evapotranspiration and leaching requirements. Some also impose
recycling of tailwater.

decisions on

Generally, however, growers are

how much water

to apply,

when, and

in

rules

on the

unfettered with regard to their

left

what manner. Some

most
growers on

districts,

notably Westlands Water District, do provide informational programs to their

these variables, expressly designed to help the growers minimize drainage generation.

The

regulatory institutions that govern the ultimate fate of drainage water in the valley's

environment are predominantly State-created. The functions and dysfunctions of the
regulatory system can be conveniently explained by referring to the public resources put at

by drainage water. Existing regimes cover three of these resources: surface water,
ground water, and wildlife.
risk

The

State

Board protects both

surface-

and ground-water quality

in the State

through

water-quality standards developed by Regional Water Quality Control Boards. Water-quality

standards consist of "beneficial-use" designations and "water-quality objectives" which are
established to protect the beneficial uses. These are set as part of regional or statewide

water-quality control plans in quasi-legislative proceedings.

The Central

Valley Regional

Board has established a plan

San Joaquin basin
districts in the Northern and

to protect

The protection scheme, which is applicable to
Grasslands subareas and the Westlands Water District, requires that drainers meet
water-quality objectives for selenium, boron, and molybdenum. The Regional Board may
surface water.

revise the standards

it

established for selenium and boron because the Environmental

Protection Agency, which has authority to oversee State water-quality protection, has
determined that they do not protect beneficial uses. This scheme requires that drainers

provide the Regional Board with plans, known as Drainage Operation Plans. The DOPs
should include measures to reduce drainage and, hence, the amount of pollution discharged
to the river.
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Ground water is protected through State and Federal programs. Federal law provides little
more than planning authority in protecting ground-water quality, but drives the protection of
subsurface drinking water in California through standards established by the EPA. The
primary focus of the Federal program

is

the prevention of contamination, rather than

correction of existing pollution problems.

The more comprehensive ground-water
California's ground-water strategy

is

protection schemes are those imposed by the State.

to maintain ground-water quality at a level that satisfies

present and future drinking water needs and other beneficial uses (such as irrigation) and,

where

The

feasible, to restore

ground-water quality to these

levels.

State provides for two distinct kinds of ground-water protection standards: those

relating to water quality

and those

relating to drinking water.

Drinking-water standards

address the quality of water at the point of delivery to consumers. Water-quality standards

and drinking-water standards are established under two separate statutory schemes,
administered by two different State agencies. The former is regulated by the State Board and
the Regional Boards, and the latter is regulated by the California Department of Health
Additional protection

Services.

is

provided by the Department of Water Resources

in its

regulation of the design and construction of wells.

Protection of both wildlife and ground water from drainage disposed of in evaporation ponds

has

come

largely

from the

State.

DHS

and the Central Valley Regional Board are the

agencies charged with regulatory responsibilities.

DHS

ponds to the Regional Board, which issues permits

basically deferred regulation of valley

for the

pond operations. Ponds

that

contain drainage water that exceeds State hazardous waste threshold limits

may be operated

under an exception to the State's land disposal ban. This exception expires

in 1992.

The U.S. Fish and
and enhancing the

Wildlife Service
nation's fish

is

and

the principal Federal agency responsible for protecting

wildlife resources, including preventing the unlawful take

of migratory birds under the Migratory Bird Treaty Act.
birds

is

broad. The agency

may

Its

authority to protect migratory

request Federal prosecution of evaporation pond owners and

operators, which might lead to closure of ponds. To date, the

USFWS

has not prosecuted

any San Joaquin Valley evaporation pond owners or operators.

The California Department of Fish and Game has
the State Fish

and

impairment of

fish

Game
and

Code,

DFG

may

similar authority under State laws.

Under

seek action by the Attorney General against the

wildlife, including drainage-related

impairment such as contamination

of surface-water habitats from drainage discharges.

The

fish

and

wildlife agencies

may

themselves be regulated by other Federal and State

Specific to the drainage problem, USFWS and DFG are subject to the Regional
Board's regulations for operations of their refuges and wildlife areas that discharge drainage
water. The USFWS has prepared a Drainage Operations Plan for operation of the San Luis
agencies.

National Wildlife Refuge.
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Chapter

4.

THE PLANNING FRAMEWORK

Planning takes place within an established framework of public sector policy and law and
private sector resource use and management. This framework must be acknowledged in
developing plans for solving drainage and related problems, and planning objectives and
criteria

must be based on

it.

This chapter outlines drainage-related public policy, local drainage management

and the planning

objectives, methods,

and

criteria

upon which plans presented

initiatives,

in the

following chapters are based.

PUBLIC POLICY
The
in

policy base adopted for Drainage

Program planning

is

discussed in the following sections

terms of drainage service, environmental protection, drainage studies and monitoring, and

constraints.

Drainage Service
The need

for

management

of drainage water has long been recognized by both the State and

Federal governments and has been stated in a number of

official

documents, especially

in the

Federal legislation and administrative arrangements for supplying water to the western side
of the San Joaquin Valley. Official recognition of the need for solving the drainage problem,
if

not indeed commitments for actually solving

it,

appears

in legislative

statements about

"drainage service" or "drainage management plans."

The

legislation authorizing the

San Luis Unit of the Federal Central Valley Project requires

that an interceptor drain be provided for the Unit. Beginning in 1965
then, Congress has included a provision in the

selection of a final point of discharge for the

been met.

An

appropriations act that prohibits

San Luis Drain

until certain conditions

have

appraisal-level study of the San Joaquin Valley Drain serving the entire valley

(IDP 1979), and a feasibility study was
1980 but was never completed. The funding of studies indicates the Federal

was authorized
authorized in

CVP

and each year since

in 1974

and completed

government recognizes the need

in 1979

for a drainage solution.

Construction of an 85-mile portion

of the San Luis Drain demonstrates a Federal commitment to solve the problem.

Federal court order in the compromise

settlement of Westlands Water District

v.

A

1986

United States

of America requires the United States to develop and adopt a drainage plan acceptable to

Westlands by December

The

31, 1991.

State of California has also acknowledged in a

agricultural drainage in the

San Joaquin

Valley.

number

of documents the need to

manage

The California Water Plan (DWR, 1957)
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recognized the need for drainage in areas proposed to be irrigated, especially on the western

San Joaquin

side of the

Valley.

The Tulare Basin has subsequently become a part of

the

area provided irrigation water from the State Water Project. In discussions with the Federal

government regarding a master drain from the San Joaquin

Valley, the State has, at various

times since 1957, tentatively agreed to participate in such a drain, but has never actually done
so.

Environmental Protection
Federal and State environmental protection laws, regulations, and local ordinances affect
possible drainage-related strategies and provide objectives and constraints that

The primary laws

satisfied in drainage plans.

must be

relevant to drainage problems are:

Federal

State

Fish and Wildlife Coordination Act

California Environmental Quality Act

Migratory Bird Treaty Act
National Environmental Policy Act
Resource Conservation and

California Administrative Code:
Title 22

California Fish and

Recovery Act

California

Clean Water Act

objectives

it is

assumed

that, at

and standards embodied

Game Code

Water Code
Porter-Cologne Water Quality Control Act
Toxic Pits Cleanup Act
California Endangered Species Act

Federal Endangered Species Act

For planning,

(Hazardous Wastes)

Title 14 (Natural Resources)

a minimum, drainage plans
in or

have to meet the

will

developed pursuant to these laws. The primary

standards to be met from both State and Federal laws are included

performance standards presented

in the

Level

A

"Planning Objectives" section of this chapter.

Plans developed to comply only with present laws
Efforts are under

future decision-making.

in the

way

may

not provide sufficient guidance for

to increase protection

potentially harmful substances introduced into the environment

and

from additional

to lower the permissible

concentration of a toxicant or contaminant in the environment. Moreover, the trend of
scientific discovery is

possible that even
future.

toward revealing an increasingly complex natural environment.

more

stringent standards for environmental protection

To address a range of possible future conditions, plans

stringent (Level B) performance standards.

will

may

apply

It is

in the

be developed for more

These standards are also presented

in the

"Planning Objectives" section of this chapter.

The

A and

B

levels of

performance are presented to bracket a range of probable future

Judgment must be exercised in limiting the enormous range of possible future
conditions. For example, the Drainage Program has assumed that water-quality objectives
conditions.

will

in

be set

in

terms of concentrations of substances allowable

terms of the

total load

allowed in drainage water. This

is

in receiving water, rather

than

a subjective assumption, not a

declaration of a preference.

Drainage Studies and Monitoring
Intensive studies of causes

and impacts of contaminant-related drainage problems began

in

1983 and were continued through the balance of the decade (see "Selected Bibliography" at

70

back of this report). Ahhough much has been learned, knowledge of some aspects of
drainage problems is still limited, and many uncertainties about solving the problems remain.

the

Areas of limited knowledge include

and

wildlife, levels

rise

and deterioration of water

interactive

and long-term

effects of

contaminants on

fish

of public health risk posed by contaminants, specific causes of water table
quality

agriculture under existing hydrologic

on small land

units, the

and economic conditions

long-term sustainability of
in the valley,

and future

drainage conditions. To learn more, the effects of the drainage problem on the environment

should be monitored.

The

basic strategy of monitoring should be to identify and collect information on biota,

and the water regime so

that changes in drainage problems

soils,

and conditions can be

determined, particularly in response to actions taken to solve the problem. Plans can then be
re-evaluated periodically and adjusted in light of

new knowledge and new

conditions.

Design,

funding, and implementation of a comprehensive long-term monitoring program are needed.

Constraints
In addition to the laws

and performance standards

cited previously,

policies further constrain planning.

All alternative plans must: (1)

objectives of the State of California,

and

two Drainage Program

Meet

(2) focus on in-valley solutions.

Drainage Program Policy and Management Committee on June

the water-quality

[Action by the

15, 1987.]

Objectives for both surface- and ground-water quality adopted by the Central Valley Regional

Water Quality Control Board and approved by the State Water Resources Control Board
have become objectives for plan development. Level B performance standards make
provision for

more

The focus on

in-valley solutions precluded study

stringent standards in the future.

by the Program of the removal of drainage

water from the valley by any means other than the San Joaquin River. This policy did
recognize, however, the need to study

and describe the distribution and

fate of salts in the

drainage problem area.

LOCAL DRAINAGE MANAGEMENT
Initiatives

by

local

INITIATIVES

water management organizations to manage drainage and related

problems are presently under way

in

each subarea, and

improving management of the problem. Most local

it

appears they

initiatives to

will

contribute to

improve existing water

supply and drainage management practices involve outside cooperators, sponsors, regulators,
or other participants. These efforts are typically implemented through a variety of
organizational and institutional arrangements that link individual water users, local and
regional water management organizations, university researchers, and State and Federal

agencies (Coontz, 1990b).

Local initiatives should be encouraged, supported, and

coordinated as part of an overall management plan.

Many

local initiatives are not

mentioned

the following chapters because the plan
include: (1) on-farm water

management

in the alternatives
is

not detailed.

and recommended plan presented

Some

of the

more

significant of these

evaluation and conservation programs; (2) drainage
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in

and disposal studies and demonstration projects; and (3) construction of new
water management facilities and improvements to existing facilities. Local initiatives seeking to
reduce drainage volumes, effect institutional change, restore and protect fish and wildlife
reuse, treatment,

and develop workable methods of treating and disposing of drainage water are
important contributors to management of the problem and are considered part of the plan.

habitat,

PLANNING OBJECTIVES
The

technical objectives that guided formulation of alternative plans are stated in terms of

specific aspects of drainage

and drainage-related problems: water quantity, water

quality,

land use, and public health.
•

Water quantity objectives pertain to control of ground-water
water

and out of the shallow aquifer and

in

levels

to provision of fish

and

by managing the
wildlife

water

supplies.

•

Water quality objectives involve allowable water constituent
River, Salt

pond

and

influent,

Mud

pumped

Sloughs, ground water

and wetland and

San Joaquin

levels of the

to lower water

tables, evaporation

agricultural water supplies.

•

Land use

•

Public health objectives are concerned with protecting the public from the possibility of

objectives stress future maintenance of agricultural productivity.

contaminated
Table 7
Levels

lists

A

fish, wildlife,

and

agricultural foodstuffs.

the planning objectives and quantifies them, where applicable. Performance

and B are shown

for

each objective, even when they are the same. The need for and

use of performance levels were described previously in the section of this chapter on

"Environmental Protection."

PROGRAM PLANNING METHODS
The method used
Program's report.
Valley (1988).

and evaluate alternative plans is described in the Drainage
Formulating and Evaluating Drainage Management Plans for the San Joaquin

to formulate

[Details of the planning procedures

Drainage Program technical report (D.G. Swain,

hundred ideas and concepts

for solving part or

and

their application are presented in a

1990).]

all

Early in this Program, over a

of the drainage problem were screened

and reduced to some 80 drainage and drainage-related management options. These options
were further evaluated through an extensive review period for technical feasibility, potential
effectiveness in solving the drainage problem, cost, and acceptability to the public. This
reduced the number to about a dozen major options that could be combined
to

manage

ways

or solve drainage problems on the western side of the valley.

For each subarea, those options effective

combined

in various

in

reducing the drainage-water problem were

into three planning alternatives that emphasize:

(1)

Source Control (the

conservation and reuse of agricultural water), (2) Ground-Water
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Management

(the extraction

Table

7.

PLANNING OBJECTIVES, CRITERIA, AND STANDARDS

ITEM

OBJECTIVE
Performance
Level B

Performance
Level

A

WATER QUANTITY
Plan/design average regional deep percolation

0.4 ac-ft/ac/yr

0.4 ac-ft/ac/yr

must be managed after 0.02-0.35 ac-ft/acre/yr
reduction by source control measures
that

Plan/design

minimum depth

to water table

Criteria for conditions required for

pumping of semiconfined

deep

5 feet

5 feet

Minimum combined

Minimum combined

aquifer thickness
of 100 feet

aquifer thickness

aquifer

Water supply to fish and wildlife

of 200 feet

a. Water conserved by reducing deep percolation could
be used to meet drainage water replacement water
needs and alternative habitat water requirements associated with evaporation ponds. Water for restoration of

drainage-contaminated wetlands

will also

be included.

Additional water supplies needed to improve fish and
wildlife resources will be quantified, and possible
b.

sources and

means of supply

will

be identified.

WATER QUALITY
(Mean monthly values, unless otherwise noted)
San Joaquin River (Mouth of Merced River

to Vemalis)
a

Total Dissolved Solids, near Newman (ppm)
Total Dissolved Solids, near Vemalis (ppm)

Boron, near

450'

Newman (ppm)

Selenium, near

Newman

(ppb)

Molybdenum, near Newman (ppb)
Salt

and

Mud Sloughs and San Joaquin

River,

Sack

Dam to Mouth

of Merced River

TDS

(ppm)
Boron 4>pm)
Selenium (ppb)

Molybdenum (ppb)
Pumped Ground-Water Aquifer Limits

TDS

(ppm)
Boron (ppm)
Selenium (ppb)
a

Objectives not presently established or estimated.

b

Slate Water Resources Control

August 1987.

USEPA

Board staff recommendations In "Regulation of Agricultural Drainage to the San Joaquin River,"
has disapproved certain of the Board's objectives and the matter is presently unresolved.

c

U.S. Bureau of Reclamation and Souih Delta Water Agency agreement.

d

Central Valley Regional Water Quality Control Board Resolution No. 88-195, Adoption of
Control Plan for the San Joaquin River Basin (5C).

e

Grassland Water District agreement with agricultural drainers.

Amendments

to the Water-Quality

Table

7.

PLANNING OBJECTIVES, CRITERIA, AND STANDARDS
OBJECTIVE

ITEM

Performance
Level

WATER QUALITY
Evaporation Pond Influent (concentrations that
the need for hazing

and

(continued)

may

A

Performance
Level

B

(continued)

eliminate

alternative habitat)

Selenium (ppb)

Molybdenum (ppb)
Arsenic (ppb)
Wetland Water Supply (average monthly concentration)

TDS

(ppm)
Boron (ppm)

2,500'

1,250

2

2

1

Selenium (ppb)

Molybdenum
Arsenic
Agricultural Water Supply (average monthly concentration)

TDS

(ppm)

Boron (ppm)

Agricultural use

'
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of irrigable water from deep within the semiconfined aquifer to lower the near-surface water
table in waterlogged land areas),

and

(3)

Land Retirement

(the retirement of irrigated

agricultural lands overlying shallow

ground water that contains greatly elevated
of
concentrations
dissolved selenium and that are difficult to drain). Planning alternatives

A and

were devised for both Level

Comparison of the
the

recommended

Level

B

performance standards.

alternatives permitted drawing conclusions that were useful in formulating

The plan

plan.

the

is

optimum mix

reduce the drainage-water problem, coupled with

of the planning alternatives used to

and

fish

wildlife resource

components.

