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. NONPOINT SOURCE POLLUTION CONTROL WORKSHOP
TECHNICAL ISSUES

July 25-28, 1989
Irvine, CA

Western States Water Council
Creekview Plaza, Suite A-201
942 East 7145 South ‘
Midvale, Utah 84047 |

WORKSHOP OBJECTIVE

Each western state may have its own approach to Non
Point Source (NPS) pollution control, however, technical is-
sues are common in many of the states. An objective of the
workshop is to identify NPS technical issues related to NPS
pollution controland to determine their relationship to EPA’s
Point Source/NPS Programs and the states’ water quality
issues. A second objective is to monitor and report on
successful western states projects, programs, and strategies
aimed at mitigating NPS pollution. A third objective is to
develop recommendations to WSWC to be included in future
WSWC position papers or policies dealing with nonpoint
sources.

THE COVERS

The front and back covers were adapted from the California State
‘ Water Resources Control Board's :
"Ground Water Contamination In The Water Cycle."




WESTERN STATES
WATER COUNCIL

The Western Governors’ Conference organized the West-
ern States Water Council (WSWC) in 1965 to: “...accom-
plish effective cooperation among western states in matters
relating to the planning, conservation, development, man-
agement, and protection of their water resources.” The
Governors also said: “The future growth and prosperity of
the western states depend upon... adequate quantities of
water of suitable quality.”

The emphasis and focus of the WSWC has changed over
the years as water policy issues have evolved. However, the
Council’s commitment to effective cooperation among the
states has remained constant. This need for cooperation is
premised on the primary authority of the states to manage
water resources. Exercise of this authority leads to deci-
sions which shape the growth and destiny of the West.

MEMBERSHIP
Alaska, (AK) North Dakota, (ND)
Arizona, (AZ) Oregon, (OR)
California, (CA) South Dakota, (SD)
Colorado, (CO) Texas, (TX)
Idaho, (D) Utah, (UT)
Montana, (MT) Washington, (WA)
Nevada, (NV) Wyoming, (WY)

New Mexico, (NM)
(Hawaii is an associated member.)

WORKSHOP COMMITTEE

Darlene Ruiz - Vice Chair, CA State Water Re-
sources Control Board (SWRCB),
WSWC’s NPS Pollution Control Sub-
committee Chair & Workshop
General Chair

Norman Johnson — Legal Counsel, WSWC; WSWC(C’s
Workshop Manager
(801) 561-5300

James Cornelius - Principal Engineer, CA SWRCB;
Workshop Program Chair
(916) 739-2669

Joan Gilpin — Executive Assistant, CA SWRCB;
Activities Coordinator
(916) 445-3993

For additional information contact WSWC or SWRCB at the
telephone numbers provided above.
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FINAL AGENDA JULY 21, 1989

WESTERN STATES WATER COUNCIL (WSWC)

NONPOINT SOURCE (NPS) POLLUTION CONTROL -- TECHNICAL ISSUES WORKSHOP
JULY 25-28, 1989

THE IRVINE HILTON AND TOWERS

. IRVINE, CALIFORNIA

TUESDAY, July 25, 1989

1:00 p.m. - 4:00 p.m. Registration - International Foyer .
2:00 p.m./3:00 p.m./4:00 p.m. Tours of the Irvine Exhibit

- 5:00 p.m. - 7:00 p.m. WSWC Members, Session Chairs, and Speakers Meeting
6:00 p.m. - 8:00 p.m. Registration - International Foyer

WEDNESDAY, July 26, 1989

8:00 a.m. Registration - International Foyer

8:30 a.m. Pastries, Coffee &/or Juice - International Foyer

9:30 a.m. Welcome - Salon A & B
D. Craig Bell, WSWC Executive Director
Opening Remarks - Salon A & B
David N. Kennedy, Director, CA Department of Water Resources
and WSWC Executive Committee Member.

SESSION I: OVERVIEW OF NPS -- TECHNICAL ISSUES
Session Chair: Darlene Ruiz, Vice Chairwoman )
CA State Water Resources Control Board (SWRCB) i
and
Chairwoman, WSWC NPS Pollution Control Subcommittee

10:00 a.m. The NPS Pollution Challenge
' Darlene Ruiz, Vice Chairwoman, CA SWRCB

o 10:20 a.m. WSHWC's NPS Pollution Survey
' Norman K. Johnson, Legal Counsel
Western States Water Council
10:30 a.m. Overview - Agricultural Drainage from Crop Production
Kenneth K. Tanji, Professor of Water Science,
Department of Land, Air, & Water Resources
University of California, Davis

10:40 a.m. An Overview of Session IV:NPS Pollution Impact of Agricultural Chemicals

Steve Pirner, Director, SD Division of Environment Quality

10:50 a.m. Overview - NPS Pollution from Agricultural Grazing/Feedlots/Dairies
Don Ostler, Director, UT Bureau of Water Pollution Control

11:00 a.m. Overview - Urban Runoff/Construction/Hydrologic Modification
Carol Jolly, Water Quality Program Manager, WA Department of Ecology

11:10 a.m. Overview of Silviculture Session Issues
Richard J. Nichols, Administrator, OR Water Quality Division

11:20 a.m. NPS Control - Resources Extraction & Land Disposal - Overview
Lewis Dodgion, Administrator, NV Division of Environment Protection

11:30 a.m. ROUNDTABLE DISCUSSION & QUESTIONS

. 12:00 p.m.  No-Host Deli Buffet LUNCH - Salon C
‘ Presiding: Eliseo M. Samaniego, Member, CA SWRCB
Speaker: Assemblyman Jim Costa, Chairman
CA Legislature, Assembly Committee on Water, Parks & Wildlife

Agenda - 1 1




SESSION II: AGRICULTURAL DRAINAGE - NPS POLLUTION CONTROL -- TECHNICAL ISSUES - Salon A & B‘

1:30 p.m.

1:45 p.m.

2:00 p.m.

2:15 p.m.
2:30 p.m.

2:45 p.m.

3:00@

3:45 p.m.

Session Chair: Kenneth K. Tanji, University of CA

Overview of the U.S. Department of Interior's Irrigation Drainage .
Studies in the Western States ‘

Dr. Roy Schroder, Research Hydrologist

U.S. Geological Survey, San Diego

Agricultural Drainage Water-Treatment and Disposal Option

Edwin W. Lee, DE/DPA, Environmental Engineer

Retired U.S. Bureau of Reclamation - March 1989 v

Dr. Lee has also provided the paper "Dairy and Feedlot Waste Treatment and
Disposal Alternatives for NPS Control” to support Session V.

Irrigation-Induced Water Quality Problems

Jan van Schilgaarde, PhD, Chairman, Committee on Irrigation -
Induced Water Quality Problems
Water Science & Technology Board, National Research Council

NPS Pollution from Agricultural Drainage in California:Defining the
Problem and Addressing the Need

Blaine Hanson, Irrigation & Drainage Specialist

Cooperative Extension, University of California, Davis ,
Farouk T. Ismail, Ph.D., P.E., Supervising Engineer, CA SWRCB

Agricultural Drainage Technical Issues Facing Water Agencies

Stephen K. Hall, Executive Director

Land Preservation Association, Fresno, CA

Cindy K. Tuck, Government Relations Advisor .

Heron, Burchette, Ruckertt & Rothwell, Sacramento, CA

Regulation of Agricultural Subsurface & Surface Drainage in the
San Joaquin Basin ’
William H. Crooks, Executive Officer

CA Regional Water Quality Control Board, Central Valley Region

ROUNDTABLE DISCUSSION & QUESTIONS

BREAK

SESSION III: CASE STUDY - SANTA ANA RIVER WATERSHED

4:00 p.m.

6:00 p.m.

Panel Chair: Bill B. Dendy, President
Bi1l B. Dendy & Associates, Davis, CA

NPS Case Study-Technical NPS Pollution Issues Affecting Water

Quality Management in the Santa Ana River Watershed and their Application
to the Western States

Nereus L. Richardson, Chief Engineer and Assistant Manager Orange County
Water District, Fountain Valley

Donald E. Evenson, Senior Vice President

James M. Montgomery Consulting Engineers, Inc., Walnut Creek, CA

SOCIAL HOUR-HOSTED “Hors D'Oeuvres Variees* & NO-HOST BAR
SalonC - Sponsored by Jame M. Montgomery Consulting Engineers, Inc.

Agenda - 2 '




THURSDAY, July 27, 1989 ' :
7:30 a.m. PASTRIES, COFFEE AND/OR JUICE - International Foyer

' SESSION IV: NPS POLLUTION IMPACT OF AGRICULTURAL CHEMICALS |
Session Chair: Steven Pirner, SD . |

8:15 a.m. Agricultural Chemicals:NPS:A Dilemma
Eliseo M. Samaniego, Board Member, CA SWRCB

8:35 a.m. Control of Rice Herbicides in California Water Ways
Marshall Lee, Associate Environmental Harzard Scientist
CA Department of Food & Agriculture

8:50 a.m. Ground Water Quality Activities:California Pesticide
g Management Plan

Steven C. Monk, Ground Water Program Coordinator

CA Department of Food & Agriculture

9:05 a.m. Industry's Perspective on NPS Ground Water Issues
- Dick Jackson, Ph.D., Manager, Ground Water Program
Agricultural Products Division, Dupont Company; Chair, Western
Agricultural Chemicals Associations's Water Quality Task Force

9:35 a.m. ROUNDTABLE DISCUSSION & QUESTIONS

- 10:00 a.m. BREAK

SESSION V: NPS POLLUTION FROM AGRICULTURAL GRAZING/FEEDLOTS/DAIRIES

\ ' Session Chair: Don Ostler, UT

10:15 a.m. NPS Pollution from Grazing in Arizona
Carole Russell, Nonpoint Source Manager
AZ Water Quality Management Unit

10:30 a.m. Montana's NPS Pollution Monitoring Strategy
Dr. Loren Bahls, Supervisor
MT Water Quality Management Section

10:45 a.m. Idaho's Agricultural Pollution Abatement Plan
Al E. Murray, Chief, Water Quality Bureau
1D Department of Health and Welfare

11:00 a.m. New Mexico's Nonregulatory NPS Pollution Control Approach
Jim Piatt, Program Manager, Planning Section
NM, Environmental Improvement Division

11:15 a.m. Spiritwood Lake Restoration Project
Michael T.. Sauer, Limnologist
ND State Department of Health

11:30 a.m. ROUNDTABLE DISCUSSION & QUESTIONS

12:00 p.m. No-Host Deli Buffet LUNCH - Salon C
Presiding: D. Craig Bell, WSWC Executive Director
F Speaker: Senator Ruben Ayala, Chairman
. Senate Agriculture & Water Resources Committee
CA Legislature
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SESSION VI: URBAN RUNOFF/CONSTRUCTION/HYDROLOGIC MODIFICATION
Session Chair: Carol Jolly, WA '

1:30 p.m. NPS Pollution Control Program for Puget Sound, Washington
Nancy McKay, Deputy Director .
Puget Sound Water Authority

1:45 p.m. Lake Tahoe NPS Pollution Control Program -
David S. Ziegler

Chief, Long Range Planning Division
Tahoe Regional Planning Agency, Zephyr Cove, NV

2:00 p.m. A Basinwide Approach to NPS Management
Lane Wyatt, Water Quality Program Manager
Northwest CO Council of Government

2:15 p.m. Sedimentation Treatment Systems for Urban Drainage
in _Anchorage, AK
J. Brett Jokela, Senior Engineer
James M, Montgomery, Inc., Archorage, AK
Thomas R. Bacon, Project Manager
Municipality of Anchorage, Department of Public Works, Anchorage, AK

2:30 p.m. San_Francisco Bay Urban Runoff Control Program
Steve Ritchie, Executive Officer
CA Regional Water Quality Control Board, San Francisco Bay Region

2:45 p.m. ROUNDTABLE DISCUSSION & QUESTIONS

3:10 p.m. BREAK

SESSION VII: SANTA ANA RIVER WATERSHED/NEWPORT BAY NPS PROGRAMS .
Session Chair: James Cornelijus, Principal Engineer, CA SWRCB

3:15 p.m. Agency Partnership for Nonpoint Source Control in Newport Bay
Patricia Blodgett, Senior Environmental Specialist (Newport Bay Coordinato
CA Santa Ana Regional Water Quality Control Board

3:30 p.m. Unsatuated Zone Movement of NPS Volatile Contaminants in the Redlands,
CA Area
Gary L. Guymon, Professor of Civil Engineering
University of CA, Irvine, CA

3:45 p.m. The Mitigation of NPS Development Impacts on Newport Bay
Sat Tamaribuchi, Director, Environmental Planning
The Irvine Company, Newport Beach, CA

4:00 p.m. ROUNDTABLE DISCUSSION AND QUESTIONS

4:15 p.m. Tours-NPS Pollution Control Facilities for Protection of Newport Bay

Tours are being developed by Professor Guymon, University of
California, Irvine, with assistance from the Orange County Water
District

* Agenda - 4




FRIDAY, July 28, 1989
7:30 a.m. Pastries, Coffee and/or Juice - International Foyer

SESSION VIII: OVERVIEW - SILVICULTURE
. Session Chair: Richard Nichols, OR

8:15 a.m. The State of Washington's Timber, Fish & Wildlife Agreement
Bob Duffy, Environmental Planner, NPS Unit, WA Department of Ecology

- 8:30 a.m. CA Forest Practice Rules Assessment
' Dean Cromwell, Executive Officer
CA State Board of Forestry
Gaylon Lee, Forest Practice Manager
CA State Water Resources Control Board

8:45 a.m. U.S. Forestry Service Best Management Practices-An Example of
Successful NPS Pollution Control through Planning & Program Development
Andy Leven, Director
Regional Watershed Management
U.S. Forest Service, San Francisco, CA
John R. Rector, Group Leader, Water Resources & Planning Group,
U.S. Forest Service, San Francisco, CA

9:00 a.m. 208 Certification-The Endless Journey
Gil Murray, Vice President
Timber Association of CA

9:15 a.m. ROUNDTABLE DISCUSSION AND QUESTIONS
9:45 a.m. BREAK

. " SESSION IX: NPS POLLUTION CONTROL - RESOURCES EXTRACTION & LAND DISPOSAL
Session Chair: Lewis Dodgion, NV

10:00 a.m. Total Mercury in Sediment, Water, and Fishes in the Carson River Drainage
West-Central Nevada
James J. Cooper, Ph.D., Aquatic Biologist
NV Division of Environmental Protection

10:15 a.m. Alaska Resources Extraction NPS Issues
Jerry Brossia, Regional Manager
AK Division of Land & Water Management
Fairbanks, AK

10:30 a.m. Contamination of Ground Water from Underground Wastewater Disposal
Systems, Upper Mojave River Basin, CA
Ken Carter, Senjor WRC Engineer
CA Regional Water Quality Control Board, lLahontan Region
Amjad M. J. Umari, Project Director, U.S. Geological Survey, San Diego

10:45 a.m. Texas Wellhead Protection Program - A Reasonably Implementable and
Cost-Effective NPS Management Tool
Brad L. Cross, Chief
Wellhead Protection Program, Ground Water Conservation Section
TX Water Commission

Mineral Resources Program
Robert Anderson, Deputy State Director for Mineral Resources
U.S. Bureau of Land Management, Sacramento, CA

. 11:00 a.m. NPS Pollution Aspects of the U.S. Bureau of Land Management's
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11:15 p.m. ROUNDTABLE DISCUSSION AND QUESTIONS

12:00 p.m. No-Host Deli Buffet LUNCH - Salon C
Presiding: Professor Charles DuMars
Speaker: Michael C. Kavanaugh, Chairman
Water Science and Technology Board
of the National Research Council
Topic: Overview of Water Science and Technology Board's Programs
Related to NPS Pollution

SESSION X: FEDERAL AND UNIVERSITY PROGRAMS

Session Chair: Professor Charles DuMars
University of New Mexico Law School
and WSWC Member

1:30 p.m. U.S. Department of Agriculture's Role in NPS Pollution Control
Virgil L. Backlund
Soil Conservation Service/EPA Liaison
U.S. Department of Agriculture, Davis, CA

1:45 p.m. NPS:Agenda for the Furture
Martha G. Prothro
Director, Office of Water Regulation & Standards
U.S. Environmental Protection Agency, Washington, DC

2:00 p.m. Research Role of the University of California in Understanding Technical
Issues Related to WPS Pollution
Henry J. Vaux Jr., Professor of Economics
University of California, Riverside, CA . . .
Director, University of California's Water Resources Center

2:15 p.m. ROUNDTABLE DISCUSSION AND QUESTIONS

SESSION XI: SESSION CHAIR'S REPORTS ON NPS POLLUTION CONTROL -~ TECHNICAL ISSUES
Session Chair: Darlene Ruiz, CA

2:30 p.m. ROUNDTABLE DISCUSSION AND RECOMMENDATIONS

Kenneth Tanji, CA
Steve Pirner, SD

- Carol Jolly, WA
Don Ostler, UT
Richard Nichols, OR
Lewis Dodgion, NV
Charles DuMars

3:30 p.m. ADJOURNMENT
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Wednesday Morning, July 26, 1989

8:00 a.m.
8:30 a.m.

9:30 a.m.

Registration — International Foyer

Pastries, Coffee &/or Juice -

International Foyer

Welcome and Opening Remarks —

Salon A & B

D. Craig Bell, WSWC Executive Director

David Kennedy, Director, CA Department of
Water Resources, WSWC Executive Committee
Member



WESTERN STATES WATER COUNCIL

Creekview Plaza, Suite A-201/942 East 7145 South/Midvale, Utah 84047/(801) 561-5300 / FAX (801) 255-9642

July 11, 1989

Dear Workshop Participant:

On behalf of the members and staff of the Western States Water Council I welcome you to the
Council’s Non-point Source Pollution Control Technical Issues Workshop. We have prepared these
proceedings to help ensure that your workshop experience is as beneficial as possible.

The Council was organized in 1965 by the Western Governors’ Conference to: "...accomplish
effective cooperation among western states in matters relating to the planning, conservation,
development, management, and protection of their water resources." The need for cooperation is
premised upon the states’ primary authority to manage water resources. Decisions made in the
exercise of this authority help shape the destiny of the West. Over the years the Council has focused
on a variety of water policy issues. The Council believes that opportunities to exchange information
regarding such issues, through workshops such as this, foster the kind of constructive relationships
between states which the Council was created to support.

Beyond this general purpose, this workshop has multiple objectives. One is to identify
technical issues related to non-point source pollution control and to determine their relationship to
EPA’s point-source and non-point source programs and state water quality issues. A second ohjective
is to monitor and report on successful western state projects, programs, and strategies aimed at
mitigating non-point source pollution. The third objective is to develop recommendations which may
be included in future Council non-point source pollution control position papers or policy statements.

While the workshop issues will not be new to most of you, we hope the workshop will provide
you an opportunity to gain new perspectives and share fresh insights and ideas. In this regard, we
would appreciate any comments you may have regarding the workshop.

The Council desires to acknowledge with appreciation the efforts of its Non-point Source
Pollution Control Subcommittee, chaired by Darlene Ruiz, in planning the workshop and arranging
for the workshop program and facilities.

Thank you for coming.

C{%@dfz

D. Craig Bell
Executive Director



TECHNICAL PROGRAM

Wednesday Morning, July 26, 1989

SESSION I:  OVERVIEW OF NPS POLLUTION -
TECHNICAL ISSUES
Session Chair: Darlene Ruiz, Vice Chair
CA SWRCB and Chair, WSWC NPS Pollution
Control Subcommittee

PAGE

10:00 a.m. Goals of Workshop I-A
Darlene Ruiz, Vice Chair, CA SWRCB

10:20 a.m. WSWC’s NPS Pollution Survey I-B
Norman K. Johnson, Legal Counsel
Western States Water Council

10:30 a.m. Overview - Agricultural Drainage from Crop I-C
Production
Kenneth K. Tanji, Professor of Water Science,
Department of Land, Air, & Water Resources,
University of California, Davis

10:40 a.m. Overview - Agricultural Chemicals I-D
Steve Pirner, Director, SD Division of Environ-
ment Quality

10:50 a.m. Overview - Agricultural Grazing/Feedlots/ I-E
Dairies
Don Ostler, Director, UT Bureau of Water Pollu-
tion Control

11:00 a.m. Overview - Urban Runoff/Construction/ I-F
Hydrologic Modification L
Carol Jolly, Water Quality Program Manager,
WA Department of Ecology

11:10 Overview - Silviculture I-G
Richard J. Nichols, Administrator, OR Water
Quality Division

11:20 Overview - Resources Extraction & Land I-H
Disposal
Lewis Dodgion, Administrator, NV Division of
Environment Protection

11:30 ROUNDTABLE DISCUSSION & I-I
QUESTIONS
12:00 p.m. No-Host Deli Buffet LUNCH - Salon C I-]

Presiding: Eliseo M. Samaniego
Member, CA SWRCB
Speaker: Assemblyman Jim Costa
Chairman, Assembly Committee on
Water, Parks and Wildlife,
CA Legislature



THE NONPOINT SOURCE POLLUTION CHALLENGE

by

Darlene E. Ruiz

Vice Chair
California State Water Resources Control Board
and
Chair Nonpoint Source Subcommittee
Western States Water Committee
July 26, 1989

The 1987 amendments to the Clean Water Act place further attention upon the
control of nonpoint source pollution. As we continue to draw together our
assessments of the extent and effects of nonpoint source pollution, we see a
picture of a problem that challenges both our administrative and technical
capabilities.

A complex and interrelated set of technical, political, economic and
administrative issues must be resolved before nonpoint source programs can achieve
any measurable effectiveness. Initial assessments indicate this will be the major
pollution concern of the next decade. However, many states nonpoint source
programs have already experienced some successes.

Though the site specific technical issues pertaining to nonpoint source control
vary with the nature and general cause of the pollution, the type of water body
being contaminated, and the actual contaminants present, all sites share in the
fundamental technical problems. The adequacy of current monitoring systems is a
critical issue for many states. By its very definition, nonpoint source pollution
poses complex monitoring problems. Correlating observed water quality degradation
to nonpoint source involves linking together pieces of a puzzle made of transport
systems, diverse contaminants, and spatial and temporal proximity.

Controlling nonpoint source pollution poses a different, and seemingly inverse,
set of technical considerations from those posed by monitoring the problem. Most
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of our technology has been geared toward point source applications. We have been .
addressing point sources by directing contaminant or site specific approaches to |
control measurable and quantifiab]e levels of isolable pollutants. Applying this
technology to nonpoint source pollution requires analyzing the component

contaminants and attempting to isolate the diffuse sources. What is linked

together for monitoring must be broken into component parts for application of

point source treatment and management techniques.

Nonpoint source does not lend itself to site or contaminant specific technical
approaches. Bioassay monitoring may lead to indications of significant water body
degradation without yielding specifics on either contaminants, abatement, or
cleanup. In some cases, such as where a best management practices plan has been
put in place to control nonpoint source problems, there may still remain
significant problems with stream turbidity or ground water contamination. Clearly
in such a situation, even if we are satisfied that best management practices are
the best technical approach for dealing with nonpoint source, we may still be
thoroughly dissatisfied with a resultant continued degradation of the water body
the best management practices were implemented to protect. There are currently no .
pat answers to many nonpoint source technical problems and many states feel EPA
should devote more energy to remedying this situation, and less energy to setting

unrealistic assessment timeframes.

Nonpoint source programs can be effective. Clearly, if we are to halt the
degradation of our nations waters, nonpoint source programs must be effective. We
are pushing the economic and environmental utility of our point source programs
beyond the point of marginal return. Though control and monitoring of point
sources will continue to remain an important water quality task, our focus must
now shift to nonpoint source pollution. As we shift our attention, we realize
that as complex as the technical questions may be, ultimately, the success or
failure of nonpoint source programs may rest in our solutions to the economic, and
consequent political, decisions we will be required to make with regard to
implementing nonpoint source programs.

Though nonpoint source pollution is receiving national attention, it is presently
an issue best addressed at a local level. Solutions to this problem will come .
from local agencies working with local interests to manage local nonpoint source




pollution. The successes at this local level, and there have already been
successes, can be shared with other localities experiencing similar nonpoint
source problems. The federal government can work as a clearinghouse for this
information, as a facilitator, through adequate funding and as a developer of best
management. practices technology to the complex contaminant mixes and differing
water bodies affected by nonpoint source.

The Western States Water Council in 1987 determined that nonpoint source pollution
was a serious concern and formed a subcommittee of their water quality committee
to provide a forum for exchange of ideas. The Council next conducted a nonpoint
source pollution survey of their members. That survey was the starting point for
the development of this week's nonpoint source pollution technical issues

workshop.

The long term goal of the workshop is the protection of the beneficial uses of the
western states ground and surface waters. Three immediate objectives of the

workshop are:
1. To identify nonpoint source technical issues related to nonpoint source
pollution control and to determine their relationship to EPA's point

source/nonpoint source programs and the states' water quality issues;

2. To monitor and report on successful western states projects, programs,
and strategies aimed at mitigating nonpoint source pollution; and

3. To develop recommendations to the Council for inclusion in future Council
position papers or policies dealing with nonpoint source pollution.

A preliminary review of the prepared papers indicates that a large number of
issues have been identified and programs or projects from nearly all of the member
states are being presented.

Speakers will be presenting:

1. Five papers on subsurface agricultural drainage problems in the western

states which present many technical challenges;




2. A nonpoint source pollution control plan for protection of a lake that
includes 38 separate control measures; .

3. A "bubble concept” as an effective and equitable method of controlling
both point and nonpoint source pollution;

4. A stormwater management program that includes performance criteria;
5. Four questions will be presented that must be answered to prevent
unacceptable ground water contamination due to application of agricultural

chemicals.

6. Two alternative pesticide contamination prevention programs to protect
ground water;

7. A program to protect surface water from pesticides;

‘8. Four technical problems that plague nonpoint source monitoring programs

are provided and discussed; ‘

9. Grazing is presented as the most pervasive source of water impairment
with over grazing being the critical problem;

10. The concern that the Soil Conservation Service criteria are inadequate to
protect small lakes;

11. That in spite of attention by many agencies the environmental quality of
a bay continues to decline as the area is developed;

12. Speakers from three states, the United States Forest Service and the
Timber Industry will discuss the use of BMPs and regulations for the control
of nonpoint source pollution from silviculture operations;




13. Mercury contamination, septic tank/seepage pit systems, wellhead
. protection and the United States Bureau of Land Management nonpoint source
program; ‘

14. The roles, responsibilities and programs of the United States
Environmental Protection Agency and the United States Department of
Agricultural, including the issue as to whether the USDA will give water
quality protection equal billing with control of soil erosion; and

15. The research role of the University of California System.
A1l of this should provide ample items for the Friday afternoon closing session.

Because this conferences is focused on the Western States, I would like to take
this opportunity to shift from the general goals to the specifics of California's
nonpoint source program.

California has completed an assessment and management plan consistent with Section

. 319 of the Clean Water Act. California's assessment meets the requirements of
Section 319. It also goes a step beyond the requirements. Our assessment is a
highly structured data base. In addition to including the source and the
reliability of the assessment data, the report is also coded to allow separation
by 28 mutually exclusive categories such as: confined animals, irrigation return
flows, grazing impacts, channel erosion, construction, habitat modification,
hydrologic modification, mineral extraction, and urban runoff. The assessment is
also organized by contaminant parameters, such as sediments, dissolved solids, and
coliform. This initial structuring of the data base provides a flexible framework
for future monitoring and management planning activities.

The assessment quite plainly reveals nonpoint source pollution problems are
extensive. Each of California's nine regional boards reports some form of

| nonpoint source pollution contributing to degradation problems within its
boundaries. Fortunately, each region has also begun programs for addressing
nonpoint source problems.
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In our Lahontan Region, which encompasses some of the finest ski areas in the

world, the regional board has worked with the ski resort operators to establish .
best management practices to control sediment from the ski areas. The use of best
management practices has been incorporated into the regional board's basin plan

for control of nonpoint source pollution from other sites, such as golf courses,
campgrounds, and livestock grazing areas. The use of narrative standards in

setting best management practices for the region has been tested in court and was

found to be an acceptable alternative to numeric criteria.

For Lake Tahoe, control of nonpoint sources is the key to controlling degradation
of water quality. For this reason, a nonpoint source consciusness is present in
local land use planning. This consciousness goes beyond a mere awareness and
recognition of the problem. Over the next five years, state and local agencies
will be spending $68 million for control of erosion and surface water runoff from
public rights-of-way; and, this is just the start of what is anticipated to be a .
$270 million program.

In our Central Valley Region, which includes much of the State's prime
agricultural areas, the regional board has worked with rice farmers to control the .
amount of rice herbicides entering the Sacramento River and its tributaries. The
presence of herbicide in the river had caused some fish kills and regular taste
complaints from domestic water users. Through the cooperative implementation of a
best management practices program, which included restriction on amount and
location of herbicide applications, training of applicators, and minimum holding
times for water treated by the herbicides, measurable decreases in herbicide
concentrations in the receiving waters were recorded, annual fish kills reduced,
and taste complaints curbed. One of the interesting sides to this program was
that it led to a water quality assessment indicating toxic ambient levels even
prior to the use of the herbicides. You will be hearing more on this program
later.

In the Los Angeles Region, the regional board, the State Board and the
Environmental Protection Agency are cooperatively working together to protect and
improve the Santa Monica Bay estuary. An integral part of this project is the
control and management of urban stormwater runoff.




In 1986, the San Francisco Bay Regional Board suspected nonpoint sources as a
major contributor to severe water quality problems in the South Bay. The region's
basin plan was amended to reflect the nonpoint source problems and the work was
begun with local jurisdictions to control the problem. To date, local agencies
have invested over $1 million in developing approaches to nonpoint source control.
Again, you will hear more about this program later.

The State Board nonpoint source unit will be working with the regional boards to
ensure nonpoint source continues to receive the attention required by Section 319.
As 1 noted previously, all of the regions have nonpoint source success stories
already. The requirements of Section 319 will allow us to review these successes
and smooth the transfer of information to various projects among the regions.

The second phase of the State program will involve funding specific nonpoint
source projects and monitoring results. The third phase will be the ongoing
implementation of nonpoint source projects following a review and analysis of the
successes and setbacks encountered in the initial program efforts. This may all
sound a bit administratively and procedurally complex, and frankly it is, but
nonpoint source pollution is a complex problem. By its very nature, nonpoint
source does not lend itself to traditional point source treatment methodologies.

With point source, we generally know what the problem is and from where it is
originating. With point source, if it looks like a duck, walks Tike a duck and
quacks like a duck, we know it is a duck and we can respond appropriately. With
nonpoint source, all we know is something from somewhere killed the duck. Our job
then becomes tracing the diffuse sources of harmful contaminants and then finding
a methodology that will end the degradation of the particular water body.

We feel we have made progress with our nonpoint source program in California. As
our assessment indicated, however, nonpoint source is not a new problem for us,
and it is not a problem that has gone unaddressed. Our mission now is to build
upon past successes; to look for new, innovative, and economically feasible
methods of responding to nonpoint source contamination, and to seek adequate
federal funding to meet the requirements of federal mandates.
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Nonpoint source pollution is the water quality challenge of the 1990s, which is
why the Western States have started working on meeting it now and why the Western .

States Water Council is presenting this workshop.

Thank you.

*kkk*k
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‘ PRELIMINARY SUMMARY OF FINDINGS
WESTERN STATES WATER COUNCIL'S
NONPOINT SOURCE POLLUTION SURVEY

A nonpoint source (NPS) pollution control survey was conducted by the Western States
Water Council in early 1988. The data was provided to all the member states and used
as a source document for developing the agenda for this week's workshop. The
questionnaire was developed with input from a number of western states. The main
objective was to produce information which would be beneficial to the western states
as they were developing their nonpoint source assessment and management programs as
required by the Clean Water Act. '

A preliminary analysis of the data has been done. Some of the concerns are that
currently the primary source of funding for NPS is from the federal government,
however, some states have developed "innovative" sources of funding.

Most of the states cited state regulations rather than state statutes as the basis of
regulatory control. Federal requirements were a secondary method of regulatory
control. Eleven states have civil and/or criminal penalties for noncompliance under
the regulatory approach. Four states did not have penalties. However, during 1986,
there was only limited NPS enforcement for NPS pollution by the states. In half of

. the states their state water quality standards for surface water applied to NPS
pollution. '

The data indicates that water quality, health, and environmental agencies are
primarily responsible for NPS control and that most states have a combination of a
regulatory/nonregulatory approach with agriculture being the main nonregulatory
aspect. Within the nonregulatory approach the main reason for compliance was
financial with avoidance of regulations being second. Most of the western states have
recently taken actions to promote NPS control under their nonregulatory approach.

Four methods were given as the primary methods of regulatory NPS control in the
western states. These are:

Pesticide Regulations
Erosion Control

Forest Practice Rules
Septic Tank Regulations

W N =

A1l of the states except one have identified best management practices (BMPs) as part
of their NPS program. In most states, the BMPs have been officially recognized in
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their water quality plans. Only three states have listed their NPS control program as
being effective; six as partially effective, two as ineffective, and four as unknown. ‘

The states were asked to rank the major NPS categories with regard to statewide
impacts on water quality and beneficial uses. The state rankings are as follows with
the major impacts starting at the top of the list:

. Road Construction & Maintenance
0. Land Disposal
1. Recreation

1. Grazing'®

2. Agricultural Runoff (surface)
3. Hydrologic/Habitat Modification
4, Irrigation Return Flows

5. Land Development

6. Mining

7. Urban Runoff

8. Silviculture

9

1

1

As shown above the major impacts were related to agriculture, hydrologic modification
and land development.

Six states indicated that they maintain an NPS pollution monitoring program for .
surface waters. Twelve states maintain an ambient monitoring program which provides
information on NPS Pollution. Eight states have targeted certain waters for NPS
management during the next five years. :

Five states maintain a ground water quality monitoring program where as a total of 13
states have cooperative efforts with other agencies. In most of the states, their
ground water protection strategies addresses NPS pollution impact. The

states have legislative authority to implement their strategies.

Eight states have water quality standards that applied to ground water, and three
additional states are preparing standards. In six states their standards apply to NPS
pollution, and in four states standards are being proposed to apply to NPS pollution.
In seven states, the standards include nondegradation provisions and in five states,
they contain antidegradation provisions.

Each of the western states included a number of "success stories" in their response to .

the survey. A number of these "success stories" will be presented during the next few
days.
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Overview - Agricultural Drainage from Crop. Production

Kenneth K. Tanji
University of California, Davis

Crop production under irrigated as well as dryland conditions
result in varying amounts of surface and subsurface drainage from
rainfall, snowmelt waters and applied irrigation waters. 1In the most
simplest case these drainage flow pathways consist of surface runoff,
deep percolation or leaching beyond the crop root zone, and collected
subsurface drainage which may include shallow ground waters intercepted
by natural and man-made open channels and effluents from tile drainage
systems. '

Associated with these drainage flows are a number of water quality
constituents of concern in both the dissolved and suspended states.
The principal NPS pollutants discharged from cropland are sediments,
dissolved mineral salts, nutrients (mainly nitrates and phosphorus),
pesticides (insecticides, herbicides, fungicides, miticides), animal
wastes (containing nutrients, salts, biochemical oxygen demand, etc.),
and trace elements (including heavy metals).

The quantities of NPS pollutants discharged are typically
estimated in terms of concentration (mass per unit volume of water,
e.g., mg/liter) and unit mass emission rates (mass per unit area, e.g.,
1bs./acre) which require a knowledge of concentration of pollutant,
volume of water, and surface area from which the pollutant was
discharged.

The concentrations and mass emission rates of these NPS pollutants
are influenced by numerous factors including hydrology and climate,
soils and geology, agronomic, irrigation and drainage practices, rates
and amounts of agrichemicals applied and pollutant properties
(reactivity and mobility).

In order to manage and control the discharge of NPS pollutants it
is necessary to understand the source(s) and processes by which they
are mobilized and transported into streams, lakes, reservoirs, ground
waters and estuaries.

For instance, sediment production from erodible cropland in
surface runoffs are orders of magnitude higher than that of deep
percolation because of filtration by the soil profile. Moreover,
sediment concentration in runoffs may vary widely depending on
vegetative cover, steepness of slope, rainfall intensity and duration
and the like, and the amounts delivered from cropland to receiving
water bodies depends on the relative amounts of sediments deposited
and/or resuspended in transit. Sediments also contain various forms of
nitrogen, phosphorus, and salt particles which may dissolve in the
receiving water.
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In contrast, the concentrations of dissolved mineral salts from
salt-affected lands are typically much greater in deep percolation than
in surface runoffs because of the concentrating effects of evapo-
transpiration by plants and chemical weathering of soil minerals. For
cropland that are underdrained, the tile effluent collected is
typically a mixture of subsurface drainage from the root zone as well
as shallow ground waters intercepted by the drainage system. In some
instances, the salinity of shallow ground waters are substantially
greater than that leaching from the root zone. - The principal sources
of salts in drainage of croplands are irrigation water, soil salinity,
rising shallow ground waters, soil and water amendments, and
fertilizers and animal manures.

The two examples illustrate the technical complexities in
evaluating agricultural drainage and NPS pollutants. Although site-
specific conditions and processes have a strong influence on what and
how much pollutants are drained from croplands, there is a growing body
of alternative management options to reduce emissions of NPS
pollutants, e.g., source control, drain water reuse, drain water
treatment, drain water disposal as well as institutional changes.

This afternoon’'s session will be devoted to technical issues in
regard to NPS pollution control for irrigated croplands. Papers will
be presented on irrigation drainage problems in the western U.S. as
well as those focused on San Joaquin Valley s salinity, drainage, and
toxic element problems.




AN OVERVIEW OF SESSION 1IV:
NPS POLLUTION IMPACT OF AGRICULTURAL CREMICALS
by

Steven M. Pirner, Director
Division of Land & Water Quality
South Dakota Department of Water & Natural Resourcos

The NPS pollution impact of agricultural chemicals has been a
subject of great public concern. This concern has ranged from
having any physical contact with the chemicals during application,
ingesting chemicals that have been applied to edible products,
having chemicals carried in runoff or drainage into surface waters,
and most recently, having chemicals leach into ground waters. It is
this last concern that has created both a public and political
reaction to the NPS agricultural chemical issue. This is a concern
that is shared by the citizens of this country on a national scale,
and you will note that four of the five papers to be presented on
the topic of NPS impacts of agricultural chemicals deal with ground-
water issues.

In illustration of the national concern, I recently received a
letter from the Environmental and Energy Study Institute in
Washington, D.C., which states the following statistics: "A recent
Environmental Protection Agency (EPA) report confirmed findings of a
total of 46 different pesticides in 26 states. In many areas,
particularly the Midwestern states, groundwater is contaminated by
nitrates from fertilizer. For example, in Minnesota, about 25
percent of rural private wells exceed EPA’s drinking water standard
for nitrates. In Iowa, 40 percent exceed this standard, and, in
Nebraska, as many as 70 percent of rural wells exceed the standard."”

In order to set the stage for our session on Thursday, which is
going to focus on approaches to solve the problem of NPS impact of
agricultural chemicals, I would like to relate some of our
experiences in the State of South Dakota in simply defining the
problem. First, the relationship between our ground-water resources
and agriculture must be understood.

Ground water is indeed a precious resource to our State, just as it
is in many of the western states. Ground water constitutes by far
our most commonly used water supply source. For example,
approximately 95 percent of our public water supply systems rely
upon ground water as their source. In many cases, the utilized
ground water is being stored in shallow surficial aquifers, which of
course have been judged to be the most susceptible to pollution from
surface activities.

Just as ground water is one of our most important natural resources,
agriculture is one of our most important economic bases. The




business of agriculture is our primary economic industry and our
dominant land use within the State. In order to survive in
agriculture, operators must constantly find new more efficient
methods of farming, and this has lead to increased use of
agricultural chemicals to economically maximize production.
Therefore, the facts of shallow ground-water supplies underlying
vast expanses of agricultural lands has lead the public to be very
concerned about potential NPS inputs of agricultural chemicals into
our water supplies

In South Dakota, we have taken a pragmatic approach towards
attempting to investigate these public concerns regarding ground-
water quality, not because of a lack of concern, but rather because

of all the unknowns. Indeed, there have been and still are many
technical problems associated with attempting to address the. NPS
agricultural chemical issues in a scientifically valid manner. For

example, the sampling methodologies, analytical methods, and data
interpretation methods have all been developed only relatively
recently, and, in fact, are still in the age of development. The
cost to perform ground-water studies, especially when pesticide
analyses are involved, are extremely costly, and this too has been a
major hindrance to developing our knowledge. However, we have been
able to perform a number of studies, and valuable information has
been collected which will ultimately lead to effective control and
management methodologies.

The statistics quoted above compare fairly well with the situation
found in South Dakota. The eastern half of our State is a glaciated
region which contains extensive shallow surficial aquifers. After
completing several studies in this region of rural wells that are
used for either household use or stockwatering, it has consistently
been found that approximately 30 percent of these wells do not mect
either bacteria and/or nitrate standards for drinking water.
However, it has been found that the type of well construction has an
influence on the water quality of the sample, with shallow large
diameter wells that are typically not grouted producing poor quality
water most frequently. Based on these findings, and simply our own
observations of the extremely poor locations and construction
practices used for many rural wells, it was initially concluded that
the nitrate problems were related more to poor well location and
construction rather than nonpoint source contributions.

Additional studies were proposed to further define the problem. We
began a long-term, multi-agency project funded under the U.S.
Department of Agriculture Rural Clean Water Program in which the
‘relationship between ground-water quality and different management
practices of using agricultural chemicals on dryland farms could be
studied. A major compcnent of this study is to determine both water
and chemical pathways and transport mechanisms in the vadose zone.
We have also completed more cursory studies designed to indicate the
presence or absence of agricultural chemicals in ground water under
both dryland and heavily irrigated sites.
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To date, the results of these studies have provided some fairly
common results. Nitrates are being detected very frequently in the
ground water stored in shallow surficial aquifers under farmed
areas. However, there is correlation between both the presence and
the concentrations of nitrates versus the sample depth of the
aquifer. In other words, our studies show that the highest
frequency of occurrence and the highest concentrations of nitrates
generally appear in the top ten to twenty feet of saturated
thickness. Conversely, nitrates are seldom found in the lower
portions of the aquifer and, if detected, are at relatively low
concentrations. This stratification phenomena which is being
observed raises many practical and philosophical issues. For
example, if the quality near the water table exceeds the state-
ground-water quality standards, but samples representative of the
deeper portions of the agquifer do not, at what point should it be
decided that the beneficial uses of the ground water are being
adversely impacted?

11 terms of pesticides, our studies in South Dakota have generally
shown less than ten percent of the sample data from any one study
containing any detectable concentrations. Nearly all concentrations
have been less than any known drinking water standard or health
advisory, with few detections ever found in following samples from
the same well. However, we have not seen the stratification of
p-sticides within the saturated thickness such as is the case with
nitrates. Instead, one study actually found pesticide
concentrations most frequently in wells screened greater than ten
feet below the water table. The implications of this finding are
still unclear.

While there are still many unknowns, the data collected thus far has
lead to the conclusion that agricultural chemicals are indeed
reaching the ground water from NPS. In an agriculturally dominated
state such as South Dakota, this conclusion could have major
implications. New legislation mandating continued study and
management of agricultural chemicals was proposed this year and
included in the South Dakota Centennial Environmental Protection Act
of 1989, which was introduced on behalf of Governor Mickelson. A
provision of the Act reads "... the state shall formulate and revise
as necessary state management plans for the use of fertilizers and
pesticides that are based on protecting water quality and preventing
ground water pollution. These management plans will be based on use
practices within the state as a whole or in specific areas within
the state depending on hydrogeological differences, and shall be
used by the state in regulating fertilizers and pesticides pursuant
to (specified existing legislation) in developing future contingency
plans, and in performing public education."

The authors of the Bill certainly realized that not all of the
answers to fully implement these provisions are known at this time.
Therefore, a ground-water research fund was also established, a
portion of which is directed to "identify and assess environmental
and socioeconomic impacts of agricultural practices, develop
alternative practices that support productive and efficient
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agriculture and provide information through education and published
materials to assure agriculture in the state of South Dakota that is .
economically, ecologically and socially maintainable over an

extended period of time and that optimizes long-term profitably,
prevents so0il erosion and groundwater contamination and supports

rural communities."” - As related to agricultural chemicals, this
legislative mandate can be summarized by simply stating that

research must be carried out to refine chemical use practices while
sustaining productive agriculture. ’

Research is critical to successfully managing agricultural chemicals
for the long-term protection of our water resources. While a great
deal has already been learned concerning practices that can be used
to minimize water pollution, such as performing soil testing to
reduce over application, the proper timing of applications, and
proper chemical handling, there are still a great many unanswered
questions and probably many more questions that have yet to be
asked. The subject of impacts of agricultural chemicals on human
health and the quality of water resources is terribly complex.
Simply consider the many different sciences involved in the issue,
such as botany, chemistry, climatology, geology, hydrology,
microbiology, soil science, toxicology, and all the interactions
that must be understood. ‘

The same ground-water quality concerns which we have been
experiencing at the state level have already forced several changes
in Federal legislation and programs. For example, in the 1870’'s and
early 1980’s there was a major effort to implement Best Management .
Practices in agriculture that were designed to abate surface water
pollution, mostly from excessive soil erosion. However, many of
these practices actually may concentrate agriculture chemicals in
localized areas and thus increase the potential for leaching into
the ground water. This led to questions being raised concerning
whether a net environmental benefit was actually being achieved. As
a result, the United States Department of Agriculture refocused
their agency emphasis and developed their Water Quality Action Plan
to incorporate both surface and ground-water quality concerns in
their conservation planning assistance to farmers.

The United States Environmental Protection Agency (EPA) has also
attempted to address the issue, partially as a result of the NPS
provisions of the Clean Water Act Amendments of 1987. A result of
their efforts is the Agricultural Chemicals in Ground Water:
Proposed Pesticide Strategy.

1 believe that the papers to be presented during Session IV of this
workshop are excellent examples of the possible components of a
comprehensive program dealing with agricultural chemicals on: a NPS
basis. The first two abstracts that were reviewed for this session

are titled "Control of Rice Herbicides in California Water Ways" by
Marshall Lee, Associate Environmental Hazard Scientist, California
Department of Food & Agriculture; and "Ground Water Quality

Activities - California Department of Food & Agriculture"” by Steven
Monk, Ground Water Program Coordinator, also from the California .
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Department of Food & Agriculture. Both Mr. Lee and Mr. Monk will be
describing how they have effectively used NPS control methodologies
in a regulatory role. Meanwhile, Dr. Dick Jackson, Manager of
Groundwater Programs for Dupont, will describe solutions that are
economically attractive to the farmer, and solutions that emphasize
education in his paper entitled "Industry’s Perspective on NPS
Ground Water Issues".

In summary, the papers in Session IV will present the scope and
complexity of the NPS agricultural chemical problem. Experiences
will be discussed in implementing solutions to the agricultural
chemical issue that encompass the range of NPS controls; namely,
regulatory controls, financial incentives, and education/
information. For many comprehensive NPS control programs dealing
with agricultural chemicals to be successful, it is likely that a
mix of these various strategies will be required. Thus, while it is
absolutely essential to continue performing research to improve our
knowledge of chemical use alternatives, chemical fate and transport
phenomena, and human health consequences, the papers will also
illustrate that the time for the development and implementation of
positive prevention and control programs has arrived.
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Western States Water Council
Nonpoint Source Control Workshop
Session V

Overview - Nonpoint Source Pollntion from
Agricultural Grazing/Feedlots/Dairies
by Don Ostler, Director
UT Bureauof-Water Pollution Control

Background

Nonpoint soutces of water pollution were recognized by Congress as a major contributor of
pollution to waters of the nation. The 1987 Federal Clean Water Act established provisions,
through Section 319 to control nonpoint sources. Nonpoint source pollution is caused by sources
that are not regulated as point sources and is associated with agricultural, construction, mining,
urban, and sitvicultural activities. Nonpoint source pollution results in the human made or human
induced alteration of the chemical, physical, bioJogical, and radiological integrity of water quality.
Nonpoint source pollution generally results from land runoff, precipitation, atmospheric
deposition, or percolation. Pollution from nonpoint sources occurs when the rate at which pollutant
materials entering waterbodies or ground water exceeds natural levels.

In Utah, water quality data indicate that nonpoint source pollution problems consist primarily of
sediment, nutrients, and salinity, The W&%_r_)lmullmnpoillt sources vary from watershed to
wateshed, however, on a statewide average 70% of the nonpaint source impairments are due to
agricultural activities, 13% by resource extraction, 8% by urban runoff, 5% by construction, 2%
by waste disposal and 2% by hydrologic modification. The largest soutce of nonpoint source
pollution in Utah is natural or background, however it is not practical to expect much control from
these soutrces. -

Program Development

Utah has conducted a variety of activities to contro] pollution from nonpoint sources. These
activities include local zening and building regulations aimed at reducing urban runoff, incentive
programs promoting the voluntary adoption of soil conservation practices, education on the proper
use of pesticides and a wide variety of related programs. In some cases, the direct goal of these
programs was to control NPS pollution. More often, however, the goal was to control soil erosion
or conserve water. The result provided indirect benefits to water quality.

Utali's nonpoint source pollution management program is attempting to consolidate diverse
resources and to coordinate an approach to control nonpoint source (NPS) pollution. This
approach means building a strategy that not only addresses nonpoint source problems, but also
coordinates and complements the activities of other agencies through the best use of available
Tesources.

Resources allocated to NPS efforts have been scarce. However, due to this resource scarcity,
those involved in NPS control have been forced to rely on others to achieve their goals. The
resoutces of soil and water conservation organizations, enforcemnent agencies, land management
agencies and other groups have been used to achieve NPS goals. Often NPS conttol was an
afterthought or small additional bevefit. This background has supplied NPS managers with
valuable knowledge and abilities. They know how other agencies and organizations work and
they know they must work cooperatively to accomplish their difficult task.




Early NPS control efforts in Utah were instigated with working agreements among the Utah
Departments of Health and Agriculture, Jocal associations of government and local soil
‘conservation districts. These agencies forged an alliance through existing authorities and concern
for natural resource protection to combat nonpoint source pollution. While the primary focus was
on agticulture, programs and projects also included urban erosion control, mining, construction .
and hydrologic modification. These agencies also worked with federal and state land management
agencies to control NPS pollution on their lans.

J

The Department of Health has official representation on the Utah Seil Conservation Commission
(SCC). The SCC is the governing policy board for local SCDs and administers the Agriculture
Resource Development Loan (ARDL) program which provides low interest loans to farmers for
soil and water conservation and NPS control projects. The Departiment of Health has provided
funds to the Department of Agriculture to assist in NPS project development and the
implementation of best management practices (BMPs).

At the local leve), Soil Conservation Districts, Areawide Water Quality Management Agencies
and others have worked together to control NPS pollution. These agencies have combined
resources in efforts to encourage the voluntary adoption of BMPs, Most notable of these local
projects is the Snake Creek Rural Clean Water Project (RCWP) which among other
accomplishments provided a model for local cooperation on an NPS project.

Best Management Practices

Best imnanagement practices (BMPs) may be defined as methods, measures or combinatjons of
measures that ase determined by an agency after problem assessment to meet its nonpoint source
(NPS) pollution control needs. They include, but are not limited to, structural and nonstructural
controls, and operation and maintenance procedures.

The diffuse nature of nonpoint sources complicates the issue of control. Apparent solutions are
not necessarily effective and the implementation of a control measure at one point may create «
mote serious problem at another. BMPs must be flexible and suited to the specific location at
which they are to be implemented. Bach site bas different chavacteristics of soil, slope, vegetative
cover, precipitation and other variables that must be considered before control practices may be
prescribed.

It is also not practical to expect 100% control of NPS pollution. The goal is to restore beneficial
uses and achieve a cost-effective control Jevel. In many cases the cost to control NPS pollution
may exceed the benefits of the project. However, a large measure of control may often be gained
at siall cost by not adhering to rigid practices, or by using common-sense solutions. In simpler
terms, the goal is not to implement a set of BMPs across the state, but rather to effect
improvements in water quality. Measures that accomplish this goal in a cost-effective manner
should be emphasized, '

Best management practices cannot be viewed in isolation. They must be seen as a management
strategy, an approach, or a system. Seldom is one practice sufficient to resolve a nonpoint source
problem. A combination of practices is usually required along with a management philosophy of
connmitment to reducing nonpoint pollution. It is rarely sufficient to install a practice and forget
it. BMPs and systems require an ongoing maintenance and management effort that must be
recognized at the onset.




The best management practices are intended for use on state and private lands within priority
watershed areas and in antidegradation segments. These pructices are not intended to supercede
the judgment of public land managers. Public land management agencies will be expected to
continue to operate through the established procedures in the Memoranda of Agreement with the
State Planning Coordinator and the Department of Health.

Many BMPs are alreacly in use by agencies and legal subdivisions of the State of Usah. The
practices of those agencies are generally considered adequate however, they are routinely
evaluated by the Bureau of Water Pollution Control. - :

Local, state and federal agencies have formal BMPs for control of nonpoint soutce pollution.
These agencies also have formal working relationships with the state which provide for periodic
review of BMPs.

BMPs fall into three categories for implementation. Those the state intends 1o encourage, those
which will be assisted through financial cost-share oy loans and those which will be enforced
through regulations. It is not the intent of the state to develop new regulations, however
communities and counties in the state will be encouraged to adopt regulations to control usban
construction and development activities to include road construction. All agriculture and grazing
practices are eligible for cost-sharing through the Agriculture Conservation Program or the
Agriculture Resource Development Loan Program. Technical assistance and education will be
provided to the maximum extent feasible on practices for all nonpoint sources.

The following lists the BMP’s available for NPS control in Utah for grazing management on
rangeland and aniinal waste control. The BMP’s are defined and the purpose or goal is dicussed.
Then the conditions where the practice applies is discussed and then further refinement is detailed
as specific management guides. '

GRAZING MANAGEMENT ON RANGELAND
Definition:

Grazing at an intensity that will maintain enough cover to protect the soil and maintain or improve
the yuantity and quality of desirable vegetation.

Purpose.

To: (1) increase the vigor and reproduction of key plants; (2) accumulate litter and mulch
necessary to reduce erosion and sedimentation and improve water quality; (3) improve or maintain
the condition of vegetation; (4) increase forage production; (5) maintain natural beauty; and (6)
reduce the hazard of wildfire; and (7) improve wildlife habitat.

Conditions Where Practice Applies:
On all rangeland, native pasture and grazed wildlife Jund.
Specification Guide:
Management specification includes but is not limited to:
Livestock Water Development
QGrazing Land Mechanical Treatment
Heavy Use Area Protection

Proper Grazing Use
Fencing and Water Development
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ANIMAL WASTE CON 7 JL
Definition;

Minimizing the transport of nutrients from confined animal feeding operations to surface and '
ground water through vegetative and structural practices.

Purpose:

To prevent surface and subsurface water pollution from animal wastes.
Conditions Where Practices Applies:

On feedlots, dairies, hog farms, poultry fanms and other concentrated animal feedlots.
Specification Guide:

Management specification includes but is not limited to:

Animal Confinement Areas
Animal Confinements Cleaning
Animal Waste Storage

Filter Strips

Manure Disposal

Restricting Stream Access
Stream Embankanent Protection
Pasture and Range Establishment
Controlled Grazing

Waste Management System
Waste Storage Structure

Waste Utilization

The five papers to be presented in Session V of this workshop represent excellent exaniples of
nonpoint source management, monitoring and BMP implementation. Latry Stephenson with the
Arizona Department of Environmental Quality will discuss the regulation of Agricultural NPS
pollution in Arizona and how that program fulfills the goal for protecting water quality in addition
to maintaining on-site flexibility for Arizona’s diverse crops, cropping patterns, soil and irrigation
technologies. Mr. Loren Babls with the Montana Department of Health and Environmental
Sciences will discuss the goals of Montana's NPS pollution monitoring strategy and some
technical problems associated with NPS monitoring program. Al Murrey with the ldaho
Depariment of Health and Welfare will discuss Idaho’s agricultural pollution abatement plan and
how that plan is being expanded to teflect the requirements of Section 319 of the Clean Water
Act. Mr. Jim Piatt of the New Mexico Environmental hnprovement Division will discuss New
Mexico’s nonregulatory NPS pollution control approach to water quality. Michael T. Saver of the
North Dakota State Department of Health will discuss the Spirit Lake restoration project through
utilization of a comprehensive approach to luke management.

References.

State of Utah, Bureau of Water Pollution Control, 1988
Nonpoint Source Assessment Report

State of Utah, Bureau of Water Pollution Control, 1988
305(b) Water Quality Assessment Report

State of Utah, Department of Agriculture, 1988
Nonpoint Source Management Plan
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URBAN RUNOFF
CONSTRUCTION AND
HYDROLOGIC MODIFICATION

by: Carol Jolly
Assistant Director
Water and Shorelands
Department of Ecology
State of Washington

Moderator for Western States Water Council
Nonpoint Source Pollution Control Workshop:
Technical Issues

July 25-28, 1989
Irvine, California



Stormwater runoff is an increasing source of concern to water quality
managers throughout the western states. This is true for heavily
urbanized areas such as San Francisco Bay as well as less populous--but
rapidly growing--regions such as the Dillon Reservoir Watershed in
Northwest Colorado.

When ASIWPCA did their nonpoint source survey a few years ago, they found
that almost all states had some regulations dealing directly or indirectly
with the effects of stormwater discharges; these controls included
construction/land use restrictions, erosion and sediment controls, flood
control plams, urban runoff controls, and permits. Most states do use
some kind of performance standard to regulate activities contributing to
stormwater runoff.

The literature on state regulation of storm runoff in addition to
presenting a picture of regulatory diversity also shows variation in
the extent to which the states take an active role in implementation and
enforcement. Some states maintain central control over their programs
while others rely on local or regional government entities.

We will be hearing tomorrow on urban runoff and construction controls
from representative of five diverse regions. Their approaches to storm-
water management are as varied as their communities: from NPDES permits
to protected stream environment zones, from sedimentation basins to
phosphorus allocations under a bubble concept.

As with most water quality problems, the specifics vary by site. In
exceptionally clean Lake Tahoe, the planning agency is dealing with
increasing algal productivity from nutrients and with sediments from
streams, highways, storm drains, and erosion. San Francisco Bay's
Regional Water Quality Board has identified suspended solids, bacteria,
heavy metals, and petroleum hydrocarbons from residential, commercial,
and industrial sources. Anchorage's Public Works Department focuses its
efforts on protecting the area's salmonid fisheries from urban sediments
and associated trace metals and from oil and grease. In Summit County,
in the heart of Colorado's ski country, the impact of phosphorus con-
tained in urban runoff as well as municipal treatment plants was a
serious concern for a water supply reservoir.

In Washington State, the major developments in the control of stormwater
pollution are happening in the Puget Sound region. Puget Sound has been
designated by EPA as an estuary of national significance; to protect this
valuable water body, the Department of Ecology has substantially increased
its pollution control commitment.

Ecology formed a Stormwater Unit early in 1988 to focus on local and
highway runoff. The six member staff are working on a technical manual,
model ordinances and technical guidance to local government, and on a
regulation requiring the Department of Transportation to manage storm-
water by adopting a Best Management Practices Manual, regulating deicing
chemicals and pesticides preparing biennial reports, preparing a capital
improvement program, requiring target dates for completion of BMPs for
traffic, and requiring certain BMP maintenance practices and monitoring.




Stormwater is also being addressed on a watershed basis through local
nonpoint source pollution plans. Counties, cities, and conservation
districts are developing management frameworks to facilitate nonpoint
source pollution management.

At the local level, the trend toward improved surface water control has
continued. Two dozen cities and counties have already enacted ordinances
establishing surface water utilities; many other cities and counties are
considering formation of utilities or reviewing and revising management
policies, programs, or ordinances.

The goal of these programs is to protect shellfish beds, fish habitat and
other resources, to prevent the discharge of contaminated sediments, and
to achieve water quality standards by reducing (to the maximum extent
practicable) pollutant discharges from stormwater and CSOs.

The strategy for achieving this goal is to develop stormwater programs in
urbanized areas of Puget Sound in a phased program starting with the
largest cities; to require that all cities and counties develop operation
and maintenance programs, adopt ordinances for new development, and
develop stormwater education programs; and to require all cities with
CSOs in the Puget Sound basin to develop and implement plans providing
for the greatest reasonable reduction of CSO events in the shortest
possible time.

Tomorrow you will hear many creative approaches for tackling these
problems. But there are some elements that will emerge from essentially
all the presentations:

- The importance of data about sources and effects.

- The value of flexibility.

- The need in many cases for enforcement tools in targeting solutions
to local circumstances - whether permits or construction approval
requirements; and

- The value of cooperative efforts among local agencies and regional
boards, among private developers, and among state and local
governments.

As Lane Wyatt phrases it so thoughtfully in his paper: '"when all parties
are confronted with a common problem such as avoiding a development
moratorium or protecting drinking water supplies, coordination problems
can be simply addressed . . . Economic and enviromnmental benefits of a
collaborative approach--such as reduced disruption, reduced need for
bond issues and improved water quality - may be enough to drive such
coordination."

Stormwater and construction runoff are recognized as causes of that
"common problem" in more and more communities. Tomorrow we will be
hearing some innovative and effective ideas, based on real-world
experiences, about coordinated solutions.




OVERVIEW OF SILVICULTURE SESSION ISSUES

Richard J. Nichols
Oregon Department of Environmental Quality
July 26, 1989

As will be evidenced by the presentations given at the
Silviculture Session, many states and the U.S. Forest Service
have spent much time and resources developing and implementing
effective nonpoint source pollution programs for silvicultural
activities. The task has not been easy nor noncontroversial.

A state-wide Forest Practices Act has been in effect in Oregon
since the early 1970s. While this has resulted in obvious
reduced impacts on water quality, not everyone is convinced that
water quality is being adequately protected. Unfortunately,
little water quality monitoring has been conducted to verify that
water quality standards are being maintained.

As a result of Section 319 of the Water Quality Act of 1987, the
Oregon Department of Environmental Quality is revising its
approach to reviewing nonpoint source control programs such as
the Oregon Forest Practices Act. In addition to a list of best
management practices, the Department will consider monitoring as
an essential component of a nonpoint source management program.

Where water gquality monitoring indicates that water quality
standards are not being met, the nonpoint source programs would
provide for a mechanism to review and upgrade a best management
practice. The Department views this as an iterative process
concluding in a best management practice that is protective.

Institution of monitoring programs for silviculture and other
nonpoint source activities will create questions that will need
further investigation and resolution:

1. How can effective and efficient monitoring programs be
designed to deal with the intermittent nature of nonpoint source
pollution from silvicultural practices?

2. In Oregon, water quality standards were adopted when the
major, and perhaps single, concern was the control of point
source pollution. Should the water quality standards be reviewed
and modified to better address the potential impacts of nonpoint
source pollution and to assure adequate protection of beneficial
uses?

3. A related question to number 2 above would be: Are
there other pollutant parameters that would better indicate the
impact or lack of impact on beneficial uses from nonpoint source
pollution?

4. What if best management practices necessary to meet

water quality standards are not economically practicable? Does
this preclude further resource development?
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201 South Fall Street
Carson City, Nevada 89710

June 28, 1988

Jim Cornelius

Chief Program Support uUnit

State Water Resources Contrci Board
Divisicon of Loans and Grants

Post Office Box 944212

Sacramento, CA 84244-2120

Dear Jim:

My overview for Sesston Ix of the Western States Water Counchi
Non Point Scurce Workshop 1s attached.

‘ It vou have any questionsg please let me know.

Administrator

LHD/srb:6

1014837




Western States Water Council
. NPS Pollution Control Workshop
Session IX
NPS Control - Resource Extraction and Land Disposal
Overview

The workshop committee has done a commendable job in
bringing together a distinguished panel of resource professionals
to share their expertise and experiences in program development
as well as discuss technical aspects of NPS polilution control of
resource extraction and land disposal activities. Speakers
representing state and federal management and regulatory agencies
will address a variety of topics ranging from state programs and
policies aimed at protecting water quality in Alaska’'s pristine
wilderness areas from the effects of resource exploration and
development to the evatluation of potential groundwater
impalrments from septic tank/seepage pit systems in a rapidly
urbanizing area near Los Angeles.

The topics scheauiled for this session are particultarly
pertinent to western states. The history of development and
sett iement patterns 1n the west are intimately linked to mineral
resource expioration anag extraction. Today, mining of precious
metals, production ot o1l ancg gas and develiopment of gecthermal
resources are vital elements 1n the economies of our states.

. California, for example. !'eads the wcrid in .production of
geothermal energy and leads the nation 1n production of non-
energy minerais. In 19&&, Nevada, the tifth iargest gola

producer in the world, generated over 2.5 miiiion ounces valued
at 1.2 bi1llion dollars.
o ,

Y Much of the minerai resource development i1n the west occurs
0% on public land administered by federal agencies. 1In the states
§ ot Alaska and Nevada, for instance, over 85% of total land area

S ~Tg\aw])ed by the federai government. Because of the significant

portion of federal ownership and multiple use policies for these
lands, it is imperative that state andg federal resource
management agencies establish cooperative working relationships
"n order to develop effective NPS polilution control programs
which are consistent with both state and federal regulations and
management plan goals. Mr. Robert Anderson, Deputy State
Director for Mineral Resources with the U.S. Bureau of Land
Management will present BLM’'s nonpoint source poilution controi
policy and its apptlication toc mineral extraction on public jands.
From a state’s perspective, Mr. Jerry Brossia of Alaska’s
Division of Land and Water Management will discuss Alaska’'s laws,
regulations and water use programs designed to protect in-stream
flows and prevent water quality dearadaticn by logging and
hydrocarben development in Alaska's extensive wilderness areas.
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Proposed and currently active operations are not the only
resource-extraction related NPS poliution concerns. Mr. Jim
Cooper of the Nevada Division of Environmental Protection will
report on the results of studies which i1ndicate that existing
high levels cof mercury in water sediment and aquatic biota of the
Carson River 1in western Nevada can be traced to the Comstock Lode
siiver and gold milling operations during the late 1800’s. Tons
of elemental mercury used to process the ore were lost during
miiling. Elevated levels of mercury are found throughout the
Carson River downstream of the historic miliing sites near Carson
City. Spring runoff is the primary factor controlling transport
of sediment-bound mercury. Lahontan Reservoir, compieted in 1915
tc store Carson River water for irrigation in the Newlands
Project area, 1s now a sink for mercury-iaden sediment. Studies
suggest that mercury was transported past the reservoir lccation
prior to its construction and entered the Carson River wetlands
and Stiiitwater wiialife Management Area. Mercury in fish and
aguatic birds have peen detected at levels of concern.

In an attempt to contrci water pctidticen from resource
extraction activities, the Nevada [Division of Environmental

Frotection develcped and the state revent iy adopted what are
believed to be effective and i1nnovative water pollution controi
reguiations governing mining operations, These regulations allow -

ihe state to classify components of mining operations
traditionally considered nonpcint sources, such as waste-rock
piles, tailling 1mpoundments, and the mined pit, as poiInt SOUrces
thereby empowering the state tc mandate containment levels that
controi-potitution migration to ground and surtace waters. As
opposed tc most regulations which are reciamation—-oriented,
pecoming effective oniy after environmental contamination has
occurred, Nevaga's regulations address the control and prevention
of pollution from mining activities. Furthermore, these
regulations not only prescribe minimum protection standards and
criteria, but also take into account site specific conditions.
we'll documented si1te characteristics can be used to assist 1n
defining levels of concern and establishing design reguirements,
hence providing industry with economic 1ncentives to seek
environmentally less sensitive areas for location of ore-
processing operations. In addition, the Nevada legislature
recently adopted a bill requiring the reclamation of land subject
to certain mining operations and explocration projects. The bil1
gives administration/enforcement authorities and responsibilities
to NDEP. Persons wishing to engage in mining activities on
state, private or federal lands are required to apply for a
permit from the Division. The applicant must submit a detaiied,
comprehensive reclamation-plan for NDEP approval and provide a
bond or surety pricr to initiation of operations. Finally, the
b111 establishes civil penalties for violiations of 1ts
provisions.
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In the west, the demand for use of relatively easily
developed and inexpensive surface water resources by agriculture,
municipal, industrial and private interests far exceeds supply;
placing a hardship, particularly during drought years, on all
involved parties. The alternative, though more costly, is the
development of groundwater resources. States and the federail
government have recognized the need and responsibility to protect
groundwater supplies from NPS pollution. Two papers presented
during this session focus on the protection and contamination of
groundwater from NPS pollution. Mr. Brad Cross, Wellhead
Protection Program Chief with the Texas Water Commission, will
share his experiences in developing an extremely successful
wellhead protection program encompassing over 6,000 public water
suppiies supported by nearly 15,000 water wells. Elements of the
program provide for state assistance and encourage every '
community to take an active role in descignating wellhead
protection areas and maintaining grounawater quality. The Texas
program 1s a exampie of an implementable and cost-effective NF:
polilution management tool.

Mr. ken Carter representing the California Regional Water
Quality Control Board will report on the results of a study
conducted 1n cooperation with U.S.G.5. in response to concern
over potential groundwater contamination from wastewater disposai -
to septic tank/seepage pits 1nh a rapidily deveioping area near Los
Angeltes., The 1nvestigation evaljuates groundwater quality impacts
through the application of neutron-iog mocisture-content profiles,
soil cores, and suction-cup-lysimeter anaivyses 1n determining
vertical! migration rates of wastewater 1n the unsaturated zone
and changes 1n concentrations of fecal coliform and nitrogen in
the wastewater.

In summary, the papers which will be presented highlight
management tocls and current technologies avaiiable to resource
management professionals in controiling the diverse and complex
resource extraction and land disposai-related NPS poliution
problems threatening water gquality in the west.

LHD/wpr
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Dr. Roy Schroder, Research Hydrologist
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United States Department of the Interior A mm—
GEOLOGICAL SURVEY — —

Water Resources Division - -
5735 Kearny Villa Road, Suite O
San Diego, CA 92123
(619) 557-6700

May 10, 1989

James Cornelius, Principle Engineer

Division of Loans and Grants oot
Wastewater Resources Control Board
P.0. Box 944212 WIS IR 2 & GRANTS

Sacramento, CA 94244-2120

Dear Mr. Cornelius:

In respone to your request, I will present a talk titled "Overview of the U.S.

Department of Interior's Irrigation Drainage Studies in the Western States" at

the Western States Water Council meeting in Irivine on July 26-28, 1989.

Enclosed are reprints from two presentations at a recent American Society of

Civil Engineer's symposium that can be reproduced and distributed. Each page
. is numbered with 1light blue pencil on the lower right corner.

Sincerely,

fly A ki

Dr. Roy A. Schroeder
Research Hydrologist

Enclosure

cc: Marc Sylvester
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Reprinted from Proceeding; on
Planning Now for Irrigation & Drainage
IR Div/[ASCE, Lincoln, NE, July 18-21, 1988

Preliminary Results of the Department of the Interior’s
Irrigation Drainage Studies

1 2

Marc A. Sylvester®, Jonathan P. Deason®,
Herman R. Fe]tz3, and Richard A. Engberg4

ABSTRACT

Responding to increasing concern about the quality of irrigation
drainage and its potential effects on human health, fish, and
wildlife, the Department of the Interior, in 1986, began irrigation
drainage studies in nine areas in seven Western States. These studies
were done to determine whether irrigation drainage has caused or has
the potential to cause harmful effects on human health, fish, and
wildlife, or might reduce the suitability of water for beneficial
uses. Results of the seven studies completed in 1987 are presented
and are compared to baselines, standards, criteria, and other
guidelines helpful for assessing the potential of observed constituent
concentrations in water, bottom sediment, and biota to result in
physiological harm to fish, wildlife, or humans. Selenium is the
constituent most commonly found at elevated concentrations in water,
bottom sediment, and biota in the study areas. Yearly variation in
precipitation and streamflow, geologic sources of trace elements, arid
to semi-arid climate, internal drainage basins, irrigation drainage,
and pesticide wusage were the factors that affected concentrations of
constituents in water, bottom sediment, and biota in the study areas.

INTRODUCTION

Responding to increasing concern about the quality of irrigation
drainage and its potential effects on human health, fish, and
wildlife, the Department of the Interior, in 1986, began irrigation
drainage studies in nine areas in seven Western States. These studies
were done to determine whether irrigation drainage has caused or has
the potential to cause harmful effects on human health, fish, and
wildlife or, might reduce the suitability of water for beneficial
uses.

Seven of the studies were completed during 1987 and the remaining two
(Salton Sea area in California and Stillwater Wildlife Management Area
in Nevada) will be completed in 1988. Studies at ten additional areas
were started in 1988. More detailed studies in four of the areas
studied in 1986 and 1987 also were started in 1988. These four

1. Hydrologist, U. S. Geological Survey, Menlo Park, CA

2. Coordinator, Department of the Interior, Irrigation Drainage
Program, Washington, D. C.

3. Hydro]ogist, U. S. Geological Survey, Reston, VA
4. Hydrologist, U. S. Geological Survey, Iowa City, IA
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IRRIGATION AND DRAINAGE PLANNING

studies are being done because results of the 1986-1987 studies in
these areas indicate that irrigation drainage might be causing harmful
ef{ects on human health, fish and wildlife, or beneficial uses of
water. ‘

SUMMARY OF RESULTS

A brief summary of the most significant results from each of the
reconnaissance investigations completed in 1987 is presented below.
The page limitations of this paper preclude anything more than an
overview of the most significant findings. Readers should refer to
the referenced reports to obtain a full discussion of the results of
each 1investigation and to Deason (in press) for a description of the
sampling and analysis protocol.

Lower Colorado River, Arizona and California

The Tower Colorado River study area (Radtke et al., 1988) included the
mainstream Colorado River and adjacent land from Davis Dam, just north
of the Arizona-California border, downstream to Imperial Dam just
north of the Mexican border.

With the exception of one water sample having a cadmium concentration
of 69 ppb, no trace elements were found in concentrations exceeding
State of Arizona maximum allowable 1limits for protected uses of
surface water. In addition, the only organic pesticides detected in
water were the short-lived organophosphorus compounds diazinon,
methylparathion, parathion, and chlorpyrifos. :

Concentrations of barium, molybdenum, vanadium, and zinc in water were
substantially greater at stations directly receiving irrigation
drainage but were not found to be at elevated levels. Selenium
concentrations, conversely, were lower at stations directly receiving
agricultural discharges and did not increase from Davis Dam to
Imperial Dam. Thus, selenium concentrations in water appear to be
derived from sources upstream of Davis Dam and are not enriched by
agricultural activities in the lower Colorado River valley.

Selenium concentrations in bottom sediment at mainstream stations
equaled or exceeded the 95-percent baseline (1.4 ppm dry weight) for
soils in the Western United States (R. C. Severson, U.S. Geological
Survey, written communication, 1987). Selenium concentrations in
bottom sediment at stations directly receiving agricultural discharges
were Tlower than at mainstream stations and did not exceed the 95-
percent baseline for soils in the Western United States. The 1largest
concentrations of selenium in bottom sediment' (up to 7.1 ppm dry
weight) were found "in backwater areas of the mainstream of the
Colorado River. Thus, bottom sediment in the mainstream of the lower
Colorado River appears to be acting as a sink for selenium.
Organochlorine pesticides and other synthetic organic compounds were
detected in bottom sediment in the study area. DDE was found at all
stations and ranged from 0.1 to 7.5 ppb, dry weight.

R TSI Lo AR b

Except for selenium, no inorganic constituents exceeded guidelines for
the protection of fish and wildlife resources. Mean selenium
concentrations in carp ranged from 0.62 to 4.0 ppm wet weight,
generally exceeding the 85-percent national baseline of 9.71 ppm, wet
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IRRIGATION DRAINAGE STUDIES

weight for fish collected in the National Contaminant Biomonitoring

* Program from 1978 to 1981 (Lowe et al., 1985). Selenium
concentrations in fish of 2 ppm, wet weight or greater, can result in
reproductive impairment or lack of recruitment in fishes (Baumann and
May, 1984). Carp having concentrations equal to or greater than 2
ppm, wet weight, were collected from backwater or oxbow lakes that
receive inflow from the main river.

Organic compounds do not appear to present environmental problems for
fish in the 1lower Colorado River. Organochlorine pesticide
concentrations in biota generally were less than 1.0 ppm, wet weight.

Tulare Lake Area, California

The Tulare Lake study (Schroeder et al., 1988) was conducted in the
southern portion of the dry Tulare Lake Bed, which is located at the
southern end of the Central Valley in California. Specific sites
included in the study were the Kern and Pixley National Wildlife
Refuges and the Westfarmers evaporation pond system, which is about
five miles west of the Kern Refuge.

Trace-element concentrations in water, bottom sediment, and biota were
found to be comparatively low at Kern and Pixley National Wildlife
Refuges and high at Westfarmers evaporation ponds. Concentrations of
trace elements at Kern and Pixley National Wildlife Refuges did not
exceed baselines, drinking-water standards, or criteria for protection

‘ of aquatic life. Concentrations of several trace elements did exceed
such gquidelines at Westfarmers evaporation ponds. For example,
concentrations of selenium, the constituent of greatest concern in the
study area, ranged from 110-360 ppb in water from the Westfarmers
evaporation ponds, far exceeding the U. S. Environmental Protection
Agency (1986) criterion of 35 ppb for protection of aquatic life. In
contrast, selenium concentrations in water at Kern and Pixley National
Wildlife Refuges were less than 1 ppb.

Few pesticides were detected in water, bottom sediment, or biota, and
where found, their concentrations were much less than those at which
adverse effects would be apparent.