ESTIMATING THE VOLUME OF WATER

CAUSING DRAINAGE PROBLEMS
The term problem water was coined by
subsurface water that occurs (or

drainage problem exists

when

will

there

occurring in the root zone of crops

Program

the Drainage

to represent the

is

—

a condition of too

much

A

shallow ground water

associated often with concentrations of dissolved salt

or boron in that water that reduce crop production and/or increase farm

A

volume of

occur) in a given place to cause a drainage problem.

management

costs.

Grow more
abandon irrigated agriculture on this
Such management usually begins with

grower experiencing economic loss under this condition has three choices: (1)

salt-tolerant or boron-tolerant plants (at less profit), (2)

management

land, or (3) apply drainage

installing artificial drains to

to this land.

remove the subsurface drainage volume.

If potential toxicants

such as selenium are present in the drained water, storage or disposal becomes more

and

difficult, costly,

Problem water

is

potentially hazardous to the environment.

generally ground water that

is less

than 5 feet from the surface of the land.

In a hydrologic sense, considerably deeper water can

from greater depths into the

0- to 5-foot

zone

water table remains high, other ground water

The

irrigated area that

Table

8.

The

is,

and

move along

a pressure gradient and up

(Belitz, 1988); thus, as
is

long as the regional

continually replenishing the problem water.

likely will be, affected

by a

0- to 5-foot

water table

is

shown

in

forecasts are based on observed trends between 1977 and 1987, modified by

physical limitations of the total area that will develop high water table conditions. These

lands are considered to have a potential drainage problem. They are considered to have an
actual drainage

problem

if

and when the quality of water

in the root

zone causes one of the

grower reactions indicated previously. Tlie estimated extent of the drainage problem area
(underlain by problem water)

is

shown

in

Table

9.

The drainage problem area

is

smaller than

the area with a water table less than 5 feet from the ground surface because of water-quality

conditions.

The shallow ground-water area

(0 to 20 feet

from the land surface) was divided into

water-quality zones to aid in determining drainage problem areas and to aid in planning.

which were made on the basis of the concentration of salts and trace elements
the shallow ground water, are shown on Figure 18. Problem water occurs in these zones

The
in

divisions,

and, by 2040, will affect most of the land within the zones.

The annual volume of problem water targeted for management is the average annual amount
of water added each year to the root zone (largely through irrigation) in excess of water that
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percolates to deep aquifers. This problem water

is

water that remains

in the root

zone area,

and other substances, evaporating up through the soil column, and
becoming loaded with increasing concentrations of minerals as the summer irrigation season
advances. Table 10 provides an estimate of the annual volume of problem water in each
subarea for 2000 and 2040. For the whole study area, the unit volume of problem water
in 2000 is forecasted as about 0.70 acre-foot per acre of problem area; and for 2040. it is
redissolving salts

forecasted as about 0.75 acre-foot per acre.

toward increased mineralization that
to

manage

the drainage

Table

8.

will

The

increase

is

due to the slow but steady trend

occur in some subareas before a coordinated effort

problem can get under way

at the scale required.

FORECAST OF IRRIGATED AREA WITH WATER TABLE
5 FEET FROM GROUND SURFACE

LESS THAN

(Based on Existing Trends)
In

Subarea

1,000s of acres

Table 10.

ESTIMATE OF ANNUAL PROBLEM WATER VOLUME
1,000s of acre-feet

In

2000
Northern

26
86
81
75
46

Grasslands
Westlands
Tulare

Kern

TOTAL

314

2040
38
155

153

209

HI
666

•i
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most areas where the ground-water table is less than 5 feet from the
land surface, water is drawn upward and evaporates, leaving a deposit
of salts on the surface and in the root zone that retards or prevents the
In

growth of many crops.
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Figure 18

SHALLOW GROUND-WATER QUALITY ZONES

UGENd
I
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iiii'

Edge

of Valley Floor

General Study Area Boundary

Subarea Boundary
Shallow Ground Water Quality Zone
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SJVDP

Chapter

IN-VALLEY

5.

MANAGEMENT OPTIONS

AND PLANNING ALTERNATIVES
This chapter reports the results of analyses

Chapter
First,

The

4.

made by

use of the planning process described

analyses are a necessary transition step toward laying out a

an estimate

is

presented of the future drainage problem and

its

and

it is

entities to solve drainage

problems. This

is

in

plan.

consequences, assuming

present trends continue and no coordinated and comprehensive action

and Federal

recommended

is

taken by

local. State,

called the Future- Without Alternative,

useful as a basis for comparison with planned actions for the future. Next, planning

building blocks, called "options," are described. These can be fitted together in compatible mixes
to

form alternatives

to the future-without alternative.

Finally, three planning alternatives that

emphasize different strategies are formulated and displayed as a basis for designing the

recommended plan presented

in

Chapter

6.

THE FUTURE-WITHOUT ALTERNATIVE
The future-without

alternative represents conditions that could develop in the valley if

coordinated, comprehensive actions are not taken by local, State, and Federal entities to solve

drainage and drainage-related problems. The President's Council on Environmental Quality
requires that
planning.

all

Federal planning studies include a future-without alternative as part of project

The future-without

ground from

alternative

is

common

intended to give planners and the public a

which to judge the need for actions to change present trends.

It is

also a baseline

against which the economic, environmental, social, institutional, and physical effects of planned
actions

may be measured

to

determine their positive or negative

Development of the future-without

alternative involves:

(1)

effects.

Describing a general, overall theme for

the future in the valley; (2) developing a set of assumptions about economic, environmental, social,

and physical conditions in the valley and projecting
of these assumptions on the planning subareas.

institutional,

effect

trends;

and

(3) quantifying the

The Overall Theme
In February

and March

1987, the

San Joaquin Valley Drainage Program conducted multi-

disciplinary workshops designed to develop future scenarios of conditions that would
in the

absence of a coordinated, comprehensive plan to solve the

drainage-related problems.
district

valley's

likely prevail

drainage and

Participants included valley farmers, wildlife refuge managers, water

managers, academicians and researchers, and Federal and State agency personnel. The
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groups discussed major themes and trends that were forcing changes

They concluded

drainage-related conditions in the valley.

in agricultural

that central

themes shaping future

trends were related primarily to the public's desire to protect fish and wildlife and to sustain
agriculture in the valley (SJVDP, 1987).

Assumptions About the Future
Assumptions regarding future economic, environmental, social, institutional, and physical
conditions and trends in the valley are summarized below. Two overriding assumptions are
no catastrophic natural events and no major changes

in the national political,

that

economic, or social

climate would occur.

More

specific assumptions

•

and trends

The present trend toward

are:

less

Federal government participation and more

would continue. Government expenditures for major water projects
would continue to decline, and Federal farm subsidies would be reduced gradually.
More responsibility for natural resources management would fall on State and local
privatization

governments and the private
•

sector.

Public pressure for environmental protection would increase, leading to

more

stringent

environmental regulations, and increased governmental enforcement of those
regulations.

This could result in user charges, taxes, and penalties to aid

environmental protection.
•

Agricultural economic conditions would remain relatively stable.

The United

States,

and the San Joaquin Valley would compete favorably in world
agricultural markets. Irrigated agriculture in the valley would be able to afford and
install some drainage improvements but would not be able to do so uniformly, and
some land would be removed from production as a result of drainage and related
the State of California,

problems.
•

California's population

Joaquin

would continue

to grow, increasing the urbanization of the

Valley, including westside agricultural lands,

converted to urban, residential,

commercial, and

San

more of which would be

industrial uses (with their attendant

transportation and communication needs). Air pollution, waste generation, and noise

would

increase.

•

Importation of water to the study area would not be significantly increased.

•

There would be a

shift in the

northern part of the valley from agricultural water use to

urban uses.
•

Existing public wildlife areas would be preserved

and protected, but no new areas or

water supplies would be developed. Wetlands acreage on both public and private
wildlife areas

•

would diminish as

Overall, surface-

their intermittent water supplies disappeared.

and ground-water

quality in the study area

would continue

to

deteriorate.

•

Tlie land area adversely affected

by a high ground-water table would increase. The

shallow ground water would become more saline, and, as a result, agricultural land

would be removed from production.
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•

Except for use of the San Joaquin River, in conformance with water-quality objectives,
no drainage outlet from the valley would be provided.

•

The

rate of adoption of water conservation

measures

problem areas would

in drainage

increase.

•

Independent and uncoordinated actions related to agricultural drainage would result
between agricultural and environmental interests but also among

in litigation, not only

groups having similar
•

interests.

Piecemeal legislation and institutional change would add to the drainage problem,
causing the range of choices for water, land, and fish and wildlife managers to narrow

and bringing

significantly higher costs to

most concerned

parties.

The Shape of the Future Under the Future-Without Alternative
The future-without

alternative, as

shaped by assumptions described

in the previous section, is

described here in terms of land-use change and assessments of the hydrologic, economic, fish and
wildlife, public health,

and

social effects of that change.

Land-Use Change
Analysis of present trends toward change in the future hydrologic system of the western side

provided estimates of irrigated land, land abandoned due to salinization, and land drained by
2000 and 2040 (Table

11).

The main conclusion drawn from

data compiled in the Drainage Program's technical reports

comprehensive approach to drainage management would

abandonment of about 460,000
major losses
Table 11.

these estimates

is

and from backup

that the absence of a clear,

likely lead to soil salinization

acres of irrigated agricultural land by 2040.

The

result

and the
would be

in agricultural production.

IRRIGATED LAND CHANGES UNDER THE FUTURE-WITHOUT ALTERNATIVE
In

1,000s of acres

By

2040, salinization of irrigated land could be expected to diminish the irrigated area by about

11 percent in the Grasslands Subarea, 22 percent in the Westlands Subarea, 31 percent in the

Tulare Subarea, and 12 percent in the Kern Subarea.

would be

No

irrigated land in the Northern

Subarea

affected.

Hydrologic Effects

A general

reduction in irrigated agricultural water requirements

ground water

at or near 5 feet in depth.

is

expected

in

areas with shallow

This could occur because of increasing contributions of a

very high water table to evapotranspiration and abandonment of waterlogged lands.

The shallow

ground water would become more saline, as would overlying lands. On affected lands, this
condition would change farming practices and selection of crops grown. Eventually, the value of
the lands for irrigated agriculture would decline to a level that would force abandonment of the

Changes in land use within the study area, including conversion of irrigated lands
residential and commercial development, would also reduce irrigation deliveries.
lands.

to

Limited opportunities to dispose of drainage would gradually reduce water deliveries to the lands
with rising

soil salinity

during the next 50 years. Estimated reductions of irrigable land areas and

irrigation water requirements

due to

irrigation application efficiencies are

The

salinization,

shown

quality of water provided by the State

saline and, in places,

in

land use, and a modest increase in

and Federal water projects would not change

significantly throughout the planning horizon.

become more

changes

in Table 12.

However, the water

in

crop root zones would

would become loaded with boron due to increased evaporation

of water from a near-surface water table.

The present

quantity of firm water supply available for wildlife

management areas would probably

diminish under the future-without alternative. In a normal year, firm water deliveries of
97,000 and 17,000 acre-feet are available, respectively, to wetlands within the Grasslands and

Northern subareas. These amounts do not allow for any replacement of the selenium-

contaminated drainage water used for wetland management.
Table 13 shows that the quantity of subsurface drainage would be expected to more than double
the present level by 2040. These estimates reflect the effects of increasing on-farm source control

measures to reduce deep percolation by an average of 0.20 acre-foot per acre
Westlands, and Kern subareas and 0.05 acre-foot per acre
reflects

no reduction

in the

in the

in the

Tulare Subarea.

Grasslands,

The estimate

Northern Subarea. In contrast, the average target adopted for the

Drainage Program's planning alternatives

is

0.35 acre-foot per acre in the Grasslands, Westlands,

and Kern subareas, and 0.20 acre-foot per acre

in the Tulare

Northern Subarea.
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Subarea, with no reduction in the

Table 12.

CHANGE IN IRRIGABLE AREA AND WATER REQUIREMENT
UNDER THE FUTURE-WITHOUT ALTERNATIVE

Table 14.

REDUCTION IN RETAIL SALES, INCOME, AND EMPLOYMENT FROM
PRESENT TO FUTURE-WITHOUT CONDITIONS, 1987-2040

Other agricultural areas that produce similar crops could benefit when competitors abandon their
lands. The net result of such a regional shift has not been analyzed. However, it is expected that
the bulk of net acreage and crop reductions would occur in relatively salt-tolerant row and grain
crops, such as cotton
Clearly, a

and wheat.

major reallocation of resources would occur. Water, land, and labor would be only part
The losses to the financial community and the local tax base would be substantial.

of the picture.

Losses in land asset value could encourage a new round of investment at a lower cost. However, a
net outmigration of investment capital would probably occur in heavily impacted valley

communities.
Effects on Fish

and

Wildlife

Resources

Without a firm supply of suitable quality water delivered when needed, the total acreage of
healthy wetlands in the valley would continue to decline. At present, there are about 85,000 to
90.000 acres of seasonal and permanent wetlands in the valley.

It is

estimated that, by 2040, only

about 55,000 acres (those with firm water supplies) would remain. Populations of migratory and
resident wildlife species dependent on those scarce habitats would decline. Effects on
populations of wintering migratory birds (waterfowl, shorebirds, and long-legged wading birds, for

example) would probably be especially severe as birds crowded into ever-smaller areas of habitat,
increasing the incidence and impact of avian diseases. Opportunities for such human uses of
these wildlife resources as bird watching, nature study, and waterfowl hunting would diminish or

even be prohibited.

ponds containing elevated concentrations
trace elements, and salts would

Even with hazing and other

similar efforts, evaporation

of selenium, boron, arsenic,

molybdenum, uranium, other

constitute an extremely serious contaminant hazard to wintering

and resident populations of

aquatic birds. Operation of toxic ponds could also pose contaminant hazards to endangered
predators known to occur in the southern end of the valley (for example, the bald eagle. American
peregrine falcon, and San Joaquin

kit fox).

The development and operation of expanded or new

impact populations of several other endangered species. Because
elevated concentrations of selenium were found in tissues of birds taken from some evaporation

pond acreage would

likely

ponds, a public health warning was issued, advising hunters to limit or discontinue their
consumption of waterbirds taken from those ponds. All these contaminant hazards would be

compounded by

the decreasing acreage of clean wetlands habitat.

Agroforestry plantations, developed to aid drainage management, would provide valuable new
habitat for a variety of birds, mammals, and other species of wildlife, if the tree farms do not pose
a contaminant hazard.

Water-quality objectives for the San Joaquin River basin adopted by the Central Valley Regional
Water Quality Control Board still allow certain waterways to contain concentrations of selenium

considered by some researchers to be toxic to

unknown, due to a lack of

wildlife.

The

actual effects

on the

fishery are

toxicity studies.

Because of inadequate instream fishery flows from eastside tributaries to the San Joaquin River
and high volumes of subsurface agricultural drainage water flows from the Grasslands area,

upstream migrating adult salmon pass from the San Joaquin River into
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Mud

and

Salt Sloughs

Merced River to spawn. This situation has prompted expensive efforts to trap and
spawn adult fish and transport the eggs to the Merced River Fish Facility for hatching

instead of the
artificially

and

In a future-without scenario, this situation could be expected to continue

rearing.

indefinitely.

Several efforts have recently been initiated to address the inadequate instream fishery flows (for

example, in the mainstem San Joaquin River between the Merced River and Friant

Such

related environmental problems in the basin.

efforts include the California

Dam) and

Department of

Water Resources' San Joaquin River Management Program, the U.S. Bureau of Reclamation's San
Joaquin River Basin Resource Management Initiative, and litigation regarding renewal of 40-year
water contracts from the Friant project.

It is

uncertain whether any of these efforts will provide

flows in the mainstem San Joaquin River of adequate quantity and quality to support a viable
fishery, including restoration of

In addition, loading of selenium

Chinook salmon

runs.

and other drainage-related contaminants

ecosystem would continue under the future-without alternative.

It is

into the Bay-Delta

unknown what

effects, if any,

long-term loading of these systems with such trace elements would have on the health of the
fishery,

on other water-dependent

wildlife, or

on humans consuming such animals.