Low concentrations of trace elements and pesticides at Kern and Pixley
National Wildlife Refuges indicate that these constituents pose little
threat to wildlife  there. Much higher concentrations of trace
elements (particularly selenium) in water, bottom sediment, and biota
at Westfarmers evaporation ponds suggest that health and reproduction
of wildlife there could be threatened. Preliminary results of bird
censuses and nesting and brooding surveys in 1987 indicate that there
are adverse physiological effects on shorebirds nesting at Westfarmers
evaporation ponds.

qaaneinnng

Sun River Project, Montana

The Sun River study area (Knapton et al., 1987) was composed of three
areas in Teton and Cascade counties of west-central Montana: (1) the

. Greenfield-Fort Shaw Irrigation Districts, (2) Freezeout Lake Game
Management Area (including Priest Butte Lake) and (3) Benton Lake
National Wildlife Refuge (NWR). Each of these areas is directly
affected by irrigation practices and return flows.

11-A-3
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Based on a comparison with baselines, criteria, and standards,
concentrations of constituents in water, bottom sediment, amd biota
within the Greenfields-Fort Shaw Irrigation Districts do not indicate
a threat to human health, fish, or wildlife. Both the Freezeout Lake
Game Management Area and the Benton Lake NWR, however were found to
contain elevated levels of several constituents in water, bottom
sediment, and biota.

The highest concentrations of trace elements in water and bottom
sediment were associated with saline seeps, which are common
throughout the Northern Great Plains. For example, concentrations in
water as high as 580 ppb selenium, 660 ppb cadmium, 7,000 ppb nickel,
2500 ppb boron, and 19,000 ppb zinc were detected in saline seeps in
the Benton Lake NWR. These concentrations far exceed Montana
standards or criteria for the protection of human health, aquatic
life, or agricultural crops. However, flow volumes from such seeps
were very small relative to total inflows. The highest selenium
concentration in bottom sediment was 6.7 ppm, which is greater than
the 95-percent baseline of 1.4 ppm for soils in Western United States.

Boron concentrations in sago pondweed from Freezeout Lake and Benton
Lake were at levels (230-990 ppm, dry weight) which might be toxic to
consumer organisms limited to an aquatic vascular plant diet for an
extended period of time (Knapton et al., 1987). Several bird Tlivers
and eggs contained boron concentrations at or approaching levels (6 to
89 ppm and 26 to 31 ppm, dry weight, respectively) found in diet
studies to reduce hatching success and decrease survival of mallard
ducklings (Patuxent Wildlife Research Center, 1987), while other bird
livers and eggs were below such levels.

Selenium was found in the majority of biological samples. The highest
levels of fish were found 1in Priest Butte Lake. Selenium
concentrations (dry weight) in fish (up to 48 ppm in yellow perch and
35 ppm in white sucker), invertebrates (up to 32 ppm in insects), bird
livers (up to 32 ppm in avocets, 28 ppm in coots, and 46 ppm in eared
grebes), and bird eggs (up to 68 ppm in avocet eggs, 7.8 ppm in coot
eggs, and 18.0 ppm in eared grebe eggs) indicate that levels are
present that could have toxic effects on fish (Gillespie and Baumann,
1986 and Goettl and Davies, 1978) and birds (Heinz, et al., 1987).
Other trace elements and pesticides either were not detected or
generally were at low concentrations.

Milk River, Montana

The Milk River study area (Lambing et al., 1987) 1is centered around
the Bowdoin NWR in northeastern Montana, about seven miles east of the
town of Matta.

In general, concentrations of trace elements, radiochemicals, and
pesticides in the refuge lakes were not found to be greatly elevated
compared to upstream  water supplies. Very few exceedances of water
quality guidelines were detected and none were prevalent at any
particular site. High streamflows in the study area in 1986 probably
resulted in lower than normal concentrations of dissolved

constituents.
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In bottom sediment, trace element concentrations were generally
similar to background concentrations found in soils, and pesticides
were not detected. Concentrations of trace elements and pesticides in
biological organisms generally were less than values known to
adversely affect growth or reproduction. Maximum concentrations of
several trace elements were considered elevated, but the occurrences
generally were random among sites. Arsenic was found in all
biological samples analyzed except for bird eggs, walleyes, and
hemipterans,™~and was highest in plants and net plankton. The highest
arsenic concentration measured was 2} ppm dry weight in net plankton.
Boron was found in all organisms sampled but one, and generally was
found 1in higher concentrations_in sago pondweed and filamentous algae
than in other trophic levels sampled. The highest boron concentration
(810 ppm dry weight) was detected in sago pondweed. Mercury was below
detectable levels 1in plants and invertebrates and was found at
relatively - Tow concentrations in bird eggs, bird livers, and fish.
The highest mercury concentration (1.6 ppm dry weight) was in an
avocet egg. Selenium was found in all classes of organisms sampled,
with the highest concentrations (2.6-13 ppm dry weight) occurring in
net plankton.

Laguna Atascosa National Wildlife Refuge, Texas

The Laguna Atascosa study (Wells et al., 1987) was conducted in the
lower Rio Grande Valley, which is located principally in the four

southernmost counties of Texas: Starr, Hidalgo, Cameron, and Willacy.

It includes the Laguna Atascosa NWR along the Gulf of Mexico in
Cameron and Willacy Counties.

Results of sampling in the lower Rio Grande Valley and Laguna Atacosa
NWR indicate that concentrations of dissolved trace elements in water
generally are not elevated. The most significant trace element
appears to be boron, the concentrations of which increase
significantly from west to east. Concentrations of boron ranged from
220 ppb to 5,300 ppb at all sampling locations except for Athel Pond,
a lake in the refuge that receives 1little freshwater inflow, where
concentrations of dissolved boron as high as 11,000 ppb were detected.
No chlorophenoxy herbicides or carbamate insecticides were detected.
Low concentrations were detected of triazine herbicides (less than 0.1
to 1.7 ppb), organophosphorus insecticides (less than 0.01 to 0.75
ppb), and organochlorine insecticides (DDE only, from less than 0.01
to 0.01 ppb). :

Concentrations of trace elements in bottom sediment were less than the
95-percent baselines for soils in the western United States, except
for manganese (maximum concentration exceeded the 95-percent baseline
of 1,500 ppm). The only pesticides detected in bottom sediment were
chlordane, DDT, ODDE, 0ODD, and dieldrin. Concentrations ranged from
0.1 to 34 ppb, dry weight.

Concentrations of trace elements in fish were low. Only maximum
concentrations of arsenic, mercury, selenium, copper, and  zinc
exceeded the 85-percent baselines for fish in the United States (Lowe
et al., 1985). No concentrations were at levels known to be harmful
to fish. The only pesticides detected were toxaphene, DDT, DDE, and
DDD concentrations ranging from less than detection to 9.9 ppm, wet
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weight. Some concentrations exceeded baselines for fish in the United .
States (Schmitt et al., 1985).

Concentrations of trace elements in birds also were low. For example,
the selenium concentration in a composite of five black-necked stilts
was only 0.47 ppm, wet weight. No concentrations were at levels known
to be harmful to birds. Concentrations of DDT, DDD, and DDE in the
black-necked stilt composite were 0.036, 0.053, and 3.3 ppm wet
weight, respectively.

Middle Green River, Utah

The Middle Green River Basin. area consists of about 25,500 square
miles along the mainstream of the Green River and its tributaries
south of Flaming Gorge Reservoir and north of the town of Green River,
Utah. The study (Stephens et al., 1988) focused on the Ouray National
Wildlife Refuge and the Stewart Lake Waterfowl Management Area within
the middle Green River Basin. ' :

Generally, concentrations of all constituents except boron, selenium,
zinc, and gross alpha radiation were less than guideline values in
water, sediment, and biological tissues. Of these, selenium appeared
to be the principal constituent of concern. Concentrations of
selenium entering Stewart Lake from subsurface drain pipes ranged from
14 to 140 ppb. Selenium concentrations in bottom sediment in the
alluvial areas where the drains enter Stewart Lake ranged from 10 to
85 ppm. Liver tissue collected from coots at Stewart Lake contained .
from 4.9 to 26 ppm selenium, dry weight. These concentrations are
similar to those in coots from Kesterson NWR (Ohlendorf et al., 1986)
and indicate that adverse effects on wildlife reproduction and growth
from selenium may be occurring.-

At the Ouray NWR, concentrations of selenium in water ranged from less
than 1 to 93 ppb, with the higher values occurring in the North
Roadside Pond, which receives only irrigation drainage water. Liver
tissue from coots on the North Roadside Pond contained a geometric
mean concentration of 32 ppm selenium, dry weight, whereas 1liver
tissue from coots collected in areas of the refuge that receive water
from the Green River contained less than 5 ppm selenium, dry weight.
gevgral embryonic deformities also were found in the North Roadside
ond.

At a few sites, concentrations of boron -and zinc exceeded Utah
s s T B 1 standards for agriculture and wildlife protection, respectively.
""" T Gross alpha radiation in drain water samples generally exceeded the
Utah standard of 15 picocuries per liter for protection of aquatic
life and domestic water supplies.

Kendrick Project., Wyoming

The Kendrick study area (Peterson et al., 1987) was defined as the
Kendrick Reclamation Project service area, Jjust west of Casper, “

Wyoming. = The study area is bounded on the east by the North Platte
River and Casper Creek, and on the west by the Casper Canal.

Analyses of water, bottom material, and biological samples for trace
elements, pesticides and radiochemicals indicated that the main
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constituent of concern 1is selenium. Concentrations of dissolved
selenium in water ranged from less than 1 ppb to 300 ppb, with a
medium concentration of 7.5 ppb. The higher selenium concentrations
were found in creeks, a drain, a well, and a lake. Concentrations of
dissolved selenium in the North Platte River, which supplies drinking
water for several municipalities, ranged from less than 1 to 4 ppb.

Bottom material samples contained selenium concentrations of 0.9 to 25
ppm, with the highest levels found in the places that contained the
higher concentrations of dissolved selenium in water.

Selenium concentrations in fish and invertebrate samples taken at some
lakes were at levels (greater than 8 ppm, dry weight) that could cause
adverse physiological effects to birds (Heinz et al., 1987 and
Patuxent Wildlife Research Center, 1987). Most bird liver and egg
samples from lakes contained selenium concentrations that could have
toxic effects. For example, selenium concentrations ranged from 51 to
170 ppm (dry weight) in avocet livers from Rasmus Lee Lake and were 43
to 56 ppm (dry weight) in two mallards from Illco Pond.

Other than selenium, the only constituent that might be of concern is
boron. Boron concentrations in rooted aquatic plants were found at
levels (390-630 ppm, dry weight in sago pondweed) that might be toxic
to birds.limited to a diet of aquatic vascular plants for an extended
period of time. '

FACTORS AFFECTING RESULTS

Several factors appear to be involved in determining the concentration
of constituents associated with irrigation drainage that were found in
water, bottom sediment, and biota during the 1986-87 reconnaissance
studies of irrigation drainage areas conducted by the Department of
Interior. _

One of the factors 1is the yearly variation in precipitation and
streamflow. The Milk River, Colorado River, and Green River basins
had greater than normal precipitation prior to or during the studies,
which resulted in greater than normal streamfiows. Generally,
constituent concentrations were not elevated, or were not at levels
known to produce harmful effects on growth or reproduction of
organisms in the Milk River or Lower Colorado River study areas.
However, in the Middle Green River study area, a few trace elements,
principally selenium, occurred at elevated concentrations in water,
bottom sediment, and biota. Deformed coot embryos were found, and
selenium concentrations in biota were at levels that can result in
adverse effects on wildlife reproduction. Larger than normal flows in
the Milk and Colorado Rivers raised refuge water levels and helped
flush accumulated salts from the wetlands. The flushing of Stewart
Lake WMA due to large flows in the Green River since 1982 probably has
diluted concentrations of trace elements in the lake. Thus, greater
than normal precipitation and streamflow decreased constituent
concentrations, but elevated concentrations of trace elements in
water, bottom sediment, and biota still were observed in the Middle
Green River study area.

Geologic sources of trace elements 1is another factor. Kgndrick
Reclamation Project area, Middle Green River basin, and west side of
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the Tulare Lake basin contain geologic formations known to be sources
of trace elements, particularly selenium. In each case, the source
rocks are pervasive, and soils in the area are primarily derived from
such rocks. In the Kendrick Reclamation Project area, soils .are
derived from Cretaceous formations of marine origin, several of which
are known to be seleniferous (Crist, 1974; Rosenfeld and Beath, 1964,
p. 23). Soils in the area are known to be high in selenium (3.7 to 37
ppm, Rosenfeld and Beath 1964, p. 45). Irrigated lands in the Middle
Green River basin are located on soils that overlie the Mancos Shale.
This shale is known to contain high concentrations of selenium (140
ppm at a site in Colorado) (Coleman and Delevaux, 1957, p. 519) and is
the formation in which the Green River flows in much of the study
area. Soils in the western part of the Tulare Lake basin are derived
from Cretaceous and Tertiary marine rocks that contain selenium.
Soils on the west side of the basin are high in selenium (Tidball et
al., 1986). As mentioned previously, Kendrick Reclamation Project
area, Middle Green River, and Westfarmers ponds in the western part of
the Tulare Lake basin have elevated concentrations of trace elements,
principally selenium, in water, bottom sediment, and biota.
C9?§$q§rations are at levels that could result in harmful effects to
wildlife.

Although geologic formations that contain selenium and other trace
elements do occur in the other study areas, elevated selenium
concentrations in bottom sediment occur only in the Lower Colorado
River basin. The source of these elevated concentrations appears to ‘
be upstream of Davis Dam, which 1is outside of the study area.
Elevated selenium concentrations in soils have not been documented in
any of these areas. Except in a few Tlocalized places, selenium
concentrations in water and biota also were not elevated at any of
these other study areas. Thus, geologic sources of trace elements
(particularly selenium) appear to be directly related to elevated
concentrations of these elements in the study areas, especially and
perhaps only, if such sources are pervasive and substantial enough to
have a primary effect on concentrations of trace elements in soils and
bottom sediments.

A third factor is an arid to semi-arid climate where precipitation is
Tow (i. e. less than or equal to 12 inches per year) and evaporation
or evapotranspiration is high (several times precipitation). These
conditions apply to all the study areas except Laguna Atascosa, where
the average annual precipitation is between 22 and 30 inches,
depending on Tlocation in the study area. Evaporation of water in

g streams, ponds, and wetlands in the study areas no doubt increased

.....

salt concentration in water and soil. Nevertheless, evaporation or
evapotranspiration do not appear to be the primary factors controlling
trace-element concentrations in_the study areas, because some areas
had relatively 1low concentrations and others relatively high
concentrations despite similar precipitation and evaporation
conditions.

Another factor is internal drainage basins or sinks. Indeed, the .
greatest trace element and dissolved solids concentrations in the Milk
and Sun River study areas generally were found in terminal drainages
with no outlet (Dry Lake Unit and Benton Lake, respectively). Also,
selenium concentrations in biota were greatest in Westfarmers Ponds
(evaporation ponds with no outlet) in the Tulare Lake study area, and
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. in the shallow ponds and reservoirs with little or no flow through or
surface water release in the Kendrick Reclamation Project area. These
areas had elevated selenium concentrations that could result in
adverse effects on wildlife reproduction and growth. In the Middle
Green River study area, Stewart Lake and ponds and wetlands in the
Ouray NWR are managed water bodies with inlets and outlets; they do

, , not function as internal drainages. Wetlands and ponds along the
Lower Colorado River are not internal drainages either. However, the
only elevated selenium concentrations detected (> 2 ppm, wet weight)
were from backwater or oxbow lakes that receive inflow from the main
river. Despite some nonconforming situations, most of the information
from the reconnaissance studies shows that internal drainages with
terminal ponds and wetlands (especially shallow ones) and backwater or
oxbow lakes (in the case of the Lower Colorado River study) are
related to elevated trace-element and dissolved-solids concentrations.
This is not unexpected, as effects of evaporation and
evapotranspiration would be greatest in such areas under arid or semi-
arid climatic conditions.

The amount and proportional contribution of irrigation drainage to
wetlands, ponds, and refuges in the study areas is another factor.
Irrigated agriculture occurs in all of the study areas. The amount of
irrigation drainage and the proportion it contributes to the water
supply of refuges and wetlands varies considerably among the study
areas.

., In study areas where concentrations of selenium were elevated and at
levels that could adversely affect wildlife reproduction and growth
(Kendrick Reclamation Project, Middle Green River, and Tulare tLake
study areas) extensive irrigation and drainage do occur. The
contribution of irrigation drainage to receiving waters in these areas
ranged from none at Goose Lake in the Kendrick Reclamation Project
area to all at Westfarmers Ponds in the Tulare Lake area. Except for
Goose Lake, the amount of irrigation drainage received by wetlands,
ponds, and reservoirs in the Kendrick Reclamation Project area is not
well documented. North Roadside Pond, where elevated selenium
concentrations in water and biota were noticed at Quray NWR in the
Middle Green River study area, receives irrigation tailwater and
likely some shallow ground water. Except during periods of overflow
from the Green River, the source of water to Stewart Lake primarily is
irrigation drainage from the 1lands within the service area of the
Jensen Unit of the U.S. Bureau of Reclamation’s Central Utah Project.

RIS In other study areas where concentrations of selenium generally were
not elevated (Milk River, Sun River, Laguna Atascosa, and Lower

Colorado River areas), a.consistent pattern 1is not apparent.

Irrigation and drainage generally are not extensive in the Milk and

Sun River study areas, but are in the Lower Colorado and Laguna

Atascosa study areas. Irrigation drainage comprises 15-40 percent of

the water supply to Bowdoin NWR in the Milk River study area. It is a

minor source of water to Freezeout Lake Game Management Area and a

: major source of water to the Benton Lake NWR in the Sun River study

area. Major sources of irrigation drainage contribute water to the

. Laguna Atascosa NWR and wetlands and refuges in the Lower Colorado
River study area, although the proportion it contributes to the total

supply is undetermined. A clear relation cannot be determined between

elevated trace-element concentrations and the amount and proportional
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contribution of irrigation drainage to receiving waters in the study
areas because of the paucity of quantitative information and the
apparent lack of consistent patterns among study areas.

The last factor considered is pesticide application. Little or no
quantitative information on pesticide application was obtained during
the reconnpaissance studies. Thus, no quantitative relations can be
determined between usage and occurrence in water, bottom sediment, or
biota. Nevertheless, some qualitative statements can be made.
Organochlorine pesticides generally were detected only in study areas
where applications have been large (Lower Colorado River and Laguna
Atascosa). DDE was the principal compound detected. Concentrations
were low in water and sediment (< 0.01 ppb and generally less than 10
ppb, dry weight, respectively). Concentrations in biota also were low
(generally less than 1.0 ppm, wet weight). The occurrence of DDE is
indicative of the persistence of this breakdown product of DDT, which
was widely used from the 1940’s to the early 1970’s (when it was
banned in the United States). Other pesticides either were not
detected or their occurrence was localized.

GENERAL OBSERVATIONS AND RELATIONS

Although the evaluation process described above has not yet been
completed, several observations about the nature of irrigation-induced
contamination problems can be made.

First, it appears that selenium is the constituent most commonly found

at elevated concentrations. Although selenium was not detected at .
elevated concentrations in all areas, nor was it found to be the
constituent - of greatest concern in all areas with elevated
concentrations, it clearly was the constituent most frequently
detected at elevated levels.

Another significant observation concerns the variability of
concentrations found within the study areas. Concentrations of
analytes were found to vary widely on a spatial basis in all
environmental media sampled. This observation leads to the conclusion
that, at Tleast in some cases, irrigation-induced contamination
problems are likely to be site specific. Thus, problems can be severe
on a localized basis while having a low level of relative significance
on a regional basis. ,

Other inferences can be made from the results of the reconnaissance

e aRnGE investigations that may enhance our ability to predict where
irrigation-induced contamination problems will occur from planned or
existing irrigation developments. For example, irrigated areas in
internal drainage basins appear to have high concentrations of trace
elements in water, bottom sediment, and biota. The Tulare Lake, Milk
River, Kendrick, and Sun River study areas all contain internal
drainage basins or bodies of water having no surface-water outlets.
In each case, the closed bodies of water contained some of the highest
concentrations of constituents within the study areas.

Other hydrologic and geochemical characteristics also can serve as
indicators of possible problems. The presence of alkaline, ‘
seleniferous soils in- arid or semi-arid environments (low
precipitation with high evaporation rates) is an example.

I1-A-10
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and resource managers alike is the apparent inverse relation between
selenium and arsenic concentrations. The inverse relation appears to
be consistent among study areas and within the various media analyzed
(water, bottom sediment, and biota). This apparent relation is being
investigated further.

II One fairly consistent pattern that should be of interest to scientists

\\\\\\\\
.................
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TRACE ELEMENTS AND PESTICIDES IN SALTON SEA AREA, CALIFORNIA
By Roy A. Schroederl, James G. Setmire2, and John C. Wolfe3

ABSTRACT: Concentrations of numerous potentially toxic trace elements and pesticides
were determined in water, sediment, and biota from the Salton Sea area in southeastern
California. Comparison of results with data from other studies in this area and from
other areas, and with various water-quality standards or criteria, indicate that
selenium probably is the principal contaminant of concern in the Salton Sea basin and
that it probably is related to agricultural practices. Selenium is mobilized in the
subsurface drainwater produced by agricultural irrigation and transported in ditches and
rivers, some of which pass through or near the Salton Sea National Wildlife Refuge
before entering the Salton Sea. Some selenium apparently is incorporated into the food
-chain. In response to the finding of elevated selenium residues in fish from the area
by State agencies, the Imperial County Health Department has issued a health advisory
restricting or prohibiting human consumption of fish from the Salton Sea and drains.

INTRODUCTION

In 1986-87, the U.S. Geological Survey, U.S. Fish and Wildlife
Service, and U.S. Bureau of Reclamation measured concentrations of
numerous potentially toxic trace elements and pesticides in water,
sediment, and biota from the Imperial and Coachella Valleys in the
Salton Sea area of southeastern California (Fig. 1). This
reconnaissance, one of several similar studies in the Western United
States, was conducted in response to documented evidence of selenium
toxicity to wildlife caused by agricultural-irrigation drainwater at
Kesterson NWR (National Wildlife Refuge), in the northern San Joaquin
Valley, and because of the potential for similar problems at other
facilities managed by the Department of the Interior or receiving water
from Interior-funded projects. Of particular concern to this study is
the Salton Sea NWR at the northern end of the Imperial Valley.

The Salton Sea basin is a structural and topographic trough filled
with several thousand meters of mostly alluvial and lacustrine deposits
and some material from weathering of nearby mountains (Loeltz and
others, 1975). The pseudo-marine Salton Sea now occupies almost 1,000
km2 of the basin up to an altitude of -70 m (below sea level) and has a
maximum depth of about 15 m. The present Salton Sea was formed when a

_ temporary diversion of the Colorado River failed on October 11, 1905,
MASEER SR causing the entire discharge of the Colorado River to flow into the
Imperial Valley. .

The Federal Government placed all low-lying lands in a public
reserve by Executive Orders issued in 1924 and 1928. In 1930, the
Salton Sea NWR was established for the preservation of wintering
habitat for waterfowl and other migratory bird species. ' The refuge
includes about 140 km2, most of which is currently submerged beneath
the Salton Sea. About 20 km2 is contained in two units, about 15 km .
apart, at the southeastern tip of the Salton Sea (Fig. 1). The New
River enters the Salton Sea near the southern unit and the Alamo River

lResearch Hydr., U.S. Geol. Survey, 5201 Ruffin Rd., San Diego, CA 92123.

2Hydr., U.S. Geol. Survey, 5201 Ruffin Rd., San Diego, CA 92123,

3Environ. Contam. Spec., U.S. Fish & Wildlife Service, 500 N.E. Multnomah St.,
Portland, OR 97232,
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. enters it at the northern unit. The combined flow of the New and Alamo
Rivers is the major source of water replenishment to the Salton Sea.

About half the total discharge of the New River originates in Mexico,

where it acquires industrial and municipal wastes from the city of

Mexicali (Setmire, 1979, 1984) in addition to agricultural chemicals

from the Mexicali Valley, which is contiguous with the Imperial Valley.

Virtually all the water in the Alamo River is derived from recharge or
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runoff in the Imperial Valley, and it contains residues of pesticides
and fertilizers from agricultural sources in the valley (Irwin, 1971;
and Eccles, 1979).

Irrigated agriculture has been extensive in the Imperial Valley
since early in the 20th century. Since 1942, irrigation water has been
supplied entirely by the All-American Canal, which diverts Colorado
River water at the Imperial Dam (Fig. 1). The first underground tile
drains were installed in 1929, and drains now form an extensive network
that carries subsurface irrigation drainwater to collector sumps from
which it is pumped into ditches that convey it to the New and Alamo
Rivers or directly to the Salton Sea. The quality of this drainwater,
and especially its selenium content, was an important focus of this
reconnaissance. Documented evidence (for example, White and others,
1987) of high selenium concentrations in fish inhabiting the Salton Sea
and area drains has caused the Imperial County Department of Health to
issue an advisory restricting the quantity of fish consumed by humans
and prohibiting consumption by children and pregnant or nursing
mothers. :

RESULTS -AND DISCUSSION

Chemical constituents analyzed for this reconnaissance include major

~ ions, macronutrients, trace elements, common radiochemicals, purgeable

(volatile) organic compounds, organochlorine compounds, carbamate and
organophosphorus insecticides, and chlorophenoxy-acid and triazine
herbicides. Selected data are summarized and compared to results
obtained from other areas in Tables 1 and 2. Water samples from 12
sites, including 8 drainwater sumps, and sediment samples from 17 sites
were analyzed. Location of sampling sites, not shown on Fig. 1 because
of scale limitations, can be obtained from the authors. The sampled
drainwater sumps are scattered throughout the Imperial Valley.

Comparison of trace-element concentrations in-sediment from the
Salton Sea area with concentrations at other areas (Table 1) indicates
that median concentrations in the Salton Sea area are not unusually
high, although some high values exist at individual sites. Highest
concentrations for most of the trace elements listed in Table 1 were
measured in sediment from the Whitewater River in the Coachella Valley.
Notable exceptions are arsenic, for which the highest concentration of
11 ug/g was measured in the New River, and selenium, measured at 3.3
ug/g (Fig. 2) in a composite sample of surface sediment from several
locations beneath the Salton Sea.

The highest trace-element concentrations found in water (Table 2)
occurred in drainwater samples for most elements--usually from a
different sump for each element. Exceptions are arsenic and boron, for
which highest concentrations measured were in the Salton Sea. Although
trace-element concentrations were somewhat high in drainwater from the
Salton Sea area, they are approximately the same as concentrations in
samples from farm drain sumps and shallow ground water in the western
San Joaquin Valley area, and they are much lower than concentrations in
impounded drainwater from the western San Joaquin Valley. (See
selected comparisons in Table 2.)

Selenium is the only trace element for which concentrations in
drainwater frequently exceeded criteria established for protection of
aquatic life (Fig. 2 and Table 2). 3elenium criteria recently were
revised from 35 ug/L to 5 wug/L for freshwater and 71 ug/L for

A
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. saltwater, on the basis of four-day average acid-soluble concentrations

(U.S. Environmental Protection Agency, 1988). The median selenium
concentration for the eight drainwater sumps sampled in this
reconnaissance was 26 ug/L and the maximum was 300 ung/L; these
concentrations are about the same as the median of 25 ug/L and maximum’
of 267 wg/L found in 119 drainwater samples recently collected
throughout the Imperial and Coachella Valleys (P. Gruenberg, California
Regional Water Quality Control Board, written commun., 1987).

! ! ¢ MmN Ty,
EPAN X P
o. Y ¢4 .
~ DINEEERRIRERNY ey, 4 :
B NSO 60N <
e 5 \\\\\\\\\\ 48042, @
o D AN ”/,0‘9;:’041 ""e,' .g
DA AN A S =
SN ONXY NS N K
o MM “.26.5 ¢ I~
2 MAMIMT TN LN S
DN F o, 4 ,f —
o M-S v, 3
o o N4, .
2 MMMV b,:"olol./.{/ °
> 2 MRS TR 0, -
4 oo XY, %0 716" =
. 2 S \\ ""9: *E oo g
N // "o_‘ 7 ©, o=
& i o o, 3
l l lo v. 90 4‘/ 5" w
- o , 4, P o"’e’ <
L3 "M o~N '&O 4‘, /',9 g
WVHO H3d SWWYOOUDIW NI ‘NOLLVHINIONOD WNINTT3S %/:ﬁ‘:, s
“, 5
<
=
-
Cn
| =4
2
4
<
5
ey
=
[}
O
f =
o . S
o o
SOOI ” -ﬂo% §
=
Q
@
(%]
]
N
%}
@ o
w
<
ES 75,79, & of/o
‘ I | | | I l | 7%, %3
' o o o o o o o o X U
n [=] 4] (=) t.l_‘n 9 L ¢] d’
" [ o~ o~ % o
HALIT ¥3d SWYHOOHDIW NI ‘NOLLVEINIONOD WNINTT3S W

I11-A-17




IRRIGATION AND DRAINAGE PLANNING

TABLE 1. Comparison of selected trace-element and organochlorine concentrations in 17 .
samples from bottom material from the Salton Sea study area with concentrations in
samples from other areas

[Elements from Severson and others (1987) in ug/g and organochlorines in ug/kg on
dry-weight of silt plus clay. Geometric-mean concentrations in B-horizon soils of the
Western United States are from Shacklette and Boerngen (1984), world-average shale
.concentrations are from Rose and others (1979), and silt-plus-clay size concentrations
in Tulare Lake Bed area are from Schroeder and others (1988) and are arithmetic means
for trace elements and h\ghest value measured for organochlormes. NWR, National
Wildlife Refuge; <, less than; =, approximate; --, no data]

Salton Sea area Western World-average Tulare Lake Bed area
Constituent Median Range U.S. soils shale Westfarmers Kern NWR
As 5.6 2.4-1 5.5 12 7.1 8.8
Ba 550 480-780 580 550 . 480 ' 610
B 2.4 0.8-19 23 100 160 4.4
Cd - <2 <2 -- .3 <2 <2
Cr 58 50-210 41 .90 12C 59
Cu 28 21-64 21 42 39 26
Pb 21 , 17-52 17 25 12 16
Hg .03 0.02-0.11 046 0.02-0.4 £,02 .04
Mo <2 <2-4 - 2.6 14 <2
Ni 25 1 22-170 15 68 72 30
Se .7 0.1-3.3 .23 .6 - 7.2 g,1
Ag <2 <2 -- .19 <2 <2
Th 10.5 9.0-56 9.1 12 8.4 16
U 4.9 3.5-15 2.5 3.7 6.6 5.3
" 77 63-140 70 130 110 92
In 78 67-530 55 100 107 88
DDE 18 0.6-64 .- -- .6 8.5
DDOD 3,5 <0.1-24 -- -- .2 2.0
Dieldrin .3 <0,1-2,2 - -- .1 1.1
Chlordane <1 <1-20 .- -- <1 <1
PCB <1 <1-24 - C e- <1 <1

An unknown mechanism apparently is removing selenium as it moves
from the drains to the Salton Sea because its concentration is reduced
to about 10 ug/L in the Alamo River, 5 ug/L in the New River, and 1
ug/L in ‘the Salton Sea. The observation that highest selenium
concentrations in sediment samples collected for this reconnaissance
occur in the Salton Sea suggests that incorporation in anaerobic
sediments may be an important sink for selenium. This hypothesis
receives further support from the recent finding that selenium 1in
waters of the Salton Sea exists predominantly in reduced oxidation
states, even in oxic surface waters (Cooke and Bruland, 1987).

Low to moderate concentrations of pesticides in water and sediment
from the Salton Sea area (Table 1), similar to levels reported at the
cese same locations 10 years earlier by Eccles (1979), were detected. The

""" highest concentrations found generally occurred in bottom material from
the New River at the international boundary. DDE was the organo-
chlorine detected most frequently and at highest concentration in both
bottom-material (Table 1) and biological samples. DDE concentrations
on wet-weight basis ranged from 0.13 to 0.35 ug/g in freshwater clams
(corbicula fluminea), 0.11 to 0.61 pg/g in mosquitofish {Gambusia), and
0.17 to 4.8 ug/g in muscle tissue from waterbirds (coots, stilts, and
shoveler ducks) taken on or near the Salton Sea NWR. The DDE residues
~found in mosquitofish are close to the mean value of 0.20 ug/g for fish
collected during the 1980-81 nationwide NCBP (National .Contaminant .
Biomonitoring Program) survey (Schmitt and others, 1985). The DDE
residues in waterbirds from the Salton Sea area are much lower than
levels documented to cause adverse reproductive effects during
laboratory studies on birds (Longcore and others, 1971).
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: TABLE 2, Comparison of selected aqueous trace-element concentrations in 12 samples from
the Salton Sea study area with concentrations in other areas and with criteria or
standards

[A11 concentrations in ug/L. World-average freshwater concentrations are from Rose and
others {1979), shallow ground-water plus farm-drain-sump concentrations from San Luis
Unit in western San Joaquin Valley are from Deverel and others (1984), concentrations
from Westfarmers ponds in Tulare Lake Bed area are from Schroeder and others (1988),
and criteria or standards for protection of freshwater aquatic life from acute effects
are from U.S. Environmental Protection Agency (1986b) except as indicated in
footnotes. <, less than; --, no data]

Salton Sea area World average San Luis Unit Westfarmers Criteria or

Element Median Range freshwater Median Range standards
As 2 1-9 2 2 2-5 360
Ba 100 <100-300 20 -- 100-300 11,000
B 1,800 680-11,000 10 3,100 86,000-140,000 2750

Cd 1 ,  <1-2 .03 <1 <1-1 3.9
Cr <1 <1-5 1 10 30-50 16
Cu 5 1-11 3 2 70-140 18
Fe 50 30-160 100 50 150-330 31,000
Pb <5 <5 3 <1 <5 82
Mn 50 <10-2,900 15 30 30-90 41,500

Hg <.1 <0.1-0.3 .07 <.1 <0.1 2.4
Mo 24 4-58 1.5 17 1,300-1,700 --
Ni 3 <1-11 1.5 .- 5-10 1,400
Se 19 1-300 .4 6 110-360 335

Ag <1 <1-28 .3 -- <1<1 4.1
U 27 9-55 .5 -- 250-360 5500
% 26 15-500 2 14 150-300 -~
in 30 20-70 20 1 70-90 120

IMaximum allowable tevel for protection of drinking water (U.S. Environmental

Protection Agency, 1986a).
2Maximum allowable level for protection of boron-sensitive agricultural crops.
. 3Maximum allowable level for protection of freshwater aquatic life from chronic
effects.
“Minimum value for aquatic biota (McKee and Wolf, 1971).
SMaximum allowable level for protection of saltwater fish and wildlife (Environment
Canada, 1979).

During the 1975-76 winter period, Koranda and others (1979) measured
increasing residues of bromine (also selenium) in wintering waterfowl
at the Imperial Wildlife Management Area‘'s Wister Unit about 10 km
north of the northern unit of the Salton Sea NWR. They attributed the
accumulation of this nonessential element to use of brominated
pesticides. Volatile nematicides, such as DBCP (dibromochloropropane)
and EDB (ethylene dibromide), were used extensively at the time in
California. Although DBCP was banned in 1979 and EDB was banned in
1983, evidence exists that compounds such as EDB can persist in soil
for many years (Steinberg and others, 1987). This reconnaissance did

aEeeLGner not detect (<0.2 ug/L) any volatile organ1c compounds in the eight
drainwater samples.

Partial analyses obtained to the present of trace-element concen-
trations in biological samples collected from on or near the Salton Sea
NWR are summarized in Table 3. Comparison with 85th-percentile values
for fish from the 1980-81 NCBP survey indicate that selenium is
elevated in mosquitofish from drains on or near the refuge. Selenium
concentrations also were found to be high in waterbird livers, although
concentrations are less than those from two areas of the western San
Joaquin Valley where high values have been reported (Table 3). It is

. noted that Table 3 should be used only as a very general indication of
comparative contaminant levels, because data from each area are for
different species of waterbirls.
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IRRIGATION AND DRAINAGE PLANNING.

TABLE 3. Comparison of selected trace-element concentrations in fish and waterbirds from .
on or near the Salton Sea NWR (National Wildlife Refuge) with concentrations in other

areas

[A11 concentrations in ug/g on dry-weight basis. NCBP (National Contaminant
Biomonitoring Program) BSth-percentile values for fish are from the 1980-81 nationwide
survey (Schmitt and others, 1985) and assume an average water content of 75 percent
(Schroeder and others, 1988)}. Residues in waterbird livers at Kesterson NWR are from
Ohlendorf and others (1986) and Ohlendorf (in press) and at Westfarmers ponds in
Tulare Lake Bed area are from Schroeder and others (1988). ND, not detected; --, no

datal
Fish Waterbirds
Element Salton Sea NCBP Salton Sea Kesterson Westfarmers
As ND-2.6 0.88 ND-1.0 - <0.2
Cd ND -- ND-3.4 . 0.12-.96 3.7-38
Cr ND-0.77 - ND-3.4 - <0.4
Cu © ND-10 3.6 7.5-150 ’ .- 18-78
Hg ND 0.72 0.14-49 0.35-10 1.3-4.6
Ni ND-3.4 -~ ND-2.4 - 0.371-4.3
Se 3.5-17 2.8 7.0-27 25-37 26-120
in 8.7-120 160 41-220 55-170 120-180
CONCLUSIONS

"Evidence obtained during this reconnaissance, and from other
studies, indicates that selenium occurs at elevated concentrations in
the Salton Sea area and that subsurface irrigation drainwater from the
Imperial Valley is the principal source of selenium delivered to the
Salton Sea and the Salton Sea NWR. Additional studies will be needed .
to assess the threat from selenium and ‘to follow its incorporation
through the food chain at the Salton Sea NWR.
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Treatment and Disposal Optionsl

by Edwin W. Lee*, M. ASCE

Abstract: Treatment and disposal of agricultural
subsurface drainage water present unique technical
challenges. The traditional cause for concern from
irrigated agriculture drainage was salinity, but recent
emphasis has shifted to environmental impacts of residual
pesticides, herbicides, fungicides, fertilizers, and
toxic trace elements. Viable treatment and disposal
alternatives which can meet stringent environmental
regulations and at affordable cost to the agricultural
economy present formidable problems. Treatment options
include the use of anaerobic bacteria, microcalgal-
bacteria, physical-chemical methods, and in-situ
processes. Disposal alternatives include discharge to
surface waters and evaporation ponds, deep-well injection
and reclamation for reuse. Irrigation on salt-tolerant
crops and power plant cooling are potential reuses.
Brine recovery for solar gradient ponds and salt recovery
are also possibilities for reclamation.

INTRODUCTION

The treatment and disposal of agricultural subsurface
drainage water presents unique technical challenges. A
review of the technical literature reveals only limited
experiences in the management of large volumes of
subsurface drainage from irrigated agricultural lands.
The challenge is made more difficult by the complex
chemical characteristics of most drainage water.
Drainage usually contains a heavy salt load, which has
been the traditional cause for concern for agricultural
irrigation. However, recently emphasis has shifted to

1) Presented at ASCE National Water Conference and
Symposium, Newark, Delaware, July 18-20, 1989.

*Supervising Environmental Engineer, U.S. Bureau of
Reclamation, Sacramento, CA 95825




residual pesticides, herbicides, fungicides, fertilizers,
and toxic trace elements. This recent focus has been
mainly a public health and environmental concern. While
salt emission and residuals from agricultural crop
chemicals can be controlled to some degree by field
management practices and conventional treatment
processes, the control of toxic trace elements in
drainage requires the development of innovative treatment
and disposal technologies.

TREATMENT OPTIONS

Technology Available

Current technical literature indicates that numerous
wastewater treatment technology processes may be
applicable for agricultural drainage water.
Jenkins (1987) and Lee (1988) completed literature
reviews of conventional wastewater treatment technology
for application to subsurface drainage water of the San
Joaquin Valley in California.

Although many processes have potentials for treatment
of drainage, only a relatively few have been selected for
study or development. While desalination technology is
the most advanced and has been applied in practice around
the world, many other processes have been screened from
further consideration for trace element reduction because
of reported low capability for removal or high costs.
The complex chemical characteristics of most agricultural
drainage water do not lend to easy application of
conventional treatment technology.

The California State Water Resources Control
Board (1987) prepared a plan for regulating agricultural
drainage in the San Joaguin Valley. The priority water-
quality objectives have been determine as follows:

Selenium 5 ppb
Electroconductivity 1.0 mmhos
Boron ~700 ppb
Molybdenum 10 ppb

Lee (1988) completed a technical review of studies on
treatment technologies for application to drainage water
in the San Joaquin Valley. 1In the following paragraphs,
the state-of-the-art on selected treatment methods are
discussed. This overview can provide guidance for
application to other areas with similar problems.

Lee
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Desalination

Of the many desalting processes, reverse osmosis (RO)
is considered to have the most promise for agricultural
drainage. This technology has been well advanced
(Culp/Wesner/Culp, 1979; PRC Toups, 1982) and has had
world wide application. The technology uses a
semipermeable membrane to separate water from dissolved
salts and suspended materials. Pressure is applied to
the saline feedwater and water is forced through the
membrane, leaving the salts behind in a brine stream.

A RO technology assessment for drainage water by CH2M
Hill (1986), was completed to evaluate the process with
off-the-shelf technology. The CH2M Hill study was a
conceptual-level study for a 10 MGD reverse osmosis
desalting plant to treat water from the San Luis Drain
which collects agricultural subsurface drainage from
about 40,000 acres in the San Joaquin Valley. Other
experiences with desalting drainage water have been
reported by the U.S. Bureau of Reclamation Desalting Test
Facility at Yuma, Arizona (1985) and the California
Department of Water Resources at Los Banos, California
(DWR, 1986.)

The RO process studied by CH2M Hill, would have a
TDS concentration of 550 to 650 mg/L in the product
water, while the brine would have a TDS concentration of
55,000 to 67,000 mg/L. Selenium concentration would be
about 10 to 20 ug/L, while other trace metal levels were
expected to be reduced to very low levels. Boron would
be only partially removed; 7 to 8 mg/L would remain in
the product water. However, desalting of drainage water
will be expensive. CH2M Hill estimated in its study that
treatment alone would cost $1,090/AF of drainage water
from the San Joaquin Valley. This does not include brine
disposal costs.

Trace Element Treatment

While the reverse osmosis process can remove dissolved
solids and trace elements, it is costly. Alternative and
less costly methods are being developed to meet the needs
of agricultural developments. These processes fall into
three main categories of: (1) Biological, (2) chemical,
and (3) physical methods. The more promising of these
processes and the present state-of-the-art are:

Biological Processes

California. The process consists of biological reactors
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for bacteria-mediated reduction, microfilter for removing
of fine solids, and ion exchangers for polishing of the
effluent stream. A carbon source is injected into
drainage water entering the biological reactors and
provides the energy for the bacteria-cellular buildup to
drive the process. Methanol is the usual feed to the
reactors but other carbon sources can also be used. The
reaction time in the biological reactors is less than
1 hour.

Biological reactors (EPOC, 1987 and Binnie,
California, 1988) can reduce selenium from a drainage
inflow containing about 330-550 ug/L to about 16-50 ug/L
and after microfiltration to 10-40 ug/L. After polishing
in the ion exchange resin or soil column, the selenium in
the processed water can be reduced to less than 10 ug/L.
In the ion exchange process, boron was also reduced fron
about 10 mg/L to less than 1 mg/L. It is estimated that
treatment costs would range from $224 per acre-foot for a
1 MGD plant down to $145 to $163 per acre-foot for a
10 MGD plant. These include capital, maintenance, and
operation costs but not drainage collection or disposal
costs.

development for the reduction of selenium in agricultural
drainage in the San Joaquin Valley of California. 1In
this process, (Oswald 1985, 1987, 1988a, 1988b)
microalgae and bacteria are cultured in open ponds under
high rate growth conditions and harvested by a low cost
bioflocculation process for fermentation in digestors for
methane generation. The digested algal material 1is
recovered and used to reduce the oxidation state of
selenium contained in drainage water. 1In a reactor,
selenium in drainage water is reduced by the digested
algal material to an insoluble state and then is
separated from the water column. Methane gas is used to
power the plant operation and combustion gases are fed
back as a supplemental carbon source to the high rate
algal pond. The effluent from the reactor is clarified
in a dissolved air flotation chamber and then discharged.

In laboratory experiments the digested algal material
reduced soluble selenium concentration in drainage water
from 367 ug/L to 20 ug/L, about 95 percent removal. Part
of the remaining selenium may be colloidal and some can
be removed by a solids separation system to achieve
higher removal rates.

Preliminary studies indicate that treatment costs by
the microalgal bacterial process would range from
$102/acre-ft in a 10 MGD plant to $68/acre-ft in a
100 MGD plant. These include capital, maintenance, and
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operation costs, but not drainage collection and disposal
costs of effluent and residuals.

Chenmical Treatment

Selenium in the selenate form can be reduced to
elemental selenium and removed from the agqueous phase
with ferrous hydroxide (Murphy, 1988 and Moody, 1988).

In preliminary laboratory tests, ferrous hydroxide was
able to reduce and precipitate selenium by 99 percent
within 30 minutes of contact time. However, field tests
indicated that the reaction is slower but reduction down
to 1 ug/L still could be achieved with a longer contact
time. The process is pH dependent, but dissolved oxygen
and nitrates appear to exert an inhibiting factor on the
reaction rate. Progress reports (USBR, 1987 and 1988)
provided data and information on development of the
process. Preliminary estimates for treatment is about
$70/acre-ft for a 50 MGD plant but can rise to over $150,
if nitrates and oxygen in the drainage are excessively
high. These include capital, maintenance, and
operational costs but not collection and disposal costs.

Physical Treatment

The physical treatment of wastewater involves
adsorption of ions on natural and synthetic surface
active materials, including ion exchange resins. While
many natural materials and synthetic substances exhibit
ion adsorptive potentials, the capability to adsorb
specific trace elements narrows the range of materials to
highly selective ones.

Iron filings was used as an adsorption material for
heavy metals in a minipilot plant at the Panoche Drainage
District near Firebaugh, California in 1985 using a
process patented by Mayenkar (1986). It was claimed that
the surface of the iron filings could be activated by
oxygenation and that selenium was adsorbed on the
activated surface (Harza, 1986).

A major problem encountered in the columns used in the
studies was the cementation of the iron filings. The
cause for the clogging of the columns was not explained
but possibly could be due to precipitation, coagulation,
or occlusion of drainwater constituents in the iron
filing beds. This can have effect on the bed life and,
hence operating costs. Preliminary studies indicated
that a wide range of costs ($70 to $285/acre-foot) can be
expected, depending on bed life and removal expectancies.
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In-situ Biological Process

In-situ biological process involves selenium volatil-
ization by microbial action (Frankenberger, 1988a). The
natural process of volatilization can be significantly
accelerated by microbial methylation of selenium.

Studies provide support to the potential application
of the process for the detoxification of seleniferous
soils, sediments, and water. In the laboratory, it was
shown that fungi could take up selenium salts and
biologically convert them into methylated species,
primarily dimethylselenide. Methylated gas forms are
naturally volatilized into the atmosphere and dispersed.

The process is biologically stimulated by carbon
sources, moisture, aeration, and activators. Zinc,
nickel, and cobalt appear to be good activators, but high
nitrogen applications inhibit the reaction. Adequate
aeration and moisture are needed to sustain the obligate
aerobic fungi. Studies in soil system with isolates of
selenium methylating fungi, including Acremonium

tuberclatum showed enhanced evolution.

Field studies were initiated in 1987 on soils at
Kesterson Reservoir in the San Joaquin Valley, which has
been contaminated. Field level selenium volatilization
was made with a dome capture device. The highest rate of
emission was recorded during the summer, at more than
800 ug/mz/hour (Frankenberger, 1988Db). Citrus pulp
enhanced volatilization to the best level, compared to
other organic sources. Temperature and moisture levels
greatly influenced the process and emission rate.
Estimates indicate that it will take more than 2 years to
detoxify the selenium contamination in Kesterson
Reservoir to an acceptable level by this process.

The microbial methylation of selenium from water has
been reported by Frankenberger (1988c). Studies in the
laboratory and field indicate that selenium can be
volatilized from open water and thus can be a method to
detoxify contaminated ponds.

DISPOSAL, RECLAMATION, AND REUSE OPTIONS

Technical Options

The treatment of drainage water for dissolved solids
removal and reduction of trace elements still leave a
problem with residuals composed of brines and salts.
Disposal, reclamation, and reuse are options to be
considered. A review of these options was completed by
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Nishimura (1988) for the drainage problems in the San
Joaquin Valley of California and can provide an overview
for application to other areas with similar needs.

Disposal

There are three general methods for the disposal of
drainage water: (1) Discharge to surface waters,
(2) evaporation in ponds, and (3) deep-well injections.

Discharge to surface waters. This is the most widely
used practice today for the disposal of drainage water.
Potential receiving waters can be oceans, bays, deltas,
rivers, and streams. Water quality standards may exist
for all receiving waters for the protection of beneficial
uses. These will determine the engineering design, the
dilution factors, and the installation of conveyance and
disposal facilities for the specific location. Special
consideration must be given to the protection of the
aquatic environment and to evaluate impacts.

Evaporation ponds. The disposal of drainage water to
evaporation ponds has been a practice where physical
factors preclude discharge to surface waters or
regulatory agencies foreclose other options. However,
evaporation ponds pose a risk to ground water supplies
and the environment.

In California, like many other locations, wastes in
ponds are classified according to toxic constituents.
For example, any waste exceeding predetermined toxic
limits can be classified as hazardous. Under these
conditions, special construction is required for
containment, including double linings, leachate
collection and removal systems and precipitation and
drainage control facilities. 1In addition, a monitoring
plan for toxic ponds must be implemented with the
approval of regulatory agencies.

The ecological impacts of evaporation ponds are
equally important and may determine design, construction,
and operation. Fish and wildlife experts are concerned
that evaporation ponds can create hazardous habitats.
Selenium in impounded water can bioaccumulate in the
agquatic food chain by more than 2000 times and,
therefore, can threaten any fish and wildlife inhabiting
these ponds (USFWS, 1987).

Drainage water may be treated to remove toxic
constituents before discharging into evaporation ponds
but this can be costly. Moreover, the increasing
concentration of toxic substances during evaporation
stages may nullify any treatment benefits. An

11-B-7 Lee




alternative to treatment may involve special construction
and operational requirements, which can incur extra
costs. For example, in California, the construction cost
estimate for toxic ponds can exceed $200,000 per acre as
compared to an ordinary evaporation pond for about
$20,000 per acre. The monitoring of ponds can incur
added annual costs.

In evaluating evaporation ponds for the management of
drainage water, consideration must be given to land
requirements, siting, and eventually disposal of
accumulated salts. The land requirement for evaporation
pond is largely determined by local climatical factors
and geology. Ponds must be designed for the specific
site under evaluation.

Brown and Caldwell (1987) reported that the U.S. Soil
Conservation Service (SCS) estimates for a sequential
four-cell pond design in the semiarid San Joaquin Valley,
California that 0.265 acre of pond surface would be
required to contain each acre-foot of drainage water
produced per year. Allowing for an additional 20 percent
of land area for levees, buffer zones etc., SCS estimates
about 0.32 acre of land is required per acre foot of
drainage water to be disposed.

Deep-Well Injection

The technology of deep-well injection has been used in
the o0il industry to enhance production and to dispose of
waste brine. There is potential for the application of
this technology for the disposal of agricultural drainage
(URS, 1986).

Institutional constraints such as the Underground
Injection Control (UIC) Program of the U.S. Environmental
Protection Agency can rigidly control deep-well injection
systems. Injection of hazardous wastes has in recent
years been receiving considerable attention of Federal,
State, and local regulators because of failures of some
injection efforts. Also, the public may perceive that
underground aquifers do not allow adequate control for
the disposal of hazardous materials.

If waters to be injected are deemed hazardous under
Federal and State definitions, several provisions of the
U.S. Resources Conservation and Recovery Act (RCRA) will
apply. The UIC program specifies which of the RCRA
regulations are applicable to deep-well injection of
hazardous wastes.

There are numerous regulatory procedures to attain
deep-well injections approval, and there are also
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potential liabilities that should be considered. Leakage
from pipes and confining zones bear liability risks. EPA
will require that certain financial responsibilities be.
maintained, but there are also other complex, uncertain
liability issues such as those that relate to adjoining
property rights.

Geohydrological conditions must be considered in the
selection of injection sites. Existing well drilling
data can be a useful source of information. Protection
of fresh ground water must be considered. Geologic
formations with low permeability must isolate the
injection zones from fresh water formations.

Consideration must be given to potentials of
seismicity induced by the injection process. In
addition, the compatibility of chemistry of the drainage
water with the geochemistry of the geologic formation
must be evaluated. The biochemistry of the injecting
fluids must not induce biological clogging of the
formation and cause premature failures.

Injection facilities are specially constructed to
inject hazardous or nonhazardous wastes. Construction
requires drilling a hole to a depth that meets UIC
requirements and below the lowermost formation that
contains (within a quarter of a mile) a well used for
drinking water and into a formation capable of receiving
the wastes. Porous, saline water-bearing sands confined
above and below by impermeable rock strata are the most
desirable receiving formations.

The service life of the injection well or, in this
case the amortization period, is governed largely by the
aquifer pressure buildup. Pressure buildup in the
receiving formation is a function of both the volume
injected and the rate of injection. The life expectancy
of injection wells in the oil industry has been observed
to extend to about 35 years. A conservative estimate of
service life would be about 25 years.

Pretreatment of drainage water prior to injection may
be needed to minimize clogging or fouling of the well.
Clogging of the well or the receiving formation could
result from one or a combination of several reasons.

Physical blinding by the accumulation of particulate
matter can clog wells. Chemical precipitation of the
injection face or formation can also clog wells.
Biological activity and resultant fouling of the
injection horizon appear to be more serious concerns.




The unit cost for deep-well injection for various
pretreatment of drainage in the San Joaquin Valley can
range from $164 to $213 per acre-foot, depending on
pretreatment needs (URS, 1986).

Reclamation And Reuse Options

Reclamation and reuse of agricultural drainage water
is consistent with good management of natural resources.
There are many opportunities and options.

An agroforestry program for the management of saline
drainage water was demonstrated in the San Joaquin Valley
by the California Department of Food and
Agriculture, (1987 and 1988). Almost 180 acres were
planted in 1985 with eucalyptus, casuarina, poplar,
mesquite and elderica pines. Freshwater was used to
irrigate the seeding during the first year to establish
the trees. Then saline drainage water was used to
irrigate the trees, which also draw from the ground water
system. Findings to date indicate that drainage water
could be used to irrigate trees. Once established, trees
can draw water from the ground water system for growth
and evapotranspiration. An added incentive is the uptake
and disposal of trace elements. Harvesting of trees can
provide biomass to fuel power plants for the generation
of electricity and for pulp production.

Drainage water can be used for power plant ccoling.
However, the chemical characteristics of most drainage
water would require pretreatment for corrosion and scale
control.

A test program in California used water from a tile
drainage system for power plant cooling (DWR, 1978). The
study was based on a plant to treat 11.5 million gallons
per day as makeup water for a 1,000 MW powerplant.
Treatment processes were used to soften water by ion-
exchange resins and to regenerate the resin, using
concentrated cooling tower blowdown without adding new
chemicals. The estimated cost of treating drainage water
would be about $163 per acre-foot (adjusted to 1984
costs), not including the disposal of any wastewater.
Additional costs for brine disposal in evaporation ponds
would add $l108/acre-foot. Therefore, the sum of
treatment and evaporation pond disposal costs totaled
about $271 per acre-foot. However, if selenium or other
basic contaminant levels in the waste brine should reach
hazardous levels, the disposal costs may be substantially
higher because special ponds may be required.

Laughlin (1986) studied the use of drainage water from
the Palo Verde Irrigation Outfall Drain in the Colorado
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River basin for a hypothetical power generating station
near Las Vegas, Nevada. The study was part of the
Colorado River Water Quality Improvement Program of the
U.S. Bureau of Reclamation. Several treatment options
were studied for the drainage water. It was concluded
that drainage was a viable source of cooling water and
use would contribute to the lowering of salt loads in the
basin.

Treated drainage water can be reclaimed for reuse for
municipal, industrial, and agricultural purposes,
provided that water quality can meet standards for reuse.
There could be serious limitations on reuse, depending on
the desalination process and the chemical composition for
the drainage water. It is not sufficient to reduce the
total dissolved solids, but substances such as boron and
toxic trace elements must also meet standards for
beneficial uses. For example, in reuse for agricultural
irrigation, TDS, boron, and molybdenum levels are
particularly important. For natural habitat and human
consumption, toxic trace elements are important factors
to be evaluated. ‘

To date, the desalination of drainage water for
reuse has not been widely practiced. Although studies
have been made on the potentials for reuse, the large
volume of drainage and related high costs have not
favored the installation of large facilities and related
financing.

Solar gradient pond technology offers the possibility
of using the waste products, brine or salt, for the
production of electrical energy.

Ormat Turbines, Ltd., (1981l), reported from its
experience with solar ponds in Israel that about 20 to
25 percent of the incident irradiation can be collected
and extracted at about 180 °F to 200 °F. Using specially
designed turbines and generators, Ormat has demonstrated
that the low-temperature energy can be effectively
converted into electrical energy.

The Ormat technology was studied by the U.S. Bureau of
Reclamation for salinity control (1982) and has been
demonstrated by the USBR at El1 Paso, Texas
(Hightower, 1987). This technology was extensively
reviewed by the Massachusetts Institute of Technology
(1985) for the Electrical Power Institute of Palo Alto,
California.

Energy extraction is accomplished by two methods. One

is to place the heat exchangers in the heat storage zone;
the other, more frequently mentioned method, is to
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extract hot brine from the pond, pass it through an
external heat exchange, and return the cooled brine to
the pond.

Solar ponds are not expected to be a component of
immediate drainage water treatment solutions, but the
technology may advance to make the concept feasible.
Technology advancement, in turn, will be largely governed
by the supply and demand for energy.

The recovery of salts or minerals from agricultural
drainage water from evaporation ponds may be an ultimate
solution to the difficult salt disposal problem. The
products could be sold and repayment could possibly cover
some or all of the disposal costs. The U.S. Bureau of
Reclamation (IDP-1979) studied the possibility for salt
recovery. The trends in worldwide markets and proximity
to markets are important factors in the recovery of salt.
Unless these are favorable to a specific location, the
marketing of recovered salt from drainage water on a
commercial basis would be limited.

A novel approach which integrates several of the
reclamation and reuse options is the concept of
cogeneration-desalination. This concept was explored by
URS Corporation (1987) for the Westlands Water District,
California (1988). The concept involves the use of gas
turbines for the generation of electrical power with the
bypass heat used for the desalination of drainage water.
Ssalt is crystallized from the brine stream while the
water from the desalination process is made available for
reuse. Electrical power that is surplus to plant
operation is sold for cost recovery. Although the
technology of each process is well developed, their
integration into an economical system is yet to be
proven. Basic economic consideration will be whether the
surplus electrical energy and the salt products can cover
process costs.

Other reuse options include ocean salinity repulsion,
wetlands, and aquaculture. Although innovative, they
have not been evaluated beyond the conceptual phase. A
major problem is associated with the trace elements in
drainage water, which can create technical and
institutional barriers.

Lee
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Dairy and Teedlot Yaster Treatment and

Disposal Alternatives for Non-FPoint Source Control

Abstract:: . Present waste management practices in the
dairy and feedlot industry are primarily directed o
good housekeeping _around animal confinement areas and
easy handling and disposal of solids and liquids on land.
Animal wastes are potential source of organic pollution,
nitrogen overload and salt contamination of land and
water resources. Control of Non-Point Source of pollution
will require evaluation of present practices. A review of
present practices, potential problems and suggestions for
ranagsment alternatives are presented. Innovative low-cost
alternatives for treatment and reduction of pollution are
discussed for consideration as part of HPS control programs.

I+TRODUCTION

Current waste management systems in dairies and feed-
lots with high animal concentration are designed simply
for the easy collection and separation of solids and waste-
water. The objective of present practices is to facilitate
nandling of wastes for on-site disposal and to depend on
minimal housekeeping. In rural settings, this has been
acceptavle., However, with the growing concern for the
control of non-point sources (NFS) of pollution, there is
need to evaluate present manazement practices to determine
if alternative approaches are needed to comply with current
programs. The purpose of this paper is to review briefly
oresent practices, to address basic issues related to NES
control and to offer suggestions for alternative management
practices for the cattle dairy and feedlot industry. Alter-
natives are directed to low cost but effective technologies
for NES control.

dNon-Point Source Pollution Control Workshop
July 25-28, 1989, Irvine, California
Zdwin W. Lee, Alameda, CA
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Dairy and feedlot wastes management practices have
evolved rapidly over the past 25 years, with the growth
of environmental regulations imposed on the industry.
Prior to this period of environmental awareness tradi-
tional pasture dairies and open cattle ranges were
usually located in rural areas where relative isolation
vermitted simple and low cost management practices.

With the growth of environmental legislations and

the increase of animal densities in dairies and confined
feedlots, management practices have incorporated elementary
control facilities. Review of these practices have been
documented in overviews by the US Federal Water Pollution
Control Administration (1968) (1969), the Canadians (1972)
Loehr (1969) and Azevedo (1974). While present methods,
described in these reports have improved upon earlier
unrestricted management practices, there is awareness now
that present systems may not meet enlightened environmental
goals, particularly as envisaged in the control of non-.
point pollution sources.

A recent study by the Soil Conservation Service (19%8)
gave emphasis to these concerns in a review of the dairy
industry in the Chino Easin in Southern California. The
study recommended revisions to current management practices
to control degradation of land and water resources of the
basin. In another recent study, the California State
Water Resources Control 3oard (1988), reviewed nitrate
pollution in ground waters and identified feedlots and
dairies located throughout the State as sources for degrada-
tion of local drinking water supplies. This study confirmed
findings of an earlier study on nitrate pollution in the
Upper Santa Ana Easin in Southern California by the Soil
Conservation Service (1973). 1In the intervening 15 years,
the control of nitrate pollution has. not progressed in
any significant degree in the basin, despite the public
health implications of nitrates. Thus a review of current
practices at this time in the context of NPS control and
evaluation of alternatives methods would promote discus-
sions to address the various issues facing the industry.

CURRENT MANAGEMENT PRACTICES

The primary focus of present management practices
is to dispose of solids and liquids in ways to eliminate
breeding places for flies, gnats and mosquitos and to
control odors, dust, and nuisance. Reference is made to
the University of California Cooperative Extension guide-
lines on the design of systems (1977) (1980) (1984),
Earlier,Lamb (1972) prepared guidelines for livestock waste




management and there are numerous other guidelines from .
the literature: for the industry. Regulations basically

require that animal wastes be kept on-site, surface and

ground water be protected and nuisances be controlled.

Present practices are directed to install the most facili-

tative and least costly means for the disposal of solids

and wastewaters. The reduction of the pollution potentials

of solids and liquids is only a secondary consideration. ,

Structural facilities in dairies and feedlots incor-
porate systems to collect and to separate solids from
manure and wastewater for easy disposal of the separated
materials on-site. Solids are applied on land or are
transported for off-site disposal. The handling of
wastewater involves storage ponds for temporary holding
of liquids before land application. Treatment for reduc-~
tion of pollutants is not a primary goal in holding ponds
and any removal is coincidental to most operations.

Regulatory authorltles usually requlre on-site contain-
ment which may be difficult to achieve in most locations,
particularly in high animal density operations during the
wet seasons. The long-term.outcome of these operations is
the per31stent non-point emission.of nutrients, biodegradable
organics and salt loads to soil systems and surface and
crround water resources. .

ALTERNATIVE PRACTICES

Programs for the regulation of non-point sources
present challenges and call for alternative management
schemes particularly where high concentrations of confined
animals in dairy and feedlots are located. Alternative
approaches with emphasis on treatment technologies would
need to be considered to control organics, salts and nutrient
emissions from these sites. These approaches will require
application_of advanced state-of-the-art treatment technologies.

For the purpose of this paper, management alternatives
will address solids and liquids separately, since these
are the distinctive waste forms of NPS from dairies and
feedlots.

Waste characteristics

To provide a measure of the pollution potentials,
typical ranges of cattle waste characteristics are shown
in Table 1. There are several characteristics of animal
waste that can have implications for control strateg 1es
These are the biodegradable organics (BOD), nutrients n/D)
and total solids. Strategies for control should be directed .
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CATTLE WASTE CHARACTERISTICSL/

Table 1
Animal Size, pounds 1000
det Lanure, ppd : 38-74
Total Solids, ppd 9.5 - 11.4
EODg/, ppd 2.5
Ziitrogen, ppd 0.35 - 0.44
PZOB’ ppd 0.11 - 0.12

. K,0, ppd 0.27 - 0.3k

1/Loehr, R.C. (1969)

g/Canadian Animal Waste llangement Guide Committee (1972)

ppd - pounds per day




primarily at these potential pollutants since they are
significant factors in environmental protection programs .
and their relatively high concentrations in animal wastes

give cause for concern.

So0lid wastes

Solid wastes are composed mainly of manures, spilled
feedstock and yard sediments. Dissolved minerals fractions
from solid wastes comprise the salt loads. 1In dry dairies
and feedlots, so0lid wastes can be easily collected and
disposed on land. The benefits of the present disposal
practice include the fertilization values of manures for
crop utilization and the amendment properties of solids
in improving soil condition. The disadvantages of long-
term solid waste applications on land include the gradual
salt build up in the soil system, nitrate overdose on
crops and off-site discharges, leading to eutrophication
of receiving waters and the transmission of animal borne
diseases. The control of NPS would need to address the
overall pollution potentials arising from present practices
and the following paragraphs contain some suggestions.

Alternatives for solid waste management can be
considered within the present state of practice, with
emphasis on resource recovery. However the application
of existing technologies would require selective application,
since technologies must be both technically.effective and .
cost affordable. It should be recognized that the dairy
and cattle industry is under economic strains and affordable
cost is a major consideration. Trade-offs in cost and
environmental goals may determined the ultimate choice of
technologies in any specific situation.

'nder present practice, manures can bte dried and
sold for off-site disposal and this practice should
continue wherever possible for dry dairies and feedlots,
gsince 1t is the most cost effective means. However,
alternative to this practice is to compost the manure,
provided that the solids do not contain excessive moisture,
which can hinder the process. The cost of composting faci-
lities can be off-set by the sale of the by-products but
the economics remains fragile and at best, can be considered
only for partial cost recovery. The long-term benefits
are related to the conservation of natural resources, and
in this respect, composting may bte viewed with favor for
the environment.

Another alternatives include the use as manures a
food additive for feeding animals. Host studies have teen
experimental (Azevedo, 1974) since animal feed regulations
need to be considered. At this time, this cannot be
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considered a viable alternative. Other alternatives
include the use of manure to manufacture composition

. building materials and to burn as fuel in power co-
zeneration systems. Although innovative, all of these
and others have not been advanced to a stage for practical
applications and must be excluded from further consider-
ation at this time.

However an energy conservation approach which
deserved evaluation is the generation of methane from
biogas systems. The process requires solids to contain
sufficient moisture for proper digestion and generation
of methane. Since liquids in the process will generate
wastewater, biogas systems will be considered in the
following section, covering the management of wastewater.

Jastewater

Liquid wastes from dairy and feedlot operations are
usually derive from the washdown of equipment and stalls,
and from drainage of local runoffs. The mixing of water
with manure creates a greater burden in management schemes,
since this increases the volume and weight of waste products
which must be handled. Local runoffs during the wet
season add to this overall arrangement . problem. However,
the addition.of water eases transport and handling of
solid waste products.

. llost dairies and feedlots wastes contain high
moisture. In operations where slotted or flushed floors
are installed for easy drainage of stalls, water is used
for washdown and conveyance of wastes for easy housekeeping.
In these situations, waste management must address both
so0lid and liquid forms. l'isually sediments and other
easily settleable solids are separated in pre-treatment
facilities. The settleable solids are composed mostly of
inorganic substances, which can be easily disposed on
land. With emphasis on a treatment strategy to meet KFS
control, the reduction of pollution in the wastewater is
a desired goal.

A treatment strategy is considered necessary since
present land application practices, over prolonged periods
lead to degradation of land and water resources. The
present practice of using temporary holding ponds for
follow-on land application is tolerable only if large
land areas or great dilution capacity were available in
receiving waters. Even if large areas are available, the

| gradual accumulation of salts and nutrients present a
| long-term environmental degradation problem. Thus waste-
| water treatment must be considered in alternative approaches,
‘ for any NSP control program. This will present challenges
to the industry from both technical and economic perspectives.




Treatment technologies for reducing organics,
nitrogen forms and dissolved solids have been developed
for municipal and industrial applications. DMNost techno-
logies require intensive capital investments, and demanding
operation and maintenance schedules, which can be costly
to the economies of dairy and feedlot operations. There-
fore selection of treatment technologies must be aware
of cost implications.on the industry. An approach that
encompasses low cost but yet effective pollution reduc-
tion is most pragmatic for NPS control programs.

A process that could meet the criteria for both low
cost and technical effectiveness may be possible with
lagoon treatment systens. These systems have been reported
by Loehr (1969), Taisanides (1978), the Canadians (1972)
and others for the treatment of animal wastes. However,
lagoons have not been used extensively for dairy and
feedlot waste treatment since the present practice of
holding ponds and easy land application have been accept-
able to most regulatory authorities. However, with the
"present programs for KIS control, there is need to review
lagoon technology for organics reduction and possibly
for the control of nitrogen and dissolved solids.

Most studies on lagoon technology have focused on
either anaerobic or aerobic processes with emphasis on
organic reduction., Significant reduction of nitrogen
and dissolved solids (salts) cannot be expected in these
lagoon systems.

There is need to review the state-of-the-art in lagoon
technology in an integrated process for meeting goals
for the reduction of organics, nitrogen and dissolved
solids. An integrated approach should investigate the use
of facultative pond systems for the reduction of organics
and nitrogen and the use of evaporation ponds for the
removal of dissolved solids. This integrated system
involves technologies which have been developed and employed
in engineering practices and therefore will not require
any new developments. The innovation is suggested in the
integration of these pond systems. Integrated pond
systems have been used by Prof W. J. Oswald, University
of California-Berkeley (1988a). These systems are composed
of a deep facultative pond with anaerobic and aerobic
zones in a single earth lined structure, followed by a
high rate algal pond for oxygen production and algal bio-
mass reclamation, Biomass removal will reduce nitrogen emission.

A facultative pond is a deep pond which combines an
anaerobic process in the deep lower portion, and an
aerobic process in the upper layers. The design of a
facultative pond permits high organic loadings in the
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lower section, which also serves as an organic solids
digester. The anaerobic environment permits the stabili-
zation of organic solids and the denitrification and
evolution of nitrogen to the atmosphere above. The
upper aerobic layers allow for the further reduction of
organics in an algal-bacterial process. The liquid
effluent contains residual organics, nitrogen forms and
a stable algal btiomass, which can be applied on land for
disposal. The digester part of the facultative pond can
degrade and stabilize over time the settleable organic
solids to a low volume. Although facultative ponds may
appear simple in design, successful application

requires careful analysis and design, using engineering
parameters which have been gathered through years of
practice.

Although facultative ponds will remove settleable
solids, they will not remove dissolved solids to any
significant degree. Minimal dissolved solids can be
removed with the settleable solids in the pre-treatment
process and with the digester sludge but most dissolved
salts will be carried over from the facultative ponds.

As dissolved solids containing salts have been implicated
in the degradation of surface and ground water, they
should be controlled by removal or reduction. Eut this
is not an easy task.

Trocess treatment for dissolved solids reduction
requires costly state-of-the-art technologies. This
includes desalination with permeable membranes, exchange
resins and thermal distillation processes, which would
not be cost effective to the dairy and feedlot industry.

A possible approach would be the use of simple evaporation
ponds. This technology would be most effective in arid
and semi-arid areas.

If dissolved solids control is necessary, evaporation
ponds could be integrated in the process. Drainasze from
land on which effluent from the facultative ponds have
been applied could be collected by underdrains and processed
in evaporation ponds. Underdrains could be installed in
irrigated pastures to intercept percolating water vefore
reaching the underlying ground water. Design for ponds
would include a progressive concentration process, until
mineral solidification is achieved. Then solid salts can
be recovered from terminal ponds for off-site disposal.

If conservation practices were to be an added objec-
tive for the management of wastes, consideration should
be given to several recovery processes in integrated pond
systems and these possibilities should include the
following processes:
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Biogas: The anaerobic processes in the facultative
ponds contains digesting organics which will generate
methane. Eilogas production from manure has been proposed
Azevedo (19745 but, although a few digesters have been
installed, they have not been used in large numbers.
Guidelines have been produced by the University of
California Extension Service (1982) for consideration.

Hormally the gas would evolve from the surface of
ponds. However, gas can be collected for an energy
source and this can be possible with a low cost underwater
plastic cone. The use of facultative ponds with internal
digesters can be an innovative low cost approach. There
are good indications that this can be an economical and
effective method to recover methane.

Algal Recovery: By growing and harvesting algae
from the effluent of the facultative pond, it would be
nessible to increase blogas production or to reclaim algal
biomass for resource recovery. This would require algae
to be grown in a high-rate pond to high concentrations.
Oswald (1988b) has reported on high-rate ponds in which
alsae can be harvested by a simple bio-flocculation pro-
cess, without the addition of chemicals. This process
has been demonstrated as a low cost algal harvesting
process by Shelef (1983) and Eenemann (1980). The algal
biomass can be feed to the digester of the facultative
pond to increase methane generation or can be dried for
animal and poultry feedstock. Nitrogen removal is fur-
ther enhanced by removal of triomass from the process.

SURMARY AND CONCLUSICHS

1. TfFresent management practices for dairy and feedlot
wastes need to be evaluated for meeting NPS control.
Fresent systems are primarily directed to facilitate
the handling of solids and liguids for easy on-site
disposal., The need for treatment and reduction of
rotential pollutants is.not a recognized goal.

2. Animal wastes are potential sources of organic pollu-
tion, nitrogen overload and salt contamination of land
and water resources. Their treatment and removal
present challenges to existing technologies.

3. Low cost alternative technologies should be developed
from existing state-of-the-art. These could be basi-
cally developed around integrated ponds treatment
systems to include anaerobic,aerobic and evaporation
ponde.
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Facultative ponds combine the features of an anaero-
bic deep pond and an aerobic shallow pond in a single
structure to stabilize organics and to denitrify
materials. ’

Evaporation ponds can concentrate saline water collected
from drainage water from irrigated pasture so that salts
can be intercepted from deep percolation to ground

water systems. Recovered salts can be sold for cost
recovery.

Innovative alternatives to the : integrated pond

systems can include recovery of biogas from the anaero-
bic digester in the facultative pond and the recovery

of biomass from high-rate algal ponds in the further
treating the effluent from facultative ponds. Fecovered
tiomass can off-set the costs of treatment.

Although suggested alternatives have been identified,
there is need to demonsirate these several processes
in a project to integrate  the system to determine
their overall effectiveness. .
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IRRIGATION INDUCED WATER QUALITY PROBLEMS
Jan van Schilfgaarde
Chairman, Irrigation Induced Water Quality Problems

Water Science and Technology Board, NRC

In 1982, an unexpected discovery was made at Kesterson National Wildlife
Refuge in.California's San Joaquin Valley. Reproductive failures and deaths
were noted in some species of aquatic organisms and waterfowl, and
investigation showed that levels of selenium were elevated in these
bioclogical specimens and in the refuge's water.

These discoveries, toge;her with some assumptions on cause and effect,
led the State of California’s Resources Agency and the U.S. Department of
Interior to sponsor the Committee on Irrigation Induced Water Quality
Problems in 1985. This Committee operates under the auspices of the Water
Science and Technology Board, a scientific advisory unit of the National
Academies’ Natiopal Research Council.

Today'’s presentation reflects the deliberations of the Committee and, in
largé part, 1s a condensation of a report to be published by the National
Academy Press this fall.*

The Committee’s charge was not to find and advocate a solution to the
water quality problems in the San Joaquin Valley, but to provide advice to v//
the relevant parties in their search for an equitable and technically sound
solution, and to reflect on the broader questions associated with water
quality degradation from irrigation in arid and semi-arid environments.

Irrigation-induced water quality problems are ﬁardly new. The renowned -
E. W. Hilgard, for example, eloquently addressed the "evil, besetting
California’s irrigation districts" as early as 1886; referring to salinity

problems, then painfully apparent, he cautioned that one
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should not “...hope that natural laws will be waived in favor of
California".** The history of salination in irrigated areas, with
associated drainage problems, goes back thousands of years. Neither is
there anything new in the observation that, even though specialists
(drainage engineers, soil scientists or irrigatibn speclalists) have long
recognized the need for drainage if irrigation is to be maintained,
substantial institutional barriers exist to accomplish such drainage.

What was new in 1982 was the discovery of significant harm to fish
and waterfowl frpm éxposure to selenium. Also, the rapidity with which
this problem built up was unprecedentéd. The Kesterson wildlife ponds
were constructed in 1971 and their water supply was exclusively fresh
water through 1978. By 1981, they were fed exclusively with irrigatién
drainage water. Barely two years later, in 1982, the first problems were
noted.

These events galvanized various groups into action. The problem of
drainage need and drainage disposal for the San Joaquin Valley, studied ad
nauseam for at leastvhalf a century, took on new life, new urgency and
totally new dimensions.

Whét brought on the Kesterson phenomenon? A series of natural and
human factors combined: failure for decades to provide adequate drainage
for the rapidly expanding irrigated area, high levels of selenium (and
other trace elements) in the irrigated soils of the region, and tﬁe
attempt to use small regulatory reservoirs--the very shallow Kesterson
ponds covered less than 1200 acres--as terminal evaporation ponds must be
mentioned. But possibly even more important was the pressure on migratory
birds caused by a drastic reduction in wetlands; over the last century,

over 90% of the once abundant wetlands in California have been
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drained, forcing the birds using the Pacific Flyway to depend on ever |
fewer and smaller sites.