Public Health Effects

The

greatest risk to public health from the lack of a coordinated action to solve the drainage

problem

is likely

to arise

from increased use of conventional evaporation ponds

for disposal of

Where bioaccumulation of trace elements occurs through the aquatic
consumption of contaminated game would increase human exposure to elevated

agricultural drainage water.

food chain,

concentrations of these elements. Decommissioning of evaporation ponds might also pose

occupational hazards from inhalation of airborne contaminants.

Because ground- and surface-water quality

human exposure

to water contaminants will

in the valley will

become

expansion projected for the San Joaquin Valley
agricultural drainage-water contaminants (air,

likelihood of adverse effects

will

soil,

greater.

continue to deteriorate, potential

Future population growth and urban

bring people closer to
water, and biota)

all

sources of

and thus reinforce the

from exposure of such contaminants.

Social Effects

Farmland

is

expected to be abandoned more rapidly toward the end of the planning period.

However, since the impacts would be spread over several decades,
operators, employees,

and

rural

upon farm
would moderate the

their effect

communities would permit adjustment that

cumulative social effects associated with the loss of productivity.

While land

is

being abandoned, the value and marketability of drainage-affected agricultural land

would slowly stagnate, while uncertainty about the future would grow. Without an integrated
regional solution, individual farmers would have increasing difficulty acquiring financing for farm

operations and installation of drainage management
Patterns of land

abandonment would

most productive lands

likely

for high-value crops

facilities.

be irregular, with farmers attempting to preserve the

and

selecting less productive lands for on-farm
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drainage disposal. The remaining irrigated lands would be used more intensively as lands with
drainage problems were abandoned. Over time, the cropping pattern in the approximate
1-million-acre drainage problem area would become less diverse, with production shifts toward
less profitable salt-tolerant crops.

Farmers with marginal technical capacity and financial

resources would suffer the most severe consequences;

many

small and/or undercapitalized farm

operations would go out of business.

Those who farm lands without drainage problems could acquire a competitive economic
advantage over those who farm lands with high water tables and associated high salinity, by
realizing increases in land value and profitability. Nevertheless, the total agricultural production
(and associated agribusiness)

in the

San Joaquin Valley would

likely decline significantly

from

present levels.

There would also be a significant conversion of farmland to alternative uses, either wildlife habitat
or residential/commercial development. San Joaquin Valley towns within the drainage study area

would become

less

dependent upon

their traditional agricultural

support base and more

autonomous as fully developed small cities. Population expansion associated with the growth of
valley communities would likely put greater pressures upon wildlife refuges and recreational lands.

The current

level

of cooperation

among water

districts in

water management

deteriorate as drainage conditions worsened in the valley.

farmland dropped due to lower land values, water
resolve drainage problems.

them

The smaller

districts

districts

As

activities

could

the value of the assessment base of

would be

less able to take action to

would be more adversely affected

(at least five of

drainage study area could lose more than 50 percent of their assessment base through

in the

land abandonment).

Some water management

districts

might be forced to merge and/or

meet growers' needs and would probably not be capable of resolving
drainage problems without considerable assistance from other agencies.

centralize operations to

OPTIONS FOR DRAINAGE-WATER MANAGEMENT
The Drainage Program has identified a broad range of individual structural and nonstructural
management options, which analyses show have potential for helping to solve subsurface
agricultural drainage and related problems in the San Joaquin Valley. Some 80 options, classified
into seven categories, were identified

Alternatives report of

and described

in the

Program's Preliminary Planning

August 1989. The options are the basic building blocks of the alternative

However, no single option will achieve all the desired results. Several of them, fitted
together into a coordinated, comprehensive plan for action, could be effective in managing
drainage problems. The mix of options will have to be varied to accommodate local and regional
plans.

differences in drainage problems and opportunities for solution. Different mixes of options are

emphasized

in the alternatives described later in this chapter.

analysis to be

most useful

in

The options shown through

drainage problem management at this time are briefly discussed in

the following sections.

Drainage- Water Source Control

A first step in solving valley drainage problems is to reduce the production of potential drainage
water; that

is,

to control drainage production at the source.

broad array of measures to apply

irrigation

water more
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Source control options encompass a

efficiently

and

to

manage land and water

in

ways that reduce the magnitude and adverse

Options included

effects of drainage

and drainage-related problems.

in the alternatives are:

Water conservation:

•

Improve

existing irrigation practices and/or

Improve

irrigation scheduling.

Improve management of

Manage
Change

•

in

Cease

adopt new irrigation methods.

irrigation systems.

the water table to increase

its

contribution to crop evapotranspiration.

land use:
irrigation of lands that

have high salinity and selenium concentrations

in

underlying shallow ground water and that are difficult to drain.

Each of the

alternatives presented later in this chapter includes

some degree of source

control.

Water conservation and retirement of lands from irrigated agriculture are discussed separately as
drainage management plan components.

Ground- Water Management
In

some

parts of the principal study area, water in the semiconfined aquifer above the Corcoran Clay

(Figure 4)

is

of suitable quality for direct application in irrigation.(^) This water occurs in both the

Sierran sediments and the Coast
vertical hydraulic connection

pumping from

the zone

Range alluvium

parts of the aquifer.

between waterlogged lands and

may be used

to lower the water table.

Where

there

this deeper, usable

is

an adequate

ground-water zone,

Planned application of pumped water

as a substitute for a portion of the surface-water irrigation supply could bring the system into

hydrologic balance and stabilize the water table at a lower depth. This would

make

part of the

surface-water supply currently required for that area available for other uses.

Drainage- Water Treatment
Various drainage-water treatment processes have been investigated at several levels of

development. The goal of these investigations has been to identify methods of removing trace
elements of concern (mainly selenium) from drainage water.

These processes have not been investigated equally or developed to the same

level of technology.

review of the capabilities and limitations of processes investigated was completed and
in

Hanna,

et

al..

1990.

A few,

is

A

presented

such as anaerobic-bacterial treatment, high-rate algal ponds, and

ferrous hydroxide, have advanced beyond laboratory bench-scale research.

However, investigations

of even these methods are incomplete, and more work with larger scale "pilot" or "prototype"

needed to establish technical performance and reliable cost estimates. Moreover, there
has been no substantial operational experience with any drainage-water treatment process. The
plants

is

most promising new processes for selenium removal are biological processes. Of these, research is
most advanced on the anaerobic-bacterial process. Research and demonstration are continuing on

and chemical removal of selenium, such as the work being done on iron filings at
Panoche Water District, and this procedure should be pursued further. Reverse osmosis and other
desalting methods are proven but high-cost methods.

the physical

'

Blending with other irrigation water supplies to make possible the use of saline ground water on crops normally

grown

in the

drainage problem area was not included as an alternative plan component.
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can be applied more efficiently by using
shortened furrow lengths (upper left), drip systems (upper
right), gated pipe (lower left), and microsprinklers (lower
Irrigation water

right).
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Treatment of drainage water

is

not included in the alternatives because the uncertainties of their

effectiveness and/or their high cost

make investment

in

them a

fiscal risk at this time.

However,

Program recommends additional study of treatment processes because of
long-term potentials (see Chapter 1).

the Drainage

their

Drainage- Water Reuse
Of

halophytes), fish and wildlife habitat water supply, and solar ponds for
to

and
energy production appear

the various possible reuses of drainage water, irrigation (including salt-tolerant trees

have the greatest promise
•

The options considered

at this time.

Reuse of subsurface drainage water
Reuse on very

TDS

in

for agriculture:

salt-tolerant crops having

an upper permissible limit of 2,500

salt-tolerant trees having

water supply; eucalyptus

an upper permissible

trees, for

water supply;

atriplex, for

•

Each

Use of drainage water

alternative includes

ppm TDS

limit of 25,000

ppm TDS

in

example.

Use of concentrated drainage water
from evaporation ponds)

limit of 10,000

example.

Reuse on halophytes having an upper permissible

•

ppm

water supply; cotton (after plant emergence), for example.

Reuse on
in

for the alternatives are:

in solar

ponds (from

agricultural reuse options or

for energy production.

for fish

and

wildlife habitat

some amount of drainage-water

when

there

is

very low toxic

risk.

reuse.

Drainage-Water Disposal
Drainage-water disposal options include:

(1)

Discharge to the San Joaquin River, with and

without dilution; (2) discharge to evaporation ponds; (3) deep percolation into ground water;
(4) injection into

valley.

The
•

deep geologic formations; and

use for irrigation on the eastern side of the

following are considered for inclusion in the alternatives at this time:

Discharge to the San Joaquin River without dilution (including use of portions of the

San Luis Drain
•

(5)

to

convey drainage water to treatment or disposal areas).

Discharge to ponds to evaporate drainage water and concentrate dissolved
constituents.

•

Deep

percolation into the semiconfined aquifer.

Westlands Water District continues to experiment with deep-well injection and,
use option

Fish

and

(4),

if

successful,

may

immediately above.

Wildlife

Measures

Fish and wildlife measures have been developed that address the Drainage Program's goal to
"protect, restore,

and

to the extent practicable

improve

fish

and

wildlife resources of the

Joaquin Valley." Options included here are those which could be undertaken

in

San

concert with

other options to address drainage-related problems. Options for improvement of fish and wildlife
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resources are discussed in the Drainage Program's Preliminary Planning Alternatives report.
Options considered for inclusion in the alternatives at this time are:

•

Protection (in addition to the assumed enforcement of water-quality, wildlife, and

other environmental laws):

Modify evaporation pond design, construction, operation, and monitoring so
ponds are bird-safe or bird-free.
Develop

definite plans for evaporation

pond closure when closure appears

that

to be

necessary or inevitable.

Provide alternative habitat (including adequate water supplies) near evaporation
ponds that require hazing because they are unsafe for birds.
•

Restoration:

Flood and flush habitat with freshwater.

Manage
•

soil

and vegetation

to

decontaminate wildlife habitat.

Substitute water supplies for fish and wildlife to replace contaminated drainage water.

Substitute water would also improve protection and assist restoration. (These options

must include modifications of existing supply or drainage systems to allow
water to fish and wildlife areas directly, or by exchange arrangements.)

Use water saved from

source-control options (that

is,

delivery of

on-farm water conservation

and/or land retirement).

Use wetland
April and

areas to seasonally store agricultural water supplies for release during

May

to

improve

fish habitat in the

San Joaquin River.

Use ground water produced by ground-water management

Use nontoxic drainage water
Institutional

to produce saline wetlands.

Changes

Growers and private and public
Federal, State,

options.

and

fish

and

local laws, policies,

wildlife

and

managers operate within a framework of

practices.

Some changes

in the existing institutional

framework may help solve drainage problems, directly or indirectly, by allowing implementation
of plan components that otherwise might not be undertaken. The options listed here appear to be
those most likely to be used in helping solve the drainage problem.
institutional

changes was provided and discussed

Alternatives report. Analysis of potential changes

report on institutional change

in the
is

A long

list

of potential

Drainage Program's Preliminary Planning

provided in the Natural Heritage Institute

(Thomas and Leighton-Schwartz,

1990).

The primary options being

considered are:
•

Use of

tiered irrigation water pricing, or other types of financial incentives,

districts,

by water

the Central Valley Project, or the State Water Project.

•

Drainage contribution surcharge on

•

Modification of water-transfer and water-marketing policy and laws.

•

Formation of regional drainage management entities that might be structured as
special districts, joint powers authorities, or nonprofit mutual benefit cooperatives.

irrigation water.
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Evaluation of Options
Before options are used in alternatives,
applicability of the options,

and

it

is

necessary

to:

ground water quality zones shown

(1)

Determine the geographical

performance, and impacts. The shallow

(2) evaluate their cost,

Figure 18 are the units used for evaluation.

in

Options are applied within the framework of objectives and standards shown
applicability of drainage

either

management options

performance Level

A or B,

is

Table

in

to each of the drainage water quality zones, under

displayed in Tables 15 and

Source control

16, respectively.

applicable in every area. Discharge of drainage water to the San Joaquin River

is

applicable in

Trees cannot be grown in the other six

to transpire drainage water in 10 of the 16 areas.

areas because drainage water from field crops (water supply for trees) will exceed 10,000
total dissolved solids (salt).

precluded

in

Growing extremely

any area. Table 15 shows

that,

some shallow ground-water

applicable in

salt-tolerant plants,

the criterion

both

A and

assumed

is

areas where dissolved selenium

not

is

much more

area

is

is

above 200 ppm.

candidate for retirement

may be continued under
can be made bird-free. The

lowered to 50 ppb. Existing evaporation ponds

B performance

levels,

but only

they are bird-safe or

if

safe level of selenium concentration for Levels
In the ground-water

respectively.

such as saltbush,

ppm

under performance Level A, land retirement may be

Table 16 shows that, under performance Level B,

when

is

Salt-tolerant trees can be

the Northern Subarea and in two areas of the Grasslands Subarea.

grown

The

7.

management

A and B are 5

option, water

ppb and 2 ppb,

may be pumped from

the

semiconfined aquifer when the thicknesses of suitable aquifer materials exceed 100 feet (Level A)
or 200 feet (Level B) and the quality of the water produced

The

results of

Table

17.

an evaluation of the options considered

The evaluation

is

is

suitable for irrigation.

effective

and available are presented

in

based on uncertainty analyses, economic analyses, and standard

impact assessment techniques.
In addition to the restraints provided

Table

7,

be used

by the planning

the evaluation of options in Table 17 should shape the extent to
in

an

alternative.

produce an adverse

effect

Table 17 indicates that virtually

on an important parameter of

the economy, or the local community.
beneficial to

some

interests.

Judgment has

expense of significant risk to other

The evaluation

reveals that, although

acknowledged. For example, the

all

options have

interest; for

some

limitations or

example, fish and

wildlife,

Conversely, each option shows characteristics and effects
to be exercised in determining the

on a given option, considering the balance of
at the

and standards given in
which a given option can

objectives, criteria,

effects.

The

emphasis

lowest-net-cost option

is

to place

sought, but not

interests.

some options

feasibility of

are cost-effective, certain risks must be

discharge to the San Joaquin River might be

affected significantly by possible future changes in water-quality regulations.

might be affected by significant adverse effects on

wildlife.

Similarly, reuse

In contrast, the risks of reuse of

drainage water are less than the risks of evaporation ponds, and reuse has a comparative cost
advantage. (Measures considered promising to

included in cost estimates.) Therefore,

it is

make evaporation ponds

concluded

ponds should be minimized and reuse maximized.
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bird-free or bird-safe are

that, comparatively,

use of evaporation

OF DRAINAGE MANAGEMENT OPTIONS
PERFORMANCE STANDARDS

Table 15. APPLICABILITY

LEVEL
Subareas
and
Water Quality
Zones

"A"

Table 16. APPLICABILITY

OF DRAINAGE MANAGEMENT OPTIONS

LEVEL "B" PERFORMANCE STANDARDS
Subareas
and
Water Quality
Zones
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PLANNING ALTERNATIVES
Three planning alternatives were formulated that emphasize: (1) The conservation and reuse of
agricultural water, (2) the extraction of irrigable water from deep within the semiconfmed aquifer
to lower the near-surface water table in waterlogged land areas,

irrigated agricultural lands overlying shallow

concentrations of dissolved selenium.

of

performance,

A and

B, were applied to each

to compare potential reduction in problem water
managing the drainage problem were emphasized. Four
involving major options that were employed in formulating the planning alternatives are

if

strategies

ground

levels of

(3) the retirement

These alternatives were devised

alternative.

volumes,

Two

and

water that contains greatly elevated

differing options for

discussed in the following sections.

Drainage Management Strategies Underlying the Alternatives
Four main

strategies for

management of drainage problems have emerged during

These are source

this study.

retirement.

Each

strategy

is

control, drainage water reuse, ground-water

used to reduce problem water volumes

the course of

management, and land

in the three

planning

alternatives.

Source Control
of recharge to the ground water system and subsequent production of drainage

The major source
water

is

the portion of applied irrigation water that percolates past the crop root zone into the

Some water must

semiconfined aquifer.
productivity.

pass the root zone to leach salts and maintain

soil

Unnecessary deep percolation can be reduced mainly through better management of

irrigation systems.