Had the San Luis drain, designed to provide an outlet for drainage
water to the San Joaquin-Sacramento Bay, been constructed as planned--and
then the Kesterson ponds been used only as regulatory reservoirs--it is
unlikely that the problem of selenium toxicity would have been discovered,
at least in the 1980’s. One should not conclude, however, that the
northern San Joaquin Valley represents an isolated situation. The
hydrogeology of the arid west is such that one can expect similar problems
elsewhere. In fact, as discussed earlier on this program, the Department
of Interior has initiated a National Irrigation Water Quality Program and,
to date, has identified at least four other refuge sites that warrant
detailed investigation for similar water quality problems.¥¥*

In the early history of the Western United States, the overriding
objective was economic development. The Reclamation Act of 1902 provided
an impetus for water development, presumably to encourage family farms by
providing irrigation water. Little consideration was given to |
environmental 1ssue§, or to the inevitable reduction in wildlife habitat
associated with such development. The situation has changed. We now see
severe preSsure on water resources from expanding cities and industry, an
expanding demand for recreation in the form of sport fishing, white water
rafting and simply enjoyment, and an increasingly intense concern with
water quality. Irrigation, once seen as the life blood of the West and
the engine driving development, now has to compete with many other uses.
The days are past when those in agriculture could take for granted that
- they will be given special consideration in this competition for natural

resources and in the concern for environmental protection.
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In a sense, the developments at Kesterson can be seen as a useful
warning. Problems associated with irrigation agriculture may be more far
reaching than many of us thought. These probiems must be recognized and
addressed.

A resolutioﬂ of alleged or real problems with irrigation drainage
requires, first of all, an understanding of the natural processes. Then,
due consideration must be given to an assessment of institutional
constraints and opportunities. No resource problem is purely technical or
simply political; all require a mix for understanding and for resolution.
In the view of our committee, it 1is essenti§1 in working towards solutions
to recognize and explicitly employ a logical series of study elements:
problem recognition, problem definition, data collection and assessment,
identification and display of alternative solutions, and evaluation of
these alternatives. In a democratic society, these processes must také
place openly and, to the extent possible, with public participation. Whaﬁ

follows is an elaboration on these statements.

Is irrigation agriculture sustainable?

Irrigation relentlessly and unavoidably increases the salt
concentration in return flows, or drainage waters, compared to the
irrigation water. Plants use pure water and leave pehind whatever salt
was contained in the soil water. It is necessary to flush these salts
downward to avoid building up salt concentrations in the root zone that
exceed the tolerance of the crop to be grown; in the process, this
leaching water often dissolves additional salts from the soil, or

displaces saline‘subsurface water. Whatever the detailed mechanisms that
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occur on a specific site, after irrigation there will be less water to
carry as much salt or more.

To be accurate, this picture needs modification and refinement. For
today’s purpose, however, it suffices to generalize that irrigation
agriculture cannot be maintained over time unless there is provision for
drainage to carry away accumulated salts. This drainage water needs to go
someplace, and the natural place 1s the ocean. The salts in the ocean,
typically 35,000 mg/L, were derived from the soils and rocks on the
continent and transported to the ocean by rivers. Irrigation speeds up
this natural process'SOmewhat.

Not all irrigated regions have an outlet to the sea. The Dead Sea
between Jordan and Israel, the Great Salt Lake ip Utah and the Salton Sea
in Southern California are examples of sinks, of bodies of water that
aécumuléte salts as the water evaporates. When first formed, these inland
seas have substantial biological value as lakes for fish, birds and other
animals, and as an oasis for the growth of vegetation. As they gradually
become more saline, they lose some of their value, eventually becoming
"dead".

Whether one transports drainage water via water courses to the ocean,
or disposes of it into sinks, it is clear that there is a cost associated
in values foregone. Thus, the question of sustainability has a two-fold
answer. We can manage irrigation enterprises in a sustainable manner;
however, we must be willing to pay a price in other values foregone. We
might reword the question: Do we choose to sustain irrigated agriculture?

The discovery of selenium at Kesterson--and the recognition since of

the presence of other trace elements at toxic concentrations there and
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elsewhere--does not change the above scenario philosophically. It does
make it more complicated in detail and it also makes the question posed

more pressing: Do we choose to pay the cost of irrigation?

Structuring the problem solving process.

An important function of the Committee was to provide guidance (or
possibly moral support) to the officials responsible forkthe San Joaquin
Valley Interagency Drainage Program, s§ that their investigations would be
scientifically sound, comprehensive yet focused, re;atively efficient and,
above‘all, defensible and creditable. It is not often that five (or more)
agencies, each with different missions, and different clienteles and
different institutional memories are asked to work together as one in a
tight time frame. It would be easy, but not constructive, to point to
actions that could have been taken earlier, better or should have been
avoided. It is worth notingbthat, working under difficult circumstances,
the program managers and their staffs responded creditably and responsibly
to the challenge they faced.

Some of the advice provided, and some of the thoughts presented here,
may seem obvious and even trite. Many of us might agree with that
perception, were it not that experience taught us differently.

The starting point in tackling complex environmental issues is problem
definition. As a problem is first recognized, it is crucial that
substantial effort be devoted to this phase. To illustréte, during the
Committee’s first meeting, the recurring question was: What is the
problem? Providing a safe haven for birds on the Kesterson ponds? Saving
irrigation agricuiture in the area draining to Kesterson? Defining the
geochemical processes that led to the situation? Meeting the letter of the

law? Resolving the drainage problems for Southern California?
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Avoiding adverse effects on wildlife from selenium? Why selenium? Why
not boron, arsenic, molybdenum?

There are several obvious reasons for wanting to define the problem,
even though one often tends to search for a solution without knowing what
the solution is to solve. A most important feason for insisting on
explicit problem definition is the need for all parties, all vested
interests, to communicate--if all can agree on a problem definition, much
progress has been made. Another is that one cannof: devise a data
gathering protocol without specifying an objective.

One next needs to develop a protocol for information gathering and
data assessment. Here we like to stress three separate points. First, it
is recommended that a formal systems analysis framework be established up
front.  One needs to know what information is needed and how it will be
put to use; furthermore, it is easier for civil engineers, agronomists,
fish and wildlife specialists and economists to communicate if the
framework for all communication is clearly established. Second, physical
and biological data must be gathered and evaluated within a clearly
established quality assurance, quality control protocol; only then will
data be readily exchangeable and collectable, and only then will the
results stand up to scientific scrutiny. Early in the present case, for
example, it was evident that analytical techniques used by various groups
for selenium determination were inconsistent and, obviously, in some
cases, incorrect. Third, there needs to be a protocol for monitoring. As
the project study develops, there is need for baseline data, but when one
arrives at the stage of implementing solutions, one needs to know whether
they are as effective as anticipated. The monitoring issue goes far

beyond these two points and raises interesting dilemmas. It is difficult
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to routinely monitor for problems that have not been identified; yet one
.needs to establish a system for collecting timeline data that can at least
help alert knowledgeable specialists to potential problems.

An extremely important step 1s the identification and display of a
wide range of potential options that can contribute to a solutién. One is
tempted to state that all options must be displayed and evaluated, but
such pompletenessqmay be impractical. To illustrate, one possible
solution to resolving irrigation-induced water quality problehs might be
to stop irrigating. It is inappropriate, in fact devastating to the
process, to make an a priori determination that the U.S. Bureau of
Reclamation (or the Soil Conservation Service, or...) is in the business
of supporting irrigation and hence stopping irrigation is unacceptable.

It is constructive to investigate the consequences of a stop to irrigation .
(or a reduction in irrigated area) and to determine the costs, as well as

the benefits, of such an action. Similarly, one should not dismiss ocean

disposal of drainage w#ter because it is counter to State law; it may be
appropriate to change the law. Again, the costs and benefits of ocean

disposal should be determiﬁed.

All ﬁhrough the process described, it is important to maintain open
communicétion, not only among program participants, but also with the
affected public, broadly defined. One appropriate and necessafy (but not
sufficient) mechanisms for such communication is the establishment of a
Public Advisory Committee, made up of representatives of various groups in
society, Such a committee can be organized under State law or Federal
law. It not only serves to avoid big surprises; it also iIs an excellent
feedback mechanism to alert program managers to the interests of their .

clientele.
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Institutional considerations

There is a tendency, in tackling problems such as irrigation drainage
disposal, to search diligently for technical solutions while the
institutions are considered fixed and unalterable. This is particularly
true of managers of Federal and State agencies who are used to working
within the constraints imposed on them by their agencies.

Our committee felt strongly that such an attitude cannot be
defended. We argued that at least as much time and effort should be
expended on potential institutional solutions as on technical solutions.
Here, I define the word institution very broadly, to include
organizations, laws, regulations, contracts and conventions.

For example, it does not seem rational to consider chemical treatment
of drainage effluent, with or without additional subsidy, without also
considering the impact of agricultural (crop price support) subsidies and
water (Reclamation contract) subsidies. It seems appropriate to
investigate both the local economic effect of discontinuing irrigation on
a portioﬁ of the land contributing drainage and the regional and national
economic effect of such an action. Such consideration, of necessity,
would address questions of equity. One would expect a study of pricing of
irrigation water, and of the bossibility of water transfers to higher
value uses. The issue of competing uses--instream values, duck clubs,
water fowl habitat and certainly municipal use--with irrigation clearly
must be addressed. To a significant extent, such comparisons and frade
offs cannot be expressed readily in economic terms. Just the same, they
cannot be ignored. Whether the approach used parallels the procedures of
the Principles and Standard developed by the now defunct Water Resources
Council is not important. That the issues be addressed expressly, is

important.
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Westwide studies

When the committee was organized, its task was focused on the
immediate problem of water management in the San Joaquin Valley as it
related to Kesterson Reservoir. Frém its beginning, however, the
committee pondered the broader questions of irrigation induced drainage in
arid regions, especially in closed basins. Thus, when the Department of
Interior initiﬁted its westwide reconnaissance survey referred to earlier,
it was natural that the committee be asked to address que;tioﬁs of study
design and implementation for this‘program as well. 1Indeed, in response
to requests from Interior, committee members have spent substantial time
and effort, both colleétively and individually, in advising program
managers in the development and execution of prdpdsals for the 20-some
studies initiated under this program.

For present purposes, it suffices to note that, in part because of
experience gained in the San Joaquin Valley, numerous’pitfalls were
avoided. The three agencies primarily 1nvolved--Buréau of Reclamation,
Fish and Wildlife Service, and Geological Survey--developed effective
cooperativé study teams in a short time fraﬁe that used comparable and
defensible study proposals under guidance of a national, joint leadership
team.

The conclusions reached by the committee as a result of the San
Joaquin experience were not so much modified as reinforced by this
broader--and still preliminary--look at other wildlife refuges fed by

drainage water from federal projects.
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Conclusions

Irrigation agriculture cannot avoid causing some adverse effects on
the environment. The manner in and extent to which society wishes to
sustain irrigation agriculture must be determined in an open forum. It is
technically relatively easy to sustain irrigation indefinitely, if society
so decides.

The discoveries at Kesterson have made this issue far more acute than
it was previously. Besides the well understood issues of salinity, we now
must recognize the potential problems related to trace elements that may,
and in some cases will, reach concentrations toxic to biota. Kesterson
should not be seen as an isolated incident, but as a harbinger of similar
problems elsewhere.

Because of expanded populations, greater wealth and increased concern
with natural values, agriculture can no longer take for grantedvthat it
will be given special status. Exemption from environmental regulation is
(and should be) a thing of the past. Thus, irrigation in the future must
complete on equal footing with other competitive uses for our water
resources.

Resolving thé complex issues that will arise, and in some cases have

arisen already, requires organizational and technical skills that go

beyond the experience of most existing institutions and agencies. The

experience gained in the San Joaquin Valley should provide a number of
useful lessons for the future.

These lessons include the need for strong program management, using a
team representing diverse disciplinary expertise as well as often |

conflicting institutional interests; the need for scientific
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credibilit};, which can be enhanced by a carefully developed QA/QC ‘ .
protocoi; the need for a systems framework to facilitate communication
among parties not often in close contact, as well as inclusions of
disparate data sets; and the need for public participation in a formal
manner.
In addition, it should be stressed that the’wideSt possible range of
potential solutions need be displayed and evaluated for careful comparison
and that this range clearly must include institutional and market

adjustments as well as technical fixes.
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NONPOINT SOURCE POLLUTION FROM AGRICULTURAL DRAINAGE IN CALIFORNIA:
DEFINING THE PROBLEM AND ADDRESSING THE NEED

Blaine R. Hanson
Farouk T. Ismail
James Cornelius
Walt Shannon

INTRODUCTION

California has traditionally provided world leadership in agricultural and
environmental resource management. However, the ability to manage this
state’s resources is being severely challenged by the mounting problems
related to agricultural drainage. Pollution of surface and groundwater by
residuals from agricultural production is occurring throughout California,
with potentially serious effects on irrigated crops, aquatic 1ife, and human
health. Nonpoint source pollution from agricultural drainage in California is
a complex issue with many dimensions. This paper provides an overview of the
more significant aspects of this problem, and describes the role of the
state’s Agricultural Drainage Water Management Loan Program (Loan Program) in
addressing the problem.

1. DEFINING THE PROBLEM - NONPOINT SOURCE POLLUTION FROM
AGRICULTURAL DRAINAGE WATER

The nonpoint source pollutants causing water quality degradation include both
naturally-occurring substances, such as sediments, salts, and trace elements,
and man-made chemicals, such as fertilizers and pesticides. The salinity
problem has existed in California for more than 100 years. Problems with
fertilizers and pesticides have developed more recently. The pesticide
problem became widely recognized only in the 1960’s and 1970’s when DDT and
other pesticides were found to cause death and reproductive failure in birds
and fish. Problems with trace elements, other than boron, became more widely
known only in the early 1980’s when waterfowl deaths and deformities were
discovered at Kesterson Reservoir and traced to selenium in agricultural
drainage water.

NONPOINT SOURCE POLLUTION FROM AGRICULTURAL DRAINAGE WATER

Today, California farmers irrigate 9.5 million acres using surface water and
groundwater resources. A significant part of the applied water, however, is
not utilized by the crop and becomes drainage water. It is discharged to
streams, percolates to groundwater aquifers, or becomes perched near the
surface above shallow confining Tayers. The water quality impacts of this
drainage water are felt in three major areas: irrigated agriculture, aquatic
life and the environment, and human health. '




Pollution Problems Affecting Irrigated Agriculture

The major po]lution problems affecting irrigated crops are the drainage and
salinity problems in the San Joaquin Valley and Colorado River Basin. By
1984, approximately 2.2 million of the 5.6 million irrigated acres in the San
Joaqu1n Valley had been affected by salinity (Backlund and Hoppes, 1984).

Beck (1987) estimated that, without changes in drainage water management,
agricultural production could be reduced as much as 80 percent in some parts
of the valley. Approximately 200,000 of the 500,000 irrigated acres in the
Imperial Valley have also been affected by sa11n1ty

San Joaquin Valley

Drainage in the San Joaquin Valley has been a continuing problem since
irrigation became widely practiced there. With the construction of the
Central Valley Project in the 1950’s and the State Water Project in the
1960’s, increased water deliveries to the western San Joaquin Valley
accelerated the drainage and salinity problem. The San Luis Drain, originally
planned to export salts out of the basin, was never completed due to
environmental concerns and financing problems, and farmers were forced to look
for other solutions to the drainage problem.

In much of the valley, particularly on the west side, drainage and salinity
problems are associated with perched water tables where downward movement of
water is restricted by a clay lTayer. Table 1 shows the acreages on the west
side of the San Joaquin Valley affected by shallow water tables (Department of
Water Resources, 1988). Over three-quarters of a million acres have water
tables less than 5 feet below the surface.

Table 1. Acreages with Shallow Water Tables in the San Joaquin Valley

‘ . Water Table Depth
Area 0-5 Ft. 5-10 Ft. 10-20 Ft. Total

Northern San Joaquin 34,000 31,000 33,000 98,000

Delta-Mendota 309,000 78,000 42,000 429,000

San Luis 111,000 137,000 86,000 334,000

Tulare Lake 322,000 135,000 92,000 549,000

Kern County 65,000 108,000 173,000 346,000

Total 841,000 489,000 426,000 1,756,000
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Subsurface, or "tile" drainage is widely used in an attempt to lower shallow
water tables, and the drainage effluent is high in salts. Johnston (1977)
reported drainage effluent from the northern part of the Delta-Mendota service
area ranges from about 1,500 to 2,500 ppm TDS. TDS concentrations can range
much higher in some areas, particularly where reuse is practiced.

In the Tulare Basin, more than 400,000 acres are salt-affected and over one
million acres are threatened by rising water tables (Coppock, 1984). The Kern
County Water Agency has predicted that annual damage from the high water table
and salinity could exceed $45 million by the year 2005 (Johnston, 1977).

The Tulare Lake Basin is closed, with no outlet to the San Joaquin River
except during exceptionally high flood periods. As a result, many water users
constructed evaporation ponds for disposal of drainage water. There are
currently 27 evaporation ponds in the San Joaquin and Tulare Lake Basins.

They range in size from 10 to 1,800 acres and cover a total area of 7,160
acres. The ponds can be attractive to waterfowl and other wildlife. These
impacts are discussed in the next section.

Colorado River Basin

Irrigation of the Colorado River Basin in southeastern California began in
1901 when Colorado River water was diverted to the region. Salinity probiems
developed in the Imperial and Palo Verde Valleys soon afterward, and by 1918,
salinity had forced 50,000 acres out of production (Kelley and Nye, 1984).
The problem worsened until tile drains were installed in the 1940’s.

Drainage from the Imperial Valley is discharged to the Salton Sea. The Salton
Sea was formed in 1905 by a breach in diversion works on the Colorado River.
The Salton Sea has since been used as a drainage sump for agricultural,
municipal and industrial waste waters, some from Mexico. Now, due to
salinization from surface evaporation and a continuing influx of drainage
water, it is developing serious salinity and toxicity problems, as well as a
rising water level. Though not a natural water body, it has over the years
developed extensive biota, which are now threatened by the increasing salinity
and pollution. In addition, salt concentrations in the Colorado River water
used for irrigation are increasing and it is projected that reduced yieids and
high operating costs could lead to serious economic damage for Imperial Valley
farmers by the year 2000 (Kelley and Nye, 1984).

- Pollution Problems Affecting Aquatic Life and the Environment
Salinity and Aquatic Life

Drainage water adds 5 million tons of salt to the Salton Sea each year (Kelley
and Nye, 1984), and the TDS concentration in the Salton Sea is now around
40,000 ppm, higher than the 35,000 ppm of seawater (Letey et al., 1986). The
concentration is predicted to increase to 59,000 ppm by the year 2012. The
high salinity threatens to kill the fish and end the Salton Sea sport fishing
industry. If proposed water conservation measures (canal lining, reservoir
regulation, and water reuse) are carried out, the salt concentration may
increase due to lack of dilution to 96,000 ppm by 2012 (Black, 1983).
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Trace Elements and Aquatic Life

The most significant trace element from agricultural drainage affecting
aquatic 1ife is selenium. We became acutely aware of the impacts of selenium
on wildlife in 1983 when waterfowl deaths and deformities were observed at
Kesterson Reservoir and traced to selenium in agricultural drainage water.

San Joaquin Valley. Kesterson Reservoir has since been the focus of much
research and debate. In one study, the U.S. Department of Interior (1985)
found 40 percent of the bird nests had at least one dead embryo, and 20
percent of the chicks were deformed. Many other studies have documented
similar findings. As a result, importation of drainage water to Kesterson
terminated in 1986.

The average selenium concentration in the San Luis Drain used to supply
Kesterson Reservoir was about 300 parts per billion (ppb). However, fish and
wildlife have been found to bioaccumulate selenium to much higher levels than
that found in their environment. Concentrations up to 283,000 ppb in fish and
110,000 ppb in eggs of aguatic birds have been reported.

The soils of the west side of the San Joaquin Valley are of marine origin and
contain significant amounts of selenium. Drainage waters from the west side
are generally quite high in selenium with respect to regulatory criteria.
Concentrations of selenium in shallow groundwaters have been observed as high
~as 4,400 ppb (Deveral et al., 1984).

Concerns over trace elements in the Central Valley are not limited to
Kesterson Reservoir. Other wildlife refuges and wetlands exist in the region.
Monitoring in the Grasslands Water District, Volta Wildlife Area, Kern
Wildlife Refuge, and other areas is continuing in an effort to identify the
regional scope of the problem. These areas represent crucial habitat for
migratory birds in the Pacific Flyway.

Evaporation ponds used for disposal of agricultural drainage water may also be
harmful to wildlife. Selenium, arsenic, molybdenum and other trace elements
are being concentrated to very high levels in the ponds, and problems similar
to those at Kesterson Reservoir are beginning to occur. The U.S. Fish and
Wildlife Service (1988) recently found deformed embryos of 5 waterfowl species
near Tulare Basin evaporation ponds. Near one pond, the frequency of
deformities in ducks was much higher than at Kesterson Reservoir. The cause
of the deformities is not yet clear. ,

Various methods are being tried to make evaporation ponds unattractive to
wildlife. However, in view of the sequence of problems encountered so far in
identifying suitable means for disposal of drainage water, the Central Valley
Regional Water Quality Control Board (Regional Board) and the Department of
Fish and Game are taking a measured approach in responding to the situation.
The Regional Board is currently undertaking an environmental impact analysis
to address the cumulative effects of evaporation basins.

Other elements besides selenium are of concern too. Arsenic, cadmium,
chromium, manganese, and molybdenum have been found in concentrations above
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levels known to be toxic to aquatic life, or are being biomagnified in the
food chain (Letey et al.,1986, and California Department of Water Resources,
1986).

Recent sampling by the California Central Valley Regional Board revealed
elevated concentrations of uranium in agricultural drainage water, up to 1,200
ppb (Westcot et al., 1988). The maximum concentration in evaporation ponds
was 11,000 ppb. About 45 percent of the samples from the ponds exceeded 1,000
ppb. The Regional Board cautioned that the presence of uranium in such high
concentrations might indicate the presence of the more hazardous radium
isotope and that radium concentrations should be evaluated.

Colorado River Basin. In the Salton Sea National Wildlife Refuge, selenium
appears to be accumulating in tissues of wintering waterfowl. However, there
have been no reports of bird deaths or abnormalities that can be 1linked
directly to selenium. In 1985, selenium levels in Salton Sea fish were the
highest in the state at 6,200 ppb (State Board, 1987).

Pesticides and Aquatic Life

The use of inorganic chemicals for control of agricultural pests began in
California in the 1880’s (Smith, 1946). These substances include: arsenic,
copper, sulfur, and mercury, and compounds produced by certain plants, such as
pyrethrum and nicotine. The use of man-made organic chemicals began in 1922
when paradichlorobenzene was applied as a soil fumigant. However, the major
development of organic pesticides began in the 1940’s.

In the 1960’s and 1970’s it was found that some chlorinated hydrocarbon
insecticides were persistent in the environment and were causing death and.
reproductive failure among birds and other wildlife. Some of the problems
occurred through direct contact with the insecticides or contamination of food
sources. Later it was found that agricultural pesticides could be carried in
the surface runoff from irrigated fields, either dissolved in the water
(typical for organophosphates) or adsorbed on soil sediments (typical for
chlorinated hydrocarbons). The pesticide residues, in some instances, killed
fish and also birds that ate the fish. For example, studies of the effects of
pesticides on fish-eating birds at wildlife refuges in the Klamath Basin area
began in 1960 when a die-off of birds was observed (Pillmore, 1961). The
deaths were found to be caused by agricultural drainage containing toxaphene
and endrin (Godsill and Johnson, 1968, and Kieth, 1966).

Very large quantities of pesticides are used in California. Contamination of
surface waters by various pesticides is found in virtually every area of the
state. The California Department of Food and Agriculture (CDFA) Pesticide Use
Report for 1986 lists over 440 distinct pesticides applied in California, with
a total use in that year of 86 million pounds of active ingredients (CDFA,
1986). Mandatory pesticide use reporting is limited to licensed applicators,
and it has been estimated by CDFA that the actual total use of pesticides in
the state may be three times higher than the reported use figures, i.e. around
250 million pounds in 1986. Reports by various state and federal regulatory
agencies indicate that findings of pesticide contamination in state waters are
increasing.




The best-known insecticide is DDT. Its use has been banned nationwide since
1972, yet the State Board’s Toxic Substances Monitoring Program (TSMP) has
detected DDT and related compounds in an increasing number of locations in
recent years.

Pollution Problems Affecting Human Health

Potential health hazards from the use of groundwater for domestic purposes
occur because of high concentrations of nitrates and pesticides in many wells
throughout the state.

Nitrates and Human Health

- Nitrogen occurs in a variety of forms in agricultural fields: elemental
nitrogen and nitrogen oxide gases, nitrate, nitrite, ammonia, cyanide, and
organic nitrogen. The main form of nitrogen in chemical fertilizers is
nitrate, which is readily soluble in water. Decomposition of animal wastes
“produces nitrate as well as smaller amounts of nitrite and ammonia. Nitrite
and ammonia are less stable in the soil, however, and do not tend to move very
far below the surface. Therefore, the main groundwater nitrogen pollutant
related to agriculture is nitrate.

In the early days of California agriculture, soils were very fertile and
yields were exceptionally high. After about 1900, however, yields began to

drop off and farmers began to apply commercial fertilizers and animal manures.

The use of fertilizer increased dramatically between 1900 and 1940, although
the actual amounts used were still small.

Since the 1940’s, the use of inorganic nitrogen fertilizer on crops has
increased greatly and crop yields have increased dramatically as a result.
However, an estimated 35 percent of the applied nitrogen runs off to surface
water or leaches into groundwater (Anton et al., 1988). In recent years it
has been recognized that high nitrogen use has resulted in a serious problem
of nitrogen pollution of groundwater in many areas.

Nitrate itself is relatively nontoxic to humans. The health hazard from
nitrate occurs when ingested nitrate is converted to nitrite in the body.
Nitrite can react with other substances to produce carcinogenic compounds
(nitrosamines). Although several studies have shown correlations between
incidence of cancer and exposure to nitrite (in food), no biological evidence
exists to directly prove nitrite causes cancer in humans. Nitrates in water
have also been implicated in birth defects but, again, direct 1inkage has not
been proven. :

The most notable effect on human health of nitrates in drinking water is
infant methemoglobinemia (blue-baby syndrome), which occurs when nitrite is
formed from nitrate in the stomach and combines with hemoglobin, reducing

the oxygen-carrying capacity of the blood. Infants up to three months of age
are especially susceptible. Adults are not normally affected.
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Based on the relationship between nitrate in drinking water and infant
methemoglobinemia, the water quality standard for drinking water supplies has
been set by the U.S. Public Health Service at 45 ppm nitrate or 10 ppm
nitrate-nitrogen. Some private wells on farms in California have been found
to contain several hundred ppm (Coordinating Committee for Scientific and
Technical Assessments of Environmental Pollutants, 1978).

In terms of the quantity of water affected, nitrate contamination (from both
fertilizers and animal wastes) may pose a greater threat to drinking water
than pesticides and other toxic organic compounds. For example, the
Metropolitan Water District of Southern California (1987) estimates that it is
losing 4 percent of its drinking water supply annually to nitrates and total
dissolved solids (primarily nitrate) compared with less than 0.5 percent Tost
because of toxic organics. Because it may take up to 60 years for changes in
nitrogen applications to affect groundwater nitrogen levels, the problem may
get much worse. Nitrate contamination occurs statewide.

Pesticides and Human Health

A recent State Board assessment cites over 2,900 verified incidents of
groundwater contamination by pesticides in 28 counties, including over 50
distinct pesticide compounds (Cohen and Bowes, 1984). About one-half of the
contamination incidents were caused by point sources such as leaks and spills.

Table 2 is a summary of a 1986 CDFA pesticide contamination survey of over
8000 wells throughout the state (Ames et al., 1987, and Brown et al., 1986).
Based on the survey, 14 counties were identified as having 5 or more wells
contaminated by pesticide residues.

Table 2. California Department of Food and Agriculture 1986 inventory of
wells with pesticide contamination.

County Number of Wells Major Contaminants
Del Norte 41 Aldicarb, 1,2-D
Fresno - 1,375 DBCP
Glenn: 46 Atrazine, Prometon, Simazine
Kern 70 DBCP, EDB, 1,2-D ’
Kings 6 DBCP
Los Angeles 38 Atrazine, Simazine
Madera 5 DBCP
Merced 282 DBCP, EDB, 1,2-D
Riverside 35 DBCP, Simazine
San Bernardino 64 DBCP
San Joaquin 93 DBCP, 1,2-D
Stanislaus 115 DBCP
Sutter 14 DBCP
Tulare 108 DBCP
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While numerous pesticides have been detected in groundwater, CDFA has
concluded that there is only enough evidence to associate 10 pesticides or
related compounds (i.e. metabolites) found in groundwater samples with general
nonpoint source agricultural applications. The compounds implicated are
aldicarb, aldicarb sulfone, atrazine, bromacil, dibromochloropropane (DBCP),
diuron, EDB, prometon, simazine, and 1,2-D. Of these compounds, aldicarb,
atrazine, bromacil, diuron, prometon, and simazine are currently licensed for
use as active pesticide ingredients. Other compounds may be present
(alachlor, carbofuran, dimethoate, molinate and its metabolite molinate
sulfoxide, and others), but insufficient information is available to link
these to general agricultural applications (versus improper disposal, etc.).
The contaminant of greatest concern from general agricultural applications is
DBCP.

DBCP is a nematicide applied as a soil fumigant. In a recent State Board
study (Cohen and Bowes, 1984), nearly 2,500 drinking water wells (nearly one-
third of those tested), were contaminated with DBCP. As a result, about
700,000 people may have been exposed to DBCP. The number of contamination
incidents has continued to increase as more aggressive monitoring activities
are implemented in an attempt to define the scope of the problem.

DBCP has been identified as a potent animal carcinogen and is therefore a
suspected human carcinogen. Evidence indicates that it also causes sterility
in human males, as well as birth defects. The California Department of Health
Services (DHS) has concluded (1980) that it is unlikely DBCP can be used as a
soil fumigant without contaminating groundwater, and that the related
compounds dichloropropane, dichloropropene, EDB, and methyl bromide might

cause similar problems. I

The San Joaquin Valley is now recognized to possess the most widespread
groundwater contamination problem from pesticides in the nation, primarily
from DBCP (Russell et al., 1987). For example, DBCP has been found in 23.8
percent of the wells tested in Tulare County, 15.9 percent of the wells in
Kern County, and 43.4 percent of the wells in Fresno County (Fischer and Reid,
1986). It has been estimated that the total groundwater contaminated by DBCP
in the San Joaquin Valley is about 30 million acre feet, or approximately 25
percent of the total usable groundwater in the entire valley.

DBCP concentrations regularly exceed the DHS action level of 1 part per
billion (ppb) in Fresno and Kern Counties. DHS adopted its current action
level of 1 ppb in 1978, before information on the carcinogenicity of DBCP was
available. EPA has since estimated the lifetime cancer risk of consuming
water with 1 ppb DBCP as 150 cases per million people. This risk is
unacceptably high. DHS policy is that carcinogens in drinking water should
not exceed a level causing a cancer risk of one case per million people. DHS
is currently in the process of adopting an action level of 0.2 ppb for DBCP.

DBCP contamination also affects large quantities of groundwater in Orange,
Riverside, and San Bernardino Counties.
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are being identified. Cohen (1986) estimated the cumulative use of DBCP in
California from 1955 to 1977 to be in excess of 50 million pounds. In Tight
of the high use rates, direct soil injection as a means of application, and an
estimated soil half-1ife in excess of 100 years, groundwater contamination
problems may persist for decades to come.

. The use of DBCP was suspended in 1977, yet new incidents of well contamination

11. ADDRESSING THE NEED - THE AGRICULTURAL DRAINAGE WATER
MANAGEMENT LOAN PROGRAM

BACKGROUND

The Agricultural Drainage Water Management Loan Program (Loan Program) was
authorized by the Water Conservation and Water Quality Bond Law of 1986 (Bond
Law) for the purpose of mitigating the adverse impacts of agricultural
drainage. The Bond Law authorizes a total of $75 million for low-interest
loans to public agencies for agricultural drainage water management projects.
Loans may be up to $20 million with an interest rate set at fifty percent of
the interest rate paid by the state on the most recent sale of state general
obligation bonds. The current interest rate for loans is approximately 3.5
percent. Loans of up to $100,000 may also be issued for feasibility studies
of projects potentially eligible for funding. The repayment term may extend

. up to twenty years.

The primary eligibility criterion for participation in the Loan Program is\/
that there must be pollution or a threat to pollution of the;ug;ggngf_Lbe

state from agricultural drainage. Treatment, storage, or disposal facilities

for agricultural drainage water may be purchased or constructed. Engineering‘J///

costs for design and construction, as will as land purchase and right-of-way
costs are eligible for reimbursement. Some specific facilities identified in
the Bond Law are surface impoundments (including evaporation ponds),
conveyance facilities, treatment works (including ion-exchange and desalting
facilities), and injection wells.

TYPES OF PROJECTS

The Loan Program is administered by the California State Water Resources
Control Board (State Board). To date, twenty applications have been received
for construction of facilities, and five applications for feasibility studies.
¥h$]twenty-five projects can be broadly classified into five categories as
ollows: :

1. Disposal projects - These include evaporation ponds and deepwell
injection facilities. Loan applications have been received for twelve
disposal projects, including three inactive projects which may be
developed as either disposal or selenium removal projects.




2. Selenium removal projects - These may involve physical/chemical processes
or biological processes. Loan applications have been received for two
selenium removal projects.

3. Groundwater cleanup projects - These may involve desalting technology,
nitrate removal, or treatment for DBCP. There are five active projects
in this category. A1l will produce potable quality water.

4. Drainage management projects - These may achieve pollution control
through means other than the construction of treatment or disposal
facilities. Water quality objectives may be achieved by primarily
operational or managerial procedures. There is one project in this
category.

5. Feasibility studies - These may include studies of projects potentially
eligible for funding in any category discussed above, or may be
investigations of drainage problems without fixed solutions. There are
five projects in this category.

Table 3 is a summary of the twenty-five projects in the Loan Program.

Disposal Projects - Lost Hills Water District and Westlands Water District

Disposal projects include evaporation ponds and deepwell injection facilities.
An example of the former is the Lost Hills Water District project in the
Tulare Lake Basin. This project consists of the acquisition and construction
of approximately 683 acres of evaporation ponds for the disposal of subsurface
drainage water. Because of the environmentally sensitive nature of this
project, the State Board imposed a number of loan conditions upon the district
to reduce any potential adverse environmental impacts of the ponds. These
include monitoring and data collection requirements, wildlife control
measures, mitigation and closure plans, and a detailed water balance and water
conservation program. The primary focus of these requirements is to assure
that toxic constituents in the drainage water (especially selenium) will not
reach hazardous levels as specified by the Toxic Pits Cleanup Act of 1984.
Loan funding is being withheld from the district until these items have been
completed to the satisfaction of the State Board.

Another type of disposal project is Westlands Water District’s one mgd pilot
deepwell injection project. This project is located in the San Joaquin Valley
approximately thirty-five miles west of Fresno. Subsurface agricultural
drainage water, formerly discharged to Kesterson Reservoir via the San Luis
Drain, will be injected into deep saline aquifers approximately a mile and a
half below the surface. This depth is well below any usable source of
drinking water and should pose no threat to beneficial uses. If successful,
the district plans to develop a larger scale facility with several injection
wells. They currently have a loan application with the State Board for a nine
mgd project. Several other agencies in the San Joaquin Valley are monitoring
the progress of the Westlands’ facility prior to developing disposal projects
of their own.
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Table 3. Summary of projects in the Agricultural Drainage Water Management Loan Program.

Loan Request

t 1 ) '
) 1 ] i
Agency ! Category'! $10002 ! Project Description ! Project Status®
] ) 1 1}
L} ) 1 ]
[} ] ) 1
L L] ) B )
Lost Hills H 1 H 2,670 ! Phase 1 construction and aquisition of 683 i Board approval
Water ' | i acres of of evaporation ponds 1in the Tulare { obtained with condi-
District ! H ! Lake Basin. ! tions. Loan contract
1 1 H ! pending fulfiliment
H ' H ! of loan conditions.
) 1 ) )
, :' i : E
Imperial H 1 H 250 i Design and construction of a pilot ten-acre ! Board approved 8/88,
Irrigation H H { evaporation pond to evaluate the feasibility i Legislature approved
District H ' ! of a large scale evaporation pond system for 1 8/88.
E E 5 Salton Sea water. E
) ) ) ]
L] 1 ) [}
¥ ) ) [}
Westlands H 1 H 1,498 ! Design and construction of a prototype one mgd | Board approved 8/88,
Water | H ! deepwell injection facility for disposal of | Legislature approved
District H H ! agricultural drain water. \ 8/88.
] ] ) [}
t ) ) L]
L] ) ) (]
] ] ] ]
Tulare Lake | 1 ! 1,000 ! Design and construction of a 715-acre evapora- | Board approved 8/88
Drainage H H ! tion pond facility for disposal of agri- i with loan condition,
District H H i cultural drain water. ! Legislature approved
\ H H \ 8/88, loan contract
1) ) L} ) ]
) 1 ) i pending.
5 i i 5
[ ] 1 1 )
Westlands ' 1 H 16,522 ! Phase 2 design and construction of a nine mgd | Inactive
wWater ' | ! deepwell injection facility for disposal of H
District H ) { agricultural drain water. H
1 1 L] [}
) ] ] ]
] ' ] . t
) ) ] )
Reclamation | 1 H 500 i Design and construction of drainage improve- { Board approved 8/88,
District H ) i ment facilities for control of shallow water i Legislature approved
No. 999 H ' ! table and water quality. + 8/88, loan funds
: ) ! ! disbursed 6/89.
L] 1 ) )
E E E i
Broadview H 1,24 H 5,000 ! Design and construction of a 3.9 mgd selenium | Inactive
water H ' ! removal or deepwell injection facility for H
District H ! i disposal of agricultural drain water. H
‘ L] ) A | ]
L ) 1 ]
: : : ’ :
Charileston H 1,24 H 1,000 i Design and construction of a 0.9 mgd selenium |} Inactive
Drainage H H i removal or deepwell injection facility for !
District H H !\ disposal of agricultural drain water. H
) ) 1 ]
) ] 1 1
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Table 3. (continued)

l.oan Request

) ] ] ] ]

1 ] 1 | . )

! Agency ! category'! $10002 ! Project Description ! Project Status?

H ) ' : : :

‘ i H h . h

+ Pacheco v 1,24 H 2,000 '\ Design and construction of a 1.9 mgd selenium | Inactive

i Water H H ¢ removal or deepwell injection facility for

i District H H 1 disposal of agricultural drain water,

a | i s s

[) ] ] - ]

{ Lost Hills H 1 ! 3,049 i Phase 2 design and construction of an expanded | Inactive

i Water H H i evaporation pond and drainage system for H

t District H H ! disposal of 4.1 mgd of agricultural drainage. |}

L} [} [} T ]

i~ s 5 s e

! Dudley Ridge | 1 H 900 \ Design and construction of a 0.6 mgd drainage | Inactive

i Water H H !\ and evaporation pond system for disposal of H

! District H i ! agricultural drain water. '

} South : \ : :

] ) ) ] ]

1 i (] ) )

: 1 : h :

\ budiey Ridge | 1 H 1,128 ! Design and construction of a 1.25 mgd drainage | Inactive

! Water H H ! and evaporation pond system for disposal of !

{ District H H i . agricultural drain water. H

y North : H : : :

] ) ] 1} t

L] ) 1 L] $

: : H ) :

! Westlands H 2 H 1,198 i Design and construction of a 0.5 mgd prototype | Inactive

i water H H \ selenium removal facility using a biological k

! District ' H | process. H

: \ : H '

: : : : ‘

1 Panoche ' 2 H 500 i Phase 2 design and construction of a 0.27 mgd | Inactive

! Drainage H H ! "selenium removal facility using an iron ,

y District H ' i filings process. H

: : ‘ : :

H H ' ] : ’ 1

! Santa Ana H 3 H 15,061 ! Design and construction of a desalting and ! Loan funds disbursed
! Watershed H H ! DBCP removal facility for groundwater in the \ 11/88, project under
! Project : : ' Arlington Basin. | construction.

' Authority ' H ' H

(] ) 1 1 ]

] ) 1 ] )

‘ ' : ' :

i City of H 3 ' 2,750 i Design and construction of a six mgd activated | Board approved 8/88,
1 Redlands H ! ! carbon wellhead treatment facility for the ; Legislature approved
H H H i removal of DBCP from groundwater. i 8/88, loan contract
' 1 ] ' ) :

' ' ' ' 1 signed.

(] ] ' ] 1

1 ) ) ) )

: ' ] : :

v Orange H 3 H 18,008 i Design and construction of salinity and i Project is in the
\ County Water | : i nitrate removal facilities for contaminated i planning stage.

! District : ' ! groundwater in the Irvine area. H

] ) t ) 1

] [} ] ] 1
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Table 3. (continued)

Loan Request

County Zone
of Benefit 2

for groundwater containing high concentrations
of trace elements.

1 1 ) )

] 4 ) ]
Agency ! Category!! $1000% ! Project Description ! Project Status?

E E i , E
City of E 3 i 14,400 5 Design and construction of wellhead treatment i Project is in the
Riverside ' H v facilities for removal of DBCP. i planning stage.

] ] ) 1

e | a |
Santa Ana 1 3 H 16,200 + Design and construction of a 5.3 mgd salinity | Project is in the
watershed H H i and nitrate removal facility for groundwater i planning stage.
Project H H + in the lower Chino Basin. H
Authority H H H '

] ] 1 [}

] ) ] 1

: : : :
Panoche H 4 H 2,000 1 Development of a drainage water by-pass system | Project is in the
Drainage H H i around the Grasslands Water District using the | planning stage.
District : ' y  San Luis Drain for a portion of the facilities |

E E E , :

t ) 1 EH
Panoche ! 5 H 100 ! Feasibility study of an iron filings process ! Loan funds disbursed
Drainage H H i for removal of selenium from drain water. y 5/89, project is
District H H H ! under construction.

: i h :

: \ ' H
United wWater | 5 H 75 \ Feasibility study to determine the source of, ! Board approved 8/88,
Conservation | ' i and solutions to, a high~nitrate groundwater | Legislature approved
District H \ i problem. 1 8/88, loan contract

| H H ! signed.

$ (] 1} 1

[} ] ) 1

; : ' :
Buena Vista | 5 H 100 i Groundwater monitoring and feasibility study. | Planning is complete,
water Stor- |} | ' i Board approval
age District | ! : ! pending.

1 ' i :

' 1 : H '
Gustine ! 5 H 100 i Groundwater monitoring and feasibility study. | Loan funds disbursed
Drainage H ' H i 4/89, monitoring
District H H H \ program in progress.

: E E E

t 1 ] )
Colusa : 5 H 100 !\ Feasibility study to identify a drainage plan | Inactive

' : : i

1 : 1 1

] t ) ]

] 1 [] 1

Category 1 - Disposal projects, 2 - Selenium removal projects, 3 - Groundwater cleanup projects,
4 - Drainage management projects, 5 ~ Feasibility studies

Capital cost of project may exceed loan amount.

Inactive projects are not likely to proceed in 1989-90.

Project may be developed as a disposal or selenium removal facility.




Selenium Removal Projects - Panoche Drainage District ' .

The only active selenium removal project in the Loan Program is Panoche
Drainage District’s pilot iron filings plant. While this project is
technically on the record as a feasibility study, it is conducted as a small
demonstration facility and is a good example of this type of project.
Laboratory and bench-scale testing have shown that iron filings can remove a.
large percentage of the selenium in agricultural drainage water. Panoche is
conducting a field study of a process developed by Harza Engineering using
this principle. The process hasn’t been proven on a large scale and so is not
ready for widespread application. The district has an application in to the
State Board for an expanded facility when the results of their pilot study are
known. As with the Westlands’ project, other agencies in the San Joaquin
Valley are monitoring the Panoche project prior to developing treatment and/or
disposal projects of their own.

Groundwater Cleanup Projects - Santa Ana Watershed Project Authority

There are currently five active projects in the Loan Program in the
groundwater cleanup and reclamation category. The use of loan funds for this
purpose was not envisioned when the Bond Law was originally conceived, however
the language of the Bond Law seems to accommodate them where the source of
pollution can be traced to agricultural drainage. Primary contaminants
include salinity, nitrates and DBCP. ‘

An example of this type of project is the desalting and DBCP removal facility
currently being built by the Santa Ana Watershed Project Authority in
Riverside County. Groundwater in the Arlington Sub-basin has been polluted
from a long history of agricultural practices in this area, and is unusable as
a source of domestic supply. The project will pump approximately six mgd from
the aquifer through a series of five extraction wells. Desalting will take
place in a nearby reverse osmosis facility. DBCP removal will be accomplished
with treatment by granular activated carbon. Waste brines will be discharged
to the ocean via the Santa Ana Regional Interceptor, and product water will be
sold to the Metropolitan Water District of Southern California.

Drainage Water Management Projects - United Water Conservation District

Drainage water management projects may achieve pollution control and water
quality objectives through operational or non-structural approaches to
drainage problems. An example of this type of project is United Water
Conservation District’s groundwater nitrate study in Ventura County. The
Montalvo Forebay Groundwater Basin has been polluted by nitrates in excess of
the drinking water standard of 45 mg/1. The study is examining a number of
alternatives for pollution control, including blending, exchanges, etc.

Feasibility Studies - Gustine Drainage District

The last category is feasibility studies. These may include studies of
projects in any category discussed previously, or may be investigations of
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drainage problems without an identified solution. An example of the latter is
Gustine Drainage District in the western San Joaquin Valley which is
conducting an intensive groundwater monitoring program to determine the
sources of, and solutions to, a shallow water table within the district.

CONCLUSIONS AND RECOMMENDATIONS

1.

Reduction in the volume of drainage water is generally considered to be
the most feasible near-term solution to the drainage problem in the
Central Valley and the Imperial and Coachella Valleys. A number of
recent studies have pointed out the need for better water management to
achieve drainage reduction (California Regional Water Quality Control
Board, 1988). Many obstacles exist, however, to improving water
management including relatively abundant water supplies at low cost, lack
of information and skills, and farm/institutional constraints.

The disposal problem for poor quality tile drainage water has raised some
difficult legal and policy questions. For example, in some areas there
is considerable lateral movement of shallow groundwater from higher to
lower elevations. Should the farmers at lower elevations with tile
drainage systems be held responsible for poor quality drainage water
originating from up-slope farms? In one case, the tile system under a
640 acre area continued to produce drainage water during a season in
which the land was neither planted nor irrigated. In another example,
the selenium in one farm evaporation pond has become concentrated to the
point that the pond now faces regulation under the California Toxic Pits
Cleanup Act of 1984. Cleaning of the pond would cost 30-50 times the
value of the farm. In recognition of the possible consequences of apply-
ing the Toxic Pits Cleanup Act to agricultural evaporation ponds, the
California Legislature passed Assembly Bill 2875 in 1988 which provides
exemptions for agricultural evaporation ponds meeting certain conditions.

The persistent nature of some pesticides in the environment, such as
DBCP, is likely to cause new cases of contamination for years to come,
even though the use of such compounds has been banned for many years.

It is too early to assess the effectiveness of the Loan Program in the
control of agricultural drainage problems. It presently takes from one
to two years for an agency to receive loan funds from the date of first
application. At this time loan funds have been disbursed for four of the
twenty-five projects, and none of these have completed construction.
Preliminary indications are, however, that these will be successful
projects. Delays in project funding can be attributed to four causes:

* A lengthy application process.

* Caution about taking on debt, even at low interest rates, without
proven tangible benefit.

* Unproven technology. Pilot-scale projects may need to be completed
prior to development of full-scale facilities.
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* Uncertainty about government regulations. Agencies may be reluctant
to design and construct projects when regulatory standards are in
flux. Examples include the pending adoption of new discharge
standards for the San Joaquin River, and the uncertainty over
allowable selenium concentrations in the invertebrate food chain in
evaporation ponds. _

5. Table 4 is a fiscal summary of the fifteen active projects in the Loan
Program. There are insufficient funds for the inactive projects which
are waiting for the results of feasibility studies or pilot-scale
projects before implementing larger scale facilities.

6. The Loan Program is limited in the type of projects it can fund.
"Drainage water management units," as the term is used in the authorizing
legislation, means land and facilities for the treatment, storage, or
disposal of agricultural drainage water. A new definition of this term
is needed to include projects which achieve water quality objectives
through control of drainage water at the source, and through non-
traditional and innovative technologies.

7. _Institutional requirements and regulatory standards will play a major
role in the demand for loans for drainage improvement projects. Many
agencies are reluctant to implement costly drainage improvement projects
without a regulatory incentive or mandate to do so. Examples include the
Maximum Contaminant Level (MCL) for DBCP in public drinking water
supplies of 1.0 ppb (a reduction in the MCL to 0.2 ppb is pending), the
primary drinking water standards for other contaminants such as nitrates,
and various water quality objectives.

Production of food and fiber provides a strong base for California’s economy.
However, if we are to maintain the agricultural industry and, at the same
time, continue to provide the quality of 1life to which California’s citizens
are accustomed, we must minimize the long-term problems that are developing
from high-production agriculture. Since irrigated agriculture claims 83
percent of the total state water use, the objective of maintaining state water
quality is no small or localized task. We are now beginning to recognize that
continued intensive agricultural production will require much more careful
-management of soil and water resources than in the past. We also need to
develop long-term solutions to the problems rather than "quick-fixes" that, in
some cases, are not effective or have the potential of creating new problems.
Long-term solutions will require a sustained effort in the areas of research,
farm management, and government regulation.
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Table 4. Summary of the Agricultural Drainage Water Account,
June 1, 1989

| DEBIT BALANCE
Total Authorization $75,000,000
Administrative Allowance $3,750,000
Total Available for Loans $71,250,000

Total Loans Approved by Board $23,994,000
Uncommitted Funds $47,256,000

Remaining }988 Priority List »
Projects $15,200,000

Loan Requests Received

in Response to 1989

Solicitation of Proposals $35,508,000

1 placed on Priority List 1/21/88

2 Does not include nine inactive projects requesting $27,179,000
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I. INTRODUCTION

Irrigated agriculture has become an indispensable part
of the California economy. Inherent with the benefits of
irrigated agriculture is the problem of managing the resulting
saline drainage water that is generated in many irrigated
areas. Clearly an economically feasible solution to the
drainage problem that adequately protects the environment is
imperative. In the process of seeking that solution, water
agencies are confronting several technical agricultural
drainage issues to ensure the future of irrigated agriculture.
This paper serves to present an overview of these issues and
the steps water agencies in the western San Joaquin Valley are
taking to address them.

II. BACKGROUND: THE PROBLEM

Without adequate drainage, economic losses for
irrigated agriculture are inevitable. The problem is that in
irrigated areas, saline ground water rises into the root zone
of growing crops, resulting in reduced crop yields (soil
productivity). In the western San Joaquin Valley, much of the
soil is underlain with stratified clay layers that do not allow
rapid, natural drainage of applied water. The water table
throughout large areas of the Valley contains levels of
dissolved salts and other common elements which may be toxic to
agricultural crops and must be drained from the crop root
zone, Today over 100,000 acres of land are drained in the
Valley's west side. Additional land now needs drainage and
more land will need it in the future. However, little
additional land will be drained until an economically-sound and
environmentally-safe management and disposal plan is developed.
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III. RELATED.TECHNICAL ISSUES FACING WATER AGENCIES

As discussed above, continued viable farming of
irrigated lands depends on adequate sub-surface drainage.  The .
goal of maintaining adequate drainage in a practical way, while

at the same time protecting the public health and the

environment, presents four technical issues for water

agencies: (1) the development of means of encouraging water
conservation; (2) the development of adequate drainage water
management strategies; (3) compliance with water quality

requirements; and (4) the authority of water agencies to manage
drainage water.

A. DEVELOPMENT OF MEANS OF ENCOURAGING WATER CONSERVATION

Farmers and local water agencies in the San Joaquin
Valley's west side recognize that the first step in solving the
drainage problem is to reduce the amount of water that needs to
" be managed. The best way to reduce that volume is through
on-farm water conservation. Water agencies are taking the
following steps to encourage water conservation at both the
on-farm and district levels.

(1) Westlands Water District is implementing an
aggressive water conservation program designed to optimize.
water use and minimize contributions to the shallow ground
water table.

(2) Westlands Water District and the Westside
Resource Conservation District are cooperating in a grower
assistance program to encourage investments in improved
irrigation.

(3) Broadview, Firebaugh Canal, Pacheco and San Luis
Water Districts and Panoche Drainage District have hired a
water conservation coordinator to develop district-level water
conservation plans.

(4) Broadview Water District is involved in a trial
tiered-water-pricing program that will give growers financial
incentives to reduce their drainage volumes.

(5) Panoche Drainage District and Broadview, Pacheco,
San Luis and Firebaugh Canal Water Districts are developing
drainage water management plans to control their drainage
discharges.

B. DEVELOPMENT OF ADEQUATE DRAINAGE WATER
MANAGEMENT STRATEGIES

Although on-farm water conservation is an important
step in reducing the volume of drainage water, conservation




alone will not solve the drainage problem. Measures need to be
taken to treat and dispose of the drainage water that will
still be generated. Water agencies in the western San Joaquin
Valley alone have spent millions of dollars in the development
of adequate drainage water management strategies. Examples of
efforts in this area include:

(1) Westlands Water District is participating with
Fresno State University, the State of California and other
agencies in developing a field research center on the west side
of the San Joaquin Valley. That center will provide a location
for qualified researchers to investigate promising methods for
drainage water treatment and disposal.

(2) Several water districts are looking into
electrical cogeneration as a means of treating and disposing of
drainage water. One process being explored involves using
excess heat from natural gas turbine generators to consolidate
and remove dissolved salts from the drainage water.

(3) Panoche Drainage District is involved in a
pilot-level study to assess the use of iron filings to remove
selenium from drainage water.

(4) Westlands Water District plans to construct a well
into very deep saline strata for the disposal of drainage water.

C. COMPLIANCE WITH WATER QUALITY REQUIREMENTS

Of course, strategies to manage agricultural drainage
water must "fit" within the programs for water quality
protection at all levels of government. The water quality
concern in question is whether the discharge of agricultural
drainage water to a receiving water body (such as a river) will
cause an exceedance of a water quality objective or standard in
the receiving water body.

"Agricultural drainage is a classic example of a
"nonpoint" source discharge (i.e., nondiscreet discharges from
multiple sources). Since, to a large degree, the regulation of
nonpoint sources is a new area of water quality regqulation, one
of the technical issues facing water agencies is the
development of nonpoint source requlatory programs. Following
is an overview of three nonpoint source policy areas which will
have an impact on water agencies in California.

1. California's Nonpoint Source Management Plan

In 1988, the California Water Resources Control Board
(the "State Board") developed and adopted its "Nonpoint Source
Management Plan" (the "Plan") pursuant to Section 319 of the
Federal Clean Water Act. 1In brief, the Plan calls for the
State Board and the Regional Water Quality Control Boards (the
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"Regional Boards") to address nonpoint source management
concerns by using the following three management options: .

a. voluntary implementation of Best Management
Practices (BMPs);

b. regulatory-based ehcouragement of BMPs; and
c. effluent limitations.

The plan calls for the use of the least stringent option that
successfully protects or restores water quality, with more
stringent measures considered if timely improvements in
beneficial use protection are not achieved. This plan is
consistent with the U.S. Congress decision to move toward
encouraging the use of BMPs as opposed to issuing individual
discharge permits for water agencies and growers. This policy
makes sense in light of the fact that nonpoint sources ,
typically result from the action of several or numerous sources
which are difficult to identify or quantify.

As the State and Regional Boards begin implementation
of the Plan, water agencies in California can expect to see
more State involvement in the already ongoing efforts to
improve farm water management practices in order to reduce
pollutant loadings to receiving water bodies. e

2. Assessment and Ranking of Impacted Water Bodies . -

Also in 1988, the State Board developed two documents
pursuant to Section 319 of the Federal Clean Water Act entitled

the Nonpoint Source Problem Inventory (the "Inventory") and the

Nonpoint Source Problem Assessment (the "Assessment"). The
Inventory serves as a database of currently known nonpoint

source problems in California. The Assessment presents an
overview of nonpoint source problems in California as
documented in the Inventory. The State Board plans to use this
information in developing its “Clean Water Strategy".

The current version of the Inventory and Assessment
are based on the best information that the State Board has at
this time, and the State Board will be updating these documents
on an ongoing basis. Local water agencies have commented to
the State Board that, in future revisions to these documents,
it would be appropriate to give further attention to the degree
of risk posed by the water quality problems identified in the
Inventory. The current version of the Inventory focuses on the
number of exceedances of water quality standards as opposed to
the degree of an exceedance or the basis of a standard (e.g.,
health protection).  Thereby, the current version could equate
a location posing a significant human health risk with a
location posing a slight risk to wildlife or vegetation. The
State Board has agreed with this comment. Providing such input
into the State Board's ongoing development of its Clean Water




Strategy is another technical issue facing California water
agencies.

3. Point of A ication of W r 1i Obj ives

Since the Spring of 1988, the State Board has been
developing a Water Quality Control Policy to define the "Point
of Application of Water Quality Objectives”. The premise of
the policy is that, if appropriate conditions are set forth, a
mixing zone (i.e., a three-dimensional volume) should be
granted between the location of the discharge and the "point"
where water quality objectives and standards will be applied.
The State Board plans to adopt the final version of this policy
in February of 1990.

In the ongoing discussions regarding this policy, one
of the fundamental questions has been how this policy should
relate to nonpoint sources, including agricultural drainage.
The final version of this policy, to the extent it applies to
nonpoint sources, could have a significant impact on the
regulation of agricultural drainage. Providing constructive
input into the development of this policy is one of the
technical issues now facing water agencies in California.

D. LOCAL AGENCY AUTHORITY TO MANAGE DRAINAGE WATER

A final issue facing local agencies in managing
agricultural drainage waters is the question of whether water
agencies have the authority to: (1) implement drainage water
management programs; and (2) regulate the generation,
collection, and disposition of drainage water with their own
boundaries. Often, the authorizing statutes which created the
districts in which drainage problems arise do not establish
such specific authority.

For example, many water districts were created to
purchase water from a state or federal project and deliver that
water to growers within the districts. It is questionable
whether those districts can force growers to comply with
provisions of a drainage water management plan that the
districts may create.

While there a few districts which have specific
drainage management authority, the majority of the water
districts do not have such authority. 1In situations where the
districts do not have authority to enforce drainage management
plans, cooperation between districts and individual growers is
essential to the implementation of a drainage plan. Without
such voluntary cooperation, it is unlikely that a successful
drainage management plan will be developed or implemented.

It is important for state and federal regulatory

agencies to recognize the important role of water agencies in
developing successful Best Management Practices. It is also
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important for the regulatory agencies to recognize the legal
limitations which the districts face. Given these limitations,
the cooperation of all involved groups is essential. Without
extensive coordination, solutions are liable to be fragmented
and incomplete. Moreover, for practical solutions to be
implemented, the framework of laws and policies regulating the
disposal of agricultural drainage water must incorporate
sufficient flexibility to allow fiscally- and
environmentally-sound programs developed by cooperative efforts
to be implemented.

IV. CONCLUSION

Irrigated agriculture has become  an indispensable part
of the California economy. Inherent with the benefits of
irrigated agriculture is the problem of how to manage the
resulting drainage water. Clearly a solution to the drainage
problem that adequately protects the environment is ’
imperative. Water agencies and growers in California are
meeting this challenge by: (1) supporting research, improved
water conservation and innovative drainage management programs;
and (2) participating in the development and implementation of
the State's Nonpoint Source Management Program and related
policies.

I1-E-6




REGULATION OF AGRICULTURAL SUBSURFACE AND SURFACE
DRAINAGE IN THE SAN JOAQUIN BASIN

William H. Crooks and Dennis W. Westcot'

Today we would like to share with you the types of problems that have been
encountered from agricultural drainage water, both surface and subsurface, in
the San Joaquin River Basin of California. These problems, although specific
to this basin, are likely to be encountered in similar forms in other intensively
irrigated basins. There are a number of options being impiemented or considered
to solve or minimize these problems.

THE BASIN

The San Joaquin River Basin makes up a portion of the southern end of the Great
Central Vvalley of California (Figure 1). It stretches southward from the
Sacramento-San Joaquin Delta to the drainage divide between the San Joaquin and
Kings Rivers near Fresno. The basin encompasses over 11,000 square miles between
the crest of the Sierra Nevada and the crest of the Coast Range. The Sierra
Nevada, where elevation often reaches 10,000 feet or above, is a major source
of excellent quality surface water which originates from snowmelt. In addition
to the San Joaquin River, three major tributaries, the Stanislaus, Tuolumne and
Merced Rivers, flow into the San Joaquin River as it flows north into the
Sacramento-San Joaquin Delta, one of the most productive estuaries in the world.
Total annual runoff averages about 6,062,000 acre-feet. Water is also imported
to the basin from the Sacramento River by means of the Delta-Mendota Canal.
Water is also exported from the basin from the Stanislaus, Tuolumne and San
Joaquin Rivers.,

The valley floor portion of the basin has undergone extensive land development
in the past 50 to 75 years. Irrigated agriculture constitutes the largest and
most important use of land in the valley. Total irrigated acreage is 1,760,000;
however, increasing urbanization of these lands is occurring.

INTRODUCTION

The emphasis in water supply and water supply development in the San Joaquin
River Basin is taking a major turn. Good quality supplies, which previously were
plentiful and readily available, are becoming fully developed. Intense
competition for the remaining finite supply is beginning to emerge. Because the
remaining surface water supply is limited, there is increased attention on
protecting this limited supply from any type of degradation which might reduce
its usability or limit its development. Irrigated agriculture, being the largest
user of water in the San Joaquin River Basin does have a significant impact on
water quality and its usability for other purposes. The main causes of the
impacts that result from irrigated agriculture appear to be fourfold:

'Executive Officer and Chief, Agricultural Unit, respectively. California
Regional Water Quality Control Board, Central Valley Region, Sacramento,
California
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a. upstream diversions have reduced river flows and thus reduced the
dilution capacity of the river for the remaining salts and other
contaminants including those returning from irrigated agriculture;

b. water development has imported outside water supplies into new areas
carrying with it significant new quantities of sait;

c. expanded irrigation development has resulted in more concentrated salt
loads returning to the river from normal evapotranspirational processes
as well as increased salt loads and other contaminants from subsurface
drainage projects on new and existing irrigated land; and

d. surface water runoff from irrigated fields has carried toxics and other
materials used on the fields into the surface water supplies.

Because the discharge of surface tailwater and subsurface drainage water are -

creating the greatest impact, initial efforts on controlling or reducing
pollutant loads will be directed at these discharges.

We have found that both surface return water (tail water) and subsurface drainage
may contain toxic constituents that require proper management to protect the
beneficial uses of receiving waters. Pesticides and fertilizer materials are
too often carried away from target fields in tail water while subsurface
drainage, in addition to high salts, has been found to contain heavy metals and,
occasionally, pesticides.

The regulation of agricultural surface and subsurface drainage water is more a
resource management problem than the regulation of the classical waste stream
from a city or industry. In developing controls, an important distinction is
the waste source. Pesticide and fertilizer wastes, that are discharged to
surface water, are produced at an identifiable location. When the regulation
and control of pesticides and fertilizer runoff has not been effective, the
option is still available to remove the source by restricting use of that
material. The regulation of agricultural subsurface drainage water discharges
is different. The water is a blend of naturally occurring elements from a wide
area, sometimes covering several hundred square miles. The exact sources and
controls are difficult to determine. Restricting discharge of subsurface
drainage water may mean the elimination of irrigation.

The remainder of this paper will briefly describe the approaches being taken to
begin regulation of both subsurface and surface drainage water from irrigated
land in the San Joaquin River Basin. Although each will be described here
separately, they are closely linked.

SUBSURFACE DRAINAGE WATER DISCHARGES

High water tables and subsurface drainage water problems are not new to the San
Joaquin River Basin. The first tile drains to control the high ground water were
installed in the 1950s soon after the importation of water through the Delta-
Mendota Canal. The drainage problems are principally centered on lands west of
the San Joaquin River whose soils were derived from the Coast Range. As the
drainage problems increased, more lands were tiled and the drainage water
discharged to the San Joaquin River. Plans were being laid for the construction




of a main drain that would carry this water to the San Francisco Bay and ocean.
In 1968, construction commenced on the first 82 miles of the San Luis Drain from
near Five Points, California to Kesterson Reservoir in Merced ' County.

Construction of the remainder of the drain was halted, however, due to funding
shortages. The Regional Board stated in its San Joaqu1n Bas1n Plan (SWRCB,

1975) that the drain was a necessity in order to protect beneficial uses in the
San Joaquin River but also recognized that impacts would continue until the drain
was completed.

The earliest concerns with the drainage water and its disposal in the San Joaquin
River were centered on salinity and especially its impact on irrigated
agricultural beneficial use in the southern San Joaquin Delta. Boron, because
of its impact on irrigated agriculture was the only trace element of concern.
Recent findings in the Central Valley of California and in the San Joaquin River
Basin, however, have shown that other trace or minor elements, some that may be
potentxa]]y tox1c are also found in drainage problem areas (Deveral et al., 1984
and Chilcott et a] , 1988). A recent survey by the Central Valley Regional Board
of 314 tile drainage sites that discharge into the San Joaquin River showed
elevated concentrations of certain trace elements (Chilcott et al., 1988). The
survey also showed that there was considerable variability in .trace element
concentration depending upon the location of the discharge site within the basin.
Table 1 shows the subsurface drain water characteristics for three areas within
the San Joaquin River Basin. Table 1 also shows characteristics for drainage
water from San Joaquin and Contra Costa Counties that also contribute salt and
trace elements to the river and Delta but downstream of where the river enters
the San Joaquin Delta.

Table 1 Subsurface Drainage Areas and Median Dra1n Water Characteristics For
_ Areas Discharging Into the San Joaguin River?

Representative Concentrations ug/L®

Location Area EC - B Se Mo Cr As
(acres) (umhos/cm) .

Merced & Part of 51,000 6,100 7,900 120 30 16 1

Fresno County

(Panoche Fan)

Merced County 1,000 1,500 600 <1 15 <5 4

(River Trough) : '

Stanislaus County 8,400 2,100 1,200 2 <5 6 1

San Joaquin and Contra 25,000 2,500 3,000 2 <5 <5 2

Costa Counties

aOnly includes areas draining into the San Joaquin River and Delta
Representat1ve of subsurface drainage only, not blended discharges
L




The trace elements in the subsurface drainage water are of natural geochemical
origin. There is no evidence to date to indicate that they were brought in as
a result of irrigated agriculture (Tidball et al., 1986). These trace elements,
most especially the trace element selenium, were responsible for the waterfowl
impacts, including deaths and birth deformities, that occurred at Kesterson
Reservoir (Ohlendorf et al., 1986). As a result of these findings, regulatory
steps were taken to close the site. The result has been that the first 65 miles
of the valley-wide drain have been taken out of service and there is now a
question about whether the drain will ever be completed.

The absence of a drain has resulted in continued discharge of subsurface drainage
water to the river. As expected, the high salinity of this drainage water is
having an impact on the quality and usability of the San Joaquin River. Figure
2 illustrates the progressive increase in salinity as you move downstream on the
San Joaquin River. Extensive water diversions and return subsurface drainage
water entering through Mud and Salt Sloughs, upstream of the Merced River inflow,
are significantly impacting river water quality. For the year 1985, return flows
to the river through Mud and Salt Sloughs accounted for 57% of the salt and 80%
of the boron but only 12% of the flow that entered the Delta from the San Joaquin
River (SWRCB, 1987). Clifton and Gilliom, 1989 showed that these sloughs
accounted for the greatest percentage during the low flow (irrigation season)
periods when greater than 70% of the salt load discharged by these sloughs
occurred. '

The finding of trace elements in this drainage water also raised the concern that
potential downstream impacts were occurring on waterfowl, fish, wildlife, public
health and irrigated agriculture. Figure 3 shows the average total selenium
concentrations in the San Joaquin River for water years 1986-1989 at a site
immediately downstream of the Merced River inflow.

For Figure 3, the 1986 water year was considered a wet year while water years
1987-89 are considered either dry or critical water years. Monitoring to date
shows that (James et al., 1988 and Westcot et al., 1989):

a) highest total salinity and selenium concentrations occur just downstream
of Mud and Salt Sloughs (Figure 2);

b) concentrations are highly dependent upon the streamflow available for
dilution; and

c) the highest concentrations occur in the nonirrigation season when the

better quality surface tailwater from irrigated agriculture makes up a
smaller portion of the river flow.
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OPTIONS FOR DEALING WITH THE SUBSURFACE DRAINAGE WATER

In the 1975 San Joaquin Basin Plan the Regional Board proposed several
implementation actions. These, however, concerned primarily salinity and were
predicated on the assumption of salt export from the Basin through a valley-wide
drainage facility. Because of the absence of that facility, greater emphasis
must be placed on regional and local solutions including the control of nonpoint
source activities that generate agricultural subsurface drainage. The Regional
Board recently completed its efforts to amend the San Joaquin Basin Plan (5C)
which is to form the basis for the regulation of agricultural subsurface drainage
water discharges (RWQCB, 1988a, 1988b and 1988cg. The amendment consisted of
four main areas: modifications to the beneficial use designations for affected
water bodies within the San Joaquin River Basin; water quality objectives for
those water bodies to ensure those uses are protected; policies to be carried
out by the Regional Board and other parties in solving the drainage water impact
problem; and a proposed program of implementation needed to meet the water
quality objectives.

The beneficial use designations consisted of adding specific designations for
Mud Slough (north) and Salt Slough, the two principal sloughs that carry the
drainage water to the San Joaquin River. Those uses designated were consistent
with the findings that these sloughs carry principally agricultural return flow,
including the subsurface drainage water.

The principal constituents of concern in agricultural subsurface drainage water
in the San Joaquin River Basin are selenium, boron, molybdenum and salinity.
The most sensitive beneficial uses to these constituents are aquatic life,
wildlife and agricultural supply. Agricultural subsurface drainage contains
other trace elements; however, data indicate they are present in less toxic
concentrations. By focusing on the four main constituents of concern, efforts
to control them and reduce their concentration in surface waters will likely lead
to reductions in the other trace elements.

The water quality objectives adopted by the Board are shown in Table 2. The
proposed selenium objectives for the San Joaquin River at Crows Landing are also
shown in Figure 3. The proposed objectives provide reasonable protection to
beneficial uses based on present knowledge and the objectives appear to be
economically and technically achievable by the compliance date. The proposed
objectives are in general agreement with the fresh water aquatic life criteria
promulgated by EPA (USEPA, 1987). The Regional Board plans to reconsider these
selenium objectives in three years.

The policies and implementation plan adopted by the Regional Board will be
utilized to regulate the discharges. There are specific principles that underlie
the proposed program. The most important being that the problem is created by
regional water and land use and that water quality and water quantity are
interdependent and thus the control of water supply and use practices can be as
effective as the control of discharges in achieving water quality objectives.
‘The policies adopted illustrate the philosophy behind the program. The key
policies are: o
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- The export of salt out of the basin is still favored over in-basin storage
in the San Joaquin Basin (5C) and the river may continue to be used to remove
these salts from the basin provided water quality objectives are met;

- Reuse of drainage water will be encouraged but activities that increase the
discharge of poor quality water will be prohibited; and

-  The control of agricultural subsurface drainage will be pursued on a regional
basis with the control of selenium and other toxic elements being of highest
priority.

The contribution of upslope irrigators to subsurface drainage flows is one of

the most difficult issues in regulation. The regulatory agency tends to focus
on the fellow with the discharge--the farmer with the subsurface drainage system.
Yet we know that the irrigated land upslope of him contributes to his drainage
flow. However, before we can effectively deal with this issue, there are two
questions wh1ch we need answered. First, we need a sc1ent1f1c method of
measuring flows from upsiope irrigated lands that will stand up in technical
evidence proceedings. Second, we may need to establish legal mechanisms for
regulating upslope irrigators. We intend to pursue both of these areas as part
of our regulatory program for the San Joaquin Basin. But a more effective
approach to resolution of this problem would be for the drainage agencies, water
districts, and farmers to come to an agreement on responsibilities and
distribution of costs. This likely will require a new 1nst1tut1ona1 arrangement
encompassing all the responsible parties.

In line with this approach, the Regional Board has emphasized "source-control"
in the Basin Plan update. This involves encouraging improved on-farm water
management to reduce drainage flows. Reducing drainage water volumes makes the
choice of other reuse, treatment and disposal alternatives easier. The approach
chosen here is based on a mass of research work that shows that reducing flow
through a deeper salty zone js likely to result in a reduction in flow and mass
emission of salts found in subsurface drainage water. The influence of the drain
discharge on trace element loading is less clear. Recent data from Westlands
Water District showed no relationship between selenium and discharge rate but
further data collection is needed (Westcot, 1988). This may be related to the
]enggh of time the field has had a subsurface drainage system (Fujii et al.,
1987).

Because of interactions between trace elements, ground water and geological
substrate, there is insufficient data available to conclude that reducing deep
percolation will help reduce the concentration or mass emission of trace
elements. Research on load-flow relationships for trace elements is underway
especially dealing with field trials where improved on-farm water management is
being evaluated against drainage flow reductions. It is this research data that
will form the basis for a long-term management plan in the area.

Because of the need to remain flexible in the regulatory program, a key element
of the Regional Board's implementation program is the development of drainage
operations plans (DOPs). Specific best management practices have not been
established in the Basin Plan as these are evolving as the research and field
trials are completed. Best management practices will be defined in the DOPs.
A DOP will be required to be submitted and approved annually. The DOP will be

I1-F-9




developed by the local agencies. It will identify actions to be taken to comply
with the Basin Plan objectives. These actions may consist of any of a wide
variety of 'point source discharge and nonpoint source discharge control
techniques.

]
Table 2 Water Quality Objectives as Adopted by the Central Valley Regional
Board for the San Joaquin Basin (5C)

Compliance
Constituent Water Quality Objectives Date

San Joaquin River, mouth of the Merced River to Vernalis (Delta Inflow)

Selenium 5 ug/1 monthly mean 12 pg/1 maximum 1991
8 pg/1 monthly mean 1991
(critical year only)

Mo 1ybdenum 10 pg/1 monthly mean 15 pg/1 maximum 1991

Boron ? mg/1 monthly mean 2.0 mg/1 maximum 1991

.8
15 March-15 September)
0

1.0 mg/1 monthly mean 2.6 mg/1 maximum 1991
(16 September-14 March) - :

1.3 mg/1 monthly mean
(critical year only) 1991

Salt Slough, Mud Slough (north), San Joaquin River, Sack Dam to mouth of the
Merced River¥*

Selenium 10 pg/1 monthly mean - 26 ug/1 maximum 1993
Molybdenum 19 ug/1 monthly mean 50 pg/1 maximum 1993
Boron - 2.0 mg/1 monthly mean 5.8 mg/1 maximum 1993

(15 March-15 September)

Grassland Water District, San Luis National Wildlife Refuge, and Los Banos State
w11d1ife) Area (Measured in any water used by subject areas for waterfowl
habitat.

Selenium 2 ug/1 monthly mean _ 1989

* An alternate set of objectives is proposed to go into effect, if the plan to
use the San Luis Drain is implemented. The alternate set of objectives provide
for better water quality in Salt Slough and the San Joaquin River, Sack Dam
to the mouth of Mud Slough (north) and a longer compliance period for Mud
Slough (north) and the San Joaquin River, mouth of Mud Slough (north) to mouth
of the Merced River.

.
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At the end of each year, an assessment will be made of the actions specified in
the DOP and their efficacy in complying with the Basin Plan and in achieving
water quality objectives. The succeeding year's DOP will be developed and
approved on the basis of the knowledge gained from preceding DOPs.

We will work closely with the dischargers in implementing the regulatory program.
We will encourage them to form into regional groups or agencies as this
simplifies the regulatory process and provides more flexibility for them. We
will also solicit their assistance in refining what will be a relatively new type
of regulatory program.

Until recently, the Central Valley Regional Board had assumed, like many other
agencies, that a long-term valley-wide solution to the San Joaquin Valley
drainage water disposal problem would be developed and would be in the form of
a discharge to a salt sink like the ocean. This solution does not appear to be
a viable option at the present time and it appears that we will need to consider
regional solutions. Therefore, we are looking at controlled discharge of salts
and trace elements to the river while at the same time trying to minimize these
at their source.

SURFACE WATER (TAILWATER) DISCHARGES TQ THE SAN JOAQUIN RIVER

Subsurface drainage water discharges through Mud and Sait Sloughs make up only
10-15% of the total river flow as the San Joaguin River enters the Delta. The
largest portion of the river as it enters the Delta is made up of agricultural
surface return flows especially during the irrigation season when it may
represent 90% or greater. These return flows are primarily surface runoff from
irrigated fields. James et al., 1989a found that there were nearly 200 surface
drainage discharge points into the San Joaquin River downstream of the Mendota
Pool with nearly half of them occurring in the 48-mile section of river
immediately downstream of Mud and Salt Slough to the point where the water enters
the Delta from the San Joaquin River. Greater than 95% of these drains are being
used on a continuous basis for the discharge of surface runoff water. The
majority of these drains enter from the western side of the San Joaquin River.
In addition to the direct discharges, 40 discharge points enter the Stanislaus,
Tuolumne and Merced Rivers in the reaches from the Highway 99 Bridges to their
inflows to the San Joaquin River (James and Westcot, 1989a and 1989b, James
et al., 1989b). Each of these discharge points represents a potential site where
chemicals and other materials used in the fields can find their way into the San
Joaquin River.