Current average deep percolation in the study area
feet (Burt

and Katen,

1988;

D.G. Swain,

necessary to achieve required

salt

1990).

leaching and

is

estimated to vary from about 0.90 to 1.05

Assuming
is

also the

0.3 foot is the

minimum amount

amount moving downward through

Corcoran Clay, nonbeneficial deep percolation contributes 0.60

the

to 0.75 foot annually to potential

problem water.
Higher irrigation

efficiencies leading to

reduced deep percolation can be achieved by individual

options or combinations of options. The most effective of these appear to be: (1) Improving

management of

irrigation systems, (2)

improving present irrigation practices

(for

example,

shortening furrows and using tailwater return systems, thus increasing uniformity of water
application)

and adopting new

irrigation

and other options are discussed more

methods, and

fully in the

(3)

improving irrigation scheduling. These

Drainage Program's 1989 report. Preliminary

Planning Alternatives.

Not all potential problem water is generated by deep percolation at a given site. Some lateral
movement of water from upslope areas may also contribute to drainage problems downslope.
This contribution varies considerably, depending upon local geologic and hydrologic conditions,
but a drainage problem most often arises from practices and conditions at the

deep percolation, even

in areas without present drainage

regional drainage problem.
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site.

Reduction of

problems, can help reduce the long-term

Drainage-Water Reuse

The concept of drainage-water reuse

is

shown

The

in Figure 19.

of drainage water requiring ultimate disposal by reusing

it

objective

is

to reduce the

on progressively more

volume

salt-tolerant

The volume of water would be reduced by evapotranspiration. with dissolved constituents
such as salt, boron, and selenium becoming more concentrated and probably easier to manage in
an environmentally safe manner. Volume reduction through reuse would substantially reduce
disposal costs and treatment costs, if treatment became necessary.

crops.

The

initial

good-quality water supply would be used to grow high-value, salt-sensitive crops, such

as vegetables.
collected

Drainage water captured

and pumped

in the tile

drainage system under these lands would be

into a local distribution system to

such as cotton.

salt-tolerant field crop,

(If this

become

the water supply for a

were not practicable, the drainage could go

directly to trees.)

Drainage from these

fields

would become the water supply

for salt-tolerant trees, such as

eucalyptus. Trees would be used at this stage, not only because of their tolerance to

because they are capable of high transpiration rates (about 5

feet of

drainage from the trees would be used on halophytes that grow

such

must be monitored and

of,

extremely saline conditions,

in

The

levels

of boron and total salinity of water in the root zone

the fields drained to maintain growth.

that stage of the reuse process, the extremely concentrated drainage water

or

it

could be stored in small evaporation ponds, treated to

possible, injected into

but also

bush. Even halophytes have limits for total dissolved salts and certain

as atriplex or salt

other substances, such as boron.

At

salt,

water per year). Finally,

deep geologic formations. Water and

could also be used at solar-energy ponds or cogeneration

remove

salts

must be disposed

toxicants, or,

when

from the evaporation ponds

facilities.

Figure 20 illustrates pond configurations that might be used as part of a drainage water

management system. The standard evaporation pond shown would be
traditionally used in the valley, except that

it

similar to

ponds

would be improved with steepened sides and greater

depths to reduce wildlife food supplies and discourage wildlife use. In contrast to traditional
ponds, the new standard pond would be smaller so that birds could be more effectively hazed

from

it

to alternative safe wetland habitat (not

shown on sketch)

that

would be provided

in the

vicinity.

The nontoxic evaporation pond would also provide safe wildlife habitat and would be designed for
that purpose. The northern portion of the Tulare Subarea (Kings River Delta) appears to be an
area in which drainage water could evaporate in ponds that would be safe for wildlife use.

The accelerated rate ponds would employ mechanical devices to increase the rate of evaporation.
Used in a facility in El Paso, Texas, the device shown here reduced the volume of applied water by
about 25 percent in one pass through the system. Use of an accelerated evaporation system
greatly reduces

pond

area, but

it

increases the cost.

pond shown would use very concentrated drainage water from either the standard or
accelerated pond. The area covered by a solar pond would be small. This type of pond does not
appear to attract birds. The value of the electrical energy generated would offset some of the total

The

solar

drainage system costs.
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Figure 19.

THE CONCEPT OF DRAINAGE-WATER REUSE
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POND CONFIGURATIONS
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THE CONCEPT OF GROUND-WATER MANAGEMENT

Figure 21.
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Volume
and management

the reduction of drainage-water volume.

as 80 to 95 percent, depending

on the crops,

A reduction in drainage-water volume translates

soils,

of

to lower cost in final drainage-water

management.

Ground-Water Management
The concept

of ground-water

management

is

to

pump

water, generally for irrigation, from the

semiconfined aquifer above the Corcoran Clay to lower near-surface saline water tables

and create a hydrologic balance that will keep the shallow water table
below the crop root zone. In an unplanned manner, this strategy is currently being applied, to a
minor extent, in the drainage problem area because some 2 million acre-feet of ground water is
extracted annually from westside aquifers to supplement surface-water supplies. Although most
of the pumping is from below the Corcoran Clay, the stress on the hydrologic system helps
(illustrated in Figure 21)

alleviate the subsurface drainage

In this strategy, the

problem by providing storage space

ground water extracted would be

for

deep percolation.

in addition to present extractions,

be designed specifically for each drainage problem area

in

which

it

and would

was applicable. Wells would

be perforated to produce water only from selected zones of the semiconfined aquifer. This

method would be

technically feasible only

if all

the following conditions existed in the subsurface

aquifers under the drainage problem area: (1) Adequate vertical hydraulic interconnection
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between the deep aquifer and the waterlogged surface lands (not applicable to the Tulare lakebeds
where thick clays are present); (2) a sufficient volume of water in the deep aquifer to allow
withdrawal for a reasonable period of time
well) water quality of less than 1,250

(for

example, 20 years); and (3) a production (from the

ppm TDS,

so

may be used

it

for agricultural irrigation.

Reconnaissance-level geohydrologic investigations indicate that these conditions probably exist

beneath those parts of drainage problem areas shown

in

Figure

12.

Several aspects of this strategy need to be recognized as potentially limiting

its

overall feasibility,

even though the controlled pumping that would occur under the strategy could be an

improvement over

pumped

existing

pumping

conditions.

First, the

to lower the water table to the required depth

to supply water for irrigation or other beneficial uses

periods during which wells must be

and the period

may

in

which they are pumped

not correspond. Second, the

application of this alternative might be viewed as a planned degradation of ground water. This

pumping
zone to move

interpretation might be reached, even though the present extent of ground-water

produces a regional hydraulic stress that

downward

at

an annual rate of

selenium, and other substances. Third,
aquifer

is

causing water passing the root

1 to 3 feet vertically,
if

transporting with

this alternative

must be capable of producing water

it

accumulated

were to be economically

salt,

boron,

feasible, the

suitable for beneficial uses for at least 20 years.

Although recent study has removed considerable uncertainties (Schmidt, 1988 and 1989; Quinn,
1990;

CH2M

Hill, 1990; Phillips, 1990),

an additional significant limiting factor

lack of adequate geohydrologic information on ground-water systems in

some

is

the continuing

parts of the

drainage problem area.

Land Retirement
The

essential strategy of land retirement

characteristics beneath

which now

lies

is

to stop irrigating lands with

poor drainage

shallow ground water so contaminated with selenium (and

other substances) that drainage would be extremely difficult and the water produced would be

manage. Hydrologic investigations (Gilliom, et al., 1989b) indicate that, if a substantial
land area (say, + 5,000 acres) were retired from irrigation, the shallow water table beneath those
lands would drop. To some extent, instead of contributing to their contamination, the dewatered

costly to

area beneath the retired lands would then become a sink to receive some contaminated water

from adjacent lands. Figure 22

The

illustrates

feasibility of this strategy hinges

concentrations of selenium are

much

billion.

Areas over 200 parts per

land retirement would lower ground-water

on the existence of shallow ground-water areas
greater than those of surrounding areas.

areas in which selenium concentrations in

per

how

compensating benefits
regionally, or in

in

economic return

which

Figure 23 shows

shallow ground water are more than 50 and 200 parts

billion are

considered to be "hot spots" and special

candidates for retirement. The feasibility of land retirement also
the form of

in

levels.

overall

may depend on

the existence of

reduced costs of handling the drainage problem

to landowners

from the

sale or lease of the

water supply no

longer used for irrigation.

A related

aspect of land retirement

future time, the

is

that

it

could be considered a land reserve and,

problem necessitating retirement were

again for irrigated agriculture.
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if

at

some

to be resolved, the land could be used

Figure 22.

THE CONCEPT OF LAND RETIREMENT
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Figure 23
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Description of Alternatives

The

following alternatives are analyzed and evaluated to subarea scope and detail.

Northern Subarea
Alternatives for problem water reduction were not prepared for the Northern Subarea because

two factors that tend

to motivate

major changes

in

management of drainage problems

missing in this part of the valley. First, the shallow ground water

low

in

is

are largely

of relatively good quality and

concentrations of dissolved gypsum, a substance that contributes greatly to problems of

westside salinization of

Second, growers

in the

soil

and ground water (D.G. Swain,

1990).

Northern Subarea are solving their drainage problems by draining

land and discharging about 20,000 acre-feet per year to the San Joaquin River.
objectives on the river

do not change

materially, growers

would

likely

If

their

water-quality

continue discharging to the

river.

In addition to controlled subsurface drainage water, the San Joaquin River also receives about

100,000 acre-feet of ground water seepage annually from the Northern Subarea

an unknown portion of which
volume,

this flow contributes

Joaquin River

is

related to irrigation water application.

about 25 percent of the annual

at Vernalis, primarily during

salt

(CH2M

Hill, 1988),

Because of the large

load flowing into the San

low flows.

Nishimura and Baughman (1989) have considered this phenomenon and remedial actions that
might be both possible and necessary if more strict salt objectives were set for the San Joaquin
River. One of the concepts mentioned prominently is a line of shallow wells that would be
pumped during high river flows to evacuate the shallow ground water and create additional

storage space for drainage water that would otherwise seep into the river during low-flow periods.

Hydraulic and engineering studies conducted by the U.S. Bureau of Reclamation were reviewed

by D.G. Swain

(1990),

who

concludes that the concept of seasonal evacuation to halt the seepage

(which could pose a problem during low flows) would not be effective because the San Joaquin
River lacks the capacity to assimilate

few opportunities to

pump

salt in

most high-flow seasons. There would simply be too

the interceptor wells because of the limited

number of days

in

which

the river has assimilitative capacity.
If

measures were to be adopted within the subarea to lower the shallow water table adjacent to

the San Joaquin River, these could reduce

some of

the salt load to the river because

more

salt

would be stored in ground water. Two measures that are technically available are: (1) Improving
on-farm water application to reduce deep percolation to ground water, and (2) changing the
present pattern of surface- and ground-water use to greatly increase the volume of ground water
extracted.

Presently, only an estimated 30,000 acre-feet per year are

pumped from

the

combined

semiconfined and confined aquifers. (In the Northern Subarea, the aquifers are highly
interconnected through gravel-packed and multiple-zone wells.) At present, about 94 percent of
is obtained from the combined sources of
San Joaquin River and the Delta-Mendota Canal. Substituting ground water pumped from
below the irrigated area for a portion of this imported surface water would lower the water table
and reduce seepage to the San Joaquin River. However, the subsurface drainage that would be

the agricultural water supply in the Northern Subarea
the

discharged to the river would become more saline.
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Grasslands Subarea
Figure 24 shows

how various

planning alternatives.

When

from Level

options would be combined to reduce problem water in the three

read horizontally, the graphs show the effect on each option resulting

A to Level B performance standards. When

from a
effect on each option as the emphasis
shift

is

read vertically, they show the

changed from source control to ground-water

management to land retirement. (Graphs are provided for this purpose in each subarea that
follows.) Each Grasslands planning alternative includes the continued use of the San Joaquin
River for disposal of some drainage water, although volumes would be reduced 15 to 20 percent
under Level B selenium criteria, compared to the existing Level A criteria.
Table 18 shows major features of Grasslands Subarea planning alternatives. Under the
alternatives emphasizing source control, the

maximum

water conservation from source control

increases from about 30,000 acre-feet per year in 2000 to 50,000 acre-feet per year in 2040. Source
control, featuring available water conservation technologies (such as shortening furrows

a tailwater return system),

is

included only in water quality zones

A and B (Figure

18),

and using

where

it

would reduce the volume of problem water by 30 to 40 percent, depending upon the criteria.
Source control would not be applied in water quality zone C and 50 percent of Zone B (where

some problems with waterlogging) because that drainage water is considered reusable
irrigating, managing wetlands, and/or increasing flow and improving quality of the San

there are
for

Joaquin River.

Drainage water would be reused under
control alternative

all

alternatives.

would require from 3,000

The maximum

reuse under the source

to 6,000 acres of salt-tolerant trees

and halophytes by

2000 and 2040, respectively.

Wetlands
the

fall

In the

Grasslands Subarea, which are laced with waterways, are flooded during

and winter waterfowl migration season.
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Figure 24
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Table 18.

MAJOR FEATURES OF GRASSLANDS SUBAREA PLANNING ALTERNATIVES
In

Performance
and Plan
Emphasis

.evel

1,000s

Because of geohydrologic conditions, opportunities for deep pumping of the semiconfined aquifer
are limited to about 60,000 acres, largely in problem zone A. No new evaporation ponds would be
included with any alternative.

Under

the land retirement alternative, retirement of irrigated land would be greater under Level

criteria

and would increase from about 23,000

to 70,000 acres

B

between 2000 and 2040.

Westlands Subarea
Figure 25 shows

how

various options would be combined to reduce problem water in the three

planning alternatives. Each planning alternative places major reliance on source control for
reducing problem water

—

up

to a

maximum

of about 60 percent in 2040, under the source

control alternative.

Table 19 shows major features of Westlands Subarea planning alternatives. The

maximum

water

conservation from source control would be 38,000 acre-feet annually by 2000, and 92,000 acre-feet
annually by 2040, under either performance Levels

Reuse of drainage water

maximum

is

a major feature of

reuse, 9,000 to 14,000 acres of trees

water volume

in

all

A

or B.

alternatives for the Westlands Subarea.

and halophytes would be used

to reduce

Under

problem

2000 and 2040, respectively.

Subsurface physical conditions most strongly favor deep pumping from the semiconfined aquifer
to lower shallow ground-water levels in water quality zones

ground-water management alternative, shows the area of

about 26,000 acres

in

2000 to 107,000 acres

C and D

(Figure 18). Level

maximum pumping would

A criteria,

increase from

in 2040.

Under Level B criteria for the land retirement alternative (all shallow ground-water areas above
50 ppb selenium), 12,000 acres would be retired from irrigation by 2000 and 107,000 acres by 2040.
In contrast to areas suitable for ground-water management in the southeastern part of Westlands
Subarea, areas that

No new

fit

the criteria for land retirement are located primarily in the northern part.

evaporation ponds would be included under any alternative.
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Figure 25
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Table 19.

MAJOR FEATURES OF WESTLANDS SUBAREA PLANNING ALTERNATIVES
In

1

,000s

Tulare Subarea
Figure 26 shows how various options would be combined in the Tulare Subarea to reduce
problem water. Table 20 shows major features of Tulare Subarea planning alternatives. All plans
include major reliance on source control for reducing problem water, up to a maximum of about
60 percent in 2040 under the source control alternative. The maximum water conservation
through source control would be 44,000 acre-feet annually by 2000 and 156,000 acre-feet annually

by 2040, under the source control

Reuse of drainage water

Under
used

the

in

maximum

is

alternative.

a major feature of the alternatives presented for the Tulare Subarea.

reuse option, from 11,000 to 23,000 acres of trees and halophytes would be

2000 and 2040, respectively.

Conditions favorable for deep pumping of the semiconfined aquifer occur largely in areas

E (Figure 18). The planning
would allow pumping under a maximum of about 20,000 acres in 2000 and 135,000 acres
2040. Ground-water management or evaporation ponds may be used in zone E, where drainage

influenced by the Kings River Delta: water quality zones A, D, and
criteria
in

water

is

generally very low in dissolved selenium.

alternative.

Further study

may

No new

reveal that evaporation

evaporation ponds are included in any

ponds

in the

South Kings River Delta

(zone E) would be bird-safe because of low contaminant concentrations in drainage water.

No

shallow ground water in the Tulare Subarea

is

known

to be high

enough

in

selenium

concentration to exceed the 200 ppb planning criterion for land retirement. Alternatives

emphasizing land retirement are included, but they are almost identical to the source control
alternatives.

Kern Subarea
Figure 27 shows

how

various options would be combined in the Kern Subarea to reduce problem

water in the three planning alternatives. Table 21 shows major features of the planning
alternatives.

a

maximum

All plans include major reliance

on source control

for reducing

problem water, up

to

The maximum

of about 55 percent in 2040, under the source control alternative.

water conservation that would occur through source control would be 21,000 acre-feet annually by
2000 and 68,000 acre-feet annually by 2040, under several alternatives. Reuse

component of the

is

also an important

Kern Subarea. Under maximum reuse, from 6,000
would
be grown in the subarea in 2000 and 2040,
and halophytes

alternatives presented for the

to 12,000 acres of trees
respectively.

The ground water hydrology

of the Kern Subarea

is

perhaps the

subareas. But, based on the available information, including

water pumping

is

least

some

understood of

all

the

recent field work, ground

included for 1,500 acres in 2000 and 7,000 acres in 2040. Application of land

retirement criteria lead to retiring 19,000 acres by 2000 and 43,000 acres by 2040.
Significant areas of evaporation

ponds are not included under any

acreage of new ponds included in any of the alternative plans
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is

alternative.

1,600 acres.

The maximum

Figure 26
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Table 20.

MAJOR FEATURES OF TULARE SUBAREA PLANNING ALTERNATIVES
In

Performance
Level and Plan

Emphasis

1,000s

Figure 27
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Table 21.

MAJOR FEATURES OF KERN SUBAREA PLANNING ALTERNATIVES
In

Performance
and Plan
Emphasis

Level

1,000s

SUMMARY AND CONCLUSIONS FROM ANALYSES OF
SUBAREA PLANNING ALTERNATIVES
management

Table 22 summarizes the major components of drainage

alternatives for the study

area (the four subareas for which alternatives were prepared).

The alternatives were developed to show the effects of emphasizing different strategies for
managing drainage water. The conclusions that follow are based on analysis of the alternatives
and are used in formulating the recommended plan presented in Chapter 6:
•

Few major

differences exist

among

the six alternatives presented in each subarea, due

primarily to the narrow ranges of choice actually available

and

likely

when

physical constraints, present

environmental regulations, and costs are considered. The lack of difference

due to the inclusion of source control and reuse

in all alternatives.

is

also

These options were

included because they are available technologies that could be applied throughout the study
area and because of their comparative cost advantage.
•

The opportunity

San Joaquin River causes the

for discharge of drainage water to the

Grasslands Subarea to differ considerably from other subareas.
•

The planning

alternatives

show

that the

amount of water conserved by on-farm methods of

drainage-water source control ranges from about 250,000 to 370,000 acre-feet annually by 2040.

When

land retirement and ground-water

management

are

added

to source control, the range

of water conserved increases to 530,000 to 950,000 acre-feet annually by 2040. Water

conserved by source control and ground-water management would benefit the water user, and
values are taken to lower the costs of these options.

It is

assumed

per acre of water would be freed by land retirement, but no value

because the value of the water

is

that at least 2.6 acre-feet
is

taken in this analysis

included in the market value of the irrigated lands to be

purchased.
•

The analyses show how

specific alternatives serve certain objectives that could

auxiliary to the objective of

all

plans of the Drainage Program

problem. For example, the objective of conserving water

maximizing the source control and reuse options.

dominant
•

A

objective, then the land retirement

practical

adhere

•

efficient

than either Level

at least cost

would be served best by

minimizing risk from toxicants were the

will

performance Level

A or

be considered

solving the drainage water

component should be maximized.

mix of drainage management options

strictly to the criteria for

analysis of alternatives formulated in that

more

If

—

not be found by formulating plans to

A or

way provides

performance Level

B.

However,

a base for designing a plan that

is

B, or the future-without alternative.

Because of the complexities of the interactive factors involved

in solving the

drainage

problems and the many unknowns, only limited success has been achieved in modeling the
natural and cultural features of the problem area. This has prevented asking "what-if"
questions that could generate an infinite

number of

alternatives.

Professional judgment, local

experience, and public review will evidently continue to be the most important resources in

developing a successful plan.
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Table 22.

MAJOR FEATURES OF STUDY AREA PLANNING ALTERNATIVES
in 1

Performance
Level and Plan

Emphasis

,000s

Chapter

THE RECOMMENDED PLAN

6.

The plan presented here

is

intended as a regional framework for management of drainage and

drainage-related problems on the western side of the San Joaquin Valley.

It

consists of a set of

actions that are quantified to the degree possible with information currently available.

Actions

are planned to continue over the 50-year period, from 1990, through a near-term planning horizon
(2000),

and on

to a long-term planning horizon (2040).

Actions are quantified and described for

the two planning horizons.

Under
salt

the assumptions and conditions of the plan, no decision need be

from the San Joaquin

Valley.

Salt Balance," that decision

As

made now on

exporting

explained in a later section of this chapter, "Rationale on

can be deferred. Most,

recommended plan would be required

if

not

all,

of the actions proposed in the

as the first phase of any out-of-valley export system.

Uncertainties in the scientific information base, plus difficulties in forecasting

human

events,

necessitate that the plan be updated from time to time as monitoring, additional studies,

actions reveal

new

and

local

facts.

PLAN FORMULATION PROCEDURE
aspects of both A and B performance levels from
Performance standards used in formulating the

The recommended plan contains some
alternatives presented in

5.

shown in Table 23. The applicability of drainage management options
zone was assessed by using the performance standards (Table 24).

recommended plan
each water quality

Chapter

in

are

The sequence of plan formulation

is

illustrated in Figures 28, 29,

and

30.

The

following

discussions are provided as a guide to the decision points and places where judgment was
applied.

A detailed

formulating the plan

Land

and comprehensive explanation of the technical processes and data used
is

set forth in a report

by the

SJVDP

in

(D.G. Swain, 1990).

Retirement Decisions

component on lands that are
saline and/or difficult to drain (class 4, USER classification, for example) and where shallow
ground water contains high selenium levels (50 ppm or more). Such decisions must, however, be
based on all factors at the site and on the other alternatives available for managing the drainage

Land retirement was

generally considered for inclusion as a plan

problem. They do not preclude the future option of re-establishing irrigated agriculture

if

circumstances should change.

Source Control Decisions
Measures

to control subsurface drainage at the source should generally be applied to

with drainage problems, except those that

may be

retired
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all

lands

from irrigated agriculture. The specific

Table 23.
Category

PERFORMANCE STANDARDS USED TO FORMULATE RECOMMENDED PLAN

Table 24. APPLICABILITY

OF DRAINAGE MANAGEMENT OPTIONS

(Recommended
Subareas
and
Water Quality

Plan Performance Standards)

Figure 28

OVERALL PLAN FORMULATION SEQUENCE
Maximum

Potential

Drainage Volume
0,6 01

075

AF,Ac.

Retire Lands with
LAND
RETIREMENT

Poor Drainage

Reduction of

Class 4 Lands

YES

GW > 50 ppb Se

with Shallow

Potential

Characteristics

Drainage

and High Selenium

Hate- 0.60

NO
SOURCE
CONTROL

I

Reduction of

Reduce Volume of
Applied Water

Potential

YES

Drainage
Rate. 0.20

NO ^
DISCHARGE

or 0.75 AF/Ac.

04

Of 0.35 AF/Ac.

AF/Ac.

Drain Flows

YES

Discharge
to SJ River

Exceed

Drainage
Reduction

NO

Assimilative

Rate = 0.4 AF/Ac

Capacity

YES

NO h*

I

Pump
GROUNDWATER
MANAGEMENT

Aquifer thickness

YES

Semiconfined
Aquifer

>200
(

ft

with

<

Drainage
Reduction

TDS 1250 ppm

See Figure 29

Salt

iDisposal^

)

Rate = 0.4 AF/Ac.

NOw^
REUSE

Aquitenhickni
ickness < 200

Irrigate

ft
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TDS<

Trees

1

0K ppm

Drainage
Reduction

-^

Rate = 5

NO

—

TDS>10Kppm

AF/Ac

Drainage Return Flow =1.5 AF/Ac.

I
REUSE

Irrigate

YES

Halophytes

TDS

<

Drainage
Reduction

25K ppm

Rate = 3

NO

TDS

> 25K

AF/Ac.

ppm
Drainage Return Flow = t.O AF/Ac.

£
EVAPORATION

(

See Figure 30

Evaporate
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)

Salt
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Figure 29

PLAN FORMULATION SEQUENCE
Pump Semiconfined

Aquifer

Results in

Pump

YES

Semiconfined
Aquifer

NO

—

<1250ppmTDS

>•

restriction

some

on use as an

irrigation supply.

1250ppm<TDS<2500ppm

Once pumped water
Water used

quality deteriorates to

for irrigation

> 2500 ppm TDS.

of salt- tolerant trees or
use as solar pond cover
layers.

Cease pumping and
install tile drains.

Figure 30

PLAN FORMULATION SEQUENCE
Evaporate Drainage

Evaporate Drainage

YES

Sc<2ppb

— Ponds

Drainage Reduction
Rate = 4.0 AF/Ac

NO

J

- sosoppb
2 ppb < Sc < 50 ppb

—

Poods and Allcmativc Habitat

Drainage Reduction

Accelerated Evaporation

80% Reduced Volume

System

I
Solar Energy Generation

System
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source control measures adopted

will

vary according to the types of crops grown and individual

grower preference. Application of source control measures could eliminate an average of nearly
50 percent of the total problem water volume (pre-1985 conditions) by reducing deep percolation

The

and, hence, potential drainage water.

rate at

which source control can be implemented is
made to improve irrigation practices.

generally controlled by the rate at which investments can be

The recommended plan

takes this into account.

recommended plan, source control measures were not applied to water-quality Zone C and
portion of Zone B in the Grasslands Subarea. These zones contain low selenium and

In the

a

moderately saline water of a quality suitable for use in wetlands or for direct discharge to the San

Joaquin River during

The water

much

of the year.

collected in on-farm drains

would have four possible

Joaquin River, water supply for wildlife areas

(if

fates:

discharge to the San

selenium concentration

is

low), reuse

on

salt-tolerant plants, and/or discharge to evaporation ponds.

Decisions on Discharge to the San Joaquin River

The

levels of

performance required of the recommended plan

in affecting the quality of

water

in

the San Joaquin River were determined by State water-quality objectives and by scientific
investigations of the U.S. Fish

ppb

objectives of 5

in the river

objectives to be met.

the boron

and

and Wildlife

and of 2 ppb

For planning,

salt objectives

Service.

it

Mud

in

was assumed

was determined that the selenium
and Salt sloughs were the most difficult

It

that, if the

selenium objective were met, then

could also be met.

Accordingly, the Drainage Program focused on the assimilative capacity of the San Joaquin River.

The plan

identifies

means

to collect

and

isolate

(from wetlands) a comparatively small volume of

high-selenium water in the Grasslands Subarea. That drainage volume would then be conveyed

through a rehabilitated and extended San Luis Drain for discharge to the San Joaquin River

below

its

confluence with the Merced River.

It

was

also decided that the plan should include

supplementing the Merced River with fresh water obtained from the eastern side of the San
Joaquin Valley.

Replacement of the contaminated agricultural drainage water delivered and used
before 1985

is

a requirement of

all

plans.

Mud

and

Salt Sloughs

in

would not be used

water to wildlife habitat unless the selenium concentration of the supply

is less

wetland areas
to convey

than 2 ppb.

Reuse Decisions
was assumed that, with some exceptions for the Grasslands Subarea, all water collected in tile
drains would be reused on salt-tolerant trees and halophytes. This component is included in the
plan under the conditional requirement that monitoring and analyses of the concentration of
toxicants in biota (.selenium, for example) would be necessary to give warning of any incipient
problem and allow for remedial measures (keeping eucalyptus groves free of forest litter, for
example). Reuse would eliminate a significant volume of problem water. The drainage water
from trees and halophytes would be disposed of in evaporation ponds and solar ponds.
It
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Evaporation Pond Decisions
The

quality of drainage water (primarily selenium concentration) determines the selection, design,

and operation of an evaporation system. It was assumed that all evaporation ponds would be
designed and built according to criteria of the California Department of Fish and Game, which
specify steep side slopes and minimum allowable pond depth (Bradford, et al., 1989). In addition,
if

influent selenium concentration

is

greater than 2 ppb, alternative, safe habitat equal to the

pond

area would be provided to facilitate hazing waterfowl from the pond area. If the influent

concentration exceeds 50 ppb, an accelerated-rate evaporation pond would be used to reduce the
required pond area because open ponds would not be considered feasible in the long run under
these conditions.

When

agricultural land

and

possible, evaporation

ponds would be located on the

at the lowest elevations of the

least productive

drained areas.

Treatment for Selenium Removal
Although

it is

probable that an economical biological treatment process to remove selenium from

drainage water
the

will

recommended

methods

to

become

available within the next 10 to 20 years, treatment

is

not included in

components are based on available technology. Treatment
remove selenium should be pursued and, when available, might replace or modify
plan.

Instead, plan

ground-water management or the evaporation processes. Treatment research should be continued
not only on selenium removal but also on other toxic substances, such as arsenic, which are

sometimes found

in high concentrations in drainage water.

Ground-Water Pumping Decisions
Some growers now pump irrigation water from certain zones of the semiconfined aquifer. This
pumping could be done in a more systematic and coordinated manner to focus specifically on
lowering, and maintaining at lower levels, the shallow water table of drainage problem areas.
Criteria for selecting potential
quality.

pumping areas

include adequate thicknesses of aquifers and water

Because pumping would eventually draw poor-quality water from higher

into the producing wells, the length of time

in the aquifer

pumping could be continued was determined by

the

thickness of the aquifer zone and the rate of pumping. For an area to be included in the plan, the

estimated
relatively

life

of the well field had to exceed 20 years. Application of planning criteria

minor amount of problem water area amenable

to this

made

a

component.

Rationale on Salt Balance
Implementation of the recommended plan would allow maintenance of a

salt

balance in the plant

would be accomplished by source control and by drainage to remove
shallow ground water and the salts it contains from crop root zones. This is in contrast to
future-without conditions (described in Chapter 5), in which a salt balance could not be
root zone.

Primarily, this

maintained and would lead to salinization and abandonment of lands within the next few decades
because of problems associated with a persistently high water

The main value of

actions proposed in the

table.

recommended plan would be

to reduce or

dampen

the

present effects of the dissolution-evaporation cycle in which salts are precipitated in soils through

evaporation of water from a near-surface water table. The present principal source of

imported water but the high concentrations of natural
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salts that

salts is not

have been leached from

soils

(particularly during the last 30 to 40 years)

(CH2M

These

Hill, 1988).

and are now concentrated

in shallow

tend to recycle seasonally through the

salts

ground water

under high water table

soil

conditions.

Implementation of the recommended plan would maintain the water levels below the root zone.
The problem water would be managed by tile drains, land retirement and ground-water pumping.
The shallow water table would be lower and thus contribute less to evapotranspiration.

How

long can such a strategy work, since about 3 million tons of salt per year are being added to

The Drainage Program's answer is based on
store salts in the subsurface (as now occurs) will

the shallow ground-water system of the study area?

the assumption that the potential to continue to

be approaching exhaustion when subsurface water

When

exceed 2,500 ppm.
theorized,

it

saturated with salts in concentrations that

that water-quality condition

is

reached in the semiconfined aquifer,

it is

have contributed to increased degradation of the confined aquifer (below the

will also

Corcoran Clay

is

layer).

Assuming

that growers will not

pump

water of

this salt content,

most of the

moved drainage water downward will have ended. The water
become difficult to manage salt in crop root zones.

beneficial hydraulic stresses that

and

table will rise again,

As a

it

will

basis for estimating the useful

were analyzed for

1.7 million acres

life

of the semiconfined aquifer, available ground-water data

of land, including

all

waterlogged areas. Analyses showed that

about one-third of these lands already overlie portions of the semiconfined aquifer where ground
water generally exceeds 1,250

maximum

ppm TDS.

Total dissolved solids of 1,250

ppm

is

considered the

allowable limit for most irrigation use. For the remaining two-thirds of these lands,

estimates were

made

of the rate at which saline ground water (greater than 2,500

ppm TDS)

would displace the usable ground water by downward movement beneath the problem water
areas. It was assumed that the flow in the semiconfined aquifer was essentially vertical and was
governed by the rate of movement through the Corcoran Clay.

The

rate of

downward movement of

salts in the

semiconfined aquifer was estimated at several

The thickness of the usable aquifer and the
rate of movement then determined the aquifer life. Aquifer life was considered to be exhausted
when the quality of pumped ground water exceeded 2,500 ppm TDS. From the several locations
locations in each of the subarea water-quality zones.

minimum and maximum

analyzed in each subarea water-quality zone, the
life

were based on one location each. The mean aquifer thickness and

locations analyzed.