Pesticide and other chemical discharges to surface water are the result of the
chemicals' characteristics and agriculture's poor management of them and their
irrigation water. Pesticides, such as toxaphene and endosulfan, have caused the
loss of hundreds of thousands of fish (Table 3). Pesticide use in the San
Joaquin Valley is heavy; for example, in 1982 about 46 million pounds of active
ingredients were applied in the entire San Joaquin Valley, of which about one-.
half is applied in the San Joaquin River drainage (Gilliom and Clifton, 1987).
These pesticides pose a threat to water quality and especially aquatic life as
they are discharged through surface tailwater runoff. Recent testing by Regional
Board staff shows that aquatic life toxicity is occurring but the pattern of
occurrence is erratic indicating pulses of material moving into the river system
likely from field runoff from recently treated fields. Testing will continue
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to define the sources of these toxic slugs that are enter1ng the river and the
need for regu]at1on

S S e
Table 3 Reported Fish Kills in California Involving Toxaphene and Endosulfan
' (California Department of Fish and Game)

Year | Number of Episodes - Fish Killed

1963-69 » 18 97,010
1970-74 14 48,585
1975-79 24 65,030
1980-83 8 7,200
Totals 64 217,825

Of equal concern in the San Joaquin River Basin is that many of the pesticides
being found are organochlorine compounds such as chlordane, DDT and toxaphene.

Many of these chemicals are no longer in use. The Ca]1forn1a State Water
Resources Control Board's Toxic Substances Monitoring Program has documented
the accumulation of toxaphene, chlordane, dieldrin, and even continuing
accumulation of DDT in fish and other aquatic organisms within the San Joaquin
River. Many fish in the San Joaquin River have levels of toxaphene, DDT and
other materials that exceed the National Academy of Sciences' Guidelines for Fish
and Wildlife. In addition, striped bass eggs from the San Joaquin River
contained relatively high levels (1400 ppb fresh weight) of toxaphene (Cohen
et al., 1982). DDT continues to this day to be at high levels or increasing in
fish tissue 1in the San Joaquin River. The continued presence of high
organochlorine residues in the fish tissue indicates that the organochlorine
residues that persist in bed sediments of the river are being replenished by new
sediment eroded from irrigated fields and carried to the river via tailwater
runoff and discharge. A recent USGS study has pinpointed this as the source and
mass balance calculations show that most of the loading to the river is via
drains entering from the west side of the river. In addition, the USGS estimated
water concentrations exceeded the aquatic-life criterion for DDT (the sum of
DDD, DDE, and DDT) (Gilliom and Clifton, 1987). A recent survey by the Regional
Board confirmed this finding except that chlordane was not found in the
agricultural drains sediments but was found extensively in urban area drain
sediments (Chilcott, 1989). A recent two-year sampling by the Regional Board
has shown suspended sediments concentrations exceeding 5,000 mg/L entering the
San Joaquin River from drains serving areas to the west of the San Joaquin River.
The concentrations vary widely throughout the season but tend to be highest in
the spring during pre or first irrigations.

OPTIONS FOR DEALING WITH THE SURFACE (TAILWATER) DISCHARGES

Due to the concern for the tailwater from the west side of the river and the
organochlorine laden sediment it might carry, the Regional Board funded a
nonpoint source pollution control study of this area ?Bai]ey et at., 1989).
This study looked closer into the sources of sediment and their causes including
irrigation methods, soils, slopes, cropping patterns and erosion potential
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scales. This study was the preparatory work to an expanded effort to look at
the feasibility of implementing erosion control practices within the farming
network in the west side of the San Joaquin River, principally in western
Stanislaus County. The second study is proposed now for EPA funding under
Section 319 which is to look at nonpoint source impacts and solutions. This
feasibility study is to only look at whether sediment control works can be
implemented, within what costs and financing structure, where priorities should
be to get the greatest return for the investment, and to outline the mechanisms
needed for implementation. This report will then serve as the means of starting
an area-wide nonpoint source program.

To gain the experience and data needed on successful erosion control technigues
in the western Stanislaus County, the State Water Resources Control Board and
the Central Valley Regional Water Quality Control Board participated in a pilot
scale sediment reduction program in the Spanish Grant and Crow Creek Drainage
Districts in the problem area. This program, financed through the State
Assistance Program was successful in implementing 16 projects covering 1,500
acres. This project allowed the local Resource Conservation District to evaluate
the effectiveness of the implemented techniques. The results showed a
significant reduction in sediment discharge as well as a positive return on
investments were experienced by each project. In addition to direct cost
benefits, a reduction in water use was also accomplished (Souza and Bailey,
1987). The key mechanism in the success of this project was a proactive stance
by the farming groups and local control of the project implementation. Because
of the success of the local control of this project, the Resource Conservation
District in the area is now forming a local advisory group to assist them in
developing the implementation plan for the Section 319 evaluation. This local
advisory group would then be in place to continue the implementation phase.

The surface discharges of toxics, including fertilizers and pesticides must be
controiled. The regulatory mechanisms are available. Regulation or enforcement
can be conducted through the provisions of California's Porter-Cologne Water
Quality Control Act, Proposition 65 Regulations and the pesticide use and
enforcement provisions of the California Department of Food and Agriculture.
These actions, however, would require a tremendous outlay of staff and resources.
A better approach and the key to control lies in improved tail water management
at the farm and water district level. This demands a strong active role by local
agencies and farming organizations. It is through a spirit of cooperation that
we will solve these problems.

Agriculture in the San Joaquin River Basin uses the majority of the water in the
basin and we cannot assume that this level of use can continue without proper
controls on the impacts it causes. We all need to work together to solve or at
least minimize the problems while at the same time maintain a viable agricultural
economy in the basin. Farmers, water purveyors, drainage entities, public
agencies, chemical suppliers, the University of California and the regulatory
agencies need to communicate their problems and concerns to each other and learn
to work together in a spirit of cooperation. The main element of success in
controlling nonpoint source impacts must be 1local initiative to develop
solutions. :
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NPS POLLUTION CASE STUDY: TECHNICAL ISSUES
AFFECTING WATER QUALITY MANAGEMENT IN THE
SANTA ANA RIVER WATERSHED AND THEIR
APPLICATION TO THE WESTERN STATES

This panel discussion will focus on several aspects of
water quality management in the Santa Ana River Watershed of
Southern California, with emphasis on plans and projects for
controlling non-point sources of pollution. The first paper,
by Bill Dendy, will give an overview of water management in
the watershed and how control of non-point sources is being
incorporated into water management. The second paper, by Don
Evenson, will describe how non-point pollution impacts are
assessed using hydrologic and water quality models in a
structured Basin Planning Procedure. The third paper, by Nick
Richardson, will focus on one specific project designed to
correct a non-point source problem.
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APPROACHES TO CONTROLLING
NON-POINT SOURCES OF WATER POLLUTION
IN THE SANTA ANA RIVER WATERSHED

By Bill B. Dendy

The purpose of this paper is to describe how five water
supply agencies have joined together to combat a common
problem - the threat to water supplies of non-point sources of
water pollution. By taking a watershed-wide view of the
problem the agencies expect to implement solutions to the
problem in a more cost-effective manner than if they were to
deal individually with the problem only in their own
jurisdictions. The five agencies created a joint powers
authority, the Santa Ana Watershed Project Authority (SAWPA),
in 1969 to define and develop solutions. Comprehensive
control plans have been developed and are being implemented in
conjunction with the Santa Ana Regional Water Quality Control
Board.

The water supply system in the Santa Ana Watershed is
complex. The historical use of water for irrigated
agriculture, prior to modern urban development, caused
pollutants to migrate into the unsaturated zone. These
pollutants are showing up in water supplies as they reach the
water table.  There is going to be a delayed water quality
impact of serious proportions that water supply agencies will
have to cope with.

It is probably the case that the salts, nitrates,
pesticides and other pollutants already in place in the
saturated and unsaturated zones of the groundwater basins of
the watershed are the single largest non-point source of
pollution, although a degraded supplemental water supply might
challenge that ranking. These in-place pollutants are not
there as the result of nefarious activity. They are simply
the predictable product of extended intensive normal .
agricultural practices. There is nobody to regulate or sue to
clean up the problem.

Returning these valuable basins to full use for water
storage requires a great deal more thought and creativity than
some simplistic regulatory concept. SAWPA is on the right
track to success, but has a long way to go.
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ASSESSING NON-POINT PCLLUTION IMPACTS USING
COMPUTERIZED BASIN PLANNING PROCEDURES

by
Donald E. Evenson
James M. Montgomery, Consulting Engineers, Inc.

The Santa Ana Watershed Project Authority has invested in the
development and application of a computerized set of planning procedures
that Includes 1) a data management system to predict water requirements
and waste loads, 2) a groundwater/surface water flow model that predicts
groundwater levels and movement, as well as base flow in the Santa Ana
River, and 3) a water quality model that predicts total dissolved solids
(TDS) and nitrate levels in the groundwaters and surface waters of the Santa
Ana Watershed.

The Santa Ana Watershed has a drainage area of approximately 1,500 square
miles and about a third of this area (356,000 acres) overlies a group of
interconnected groundwater basins. These basins are the principal source of
water supply for the area's agricultural, municipal and industrial uses. In
1988, these uses required approximately one million acre-feet of water.
Historically, the major water user in the watershed was irrigated
agriculture. For example, in 1951 irrigated agriculture consumed about 78
percent of the total water use., Today, it uses less than 25 percent. This
change In water use and attendant pollutant loadings has created some
unique water poliution problems and is challenging the regulatory and
financial institutions to find equitable solutions.

A key element in dealing with this challenge are the computerized planning
procedures that have been developed and improved under the direction of the
Santa Ana Watershed Project Authority. The Data Management System uses
land use and population data to predict water requirements and waste loads
for every agency fn the watershed and for all overlying land uses. It also
uses basic facilities planning data to predict where the water supplies will
- come from and where the wastewater returns will be discharged. Since all
land uses are included, the DMS includes all point sources of pollution, all




non-point sources of poliutton such as firrigated agriculture, dairtes,
feedlots, and urban and rural runoff, as well as natural sources of recharge
and runoff. The results of the DMS allow planners an opportunity to compare
waste loadings from all sources. A recent application of the DMS to evaluate
the impacts of nitrate loadings In the watershed revealed that in 1988 over
75 percent of the nitrate loadings in the Chino Basin (a major groundwater
basin in the watershed) were from dairfes and feedlots. Thirty-five years
ago, in 1951, the primary nitrate source was irrigated agriculture. In other
words, the dominant source of nitrate loadings to the groundwater basin has
shifted from one type of non-point source to another. This use of the DMS
shows the effective use of the DMS to fsolate the primary sources of
pollution - both point and non-point sources - and to clearly fdentify the
regulatory challenge to deal with non-point sources of potlution.

The groundwater and surface water models are used to predict the impacts
of these pollution sources and the effectiveness of regulatory programs
designed or proposed to reduce waste loadings. The interesting part of the
application of these procedures to the Santa Ana Watershed is the long
memory of the watershed. Over the last eighty years, groundwater levels in
the watershed have been drawn down by over-pumping and, as a result, the
water table ts now very deep in most of the watershed. Consequently, both
point and non-point sources of pollution that have been discharged over the
last 80 years are just now being observed in groundwater production wells.
A recent study for the Metropolitan Water District of Southern California
revealed that nitrate levels in the watershed will continue to rise for the
next 50 years, even though the major pollution loads, which were non-point
sources, have been virtually stopped for many years.

Recent model predictfons show a continued decline in groundwater and
surface water quality. This ability to assess the impacts of both point and
non-point sources of pollution is a significant benefit to the regulatory
agencies. It provides them an opportunity to look at an entire watershed and
to include all sources of pollution. If used with perspective, it can help
evaluate and formulate regulatory programs that are cost-effective and that
will provide tax payers and rate payers with the most efficient use of their
money to control and manage pollution.

ITI-5




JUL 7 '89 12:86  OCWD

Groundwater Renovation With The
Irvine Desalter Project

The groundwater in the Irvine sub-area of the Orange County groundwater basin has
been degraded by agricultural activities (TDS and Nitrates) and military activities
(dissolved organics), Currently, the groundwater in this area is utilized strictly for

irrigation, However, poor quality groundwater migrating westward threatens nearby

potable groundwater supplies for IRWD and the cities of Tustin and Santa Ana, The

proposed Irvine Desalter Project would restore the groundwater basin for use as a

reservoir for domestic supplies, and insulate domestic supplies from further degradation.

The project treats poor quality water so that it may be used as a municipal supply. In
time, the groundwater basin quality will impfove. The Irvine Desalter Project reclaims
approximately 6.6 miliion gallons per day (mgd) of poor quality groundwater containing
- high concentrations of both total dissolved solids (TDS), Nitrates and trichloroethylene
(TCE). The groundwater from the Irvine area will be pumped from a field of six wells
and transferred to the treatment facility which would incorporate processes effective in
removing salts, Nitrates, and trace organic contaminants. At the treatment plant, the
concentrations of TDS and Nitrates will be significantly reduced such that the plant’s
effluent (of approximately 5.40 mgd) will be pumped directly into the nearby municipal
water distribution system. Dissolved organics present in the groundwater must also be
reduced to concentrations below State Drinking Water Standard. The plant’s brine
byproduct is anticipated to be directed to neighboring sewer facilities for ocean disposal.
Because brine disposal costs are significant, desalting systems that generate reduced

values of waste streams are favored.
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AGRICULTURAL CHEMICALS: A NONPOINT SOURCE: A DILEMMA
By
Eliseo M. Samaniego, Member

California State Water Resources Control Board

Despite all the hype and glamour one associates with California--the land of
movie stars and sunshine and high-tech industry, California is first and
foremost the land of agriculture. Agriculture is California's number one
industry. It produces over $15 billion annually. We produce 250 different
crops including 94 percent of this country's wine grapes and 87 percent of its
garlic. Every olive, fig, artichoke, and kiwi fruit you eat is grown in
California. And along with crop production goes the accompanying labor force.
One out of every three persons employed in California works in agriculture or a

related industry. Agriculture is truly the heart beat of this state.

So what's the problem? One part of the problem is water: where it's located,
how it gets to where it's needed and how it gets disposed of after it's used.
With an arid and semi-arid climate, most of the state's water supply falls as
rain and snow in the north, in the wintertime. Most of the demand occurs in the
south, in the summer. That was the initial dilemma. But with typical
California initiative and creative thinking, that part of the problem was solved
with the construction of the federal Central Valley Project in the 1930s and the
State Water Project in the 1960s. California has done well in capturing water
for redistribution. Reservoirs and water transport systems now lace together

north and south.
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| _
Farm 1ife was good in the Golden State. Agriculture has grbwn and prospered.
But water transported to the southern San Joaquin Valley, one of the most highly
productive agricultural regions in the world, has brought another piece of the
problem. The southern San Joaquin is es;ential]y a closed basin. When federal
and state water projects were designed, farmers were promised construction of a
drain to transport the wastewater to a discharge point in the Sacramento-San
Joaquin Delta. Construction on the San Luis Drain began in 1968, but by 1975
money had run out with only 85 miles of the drain built. Its terminus became
the Kesterson Wildlife Refuge in Merced County. The salts, trace elements, such
as selenium, pesticides, herbicides and metals leached from the soils during
irrigation and transported through the San Luis Drain then ran off into the

ponds of this wildlife refuge.

Options for a drainage system were reevaluated and State and federal agencies
began working together to resolve the drainage problem. Possible discharge
points considered were Morro Bay and Suisun Marsh in the Delta. In 1980 the
Bureau of Reclamation began gathering data needed to obtain a State permit ‘to
discharge the drainage water into the Delta. In gathering this data, U.S. Fish
and Wildlife Service made a discovery that would elevate the problem of

agricultural drainage disposal to front-page news.

Selenium, a natural trace element, was found in Kesterson ponds at levels

sufficient to cause deformity and death of the waterfowl using Kesterson as a

stopping point on the Pacific Flyway.
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Another threat to wildlife came with the discovery that the San Joaquin kit fox
population was being depleted due to farm practices which disrupted its normal

habitation practices. The kit fox is now an endangered species.

It seemed the life-giving water pumped south to bring abundant crops to the
western San Joaquin had become a disposal prob]emvthrough a combination of
natural and man-made actions. And so the dilemma: Would some of the most
productive agricultural land in the world be put out of production because there
was no apparent way to dispose of its drainage water? Draining the water to
Monterey Bay is prohibited under a local ordinance. Legislation was proposed
last year to ban dumping of Valley drain water anywhere along the coast from
Monterey Bay to Morro Bay. A similar bill was defeated this year, but
undoubtedly such legislation will continue to be introduced at each new

legislative session.

We at the California Water Board and the Central Valley Regional Board, the
agency directly responsible for water quality in the San Joaquin Valley, are
grappling with this dilemma. The answer is coming slowly, and in many pieces.
It won't happen overnight and it probably won't happen with the construction of .

a pipe to the ocean.

The answer will be found in best management practices for irrigation use. These

are most commonly physical hands-on measures, but, in a larger framework,

require a series of institutional and individual choices before actually
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implementing a specific control measure. To borrow a definition from a John
Muir Institute report: "...BMPs do not simply spring from the side of technical
manuals. BMPs reflect the background and missions of agencies, preferences of
technical advisors, and receptiveness of landowners and managers and they should
be selected and applied with the particular physical features of a site

uppermost in mind."

It's relatively easy to regulate point source pollution. It comes from the end
of a pipe. Someone is responsible for the pipe. With nonpoint source pollution
you have to get inventive. Often there is no one specific cause for the
pollution and it becomes impossible to pinpoint the parties responsible. For
example, there is a continuing problem with unacceptable levels of DDT,
endosulfan and toxaphene being found in sediment and fish tissue taken from the
San Joaquin River. These chemicals were banned years ago. So where are they
coming from? They're coming from thousands of acres of irrigated land where
these chemicals were applied years ago and there is little possibility of ever

determining responsibility for its application.

When the Water Board reviewed the Kesterson situation in 1984 they saw the need
~for a technical committee to examine the complete picture of agricultural
drainage throughout the half million acres of western San Joaquin Valley

farmland.
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That committee came up with several recommendations, including consideration of
BMPs by the Central Valley Regional Board to reduce pollutant loads. The idea
is that reducing subsurface drainage volume and pollutant loads through an
aggressive water conservation and management program could reduce dramatically
not only selenium concentrations, but also salts, boron and other consitutents
of concern. Under Porter-Cologne, the legal authority under which State and
Regional Boards administer their water quality duties, the Regional Board cannot
specify how water quality standards are to be met, but there are two ways they
can use their regulatory authority to encourage BMPs. First, they can waive
waste discharge requirements on condition dischargers comply with BMPs or they
can enforce BMPs indirectly by entering into agreements with other agencies who
do have the authority to enforce BMPs. The State and Regional Board have
cooperated with the Department of Food and Agriculture to develop this type of

agreement to establish BMPs.

The State and Regional Board view BMPs as a reasonable approach to a difficult
problem, although we know that control measures dealing with irrigation

practices can bring sizeable costs with them.

The State Board has estimated the cost of moderately improving both water use
and drain flow at about $16 an acre. These better water management techniques
are readily workable. More aggressive techniques, significantly more efficient
than the furrow irrigation presently practiced, could reduce drainage volume 50

to 70 percent. Costs associated with the more aggressive technology are
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estimated at about $60 an acre. These cost estimates came from a Technical

Committee Report the Water Board issued on Regulation of Agricultural Drainage

to the San Joaquin River. These costs are similar to those being developed by

the San Joaquin Interagency Drainage Program. We recognize the heavy costs
involved. We also recognize that an investment will have to be made for farming

to survive in the San Joaquin Valley.

To this end some $1 million in state bond funds has been earmarked for two
programs aimed at getting a better handle on irrigation and drainage flow

management.

The first program is a mobile agriculture water conservation laboratory which

visits individual farms, evaluating irrigation systems on site to help growers

improve irrigation practices. To date, 1,500 evaluations have been completed
Mobile laboratories are now operating in Fresno, Kings, Tulare, Kern, Ventura,

Riverside, Imperial and San Diego Counties.

The second program involves projects to demonstrate the impact of.on-farm
irrigation management in the western San Joaquin Valley. Yesterday Bill Crooks,
the Executive Officer of the Central Valley Regional Board, spoke to you about
the work the Regional Board is doing with Valley farmers on drainage operations
plans to be included in the Regional Board's Basin Plan. The farmer has no
control over the quality of the water in subsurface drains which comes from

ground water. Because this, Valley farmers have taken the initiative and told
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the Regional Board they will present the Board with plans on how best to manage
this water and control its problems. Board staff will then offer its expertise
and together a plan will be devised. It will be tested, revised and re-worked
until the desired results are achieved. In setting up experimental irrigation
- practices, it's important to note that these new and innovative irrigation
practices are being tested within the farmer's own system and not on a

segregated square of experimental farmland.

Through the efforts of the growers and the Department of Water Resources, this
program is expanding to include more growers and more acreage. With the
original seed money local farming communities have been able to build effective
cost-sharing programs and also establish better working relationships with state
and federal agencies interested in similiar goals of good water managing in
agriculture. To date, that original $1 million in seed money has grown to $1.5
million per year since the projects became cost-sharing projects using State,
federal and local money. It is anticipated the combined program will last for

the next several years.

The Central Valley Regional Board is also developing BMPs for dairy waste
disposal practices. The Chino Basin, east of Los Angeles, has long been a vast
dairy center. With increasing urbanization, dairy farmers are moving north to
Kings and Tulare Counties. Because of their close ethnic ties, these farmers
congrégate and the resultant accumulation of dairy waste causes serious salt and
. nitrate loading to the ground water. These problems have already been

experienced in the Chino Basin, and they are expected in the Tulare Basin.
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The problem of nitrate was discussed at length in a recent Water Board report to

the Legislature (Nitrate in Drinking Water). In preparing this report, our staff

took data from state and federal agencies, county environmental health officers,
and public and private water suppliers. The data showed the close relationship
of nitrate contamination problems with dairy waste and agricultural activities,
in particular those which utilize application of nitrogen fertilizers in one"

form or another.

The dilemma here is that public health concerns would best be served with little
or no nitrogen in the drinking water source (of which the largest perecentage is
ground water), and that the farmer is best served by applying an adequate supply

of nitrogen to his growing crops with some unavoidable leachate percolation

carrying nitrogen as nitrate to the ground water. At the same time, these
waters are drinking water sources in the municipal domain, but they can't meet
state drinking water standards because of the nitrate. Nearly all ground water

basins in the central and coastal regions of California are now in this dilemma.

In an effort to mitigate this problem the Department of Food and Agriculture
organized a Nitrate Working Group which produced guidelines to help provide best

management practices for maximum crop production with minimum fertilizer use.

Research staff from UC Davis and UC Riverside, staff from the Water Board and
Food and Ag, and representatives from the California Fertilizer Association all
participated in this Working Group and are themselves involved in producing
guidelines to help the farmer to use BMPs to improve his irrigation and

fertilizer practices.
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A few months ago, I talked to.the California Fertilizer Association regarding
what I see as a need for an outreach program from the fertilizer manufacturer to
the farmer, letting the farmer know that if his fertilizer use is not judicious,
everyone stands to lose. Overuse will invite increased regulation such as has
happened in parts of the Midwest. But most of all fertilizer overuse could
cause serious degradation of the ground water and that is where we all lose. I
might add I think this same outreach program concept applies to the pesticide

manufacturer as well.

I know there is a common tendency to think that more is better than less. In my
professional practice as a pharmacist, I have discovered there is a dangerous
attitude in many of us to think that if one pill is good, two pills must be
better. Not true. This same mentality applies to fertilizer and pesticide use.

Twice as much fertilizer and pesticide will not produce twice as large a crop.

With pharmacists, the drug companies come to the pharmacists with a "utilization
review process" where they discuss the proper use of a new drug on the market.

I see the need for farmers to receive this same type of judicious review of how
fertilizer and pesticide products are applied. There is no excuse for today's
farmer to simply say: "That's what my Dad always used on his fields. That's

how much he used. What's good enough for Dad is good enough for me."

One example of best management practices that have been in effect for several

years and are successful are the Regional Board's efforts to control releases of
rice herbicides into the Sacramento River. Marshall Lee from California's
Department of Food and Agriculture will give you a complete description of this
particular BMP, but the cooperative implementation of measures to control the

VI-A-9




Agricultural Chemicals - Samaniego

application and location of herbicide application, training of applicators and
minimum holding times for water treated by the herbicides has shown measurable
déscreases in herbicide concentrations in receiving waters. Fish kills
previously recorded from the herbicide discharges and the taste complaints from
the City of Sacramento who take their drinking water from the Sacramento River

have been eliminated.

The Clean Water Act requires that each state identify best management practices
to address that state's nonpoint source problems, taking into account the impact
of the practices on ground water quality. The Water Resources Control Board is
following this mandate strictly. We feel there should be a dynamic relationship
between the State and Regional Boards and the discharger. (And I refer here to

any discharge: salts, dairy wastes, fertilizers, etc.) If the discharger

cooperates there is no need that he be driven to the regulatory arena. Should
the discharger fail to work with the Regional Board to establish this necessary
rapport, and should the discharger violate his BMP, he knows his actions could

lead to serious actions by the Regional Boards.

Agriculture in California has reached a crossroads. No longer will the farmer
be given the free hand to produce crops using practices with the potential to
harm the environment. Resolving ag drainage prob]emé, resolving nitrate
problems and resolving pesticide problems will be long-term processes. The
actual or probable sources of these problems ihc]ude established agricultural
and waste disposal practices that have long been a part of our society's
lifestyle. To solve these problems, to answer these dilemmas, changes must

occur. Everyone involved will need time, patience and persistence to ensure that .

the future of agriculture in California is safe, healthy and productive.
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Control of Rice Herbicides in California Waterways

J. Marshall Lee
California Department of Food and Agriculture

Water discharged from rice fields in California's Sacramento Valley
flows into a complex of surface drains and ultimately into the Sacra-
mento River. The character of this drainage water influences the
quality of water downstream. Specific water quality problems can be
linked to rice field discharges and the pesticide residues that they
contain. The California Department of Food and Agriculture, as lead
agency for regulating pesticide use in California, has regulated use of
rice pesticides in order to eliminate any water quality problems as-
sociated with their use.

In the early 1980's two important herbicides used in rice production,
molinate (Ordram®) and thiobencarb (Bolero®), were linked with two types
of water quality problems in the agricultural drains and the Sacramento
River. Molinate had been identified as the cause of fish kills that
were prevalent each May and June in the agricultural drains. Thio-
bencarb, when it occurred in river water chlorinated for municipal
purposes, caused an offensive taste in drinking water. In 1986 another
rice herbicide, bentazon (Basagran®), was found in the Sacramento River.
Bentazon, unlike molinate and thiobencarb, is not broken down during
chlorination at water treatment plants, and was therefore found in tap
water samples.

By the beginning of the molinate and thiobencarb use season in 1984, the
California Department of Fish and Game and the California Department of
Health Services developed guidelines and action levels that were based
on assessments of the toxicology of these products and their impact on
beneficial uses of water. The Department of Fish and Game recommended
that molinate and thiobencarb concentrations in the agricultural drains
and Sacramento River not exceed 90 parts per billion (ppb) and 24 ppb,
respectively, in guidelines designed to protect the aquatic environment.
The Department of Health Services developed primary action levels of 20
ppb and 10 ppb for molinate and thiobencarb, respectively, to protect
consumers of water that may contain these compounds or their breakdown
products. They later stated that concentrations in raw, untreated river
water could be used to indicate compliance with these action levels.
They also determined that thiobencarb, when it occurs at concentrations
of 1 ppb or more in the Sacramento River, contributes to an offensive
taste in finished, chlorinated drinking water. This was the basis for a
recommendation that 1 ppb be used as a secondary action level for
thiobencarb. The Department of Food and Agriculture and the Central
Valley Regional Water Quality Control Board stated that they would use
these guidelines and action levels to guide future regulatory efforts
directed at molinate and thiobencarb. In subsequent years, these
regulatory guidelines were amended as knowledge of the behavior and
toxicology of rice pesticides were updated. In 1986 DHS developed a
primary action level for bentazon of 8 ppb. In 1987 the Department of
Fish and Game determined that the toxicity of molinate and thiobencarb
on aquatic organisms were additive and the department presented their
guidelines, still 90 ppb for molinate and 24 ppb for thiobencarb, in
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that context. And in 1989, after considering updated toxicological in- .
formation, DHS established maximum contaminant levels (MCLs) for moli-

nate (20 ppb), thiobencarb (70 ppb), and bentazon (18 ppb) in California

regulations.

The programs developed for reducing discharges of molinate, thiobencarb,
and bentazon into water of the Sacramento Valley were attempts to main-
tain concentrations below recommended action levels and guidelines by
using what was known about the environmental behavior of the two com-
pounds. Molinate is a relatively short-lived material in rice field
water, where it dissipates readily primarily due to volatilization.
Programs have required molinate users to retain treated field water for
a specified time, allowing the compound to dissipate to low levels
before being released into state waterways. Thiobencarb is more per-
sistent in rice fields, where it readily adsorbs to soil but is
available to repartition into field water. Because of the relative per-
sistence of thiobencarb, the duration of a holding time long enough to
protect the secondary action level of 1 ppb would be impractical for
most rice growers. Therefore, reduced use was believed to the best way
to reduce thiobencarb concentrations in the drains and the river. In
addition, certain water management practices such as recirculating sys-
tems and ponding apparently facilitate the dissipation of thiobencarb.
Programs evolved that used sales limitations, but included incentives
for using approved water management practices. By 1987 thiobencarb
could only be used by growers who used these practices. Bentazon also
dissipates slowly from field water. However, bentazon is applied about
three weeks later than molinate and thiobencarb so the rice plants are
more tolerant of the long holding times necessary to dissipate bentazon.

In 1989 most molinate users were required to hold treated water on their
property for 14 days following application to allow for on-site dissipa-
tion. The program provided for shorter holding times if molinate was
incorporated into the soil before fields were flooded or if it was ap-
plied to fields in areas known to have very low discharge potential.
Users of thiobencarb in the Sacramento Valley were subject to a sales
limitation voluntarily imposed by the manufacturer: no more than 4.4
million pounds, enough to treat 110,000 acres, could be sold. In addi-
tion, thiobencarb could only be used on properties with approved water
management systems. These included those with tailwater recovery sys-
tems, fallow land available for ponding, and those included in water
districts that use practices that prevent thiobencarb-laden water from
entering state waters. In 1989 bentazon users were to have prevented
discharge of all field water from the time of application, usually in
early June, until fields were drained for harvest in late summer, as had
been the case in 1987 and 1988. Prior to the 1989 use season, however,
bentazon use was suspended in California because it was detected in 61
of the 178 wells surveyed in California rice growing regions.

In order to access the effects of the regulatory programs, water samples
were collected from major agricultural drains and the Sacramento River
and analyzed for the presence of molinate, thiobencarb, bentazon, and
other potential contaminants. In May 1987, concentrations of molinate
and thiobencarb in the Colusa Basin Drain, historically the most sig-
nificant contributor of rice pesticides to the Sacramento River, peaked
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at 67 ppb parts per billion (ppb) and 4.5 ppb, respectively, near its
outfall on the river. No fish kills attributable to pesticide toxicity
were observed, as had been the case since 1983. 1In 1982, prior to con-
trol efforts, tens of thousands of fish were killed in the Colusa Basin
Drain and molinate and thiobencarb concentrations peaked at 204 ppb and
59 ppb, respectively. The 1988 monitoring program also indicated that
bentazon discharges had been controlled. Peak concentrations in the
Sacramento River at the intake to Sacramento's water treatment facility
were 0.52 ppb, compared to 16 ppb in 1986 under similar river flow con-
ditions,

The total mass of molinate and thiobencarb transported in the Sacramento
River past Sacramento each year provides a better basis for year-to-year
comparisons because the dilution effects of the Sacramento River are
standardized. In 1988, 5595 1lbs of molinate and 104 lbs of thiobencarb
were transported in the Sacramento River past Sacramento. This repre-
sents a 86% reduction in annual molinate transport since 1982 when an
estimated 40,000 lbs were transported. The amount of thiobencarb trans-
ported was reduced by over 95% since 1985, the last year before the
program began phasing out use on acreages without approved water manage-
ment systems.

A monitoring program similar to those used in the Sacramento Valley in
previous years was in place again in 1989. Major agricultural drains
and the Sacramento River were monitored for molinate, thiobencarb, ben-
sulfuron methyl (Londax®, a newly registered rice herbicide) and
carbofuran (Furadan®, an insecticide) during the application and during
periods of anticipated discharge.

Efforts will continue to identify potential adverse effects associated
with the use of agricultural chemicals used in rice concurrent with .ef-
forts to further reduce contamination of Sacramento Valley waterways. A
report which presents rice pesticide use in 1989, water quality moni-
toring results, and presents a program proposed for implementation in
1990 will be available in the fall by contacting:

Department of Food and Agriculture
Environmental Monitoring and Pest Management
1220 N Street, P.0. Box 942871
Sacramento, CA 94271-0001
(916) 322-2395
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Ground Water Quality Activities:
California's Pesticide Management Plan

Steven C. Monk
Ground Water Program Coordinator
California Department of Food and Agriculture

The California Department of Food and Agriculture (CDFA), as the lead
State agency for pesticide regulation, is developing The California
Pesticide Management Plan for Ground Water Protection (the Plan). '
This Plan will serve two purposes. First of all, the Plan will
provide a complete description of CDFA's Ground Water Protection
Program. Secondly, the Plan will be submitted to the U.S.
Environmental Protection Agency (EPA) for acceptance as a state pes-
ticide management plan in compliance with EPA's Agricultural Chemicals

in Ground Water: Proposed Pesticide Strategy.

In its strategy, EPA noted that the potential vulnerability of ground
water to pesticide contamination is determined by a complex set of
factors which vary significantly from area to area and are not fully
understood at this time. The area-specific nature of the pesticide
contamination concern suggests the need for a localized protection ap-
proach. Therefore, the EPA strategy provides each interested and
qualified state with the opportunity to take the lead role by design-
ing and implementing plans to manage pesticides in order to prevent
ground water contamination by emphasizing area-specific determina-
tions.

CDFA, in coordination with other State agencies concerned with water
quality protection, has constructed the Ground Water Protection
Program to address the potential for pesticide contamination of the
State's ground water resources. The cornerstone of the Program is the
Pesticide Contamination Prevention Act of 1985 (the Act), one of the
first and most complex state laws to deal with this issue.

The Act directs CDFA to:

bl Collect and analyze environmental fate data on all pesticides
registered for agricultural use in California, and to ‘iden-
tify and monitor potential ground water contaminants. This
activity is referred to as The Data Collection and Management
Process.

bd Review any pesticide found in ground water or in soil under
certain conditions to determine if it pollutes or threatens
to pollute ground water as a result of legal, agricultural
use, and to take appropriate corrective action when neces-
sary. This activity is called The Pesticide Detection
Response Process.
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* Compile and maintain a statewide database of wells sampled
for pesticide active ingredients. This final area of ac-
tivity is known as The Well Water Quality Data Collection
Process.

As comprehensive as the Act is, the Ground Water Protection Program is
much more. The Program is, in large measure, a synthesis of both the
Act's mandates and earlier administrative plans to utilize the results
of laboratory studies, well sampling, soil coring, and computer model-
ing to develop risk ratings to indicate a particular pesticide's
potential to reach ground water when used in specific areas under
specific conditions. These latter efforts provide the tools for
focusing Program management on localized protection needs.

The goal of the Program is to protect ground waters from pesticide
contamination through the enhancement of regulatory efforts, preven-
tive planning, and corrective actions. Immediate objectives for the
Program include:

* To coordinate various authorities and projects into a unified
and effective regulatory structure

* To satisfy legislative mandates in the Act in a timely and
efficient manner

* To serve as the state pesticide management plan called for in
EPA's strategy.

The Program has five primary components which correspond to the five
chapters in the Plan:

* Chapter 1 - Goals and Policies

* Chapter 2 - Authorities and Institutions
* Chapter 3 - Prevention Elements

% Chapter 4 -~ Response Elements

* Chapter 5 - Workplan

In the first chapter, the policies, objectives, and rationale of
CDFA's Program and other related water quality protection efforts will
be presented. In the second chapter, applicable federal and State
statutes and programs will be discussed. The third chapter presents
the Program components for preventing pesticide contamination, while
the fourth chapter presents the components for responding to pesticide
contamination that has already occurred. The final chapter presents a
detailed plan of implementation, including pesticide-specific control
plans. '

Three key constituents of the Program, which serve as some of the pre-
viously mentioned regulatory tools for focusing management efforts on
localized protection, are:

* the Ground Water Protection List, focusing program efforts on
specific pesticides of ground water concern




* Special Protection Areas or Pesticide Management Zones,
focusing program efforts on specific geographical areas which
are designated as sensitive to ground water contamination
from pesticide use

# Best Management Practices, both a voluntary and regulatory-
based means of modifying specific pesticide use in specifiec
areas where the potential for pesticide contamination of
ground water is evident.

To understand the integration of these concepts, the examination must
begin with the Ground Water Protection List. This List is required by
the Act which describes it as a list of pesticides that have a poten-
tial to pollute ground water. CDFA has split the List into tiers
which reflect the ways in which a pesticide may be identified for
listing. At present, there are two tiers.

Tier One of the Ground Water Protection List include the "response
chemicals" which have the potential to pollute by virtue of their
identification as known leachers as a result of the Pesticide
Detection Response Process. This Process has three phases:

* Phase One - Investigation to determine if a detected pes- ;é){}éQtsz£>

ticide has been found as a result of legal, agricultural use

* Phase Two - Evaluation of the detected pesticide in a
registrant's report and hearing before a special advisory
subcommittee

* Phase Three - Mitigation decisions concerning appropriate

corrective actions, when necessary, including the listing of
the pesticide on Tier One of the Ground Water Protection
List.

Tier Two of the List include the "prevention chemicals" which have the
potential to pollute by virtue of their identification as suspected
leachers as a result of the Data Collection and Management Process.
This Process follows five progressive steps:

* Step One is the development of specific information concern-
ing the chemical properties and environmental fate
characteristics of pesticides through a data call-in as part
of the State registration and renewal process.

* Step Two is the setting and refining of Specific Numerical
Values as parameters for that data which serve to segregate
the suspected leachers from the non-leaching pesticides.

* Step Three is the comparison of sets of chemical values for
specific pesticides to the Specific Numerical Values to iden-
tify those pesticides which exceed the parameters.

had Step Four is to further screen those pesticides identified in
Step Three by an examination of the label to sort out
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suspected leachers based upon recommended application
methods.

® Step Five is the listing of the pesticide on Tier Two of the
Ground Water Protection List.