The number

estimated useful aquifer
subareas.
is

life

remaining before

The process of

salt

salt

is

considered to be in

life in

the

removal and/or export

contamination of ground water was
al.,

regional drainage problems.

would help slow the

If

it

and

insufficient information

1989a),

and

valley has several decades

be required.

will

it

realm of probable use and management of water

this

salt balance,

and Tulare

Kern Subarea.

and conditions stated above, the western

of intense irrigation (Gilliom, et

all

of locations varied from zone to zone. Table 25 shows the

The Northern Subarea

the assumptions

were based on

for water-quality zones in the Grasslands, Westlands,

available to estimate aquifer

Under

aquifer thickness and

life

will

set in

motion decades ago with the onset

continue

—

to

some

extent

in the valley, regardless of the

were possible to balance

rate of salt contamination of

128

salt

— within the

handling of the

inflow and outflow in the valley,

ground water.

Table 25.

ESTIMATED USEFUL LIFE OF THE SEMICONFINED AQUIFER

drainage problem water. Recognizing the necessity to leach

nonuniformity of

soils,

even

in a single agricultural field, there is justifiable

amount of improvement that can be achieved
percolation.

salts past the root

in irrigation

zone and the

argument about the

water application to reduce deep

Field demonstrations show, however, that irrigation water application can be

improved (Boyle, 1990, 1989a, 1989b). Target reductions in deep percolation believed attainable
through on-farm water conservation measures by 2000 and sustainable beyond that time are
shown, by subarea, in Table 26. The comparatively low target for the Tulare Subarea reflects the
average higher efficiencies in water application that prevail in that subarea now.

Table 26.

RECOMMENDED TARGETS FOR

REDUCTION

IN

DEEP PERCOLATION

IN

2000

Target Reduction
(acre-feet/acre)

Subarea

Northern

0.0"

Grasslands

0.35

Westlands

0.35

Tulare

0.20

Kern

0.35

°

See discussion for Northern Subarea under "Description and
Recommended Plan (by Subarea)" later in this chapter.

Evaluation of

The
for

target

all

deep percolation reductions

in

Table 26 are included as part of the

recommended plan

irrigated lands in each subarea.

Reducing deep percolation on lands lying upslope (up the hydraulic gradient) from drainage
problem areas would benefit downslope areas. The results of geologic investigations (Quinn,
1990) suggest that, over decades, the aquifers above the Corcoran Clay function as a set of
regional aquifers. Therefore, water conservation on upslope areas

impact on a downslope problem water area

is

important, even though the

probably not be nearly as immediate and direct

will

Even

as will water conservation practiced directly on downslope lands with drainage problems.

on

upslope lands,

level of

which are

significantly larger in total area than

downslope lands, a moderate

water conservation could have a significant effect on the waterlogging problems

—

in the

long run.

An

exception to the universal inclusion of source control in the

Northern Subarea and parts of the Grasslands Subarea lying
source control

is

recommended plan

in the

basin trough.

is

in the

In these areas,

not included because of the relatively low levels of selenium occurring in the

shallow ground water and the composition of the dissolved salts that are low in gypsum

(W.C. Swain, 1990c). Program analyses (D.G. Swain, 1990) indicate that application of source
control in these areas would not contribute to meeting present State water quality objectives nor

appreciably reduce the

salt

load in the San Joaquin River

agreement requiring releases from
in the

New Melones

—

assuming that the present policy

Reservoir remains in effect to dilute the

San Joaquin River.
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salt

load

Reduction of Drainage-Water Volume by Reuse
The

large

volume of drainage water

that

is

generated annually^ (from 0.60 to 0.75 foot per acre in

the water-quality zones) presents a difficult but not insurmountable problem for in-valley

management. Assuming

that source control measures

would eliminate from

0.2 to 0.35 acre-foot

per acre, the balance of 0.40 acre-foot per acre would have to be collected and reduced in the

most economic means

The

available, while meeting acceptable levels of environmental protection.

first essential collection

device in reuse

133,000 acres of installed drains in

all

is

on-farm

tile

the westside area.

drains.

Presently, there are only

The Drainage Program

projects that the

area drained by on-farm systems will increase to about 760,000 acres by 2040 (Table
Table 27.

PROJECTED ON-FARM

TILE

DRAINAGE ACREAGE

(Acres)

SUBAREA
Northern

1990

2000

2040

27).

Table 28.

PRIMARY DRAINAGE-WATER REDUCTION FACILITIES
(Approximate acres)

2000

Subarea

2040

Water Transfers and Marketing
This would provide incentives for water conservation, wherein local water districts and/or
irrigators

would be permitted

a profit.

The portion

to retain

some portion

of the increase in the value of water sold for

of the increase in value retained by the suppliers in a transfer would also

help fund water conservation measures.

The Department of Water Resources and

the Bureau of

Reclamation are the principal agencies that could develop and implement policies and programs
for water transfers

Some

and marketing.

would require the approval of the State Water Resources Control Board. All
Water Project and Central Valley Project water would require, respectively, the
authorization of the Department and the Bureau as project operator. Tliomas and
Leighton-Schwartz (1990) declare there are no serious legal impediments to the transfer of water
made available by reclamation or conservation from drainage problem areas in the western San
Joaquin Valley. Purpose and place of use restrictions in the CVP permits and contracts may be
amended to facilitate transfers of project water to other uses or areas. The increases in
repayment obligations in moving water from irrigation to municipal and industrial use do not
transfers

transfers of State

appear to be substantial disincentives, according to Thomas.

Regional Drainage Management Organizations
Regional drainage management organizations are recommended for the Grasslands and Tulare
subareas, with all upslope and downslope areas to be included within the boundaries of the

Such organizations would coordinate the drainage-related operations of existing
water entities, with respect to activities and issues that transcend local entity boundaries.

organization.
local

Local water entities are in the best position to effectively manage the subsurface drainage
problem because they deal with water throughout the hydrologic cycle in a given land area.
Generally, they have the authority to

manage drainage

water; where they

do

not, the authority

could be obtained through legislation. However, in recognition of hydrologic and economic
linkages and relationships among local water entities, some drainage problems could probably be

managed

best at a regional

level.

For such needs, either regional

entities or

joint-power

authorities could be formed.

A regional

drainage management organization could reduce drainage management costs, bring
about coordination among several local entities, and help internalize the costs of drainage

management.
Westlands Water District could serve as the regional drainage management entity for the
Westlands Subarea. In the Kern Subarea, Kern County Water Agency, through joint-powers
agreement with the water districts or some other organizational arrangement, could serve as the
regional drainage

management

entity.

Monitoring of the Drainage-Water Environment
The drainage problem

that affects, or

is

related to,

more than

1 million

being monitored in a comprehensive, effective, and efficient manner.
premise underlying successful implementation of this plan is that the
of the problem

—

acres

An

is

not presently

extremely important

many

facets

ground-water levels, soil conditions, land uses, water quality,

and dimensions

volume of

—

must be
drainage, conditions of evaporation ponds, impacts on biota, public health risks
determine
the effect
monitoring
is
to
of
monitored on a long-term, systematic basis. The objective
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of actions and whether they should be changed. In 1990, no one can forecast with certainty what

The

conditions will be in 2040.
in

response to unforeseen

no doubt, have

strategy presented in this plan will,

human

to be adjusted

events and responses of natural systems.

DESCRIPTION AND EVALUATION OF THE RECOMMENDED PLAN
Northern Subarea

No

actions are

This

is

recommended

as part of a regional plan for the Northern Subarea (Figure 31).

based on two assumptions:

(1) State water-quality regulations for the

San Joaquin River

will continue to allow salt discharge to the river from ground-water seepage and from surface and

subsurface drainage water originating from irrigation in the Northern Subarea, and
will

continue to be released from

New

(2) fresh

water

Melones Reservoir to help meet State water-quality

objectives at the Vernalis gaging station.
It

was

stated earlier in this report that both a water balance

achieved under existing hydrologic conditions

and a

in this subarea.

As

salt

balance have nearly been

long as drainage water and

seepage can be discharged to the San Joaquin River under the assumptions stated above, then no
actions beyond those in place

adopted for either boron or
drainage water and

and boron

salt

In the event of possible

now would be

if

more

restrictive objectives are

balance would have to be interrupted to reduce

load.

new water-quality

reducing drainage discharge to the

river.

restrictions, the following

reduce drainage water inflow to the

river;

two measures would aid

less

than 5 feet from the surface would

however, they would also increase concentrations of

remaining subsurface drainage water. (For estimates and calculations, see

and D. G. Swain,

in

Source control measures to reduce deep percolation on

about 50,000 acres of irrigated land with water tables

in the

However,

required.

salt in the river, this

AWMS,

salt

1987,

Increased pumping of deep ground water to replace some of the surface

1990).

water currently being used for irrigation would lower the high water table and reduce both
drainage volume and seepage of salty ground water to the

A measure that should
the San Joaquin River

be studied further
is

river

more

pumping shallow ground water

underground storage space
improve

in relation to

river.

restrictive water-quality objectives in

into the river during high flows to create

for percolating agricultural drainage water.

If feasible, this

would

water quality by storing salty drainage water during low river flow. There are

technical problems that

may be insurmountable

in

terms of storage space and the short periods of

time during which the flows could be accepted in the river (D.G. Swain, 1990).

A variation of

to the river and pump it into
drawback to this measure is that
the average concentration of selenium in the intercepted moderately deep ground water may
exceed the selenium water-quality objectives in the river (5 ppb). The ponds could be drained to
the river during high flows and refilled during low-flow periods.

this option

would be

to intercept shallow, salty

ground water moving

surface-water storage ponds used as wildlife habitat.
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A possible

Figure 31

NORTHERN SUBAREA
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Grasslands Subarea
Figure 32 shows the shallow ground-water quality zones. Agricultural components of the

recommended plan
on Figure

The

subarea are

listed in

Table 29. Selected

facilities

and flows are shown

33.

agricultural

•

for the

components of the recommended plan

for 2040 are:

Practicing source control on 93,600 acres of irrigated land. The amount of water
applied to irrigate drainage problem areas would be reduced, on the average, by
0.35 acre-foot per acre per year (a total of 32,700 acre-feet) by improving

methods of

irrigation water application, by improving scheduling of irrigation water application,

and by
•

tiered water pricing.

Reusing drainage water to irrigate 2,600 acres of salt-tolerant trees and
halophytes. Through installation of on-farm tile drains and conveyance facilities,
drainage water would be collected and supplied to trees to reduce the total drainage

volume by 10,900

acre-feet.

Drains would be installed beneath the trees to collect the

brackish water drained for subsequent use by halophytes. This would reduce the

drainage volume by another 2,700 acre-feet, for a total reduction of 13,600 acre-feet.

These reuse plantations could serve individual farms or an entire water or drainage
district and would be located on the least productive soils. Most sites would be
located on Storie Index class 4, 5, or 6 soils on the Panoche and Little Panoche Creek
fan rim in the eastern part of water-quality

Zone A.

•

Operating 120 acres of evaporation ponds and 130 acres of solar ponds. Pond
design and operation criteria would be consistent with State guidelines, and ponds
would be located near tree and halophyte plantations. The volume of influent water
evaporated annually would be about 700 acre-feet.

•

Pumping the semiconfined aquifer under about 10,000 acres

of land.

Due

to

is most feasible in the southeastern and northwestern
The design average annual yield would be 0.4 acre-foot per
for a total management of 4,000 acre-feet of problem water. To

natural features, this option

portions of the subarea.
acre of land affected,

exert this effect at the land surface, 8,000 acre-feet
aquifer.

would have

These lands would also have received source control

but they would not be

artificially

wildlife,

pumped from

the

(0.35 acre-foot per acre),

Pumped ground water

drained.

could be used for agriculture, or fish and

to be

of initial good quality

or a variety of other uses.

If,

in

future years, influent water to a well should contain dissolved salt in excess of

2,500

ppm TDS,

•

would be used for trees and halophytes. or as top water in
component would be applicable only in water-quality Zones A and B.

that water

solar ponds. This

Retiring 3,000 acres of irrigated agricultural lands. Lands having the combined

and high levels of dissolved
shallow ground water would be retired. Only lands

characteristics of poor drainability, high salinity levels,

selenium (greater than 50 ppb)
in water-quality

Zone

in

A met this criterion.
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Figure 32
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Table 29.

RECOMMENDED DRAINAGE MANAGEMENT PLAN
GRASSLANDS SUBAREA

(In

1000s)

•

Discharging about 1 02,000 acre-feet of drainage water^ to wetlands and/or the
San Joaquin River (while meeting river water-quality standards). About
63,500 acre-feet of subsurface drainage water of adequate quality^ for fish and wildlife

uses would be discharged from water-quality
diversions could be

About

to adjacent public

into Salt Slough,

from which

and private wetland management

areas.

17,500 acre-feet of subsurface drainage water from west of the wetland area

(water-quality
areas.

made

Zone C

About

Zone B) would

also be of adequate quality for use in wetland habitat

21,000 acre-feet of subsurface drainage water from irrigated land

(water-quality

Zone A) south

of the Grasslands wetland area would be unsuitable for

reuse in wetlands and, therefore, would be discharged into the San Luis Drain for
delivery to the

San Joaquin River below

its

confluence with the Merced River. The

sediments removed from the drain would be placed within the Kesterson Reservoir
disposal area and treated as the Kesterson sediments were

managed

in that

cleanup

The amount of drainage water discharged is limited by
(Table 7). The San Luis Drain would be cleaned of sediments and modified
structurally to receive drainage from water quality Zone A at a point near South Dos
the river criteria near

effort.

Newman

and the drain would be extended to the San Joaquin River, below the confluence
of the Merced River. The Main, Panoche, Hamburg, and Charleston drains would be
interconnected and routed to the San Luis Drain near South Dos Palos. The San Luis
Drain thus would become the means by which a portion of the contaminated
subsurface drainage now entering the South Grasslands area would be re-routed
Palos,

around the wetlands.

Management

of agricultural drainage problems and protection, restoration, and substitute water

supplies for fish and wildlife are planned as complementary activities. The interception of
contaminated subsurface drainage water currently discharged into waterways of the Grasslands

wetland area would make available nontoxic tailwater, operational

spills,

and nontoxic subsurface

drainage for use in the wetlands.

Plan components for protection, restoration, and substitute water supplies for fish and wildlife
the

Grasslands Subarea are shown on Figure 33 and discussed
•

in

in the following subsections.

Providing, on a firm basis, 129,000 acre-feet per year of adequate-quality water from

and canals that serve the Grasslands area. This volume is
the average amount of surface and subsurface drainage water diverted to the wetlands
existing sloughs, ditches,

before 1985,

when use

of the contaminated drainage water for wetland

management

was discontinued. It is assumed that the quantity and quality of tailwater, operational
spills, and local runoff will continue to be suitable for fish and wildlife water supplies
throughout the period of the plan. The 129,000 acre-feet of water could be obtained
by:

^

"

calculate the volume of drainage water discharged: (a) Dry-year hydrology similar to the 1986-87
water year, (b) existing 150 ppb selenium in subsurface drainage water, decreased to 75 ppm by 2040. and (c) 5 ppb
selenium criteria in the San Joaquin River near Newman.

Assumption used to

TDS

less

than 1,250 ppm, boron

less

than

1

ppm, and selenium
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less

than 2 ppb.

Figure 33

FACILITIES

AND FLOWS INCLUDED
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THE RECOMMENDED PLAN
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SJVDP

—

Providing up to about 74,000 acre-feet from the Central Valley Project through the

Delta-Mendota Canal

—

for diversion into wetland areas.

Delivering an average of 45,000 acre-feet of tailwater, operational

runoff of adequate quality from water-quality

Zone C

spills,

and

local

to Salt Slough for use in

wetlands.

—

Delivering up to 10,000 acre-feet of tailwater, operational

from water-quality Zone
•

Providing the

facilities

B

to

Los Banos Creek and

spills,

and

local runoff

vicinity.

necessary to deliver 74,000 acre-feet of substitute water,

including a Delta-Mendota Canal Turnout with a capacity of 200 cubic feet per second

and
•

1.75 miles of 200-cfs canal

Providing

and siphons,

facilities to intercept all

to the wetlands of South Grasslands.

subsurface drainage water

now

being discharged

from water-quality zone A into open channels in the Grasslands; facilities would also
be provided to convey this water to the San Luis Drain near South Dos Palos.
Using an estimated 63,500 acre-feet of subsurface drainage water from water-quality
Zone C, and 17,500 acre-feet of subsurface drainage water from Zone B, by 2040, in

•

Most of this water would flow by gravity
would be conveyed to public and private wetlands.

wetlands.

to Salt

and

Mud

sloughs, where

it

Providing, on a firm basis, an additional 20,000 acre-feet of fresh water to supplement

•

Merced

would minimize the straying of migrating
adult salmon into the Grasslands instead of into the natural spawning grounds in the
Merced River. This water must be obtained by purchasing surface or ground water

October flows

in the

River. This

from water-rights holders in the Merced River drainage or by extending the northern
end of the Friant-Madera Canal into the Merced River watershed so that water stored
behind Friant Dam could be delivered to the Merced River. Purchasing water in the
Merced River drainage appears to be the most economical approach.
Providing alternative wetland habitat near evaporation ponds. Because the selenium

•

concentrations in the evaporation ponds would exceed 2 ppb, a hazing program would

be required to discourage bird

use.

In addition, wetland habitat (one acre for each

acre of evaporation ponds) would be developed close to the evaporation ponds to offer
alternative clean habitat for hazed birds.

Each acre of

alternative habitat

would

require about 10 acre-feet of water per year.

Assessment
The plan

of Plan Features

for the Grasslands

and Their Effects

Subarea

relies

on the continued discharge of subsurface drainage

water to the San Joaquin River, either directly to the river or through sloughs and wetlands. The
opportunity for the discharge of contaminated subsurface drainage water depends on the flows in
the

San Joaquin River, the concentrations of contaminants

in the subsurface

drainage water, and

the limiting water-quality objective at the point of discharge. Interception of contaminated

subsurface drainage water south of the Grasslands Subarea and delivery to the San Luis Drain
near South

Dos

Palos for conveyance to the San Joaquin River below the

features of the plan.

The removal and disposal of sediments within

necessary conditions for use of the drain as a plan component.
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Merced River

are key

the San Luis Drain are

About half the subsurface drainage water would be suitable as a fish and wildlife water supply.
Under conditions of the recommended plan, the quality of water delivered to the wetlands would
be the best-quality water delivered since subsurface drainage was first introduced to the marsh
area,

and the volume (more than 129,000

requirement for wildlife habitat

water-supply

intertie facilities

acre-feet)

in the subarea.

would approximate the optimal water

Construction of the proposed wetland

would provide the

flexibility

needed

be delivered on an optimal schedule, assuming sufficient water
sufficient capacity in the

Delta-Mendota Canal

is

to ensure that the water

available in the Delta

would

and

to deliver the substitute water.

recommended plan features with those of the present and projected
conditions. The recommended plan would keep about 36,000 more acres of

Table 30 compares the
future-without

existing irrigated agricultural lands in production than

under future-without conditions.

components of the recommended plan for the Grasslands Subarea
The
category
"Agricultural Drainage" comprises all drainage-related
presented in Table 31.
components of the recommended plan, except on-farm drainage systems. "On-Farm Drains"

The annualized

Table 30.

costs of the

COMPARISON OF PLAN WITH PRESENT AND FUTURE-WITHOUT CONDITIONS,
GRASSLANDS SUBAREA
In

1,000s

are

new on-farm drainage systems from 1991 to 2040 and the annual
from
operation
1991 to 2040 of the newly installed drains and those already operating in 1990.
"Fish and Wildlife" comprises the costs of constructing and operating facilities and purchasing
includes the installation of

water to deliver clean replacement water to waterfowl habitat formerly supplied with
contaminated drainage water.

One-time costs include those for
irrigated agriculture.

installation of facilities

and purchase of land

retired

from

Costs were annualized, using an interest rate of 10 percent to reflect

opportunities available to growers and a 50-year planning period.

The grand

total cost for the

Grasslands Subarea would amount to about $107 per acre of problem farmland served by

components of the recommended plan. This includes the cost of the fish and wildlife
components. If these costs were separated, the per-acre cost to farmland served would be
Included in the total cost

is

a provision necessary to minimize the risks to wildlife from

evaporation ponds. The ponds in which the selenium

be

safe for wildlife)

hazing,

and

Table 31.

$81.

would include

level

exceeded 2 ppb (the

level

assumed

to

special features, such as steep side slopes, increased depth,

alternative habitat.

ANNUALIZED COSTS OF THE RECOMMENDED PLAN FOR THE GRASSLANDS SUBAREA

AGRICULTURAL DRAINAGE

Westlands Subarea
Figure 34 shows the location of the ground-water quality zones within the subarea. Agricultural

components of the recommended plan

The

agricultural

•

for the

subarea are shown on Table

components of the recommended plan

32.

for 2040 are:

Practicing source control on 159,300 acres of irrigated land. The amount of
applied irrigation water would be reduced by 0.35 acre-foot per acre per year (a total
of 55,800 acre-feet) by improving methods of irrigation water application, improving

scheduling of irrigation water application, and tiered water pricing.

•

Reusing drainage water to irrigate about 12,100 acres of salt-tolerant trees and
halophytes. Through installation of on-farm tile drains and conveyance facilities,
drainage water would be collected and supplied to trees to reduce the total drainage

volume by 45,700

acre-feet.

Drains would be installed beneath the trees to collect the

brackish water for direct use by halophytes. This would reduce the drainage volume

by another 15,300 acre-feet, for a

total

reduction of about 61,000 acre-feet. These

reuse plantations could serve individual farms or an entire water or drainage

They would be located on

the least productive soils, with

most

sites

on

district.

class 4 soils

on

the alluvial fan rims. These soils occur in the eastern part of the subarea near the San

Luis Drain. Existing collector drains and the San Luis Drain would be used to convey

drainage water to reuse plantations.
•

Operating 400 acres of evaporation ponds and about 1 ,500 acres of solar
ponds. Pond design and operation criteria would be consistent with State guidelines,
and the ponds would be located close to tree and halophyte plantations. About
200 acres of additional land would be used for accelerated-rate evaporation facilities.

•

Pumping the semiconfined aquifer under about 19,000 acres
natural features, this option

subarea.
affected,

is

most

of land.

Due

to

feasible in the southeastern portion of the

The design average annual yield would be 0.4 acre-foot per acre of land
for a total management of 7,600 acre-feet of problem water. To exert this

effect at the land surface, 16,000 acre-feet

would have

to be

pumped from

the aquifer.

These lands would also have received source control (0.35 acre-foot per acre), but they
would not be artificially drained. Pumped ground water of initial good quality (some
16,000 acre-feet) could be used for agriculture, or fish and wildlife, or a variety of

other uses.

If,

excess of 2,500

in future years, influent

ppm,

that water

water to a well should contain dissolved

would be used as a supply

for trees

salt in

and halophytes, or

as top water in solar ponds.

•

Retiring 33,000 acres of irrigated agricultural lands. Lands having the combined
characteristics of low productivity, poor drainability
levels of dissolved

retired.

selenium (greater than 50 ppb)

A part of water-quality Zones A,
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B,

and

in

(USER

class 4 lands),

and high

shallow ground water would be

C would

be

retired.

Figure 34
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Table 32.

RECOMMENDED DRAINAGE MANAGEMENT PLAN
WESTLANDS SUBAREA
(in

1000s)

Assessment

of Plan Features

and Their Effects

recommended plan features with those of present and projected future
Compared to future-without conditions, the recommended plan would
maintain about 100,000 more acres of existing irrigated agricultural lands in production. By 2040,

Table 33 compares the

conditions without a plan.

the plan

would

result in the conservation or

development of 181,000 acre-feet of water through

implementation of plan components (such as source control, conversion of land to reuse drainage
water, land retirement,

Table 33.

and ground-water pumping) on drainage problem

areas.

COMPARISON OF PLAN WITH PRESENT AND FUTURE-WITHOUT CONDITIONS
WESTLANDS SUBAREA
In

1,000s

One-time costs include those for installation of facilities and purchase of land retired from
irrigated agriculture. Costs were annualized, using an interest rate of 10 percent to reflect
opportunities available to growers and a 50-year planning period.

The grand

total cost for the

Westlands Subarea amounts to about $136 per acre of problem

farmland served through the components stipulated
Included in the cost

is

and

recommended

plan.

a provision necessary to minimize the risk to wildlife from evaporation

ponds. The ponds in which the influent selenium
safe for wildlife)

in the

would include special

level

exceeded 2 ppb (the

level

alternative habitat.

Table 34.

ANNUALIZED COSTS OF THE RECOMMENDED PLAN
FOR THE WESTLANDS SUBAREA

AGRICULTURAL DRAINAGE
One-time

:

Source control

assumed

to be

features, such as steep side slopes, increased depth, hazing,

Tulare Subarea
Figure 35 shows the location of the ground-water quality zones within the subarea. Agricultural
components of the recommended plan for the subarea are listed in Table 35.

The

agricultural

•

components of the recommended plan

for

2040

are:

Practicing source control on 316,700 acres of irrigated land. The amount of
applied irrigation water will be reduced by 0.20 acre-foot per acre per year (a total of
63,200 acre-feet) by improving methods of irrigation water application, improving

scheduling of irrigation water application, and tiered water pricing.

•

Reusing drainage water to irrigate 24,500 acres of salt-tolerant trees and
halophytes. Through installation of on-farm tile drains, drainage water would be
and supplied to trees to reduce the total drainage volume by 68,900 acre-feet.
Drains would be installed beneath the trees to collect the brackish water for direct use
by halophytes. This would reduce the drainage volume by another 44,400 acre-feet, for a
total reduction of 113,300 acre-feet. These reuse plantations could serve individual farms
or an entire water or drainage district. They would be located on the least productive
soils, with most sites on class 4, 5, and 6 soils (Storie Index) on the basin rim.

collected

•

Operating 3,000 acres of evaporation ponds.^ Pond design and operation criteria
would be consistent with State guidelines, and the ponds would be located close to tree
and halophyte plantations.

•

Pumping the semiconfined
natural features, this option

aquifer under about 40,000 acres of land.

is

most

Due

to

feasible in the northern part of water-quality

D

and E. The design average annual yield would be 0.4 acre-foot per acre of land
affected, for a total management of 16,000 acre-feet of problem water. To exert this
effect at the land surface, 32,000 acre-feet would have to be pumped from the aquifer.

Zones

These lands would also have received source control (0.20 acre-foot per acre), but they
would not be artificially drained. Pumped ground water of initial good quality could be
used for agriculture, or

fish

and

wildlife, or a variety of other uses.

If,

influent water to a well should contain dissolved salt in excess of 2,500

would be used
•

for trees

in future years,

ppm,

that water

and halophytes.

Retiring 7,000 acres of irrigated agricultural lands. Lands having the combined
characteristics of low productivity, poor drainability (Storie Index 4, 5, and 6 lands), and
overlying high selenium (greater than 50 ppb) in shallow ground water would be retired.
All the lands

^

No

solar

lie

within water-quality

ponds are included because

salinity levels

Zone

B.

would probably be too low
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to support them.
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Table 35.

RECOMMENDED DRAINAGE MANAGEMENT PLAN
TULARE SUBAREA
(in

1000s)

Assessment

of Plan Features

and Their Effects

Table 36 compares the plan features with those of present and projected future conditions without
the plan.

more

Compared

to future-without conditions, the

recommended plan would maintain 166,000
By 2040, the plan would result in

acres of existing irrigated agricultural lands in production.

the conservation or development of about 164,000 acre-feet of water through implementation of

plan components (such as source control, conversion of land to reuse of drainage water, land
retirement, and ground-water

The annualized

costs of the

pumping) on drainage problem

areas.

components of the recommended plan

for the Tulare

presented in Table 37. The category "Agricultural Drainage" comprises

all

Subarea are

drainage-related

components of the recommended plan, except on-farm drainage systems. "On-Farm Drains"
includes the installation of new on-farm drainage systems from 1991 to 2040 and the annual
operation from 1991 to 2040 of the newly installed drains and those already operating in 1990.
One-time costs include those for installation of facilities and purchase of land retired from
irrigated agriculture. Costs were annualized, using an interest rate of 10 percent to reflect
opportunities available to growers and a 50-year planning period.

Table 36.

COMPARISON OF PLAN WITH PRESENT AND FUTURE-WITHOUT CONDITIONS
TULARE SUBAREA
In

1,000s

Table 37.

ANNUALIZED COSTS OF THE RECOMMENDED PLAN
FOR THE TULARE SUBAREA

AGRICULTURAL DRAINAGE
One-time

:

Source control

$1,312,000
3,111,000
396,000
513.000
112.000

Reuse
Evaporation
Ground-water management

Land retirement
Subtotal

Operation, maintenance, and replacement

Source control

Reuse
Evaporation

Ground-water management
Land retirement

$5,444,000

:

Figure 36
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Table 38.

RECOMMENDED DRAINAGE MANAGEMENT PLAN
KERN SUBAREA
(in

1000s)

Reusing drainage water to

•

halophytes. TlirDugh
collected

and supplied

9,700 acres of salt-tolerant trees and

irrigate

on-farm

installation of

tile

drains, drainage water will be

to trees to reduce the total drainage

volume by 20,900

acre-feet.

Drains would be installed beneath the trees to supply the water to halophytes. This

would reduce the drainage volume by another 22,700 acre-feet, for a total reduction of
43,600 acre-feet. These reuse plantations could serve individual farms or an entire
water or drainage district. They would be located on the least productive soils, with
most sites on class 5 and 6 soils (Storie Index) on the alluvial fans in water-quality

Zones

A and

D.

1 ,1 GO acres of evaporation ponds and 1 ,1 GO acres of solar ponds.
Pond design and operation criteria would be consistent with State guidelines, and the
ponds would be located close to tree and halophyte plantations. An additional
100 acres of land would be required for accelerated-rate evaporation systems.

•

Operating

•

Retiring 32,000 acres of irrigated agricultural lands. Lands having the combined
characteristics of low productivity, poor drainability (Storie Index

4, 5,

and 6

lands),

and overlying high selenium (greater than 50 ppb) in shallow ground water would be
retired. These lands lie within water-quahty Zones A and D.

Assessment

of Plan Features

and Their Effects

Table 39 compares the plan features with those of present and projected future conditions

without the plan.

Compared

to future-without conditions, the

recommended plan would maintain
in production. By 2040, the plan

about 52,000 more acres of existing irrigated agricultural lands

would create an opportunity to

The annualized

costs of the

free at least 753,600 acre-feet of irrigation water for other uses.

components of the recommended plan

for the

presented in Table 40. The category "Agricultural Drainage" comprises

Kern Subarea are

all

drainage-related

components of the recommended plan, except on-farm drainage systems. "On-Farm Drains"
includes the installation of new on-farm drainage systems from 1991 to 2040 and the annual
operation from 1991 to 2040 of the newly installed drains and those already operating in 1990.

One-time costs include those for installation of facilities and purchase of land retired from
irrigated agriculture. Costs were annualized, using an interest rate of 10 percent to reflect
opportunities available to growers and a 50-year planning period.

The grand

total cost for the

Kern Subarea amounts

served through the components stipulated in the

Included

in the cost is

ponds. The ponds
safe for wildlife)

and

in

to

about $137 per acre of problem farmland

recommended

plan.

a provision necessary to minimize the risk to wildlife from evaporation

which the influent selenium

would include special

level

exceeded 2 ppb (the

level

assumed

to be

features, such as steep side slopes, increased depth, hazing,

alternative habitat.

156

Table 39.

COMPARISON OF PLAN WITH PRESENT AND FUTURE-WITHOUT CONDITIONS
KERN SUBAREA
In

Item

1,000s

Evaluation of Plan and Comparison to Future-Without
The

actions included in the

irrigation

recommended plan

for each subarea

would reduce the amount of

water used on the lands overlying problem water. The volume would be reduced

through: (1) Water conserved through source control measures, (2) water not applied to retired
land,

and

(3)

water not applied to lands being supplied through reuse of drainage water (for

example, eucalyptus trees replacing a cotton

some 56,000

acre-feet per year,

The estimated water
water application
the water

may

is

field).

In addition, a relatively small

would be pumped from the semiconfined

potentially available through

recommended plan

given in Table 41. Although the water

is

volume of water,

aquifer.

actions to reduce irrigation

potentially available with the plan,

not be physically available for any given use. That

is

because of restrictions due to

water law (including contracts), economics, or private property rights (for example,

ground water). In the Westlands Subarea,
conserved or developed

in

for instance, 189,000 acre-feet annually

implementing the recommended plan. However, there

pumped

would be
is

currently a

some lands in the Westlands Water District. Consequently, water
by reduced demand in the drainage problem area would probably be transferred

shortage of irrigation water for

made

available

to the area of shortage.

of funds, and the

full

Considerations of service area boundaries, priority of rights, availability

array of alternative uses for such water should be examined in more detail.

for fish and wildlife are shown in Table 42. Comparison of Tables 41 and 42
shows that a possible source of the water needed for fish and wildlife to offset the effects of
drainage could be found in the water made available under the plan. It is assumed that 189,000
acre-feet of water freed in the Grasslands Subarea may be used to satisfy the 158,000-acre-foot

The water needs

shortage in the current firm water supply of the Grassland Water District. Additional
investigation

is

required to determine the means of making the needed water available.

The

investigation should include consideration of marketing part of the available water to help pay for

costs of solving drainage problems, including protecting fish

Table 41.

and

wildlife.

WATER POTENTIALLY AVAILABLE THROUGH RECOMMENDED PLAN ACTIONS

displayed in Tables 44 and 45. Table 44 shows that the

more planned

recommended

plan,

which emphasizes

regional control of drainage water (beginning with intensive drainage water source

control measures), provides water that could be

made

available for other uses, including fish

and

volume of water would be made available under
future-without conditions, in which 1,140,000 acre-feet of water annually would not be used on
460,000 acres of presently irrigated lands because of salinization and abandonment of those lands.

wildlife.

However, by far the

largest

Table 42. SUMMARY OF ANNUAL WATER NEEDS FOR FISH PROTECTION, SUBSTITUTE
WATER SUPPLY FOR WILDLIFE AREAS, AND ALTERNATIVE HABITAT FOR EVAPORATION PONDS

(As Related to Drainage Problem)
In acre-feet

Subarea
Grasslands''

2000

2040

149,300

150.200

2,300

4,000

11,200

29,000

Westlands''

Tulare"

Kern"

TOTAL

4,600

10,700

167,400

193,900

Includes 20,000 acre-feet per year for Merced River fisheries, 129,000 acre-feet per year for substitute
water supply, and 300 acre-feet per year (2000) / 1,200 acre-feet per year (2040) for alternative habitat
for evaporation ponds. Some substitute water supply needs can be met with existing water-district spills
and tailwater of adequate quality (about 55,000 acre-feet per year is estimated under the recommended
plan on a firm basis).
"

All needs are for alternative habitat to evaporation ponds.

Table 43.

AREA OF EVAPORATION AND SOLAR PONDS AND WETLANDS
IN

THE RECOMMENDED PLAN
In

acres

Future-Without

INCREASE IN RETAIL SALES, INCOME, AND EMPLOYMENT FROM
FUTURE-WITHOUT CONDITIONS TO THE RECOMMENDED PLAN
FOR SELECTED SUBAREAS, 2040

Table 46.

Item

Grasslands

Increase in irrigated crop

area (1,000 acres)

Crop value maintained
Direct retail sales
Indirect

and induced

retail

sales

TOTAL RETAIL SALES
Direct personal income
Indirect

and induced personal

income

TOTAL PERSONAL INCOME
Direct

employment

Indirect

and induced

employment

TOTAL EMPLOYMENT
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Valley Project
California Regional

California
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Water Quality Control Board, Central Valley Region

Department of Fish and
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Agricultural Corporation

gallons per minute
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State
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Water Project
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yd^: cubic yards

>

:

greater than

>:

greater than or equal to

<

less

than

less

than or equal to

:

<:
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GLOSSARY
Acre -foot: The quantity of water required

to cover 1 acre to a depth of 1 foot.

Equal to 325,851

gallons or 43,560 cubic feet.

Adsorption: The surface retention of

solid, liquid,

or gas molecules, ions, or atoms by a solid or liquid.

Aerobic: Referring to a condition requiring the presence of oxygen. Aerobic bacteria require free

oxygen for the metabolic breakdown of materials.
Agroforestry: As used
water.

The

in this report,

it is

the practice of growing certain types of trees with drainage

trees act to dispose of applied drainage

and shallow ground water through

foliar

evapotranspiration and at the same time produce a marketable commodity.

Alluvium:

A general term for clay, silt,

sand, gravel, or similar unconsolidated material deposited

during comparatively recent geologic time by a body of running water.

A low, outspread, relatively flat to gently sloping mass of stream deposits, shaped like an
open fan or a segment of a cone deposited by a stream, especially in a semiarid region at the place
where it issues from a narrow mountain valley upon a plain or broad valley.
Alluvial fan:

Anaerobic: Referring

to the condition of existing in the absence of oxygen.

survive in the partial or complete absence of

Aquaculture: As used

Anaerobic bacteria can

air.

in this report, refers to the potential

use of drainage water for growth of aquatic

organisms (fish, etc.) that could have product marketability.

An underground

Aquifer:

geologic formation that stores and transmits water and yields significant

quantities of water to wells and springs.

Attenuation: In the context of this report, refers to the reduction of the amount of metal species
transmitted through a soil column. Research has been conducted on the attenuation of selenium.

Basin trough:

A long,

sediment-filled depression at the center of the valley.

Bioaccumulation: The uptake and accumulation of a chemical by plants and animals directly from the
environment (that is, from water, sediment, soil, or air) or through the diet. See Bioconcentration

and Biomagnification.
Bioconcentration: The uptake and accumulation of a chemical by plants and animals directly from the
environment, resulting in whole-body concentrations greater than those found in the environment. See

Bioaccumulation and Biomagnification.
of a chemical by plants and animals through their
higher trophic levels of the
diet, resulting in whole-body concentrations that increase at successively

Biomagnification:

The uptake and accumulation

food chain. See Bioaccumulation and Bioconcentration.

Biomass: As used
is

in this report, refers to plant material

that has

been grown

in

drainage water and

suitable for use as a fuel, such as in cogeneration processes.

Cogeneration:

A process using waste heat from the thermal generation of energy to

evaporate

drainage water.

Confined aquifer: An aquifer bounded above and below by impermeable beds or beds of
lower permeability than the aquifer

Conjunctive use:
used

in

a

manner

A resource

distinctly

itself.

use or

management plan

in

which surface and ground water supplies are

to maximize use from both without degradation of either.
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Contamination: The addition

medium, such

to a given

as water, of substances that adversely affect

its

beneficial use.
Critical year:

A year

when unimpaired runoff to the San Joaquin River and key
Department of Water Resources' Bulletin 120, is less than 3.37 million
the previous year was classified as critical, a year is rated as critical when

is

classified as critical

tributaries, as described in

However,

acre-feet.

unimpaired runoff

Deep

more than

Delta:

A low,

this report.

than 4.13 million acre-feet.

less

The downward

percolation:

usually

if

is

5 feet

nearly

percolation of water past the lower limit of the root zone of plants,

below the surface.

fiat alluvial tract

of land formed by deposits at or near the

mouth of a

river.

In

Delta usually refers to the delta formed by the Sacramento and San Joaquin Rivers.

Drainage problem area:

A land area characterized by waterlogging and

problems. Includes land areas

now

related water-quality

drained or land areas that likely will require drainage.

Drainage water: See Subsurface drainage water.

Endangered species: Any
which

is

species or subspecies of bird,

danger of becoming extinct throughout

in serious

Electrical conductivity (EC):

of a water sample

is

The

ability of

mammal,
all,

fish,

amphibian, reptile, or plant

or a significant portion

a particular parcel of water to conduct

an indirect measure of the

total dissolved solids

(TDS) or

of, its

range.

The

electricity.

salinity of the

EC

sample.

Units of reporting are Siemens, which are equivalent to the older units, mhos. Microsiemens per

centimeter are abbreviated as ^S/cm.

Evaporation: The change of a substance from the
Evapotranspiration: Water

lost as

solid or liquid

phase to the gaseous (vapor) phase.

vapor through the combined processes of evaporation from

soil

surface and transpiration from plants.

Facultative bacteria: Microorganisms capable of adaptive response to varying environments (for

example, adaptive to aerobic or anaerobic conditions).

Furrow:

A long,

narrow, shallow trench

made

in

the ground by a plow or other implement.

Halophytes: Plants that are well adapted to growing

in

a saline soil environment.

Hydraulic connections: The situation existing between two aquifers whereby the openings allow
water to go from one aquifer to the other.
Immobilization: In the context of this report, the application of processes and procedures to retain
toxic elements, especially selenium, in a given (soil) area.
availability of those

Ion exchange:

water

.solution),

A

This

is

done

to limit the

movement and

metal species which may make them environmental hazards.

between a

reversible chemical reaction

by means of which ions

Irrigation efficiency:

The

solid (ion

exchanger) and a fluid (usually a

may be interchanged from one substance

ratio of the average

the average depth of water applied to the

to another.

depth of water infiltrated and stored

field.

in

the root zone to

Application efficiency of an irrigation system

is

estimated by dividing the crop water use between irrigations by the amount of water applied during the
last irrigation.

Leaching: The dissolution and flushing of
Methylation:

The chemical attachment

salts

from the

of one or

soils

by the downward percolation of water.

more methyl (CH3) groups

compound.
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to

an element or

Mitigation: One or all of the following: (a) Avoiding an impact altogether by not taking a certain
action or parts of an action; (b) minimizing impacts by limiting the degree or magnitude of an action and

implementation; (c) rectifying an impact by repairing, rehabilitating, or restoring the affected
environment; (d) reducing or eliminating an impact over time by preservation and maintenance
operations during the life of an action; and (e) compensating for an impact by replacing or providing
its

substitute resources or environments.

A chemical reaction taking place by loss of electrons or addition of oxygen.

Oxidation:

Oxidation state: In chemical terms, it is the number of electrons that can be added or subtracted from
a chemical atom in a combined state to convert it to elemental form. Also known as the oxidation
number or valence and could be positive or negative.
Part per billion (ppb): One part by weight per 1 billion (10^) parts. In water, nearly equivalent to
microgram per liter (|i.g/L), or 1 microgram per kilogram (p-g/kg) in solids.
Part per million (ppm):

milligram per

liter

One

(mg/L), or

part by weight per

1

million (10^) parts. In water, nearly equivalent to 1

milligram per kilogram (mg/kg), also

1

1

Percolation: In the context of this report, the downward

1

movement

microgram per gram

(pg/g).

of water through the soil or

alluvium to the ground-water table.
Potential

problem water: Shallow ground water

within 5 feet of the surface of irrigated lands during

at least part of the year that has chemical characteristics adversely affecting agriculture and,

water were to be drained,

fish

and

wildlife, public health, or

if

the

attainment of State surface-water quality

objectives.

Principal study area: Primarily the western side of the San Joaquin Valley, comprising lands, waters,
and related resources currently affected by problems related to agricultural drainage, as well as lands
likely to be affected in the future.

Problem water: That
soils,

part of potential problem water that, because of

its

adverse impact on crops,

or off-site areas, and water and land uses, requires drainage and associated management.

Recharge: The processes of water
water table to

Reduction:

filling

the voids in an aquifer, which causes the piezometric head or

rise in elevation.

A chemical reaction

taking place by acceptance of electrons, removal of oxygen, or

addition of hydrogen.

Riparian: Pertaining to the banks and other
and surface-emergent aquifers (for example,

moisture significantly
typical of this

in excess of that

Salinity:

The

salt

1,000 )j.S/cm

is

content of dissolved mineral

In chemistry, the

equivalent.

few

in the first

salts in

and nut
water or

soil.

soil

Salinity in

the hydrogen of an acid

chloride, calcium sulfate,

salts are

water

is

measured by

is

replaced by a metal or

and magnesium carbonate. In

sodium, sulfate, and chloride.

181

of the ground surface in

electrical conductivity (EC);

generally refers to chemical salts as they are dissolved in water or present in

components of drainage water

water bodies, watercourses,

whose waters provide

trees.

(TDS) or by the
650 ppm as TDS.

compound formed when

Examples are sodium

oases),

feet, usually within 5 feet

fruit

total dissolved solids

approximately equal to

and

availability of excess water.

and vegetables; within 10 feet for some

determining the amount of

Salts:

springs, seeps,

otherwise available through local precipitation. Vegetation

environment depends on the

Root-zone storage: Water present
field crops

terrestrial environs adjacent to

soils.

its

this report,

The major

it

Salt balance: The equilibrium established between salts imported to an area and the salts exported
from the same area. When used in a regional sense, imported salts are those contained in
surface-applied water and may include other inputs such as fertilizer, soil amendments, and
precipitation; exported salts arc those conveyed from the area through surface and subsurface flows.

The term

"salt

balance" can also be applied to the crop root zone. In

equilibrium state of

accumulation of
Salt load:

The

where there

soil salinity

salt in

total

is

no net

amount of

salts

contained

in

a channel or an

in

it

refers to an

the root zone. Net

volume of water entering or leaving an

salt, existing in

area.

percolation.

a valence (or oxidation) state of +6.

Se04"2.

Selenite: Ionized selenium, usually present as a

The chemical symbol

a given

impoundment by

Selenate: Ionized selenium, usually present as a
is

this sense,

accumulation

the crop root zone can reduce crop yields.

Seepage: Water escaping from

The chemical symbol

salt

salt, existing in

a valence (or oxidation) state of +4.

Se03"2.

is

Semlconfined aquifer: As used

in this report,

it

includes

all

aquifers above the Corcoran Clay,

including the so-called uncoiifined aquifer.

Shallow ground water: Ground water within 20
Sierran sand:

A term

feet of the land surface.

referring to a distinct subsurface body of water-bearing material underlying the

San Joaquin Valley. These deposits originated from the Sierra Nevada. Term

is

equivalent to "Sierran

sediment" and "Sierra Nevada sediment."
Soil sallnization:
soil

The accumulation

of soluble salts in the

soil

by the evaporation of water from the

zone.

Solar ponds: Nonconvective, salt-gradient solar ponds discussed

in this report are

about 6.5 to 16.5

deep with three distinct water salinity/density zones. Short-wave solar radiation penetrates the
upper zones into the lower, denser, heat storage zone and raises its temperature. The stored heat can
be used as a low-temperature energy source.
feet

A local

mass movement that involves principally the gradual downward settling or
sinking of the earth's surface with little or no horizontal motion. It may be due to natural geologic
processes or mass activity such as removal of subsurface solids, liquids, or gases, and wetting of some

Subsidence:

types of moisture-deficient loose or porous deposits.

Substance of concern: One

of a group of toxic or potentially toxic chemical elements or constituents

present in agricultural drainage water.

Substitute water supply:

An

adequate nontoxic and reliable freshwater supply equal

agricultural drainage water previously used by wildlife and/or wildlife habitat.
is

in

volume

to the

In practical application,

it

water to replace a supply on which biological dependence has developed.

Subsurface drainage water: Surplus water removed from within the

soil by natural or artificial
means, such as by drains placed below the surface to lower the water table below the root zone. In
report, unless otherwise qualified, drainage water refers to subsurface drainage water.

Tailwater:

Irrigation water that flows over

an irrigated

field

without infiltrating the

soil.

this

Synonymous

with "surface drainage water" and "irrigation return flow."
Tile drain:

An

on-farm subsurface drain made of

Total dissolved solids:
is

used to determine

flexible plastic pipe (formerly

A measure of the amount

salinity.

The procedure

made

of clay

tile).

of dissolved material in a liquid (usually water).

requires measuring (weighing) the

amount of

solid

remaining after evaporation of the liquid for a given time period and at a specified temperature.

182

It

Trace elements: Those elements present
usually less than

1

The passage

Transpiration:

in

the environment at small but measurable concentrations,

part per million.

of water through the stomata of plant leaves into the atmosphere.

Upland: Generally means a land zone sufficiently above and/or away from freshwater bodies,
watercourses, and surface-emergent aquifers to be largely dependent on precipitation for its water
supplies.

As used

in this report,

upland also refers to lands other than those which are seasonally or

permanently wet.

The conversion

Volatilization:

of a chemical substance from a liquid or solid state to the gaseous

(vapor) state.

Waterlogged: Soaked or saturated;
stands near,

Water

at,

table:

said of

an area affected by a high water

table; that

is,

where water

or above the land surface.

The area

in

unconfined subsurface material where hydrostatic pressure equals

atmospheric pressure. Generally, the boundary between the saturated and unsaturated subsurface
zones.

Wetland:

A zone periodically or continuously submerged or having high

aquatic and/or riparian vegetation components, and

is

soil

moisture, which has

maintained by water supplies significantly

excess of those otherwise available through local precipitation.
Wildlife habitat:

An

area that provides a water supply and vegetative habitat for wildlife.
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