CDFA's Ground Water Protection Program prescribes two general
regulatory activities for the pesticides identified in Tier One of the
Ground Water Protection List. The first activity is to implement the
mitigation decision of the CDFA Director. This activity usually en-
tails the identification of Special Protection Areas or Pesticide
Management Zones and the initiation of regulatory-based Best
Management Practices. A Pesticide Management Zone (PMZ) is a
geographical area of approximately one square mile which is sensitive
to ground water contamination from pesticide use. A PMZ is the
regulatory building block demarcating special protection areas. A PMZ
corresponds to a section as defined by base meridian, township, range
and section, or which is defined by latitude and longitude or some
other generally acceptable geographical coordinates. At present, the
only criteria available for regulatory designation of PMZs is the
detection of a pesticide as the result of legal, agricultural- use.
However, additional criteria will be developed for designating PMZs
based upon the identification of actual pathways in the area which may
be related to soil types and hydrogeology, among other potential fac-
tors.

The second regulatory activity in support of Tier One of the Ground
Water Protection List is compliance monitoring to ensure enforcement
of instituted Best Management Practices and to test their effective-
ness in preventing ground water contamination.

CDFA's Ground Water Protection Program also prescribes two regulatory
activities to support the listing of a pesticide on Tier Two of the
Ground Water Protection List. The first activity is the development
of a Pesticide Profile (literature search; use and sales reporting)
leading to safe use determinations or voluntary Best Management
Practices to mitigate potential adverse impacts on ground water from
further unmodified uses. This activity, of necessity, involves
regulatory research and educational programs to reach the user and the
public.

The second regulatory activity in support of Tier Two of the List is
investigative monitoring through sampling of both soil and well water
to confirm or refute the leaching potential of each Tier Two pesticide
in areas of the State where use is most significant. This monitoring
provides information which not only bears on the listing of a pes-
ticide, but also characterizes its environmental presence after use in
such a way that safe use decisions can be made or modifications of use
projected.

This extensive Program development has been achieved through the

cooperative efforts of the California Legislature, State and federal

agencies, the agricultural industry, and the public. While progress .
has been significant, as the previous details will attest, The




California Pesticide Management Plan for Ground Water Protection is
intended to be a dynamic document which will change to reflect Program
improvements as technical knowledge is increased and capabilities are
enlarged. Therefore, the Plan, as it describes California's strategy
to prevent pesticide contamination of ground water, should be viewed
as a snapshot in time and not as the endpoint of regulatory efforts.
To obtain further information on the evolution of this Plan, direct
any inquiry to:

California Department of Food and Agriculture - ALUQQYA}ﬁiZQ 2

Environmental Monitoring and Pest Management Branch ULOJD
P.0. Box 942871 ' C%%LNi;;

Sacramento, CA 94271-0001
(916) 324-8916
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INDUSTRY’S PERSPECTIVE ON NPS GROUNDWATER ISSUES
R. A. Jackson, Ph.D.

The groundwater issue is one of the most important issues
facing the agricultural industry today. It has been described as
the environmental issue of the 1980s and will likely continue as
the environmental issue of the 1990s. It’s important to
recognize that this is a highly emotional issue and we have to
deal with that, but we have to learn to deal with it on a
rational basis, using the best scientific information available.
The issue must be addressed in a way that protects human health
but does not unnecessarily restrict the use of agricultural
chemicals.

Today, I’ll discuss some aspects of the groundwater issue
from the industry’s perspective - and talk about some of the
facts versus perceptions. I’11 discuss the significance of some
of the reported detections and some of the things that should be
done to prevent unacceptable concentrations of agricultural
chemicals from getting to groundwater.

Crop protection products are vital production tools for
America’s farmers. Without them, yields -- and profitability --
would significantly drop.

Nobody has a greater stake in groundwater protection than
America’s farmers. If groundwater is contaminated by unsafe
concentrations of crop protection chemicals, their families are
the first to be put at risk.

Crop protection products can be used safely and effectively
in most settings without endangering groundwater quality.

The public’s perception is that any chemical detected in
groundwater is bad no matter what the concentration. The fact is
that trace quantities of chemicals can sometimes be detected in
groundwater using highly sensitive analytical technology.

Several agricultural chemicals have been detected in some ground
or well water samples, but usually at extremely minute
concentrations. The actual risk to public health depends on the
concentration of the chemical in groundwater... not on its mere
detection.

EPA’s 1986 summary indicated that 17 agricultural chemicals
had been detected in 23 states and the number of detections
reported has increased since then. Does that mean that the
"problem" is getting worse or does it simply mean that more
monitoring is occurring and detection limits are getting lower?
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It’s necessary to closely examine the results of groundwater ‘
studies in comparison to standards or health advisory levels in
order to understand the significance of the reported detections.

Recent Minnesota results are typical of what’s being found in
the mid-west. One hundred wells were sampled by the Department
of Agriculture in the most vulnerable agricultural areas and 400
public wells were sampled in vulnerable areas of the state by the
Health Department. Pesticides were reportedly detected in 51% of
the ag wells and 28.5% of the public wells tested. However, most
concentrations were less than 1 ppb.

Atrazine was reportedly detected more frequently than other
pesticides in that survey. However, it was not detected at the
0.01 ppb detection limit in 293 of the 400 public wells; 69 Wells
had concentrations between 0.01 and 0.1 ppb; 31 between 0.1 and 1
ppb, 4 wells between 1 and 3 ppb and only 3 wells exceeded
Minnesota’s 3 ppb recommended allowable limit (RAL).

These results indicate that the real contamination problem is
not as significant as it seems based only on the frequency of
detections. The real problem is fairly limited but it needs to
be addressed to prevent concentrations from exceeding acceptable
drinking water standards.

Other surveys show similar results. Most samples analyzed ‘
show no detectable residues at all unless studies are conducted
in highly vulnerable areas. Positive results, when detected at
all, are usually less than one part per billion. When positive
results exceed a few parts per billion, they’re typically
associated with highly vulnerable hydrogeoclogy such as sandy,
Long Island soils or are likely the result of "quasi-point™
sources such as spills or direct entry to the water table.

Most groundwater detections resulting from normal
agricultural applications are less than one-part-per-billion. A
person would have to live to be 685 years old to consume 500 mg
of a chemical if he drinks 2 liters of water per day containing 1
ppb of that chemical. Five hundred mg is the weight of one
extra-strength aspirin tablet. ,

All significant sources of contamination need to be
identified and addressed to prevent unacceptable concentrations
from getting into groundwater. This includes contamination
resulting from point sources, "quasi-point" sources or from
normal applications in highly vulnerable areas. These sources
need to be addressed separately since their potential impact on
groundwater and the appropriate approach to prevention of
unacceptable groundwater concentrations is different.

This is a non-point source workshop so I won’t talk about .
point sources but I will talk about "Quasi-point" sources since

they occur widely and are responsible for many, if not most, of

the higher concentrations reported. '
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"Quasi-point" sources are caused by high localized soil
concentrations or direct entry into the water table. As an
example, 1/4 lb of chemical spilled in a 100 sg. ft. area around
a well-head is equivalent to application of 100 lbs./acre to the
soil surface. This can cause groundwater concentrations that are
50 times higher than those that result from application of a
chemical to the same area at 2 lbs. per acre. "Quasi-point"
sources also result from direct entry of a chemical into the
water table. No chance exists for degradation or binding to
occur in the soil since the soil column is by-passed in those
situations. This can happen because of back-siphoning into a
well or entry of runoff water into a well with a poor seal or
into dry wells installed to carry irrigation tail-waters directly
from the soil surface to the water table.

"Quasi-point" source contamination can be prevented without
restricting the availability of agricultural chemicals to
farmers. Education is key to addressing this part of the problem
and needs to cover every aspect of pesticide handling and use
that can cause significant contamination as well as ways to
prevent direct entry of contaminants into the water table.

Four basic questions have to be answered to prevent
unacceptable groundwater contamination due to normal application
of agricultural chemicals in highly vulnerable areas. What
concentrations are unacceptable? Which areas are susceptible to
unacceptable groundwater contamination? Which chemicals that are
used in those areas, if any, can get to groundwater at
unacceptable concentrations? How can agricultural chemicals be
managed in those situations to prevent unacceptable contamination
from occurring?

We believe that unacceptable contamination should be defined
using MCLs established under the safe Drinking Water Act. EPA’s
life-time health advisory levels should be used on an interim
basis until MCLs are established since they are based on the
results of the most sensitive chronic studies and include large
safety margins to insure protection of people’s health.

Where the chemical is used and how much is used is also an
important consideration. As an example, pesticides that are
applied to foliage have little chance of getting into groundwater
since little reaches the soil surface.

Hydrogeological vulnerability is a function of the
interactions between soil and water that determine how much water
moves through the soil to the water table and how rapidly it gets
there. Irrigation is one of the factors that can be managed to
help prevent groundwater contamination. If crops are irrigated
with only the amount of water necessary, water will not move
beyond the root zone and the chemical will not be carried to the
water table. DRASTIC was developed by EPA to set priorities for
EPA’s nation-wide survey. It identifies some of the factors that
are important/ to hydrogeological vulnerability but should not be
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used blindly since it has not been validated as a predictor of .
unacceptable groundwater contamination.

Key chemical properties include soil binding and degradation,
which are functions of both the pesticide and the soils to which
they are applied. Chemicals that are tightly bound to soil will
not move to groundwater. Likewise, little groundwater
contamination will occur if most of the chemical degrades in the
time that it takes for water to transport it from the soil
surface to the water table.

EPA’s nation-wide well water survey will help answer some of
the questions that I posed. Health advisory levels were
developed for 62 pesticides including essentially all those that
have been detected or are likely to be detected in groundwater.
These health advisory levels incorporate large safety margins to
protect people’s health and should be used to determine the
significance of detections. This survey will help determine the
extent and limits of the problem and it will help define the
types of areas where unacceptable contamination can occur.

Once this survey is completed, we can better relate
agriultural chemical use, chemical properties and hydrogeological
vulnerability with detected concentrations. We can then focus
our attention and resources on managing the use of pesticides in
the specific highly vulnerable situations where it’s necessary to
prevent unacceptable concentrations from getting into .
groundwater.

Much of the environmental research done to register our
products is done to help answer the groundwater questions that I
raised. This includes soil mobility, soil degradation and
terrestrial dissipation studies. Results from these studies can
be used in computer models to predict the likelihood of migration
of significant concentrations to groundwater and additional
monitoring studies can be conducted when necessary. Du Pont and
several other companies are currently actively involved 1in
monitoring efforts.

We believe that a cooperative effort is necessary to address
the groundwater issue which involves the chemical industry,
regulators, academia and most importantly, farmers. Solutions to
these problems will only be useful if they can be implemented
economically by farmers.

Today I have addressed facts versus perceptions. I’ve
indicated that the concentration of the chemical in groundwater
is important, not its mere detection and I‘ve indicated the need
to use reasonable standards to protect people’s health without
unnecessarily restricting the use of these important chemicals.
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Regulation Of Agricultural NPS Pollution In Arizona

Larry W. Stephenson
Environmental Program Specialist
Arizona Department of Environmental Quality
2655 E. Magnolia, Suite 2
Phoenix, Arizona 85034

ABSTRACT

The 1986 Arizona Environmental Quality Act (EQA) established by
statute three programs to regulate agricultural nonpoint source
pollutants. These include:

1. a general permit program consisting of best management
practices for the application of nitrogen fertilizers and
concentrated animal feeding operations

2. a program intended to prevent groundwater contamination
due to the use of agricultural pesticides; and

3. rangeland planning and management agency delegation for
grazing activities.

Introduction

The 1986 Arizona Environmental Quality Act (EQA) was the
legislative result of a response to a 1985 initiative petition
produced on water quality issues. The initiative, if
approved, would have required that water quality issues be
placed upon the November 1986 general election ballot. In mid
1985, Arizona water users requested that Governor Bruce
Babbitt appoint a Blue Ribbon Commission consisting of
knowledgeable experts, concerned citizens water users and
state legislators to draft legislation to address the apparent
concerns regarding water guality issues. Early in their
proceedings, the Commission resolved that nitrogen and
pesticide pollutants be addressed separately. As a result,
the 1legislative mandates and subsequent programs for
regulating agricultural Nonpoint Source (NPS) pollutants in
Arizona have few similarities.

In January 1986, the Commission released a draft copy of
legislation entitled "Arizona Water Quality Protection and
Restoration Act." The Act, which was commonly referred to as
Hawke I, was introduced into the 1986 legislative session as
House Bill 2518. After being extensively amended, House Bill
2518 was passed as the Arizona Environmental Quality Act.
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Although Hawke I was initially limited in scope specifically
to water quality, the resulting House Bill - 2518 was
significantly expanded to include provisions for the
following:

° establishment of the Arizona Department of Environmental
Quality (ADEQ):

° Water Quality Control;

° Air Quality

° Noise Abatement
° Solid Waste Management; and
e Hazardous Waste Management.

Management of Nitrogen Pollutants

The 1986 Arizona Environmental Quality Act (EQA) mandated that
the Department of Environmental Quality adopt by rule a
program consisting of Best Management Practices (BMPs) to
control the discharge of pollutants from the agricultural NPS
activities of (1) the application of nitrogen fertilizers and
(2) concentrated animal feeding operations. By Arizona
Statute, the application of nitrogen fertilizers and
concentrated animal feeding operations are defined as
regulated agricultural activities.

The Governor appointed Blue Ribbon Commission initially
recommended that nitrogen pollutants be regulated by way of
individual aquifer protection permits. However, after
evaluating the cost requirements for implementing an
individual ©permit program for regulated. agricultural
activities, a general permit program was developed. In
addition, the Commission also included in their
recommendations provisions for using BMPs for regulated
agricultural activities. The BMP concept, which was adopted
from the federal Clean Water Act as found in the USEPA rules
and regulations, was judged to be well suited for regulating
agricultural activities because of the following:

° BMPs are a fact driven approach to pollution control:
° BMPs provide the regulated sector with a high degree of
participation and self governance; and
° BMPs allow for site to site or farm to farm flexibility.
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The Arizona EQA mandated that the Director of ADEQ adopt by
rule agricultural general permits consisting of BMPs for the
application of nitrogen fertilizers and concentrated animal
feeding operations. However, the vesting of highly specific
engineering type BMPs in rule would have resulted in the loss
of site by site or farm by farm flexibility. This constraint
was overcome when the BMPs were redefined as general goal
statements in rule. The generalized BMPs provide direction,
purpose and incorporate the necessary elements of flexibility
into the program. Thus, the regulatory program fulfills the
goal of protecting water quality while maintaining on-site
flexibility for Arizona's diverse crops, cropping patterns,
soils and irrigation technologies. To assist the regulated
community in complying with the law, the Department in
association with the Governor appointed advisory committees
assembled a handbook of specific guidance practices (GPs).
By definition, guidance practices are the methods which an
operator can use to implement the dgeneral  BMPs. Since
guidance practices are not incorporated into rule, they can
be easily modified to reflect the current understandings of
nitrogen management and developing technologies for control
of nitrogen pollution. In addition, the establishment of
guidance practices outside of rule facilitates the process of
modification, since those modifications are not subject to the
lengthy rule making process.

For purposes of managing pollutant discharges from a regulated
agricultural activity the owner/operator must assure
compliance with BMPs contained in rule. Discharges shall be
managed through the use of guidance practices or some other
measure designed to assure compliance with the BMPs. Guidance
practices are therefore specific examples of techniques which
can be used to reduce to the greatest practical degree
discharge of nitrogen pollutants.

The BMPs, GPs and other methods contained in an owner/operator
strategy may be assembled into a total resource management
plan. Thus an owner/operator strategy for managing discharges
from cropland could include specific guidance practices and
other methods for the following:

° the management of soil;

° the management of water;

° the management of crops;

° the amount of fertilizer applied; and
° the timing of fertilizer application.
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In contrast an owner/operator strategy for managing discharges

from a concentrated animal feeding operation could include
specific guidance practices and other methods for the .
following:

° the location of the facility:;

° - the management of solid and liquid wastes;
° the management of runoff; and
° land disposal of wastes.

Arizona's generalized BMPs as adopted into rule to prevent or
minimize the discharge of nitrogen pollutants to groundwater
for regulated agricultural activities are indicated as
- follows:

° Application of Nitrogen Fertilizers

1. Application of nitrogen fertilizer shall be limited
to the amount necessary to meet projected crop plant
needs.

2. Application of nitrogen fertilizer shall be timed
to coincide as closely as possible to the periods
of maximum crop plant uptake.

3. Application of nitrogen fertilizer shall be by a
method designed to deliver nitrogen to the area of
maximum crop plant uptake.

4. Application of irrigation water shall be limited to
that amount necessary to supply crop needs to
minimize nitrogen loss by leaching and runoff.

6. The operator shall use tillage practices that
maximize water and nitrogen uptake by crop plants.

° Concentrated Animal Feeding Operations

1. The operator shall harvest, stockpile and dispose
of manure from feedlot confinement areas in a manner
which will minimize nitrogen pollution by leaching
or runoff.
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2. The operator shall control and dispose of nitrogen
contaminated water resulting from activities
associated with a concentrated animal feeding
operation in a manner which will minimize discharge
of nitrogen pollutants.

3. The operator shall close or abandon facilities in
a manner which will minimize the discharges of
nitrogen pollutants.

Pesticide Contamination Prevention Program

The 1986 Arizona EQA mandated that ADEQ adopt a program of
Pesticide Contamination Prevention (PCP) for agricultural use
pesticides. 1In contrast to the mandated Nitrogen Pollutant
Management Program, the PCP program is (1) not a permit
program and (2) does not wutilize or rely upon the
implementation of BMPs. This difference in conceptualization
is directly attributable to the fact that (1) different
subcommittees of the Blue Ribbon Commission developed the
Nitrogen Pollutant and Pesticide Contamination Prevention
statutes and (2) regulation of the use of agricultural
pesticides in Arizona is vested in the Arizona Commission of
Agriculture and Horticulture.

Nonpoint Source impacts of agricultural use pesticides upon
groundwater are regulated by the ADEQ through the Pesticide
Contamination Prevention (PCP) progran. The PCP program
integrates 6 regulatory mechanisms as defined in statute in
the Arizona EQA to accomplish the goal of protecting Arizona
groundwater from NPS agricultural use pesticide contamination.
These regulatory mechanism consist of the following:

° information submittal by pesticide registrants;

° establishment of numeric values;

° development of a groundwater protection list;

° reporting on the use and sales of pesticides on the

groundwater protection list by users and dealer;

° monitoring and testing of groundwater and soil for
agricultural use pesticide contamination;

upon detection, review of circumstances surrounding

contamination to determine whether use of the pesticide
should be modified or discontinued.
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Information Submittal

By Statute, the registrant of an agricultural use pesticide .

for use in Arizona must submit to the ADEQ specific criteria
for each active ingredient for evaluation for groundwater
pollution potential. These criteria are listed as follows:

° Water Solubility,

° Vapor Pressure,

° Henry's Law Constant,

° Octanol Water Partition Coefficient,
° Soil Absorption Coefficient

° Hydrolysis Half-life,

° Photolysis Half-life,

° Soil Aerobic Metabolic Half-life,

° Soil Anaerobic Metabolic Half-life,
° Field Dissipation Half-life.

Establishment of Numeric Values

The ADEQ has established by rule specific numeric criteria for
water solubility, soil absorption coefficient, hydrolysis,
anaerobic and aerobic soil metabolism and field dissipation.
By rule, an active ingredient of an agricultural use pesticide
which has a water solubility greater than 30 ppm or a soil
absorption coefficient (Kd) of less than 5 and any dissipation
half-life greater than 3 weeks is indicated as having a
capacity of leaching to groundwater. An agricultural use
pesticide is therefore categorized as a "suspect leacher" if
the chemical and physical criteria indicate that it is both
mobil (water solubility or soil absorption value) and
persistent (dissipation half-life).

Development of Groundwater Protection List

The ADEQ shall establish by rule a groundwater protection list
consisting of active ingredients for agricultural use
pesticides which have the potential to pollute groundwater.
Agricultural use pesticides which are identified as both
mobile and persistent are placed on the groundwater protection
list. '
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Reporting

By Statute, dealers shall make gquarterly reports to the
Director of ADEQ of all pesticide sales.

Monitoring and Testing of Groundwater and Soil

By Statute, agricultural use pesticides which are placed upon
the groundwater protection list shall be included in statewide
groundwater monitoring and soil testing progranms. The
Department shall monitor both soil and groundwater in those
areas of the state where agricultural use pesticides have been
used and where a reasonable probability exists that a specific
active ingredient may leach to pollute groundwater.

Detection of a Pesticide in Scil or Groundwater

A registrant of an agricultural use pesticide shall be
notified when an active ingredient or degradation product of
an agricultural use pesticide is detected:

° 8 feet below the soil surface or below the root zone of
a crop where the active ingredient was used:;

° below the soil microbial zone;
° in the groundwater of the state.

Upon notification that an active ingredient or a degradation
product which has an identified potential to pose a threat to
public health has been detected in the soil or groundwater of
the State, a registrant may modify the label use instructions
in such a manner that the active ingredient can not pollute
groundwater. If the label cannot be modified in manner which
will ensure that the active ingredient will not pollute
groundwater in the state the registration of the pesticide
shall be cancelled. If an agricultural use pesticide is found
to be carcinogenic, mutagenic, teratogenic or toxic to humans,
the registration shall be immediately cancelled.

Rangeland Planning and Management Deleqgation for NPS Grazing
Activities _

The 1986 Arizona EQA mandated that the Department of
Environmental Quality adopt by rule, a program to control NPS
discharges of any pollutant or combination of pollutants into
navigable water. Unlike the BMP program for Nitrogen
Pollutants and the Pesticide Contamination Prevention program,
grazing activities were not specifically detailed in the EQA.
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The 1988 draft Arizona NPS Assessment Report has identified
rangeland activities as a major contributor of NPS pollution
in the State. The ADEQ is currently developing a program in
rule for the agricultural NPS activity of grazing. This
program is conceptualized as a cooperative effort between ADEQ
and specific private, state and federal land managers. The
NPS Management Program for grazing activities consists of the
following components:

° planning,

° implementation by rule,

° implementationvby other means, and
° compliance

Planning

By Federal and State Law, the Arizona Department of
Environmental Quality has the lead responsibility for planning
and development of the NPS Management Program for grazing
activities. However, the Department has established a
technical advisory group to assist in the planning process.
This advisory group consists of distinguished representatlves
from the following:

e Governor's Rangeland Advisory Council,
° Arizona Cattle Growers Association,

° Arizona Wool Growers Association,

° University of Arizona

° Arizona State Senate

° Arizona House of Representatives,

° Bureau of Land Management,

° National Forest Service,

° Arizona State Land Department,

USDA ~ Soil Conservation Service,
Commission on Arizona and the Environment, and

° The Nature Conservancy.
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Implementation by Rule

The Department is currently negotiating with identified public
resource management agencies for the purpose of designating
and delegating NPS implementation responsibility. Delegation
of implementation authority is subject to the condition that -
an agency meets the following criteria:

° legal authority to administer the delegated authority;

¢ financial solvency and the necessary resources to manage
delegated responsibilities;

° administrative competence, organizational resources and
personnel resources to manage the delegated

responsibilities:

° technical competence to manage the delegated
responsibilities;

° public acceptability to manage the delegated
responsibility, and

° agency accountability to ensure that the Management
Agency is accountable to the public that is served.

The technical advisory group, detailed in the planning
discussion above, is currently assisting the Department in
identifying BMPs for grazing activities to be adopted into
rule.

Implementation by Other Means

The Department is negotiating with several land management
agencies and the University of Arizona to establish education
and technical transfer components of the program to assist the
regulated community in complying with the law. In addition,
demonstration research projects are being developed in
conjunction with the USDA-Soil Conservation Service and the
National Resource Conservation Districts (NRDCs).

Compliance

The Department has retained the option to delegate the
monitoring and program oversight components of the NPS
Management Program for grazing activities. - Enforcement
activities, however, are maintained by the Department.
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SUMMARY

Montana is a large, varied state with few people. Agriculture,
forest products and mining are the principal land-based
industries. About one-third of Montana's streams suffer moderate
to severe use impairment. Nonpdint source pollution is the cause
of impairment in 95 percent of these waters. Agriculture is by
far the 1largest source of use impairment. Major causes of
impairment in the Agricultural source category are sediment,
salinity, nutrients, streamflow depletion and stream channel
alterations. Montana has an approved Section 319 Agricultural
NPS Management Program. The Program is intended to be a
coordinated, comprehensive, multi-agency approach to NPS control
with the Department of Health and Environmental Sciences as the
lead agency.

Montana's NPS Monitoring Strategy has three goals: (1) Develop a
record of current conditions on all streams; (2) rank impaired
streams according to pollution severity as a basis for cleanup
priority; and (3) verify the application of BMPs and document
their effectiveness. Goal #1 will be addressed by surveying
existing data bases and transferring assessment information to a
customized version of the EPA Waterbody System. Goal #2 will be
achieved by applying a uniform stream reach NPS pollution
assessment procedure to impaired streams. Standardized
assessment ratings obtained in this manner will be stored in a
computerized data base called the Montana Reach Tracking System.
Goal #3 will be accomplished by conducting BMP audits and in-
depth, project-specific monitoring programs.

A number of technical problems plague NPS monitoring programs.
Four of these are identified and discussed briefly. However
difficult these technical issues may be to overcome, monitoring
and assessment will remain essential elements of any NPS
pollution control program.




Background

Montana is the fourth largest state but has only 800,000 people.
The western third of the state is forested mountains; the eastern
two-thirds are grassland plains. Agriculture, forest products
and mining are the principal land-based industries.

Montana has over 20,000 miles of fishable streams, some of them
nationally acclaimed trout streams. The state has approximately
4,000 lakes and reservoirs and an estimated 2 million acres of
wetlands. Natural water quality varies considerably from west to
east.

About one-~third of Montana's streams suffer moderate to severe
use impairment. NPS pollution is the cause of impairment in 95
percent of these waters. Agriculture (46%) and hydromodification
(26%) are the largest sources of use impairment, followed by land
disposal, mining, and forest practices. Major causes of
impairment in the Agricultural source category are sediment,
salinity, nutrients, streamflow depletion and stream channel
alterations.

Montana submitted its Section 319 NPS Assessment Report and
Management Plan to EPA on August 2, 1988. Stream assessments in
the Assessment Report are based largely on the judgement of local
resource managers. No attempt was made to rank or prioritize
streams for rehabilitation other than making a distinction
between streams moderately impaired (uses partially supported)
and streams severely impaired (uses not supported).

The Montana NPS Management Program is intended to be a
coordinated, comprehensive, multi-agency approach to NPS control
with the Department of Health and Environmental Sciences as the
lead agency. Coordination is accomplished +through a NPS
Interagency Task Force and MOUs with key agencies. The goal is
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to achieve, through demonstration projects, financial incentives,
education and existing regulatory controls, universal application ‘
of BMPs for those source categories that substantially impair’or
threaten to impair beneficial uses of Montana waters. For
agricultural BMPs, Montana has adopted the standard conservation
practices and specifications of the Soil Conservation Service.

Montana received EPA approval of its Section 319 Assessment
Report on April 12, 1989 and of the General Management and
Agriculture portions of its Management Program on June 7, 1989.
The Department is applying for a portion of the Governor's 20%
set aside from the state's Construction Grants allocation
[Section 201(g)(1)(B)] to implement the program, using funds from
the State's Resource Indemnity Trust as match.

Moni ing Stra

Montana's NPS Monitoring Strategy has three goals:

1. Develop a record of current conditions on all streams
-- impaired and unimpaired;

2. Rank impaired streams according to pollution severity
as a basis for cleanup priority; and

3. Verify the application of BMPs and document the
effectiveness of BMPs.

Goal #1: Develop Baseline. Numerous agencies in Montana engage

in water quality monitoring and assessment. Information exists
in many different data bases in both the electronic and printed

media.

Representatives of these agencies were assembled in Helena in
February 1989 as the Monitoring Committee of the NPS Interagency
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Task Force. The Committee decided it would pursue four
recommendations made in the NPS Assessment Report: 1) improve
coordination; 2) inventory existing data bases and prepare a
directory to those data bases; 3) prioritize types and location
of future monitoring; and 4) explore sources of funding for

monitoring.

As required under Section 305(b) of the CWA, the state will take
the lead in developing statewide assessments of water quality
conditions using the information at hand. The Department of
Health and Environmental Sciences will use a customized version
of the EPA Waterbody System as a repository of assessments (but
not of water quality data) and as a tool to generate water
quality assessment reports.

The Natural Resources Information System (NRIS) headquartered in
the Montana State Library has volunteered to inventory the
monitoring programs and data bases of other agencies. NRIS will
then prepare a directory of these monitoring programs and data
bases. This directory will be used by the Department as a source
book of information which may be consulted in developing a record
of current conditions statewide. It will also help the
Monitoring Committee to prioritize the types and locations of
future monitoring.

Goal #2: Rank Impaired Streams. In Montana's approved NPS

Management Program, the Department outlined a system for ranking
and selecting watershed projects for implementation. Forty
percent of the weighting in this system will be based on the
severity and extent of impairment to beneficial uses. [The other
60% will be based on technical and financial feasibility (40%)
and demonstration value for transfer to other areas (20%).]

This system has required that the Department develop a uniform
stream reach NPS pollution assessment form to standardize the
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rating of use impairment in Montana streams. The form is
accompanied by an evaluation key to describe the different levels
of impairment (e.g., excellent, good, fair, poor) in each
assessment category (e.g., bank stability, vegetative condition,
embeddedness). Numerical values are assigned to each level of
impairment, which may be combined to yield an aggregate score for
that reach. The form is intended to be usable by individuals
with varying backgrounds and applicable to a broad spectrum of
streams, including mountain and prairie streams.

Assessment scores obtained in this uniform manner will reside in
a computerized data base called the Montana Reach Tracking
System. A comparison of aggregate scores for the different
streams will provide the needed ranking of impaired streams.

Streams with the highest impairment ratings would be slated for a
more intensive assessment by an interdisciplinary and (or) inter-
agency review team. The type of intensive assessment would
depend on the nature of impairment and may include BMP audits,
biocassessment, collection of water or sediment samples, and a
streambank physical features inventory. These more detailed
assessments would be required prior to project implementation,
both to pinpoint problem areas for BMP application and to serve
as a benchmark against which to gauge the effectiveness of
controls (Goal #3). All levels of assessment would help to
develop a record of current conditions (Goal #1).

Goal #3: Verify BMP Implementation and Effectiveness. It is
generally accepted if not well documented that most water quality
problems can be avoided if BMPs are in place. (However,
extensive activity in a watershed may result in cumulative
effects even though BMPs have been applied throughout.) The
first "monitoring" priority then should be to determine whether
BMPs have actually been applied.
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Montana has adopted the forest practices BMP audit procedure
developed by the State of Idaho. This procedure takes into
account both the application and, at 1least superficially, the
apparent effectiveness of the BMP or BMP system. The Department
believes that BMP audits are a very useful first-line tool in
assessing real or potential water quality impacts'and should be
developed for the agriculture and mining source categories as
well. BMP audits can also serve to measure the degree of
participation in a voluntary NPS control program and as an
enforcement tool in a regulatory program.

For individual watershed implementation or demonstration
projects, a water quality monitoring program is needed to
evaluate the effectiveness of BMPs or BMP systems. Such a
program may involve one or more of the in-depth assessment
techniques described above and would be tailored to the specific
nature of the problem, e.g., organic wastes vs. inorganic
sediment.

Two of the demonstration projects included in the Agricultural
portion of Montana's NPS Management Program are Godfrey Creek and
Otter Creek. Godfrey Creek is polluted primarily by manure from
animal confinement areas associated with dairies. In Otter
Creek, the cause of impairment is primarily sediment from poor
grazing and irrigation practices. "Before and After" monitoring
programs for these two projects will be very different. The
Godfrey Creek program will rely primarily on measurements of
nutrients and bacteria in the water column; in Otter Creek,
improvement will be gauged by changes in fish and
macroinvertebrate populations.

Monitoring and the application of BMPs may need to be repeated
because water quality managers don't always "get it right" the
first time. If monitoring shows that impairment still occurs
after BMPs are in place, then the activity causing the impairment
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needs to be modified even further (better than "best" management
practices applied) and the m%nitoring repeated. In effect, this
becomes a continuous process in watersheds with ongoing resource
development activities. Such monitoring may also help to
validate models used to predict the cumulative effects of
multiple activities in a watershed. In some cases monitoring or
modelling may show that activities should be deférred, as they
have been in the Lolo and Buck Creek watersheds near Missoula.

The iterative process just described is known as an "adaptive
management" approach. This -approach involves cooperative
research, monitoring, and evaluation to better understand land
use/water quality interactions and to adapt specific management
practices as needed in specific situations. Montana's Flathead
Basin Commission has initiated an adaptive management program
addressing forested lands in the Flathead River Drainage upstream
from Flathead Lake.

Technical Issues

Aside from resource limitations, there's a host of technical
problems that plague NPS monitoring programs.

One of these is the diffuse nature of the sources and causes of
water quality impairment. 1It's not always possible to identify
the source of a pollutant in a stream or to measure the
effectiveness of a single BMP. '

Natural variation in streams, longitudinally and over time, often
make it difficult to detect anything but gross changes in water
quality. Water quality effects of land use activities may be
delayed and continue long after the activity has ceased.

Another technical issue specific to sediment and nutrients is the
lack of useful criteria by which to judge the level of use
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impairment in running waters. Threshold values from the
literature are seldom transferable to streams with different
physical and biological features.

Finally, cause-and-effect relationships between pollutants and
use impairment are often implied but rarely proven. Deposited
sediment in spawning and rearing areas may appear to be holding
down trout populations when the 1limiting factor is actually
depleted stream flow, angling pressure, or stream infertility.

Monitoring the water quality effects of land use activities is
much more difficult than monitoring the effects of point source
discharges. However difficult these technical issues may be to
overcome, monitoring and assessment will remain essential
elements of any NPS management program.

V-B-9




WESTERN STATES WATER COUNCIL
NONPOINT SOURCE POLLUTION CONTROL
TECHNICAL ISSUES WORKSHOP

IDAHO'S AGRICULTURAL POLLUTION
ABATEMENT PLAN
Al E. Murrey, P.E.
Idaho Department of Health and Welfare, Division of
Environmental Quality

TLI F THE AG PLAN

The State Agricultural Water Quality Program (Program) has
been in operation since 1979. The ldaho Agricultural Pollution
Abatement Plan (Ag Plan) is the foundation for the state's
program. Grants are funded from the Division of Environmental
Quality (Division) and jointly administered by the Soil
Conservation Commission (Commission). Planning grants are
used for identifying agricultural acreage contributing to water
quality pollution. From the planning projects, impiementation
grants are selected for cost-sharing on voluntary installation
of best management practices (BMPs).

Agency Responsibility

The Division's objective is to assure that water quality is
protected from impacts resulting from agriculture through the
implementation of the Ag Pian in the Program. This is
accomplished through close cooperation with the Commission,
technical agencies, primarily the Soil Conservation Service
(Service), and local agencies such as the Soil Conservation
Districts (District). The Commission is responsible for overall
District administration. The Service is responsible for the
technical aspect of the Ag Plan and the Program. The
Division's role is to administer funds for project planning and
implementation, and evaluate effectiveness of the Program in
protecting beneficial uses of water. These roles are being
fine-tuned through the current revision of the Program, Ag
Plan, Program Procedures Manual and rules and regulations.
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The Basis for State Agricultural Water Quality
Program

The Ag Plan emphasized three factors essential to the success
of the Program:

1. Technical assistance to farmers identifying problems and
solutions to agricultural pollution;

2. Informational and educational activities raising awareness
of the pollution problems and solutions available ; and

3. Incentives for BMP implementation offsetting the costs of
BMP installation. The BMP benefits are generally long-term,
and affect the farmer as well as the downstream public.

A five-year trial period was established (with EPA approval)

to determine the effectiveness of the voluntary nature of the
program. The Ag Plan is entering its ninth year of
implementation. Evaluations and results have shown the
Program is working very well. The state has received acclaim,
regionally and nationally for its outstanding efforts in
voluntarily reducing agricultural poliution.

IMPLEMENTATION OF THE AG PLAN

As of fiscal year 1990, 21 planning grants and 25
implementation grants will have been made to 18 local Soil
Conservation Districts to solve water quality problems from
approximately one-half million acres of agricultural land.
About 15.8 million dollars in state funds have been allocated
to these projects. It is estimated that the land-owner's cost-
share will match the amount of grant funds invested by the end
of their ten-year contracts.

Legislative Action in 1980

As a means of achieving the Clean Water Act of 1972 (Public
Law 92-500), area waste treatment management processes
have been developed and implemented. The Ag Plan was
developed under Section 208 of the Ciean Water Act.
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When the waste treatment management process was developed
to address agricultural nonpoint source pollution, the DEQ
contracted with the Commission to assist in the process.
Section 208 grant funds fron the EPA were used to develop the
Ag Plan. The plan was certified by Governor Evans and approved
by EPA in 1979. The plan was updated in 1982.

General Process for Projects :

Districts apply for planning projects based on stream
segments of concern listed in the Ag Plan. Planning projects
are then selected by the Division, Commission and the Service
based on criteria including water quality benefits, technical
assistance availability, district readiness to proceed, project
water quality studies and funding. The length of planning
projects is from a year to 18 months. A final report is
developed from the planning project and submitted with an
application for implementation. Selection of the
implementation projects are based on criteria similar to the
planning project selection process. Implementation projects
are conducted over a ten to 15 year period. The Soil
Conservation Commission and the Board of Health and Welfare
must approve all projects before a grant is offered.

Information and Education

Each District with an active Program devotes a certain portion
of their project budget to information and education programs.
Programs include project tours, conservation tillage tours,
classroom presentations, slide shows, poster contests and
picnics. The goal is to foster community awareness of ag-
related water quality problems and to generate community
project support.

Funding

Grant funds spent to date by each project, and money
contributed by contracting farmers into the matching portion
of the program are monitored on a quarterly basis. Funding for
all Program projects comes from the Idaho Water Pollution
Control Account. The state revenues are derived from a
combination of cigarette, tobacco, inheritance, and sales
taxes. :
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Technical Assistance _

The quality control of BMPs is provided by the Service or the
- Commission to assist the farmers in their conservation plan.
Technical assistance is essential to the effectiveness of the
improvement to water quality.

Problems Encountered ,

One problem the Division continually encounters is the Water
Pollution Control Account (WPCA) funding level. The
legislature has borrowed from the WPCA from time to time
causing decreases in the account's funding levels.

Another problem in the program -is the increasing monitoring
demand for new planning projects and post-monitoring for
ongoing projects. Additional administrative oversight is
needed in the Division's Central Office. Currently the Division
cannot keep up with the ever-increasing demand for lab
analysis and staff to conduct the necessary water quality
monitoring. The Division is looking into some alternative data
sources and streamlmmg approaches to the monitoring demand
problem.

The third problem is the rapid growth of the Program. The
popularity of the program has created an expanded workload
for all cooperating agencies' staff. The agencies are finding it
difficult to keep up with maintenance of existing projects
while reviewing an increasing amount of applications every
year. Last year, we had 22 applications. Dunng the previous
years we rarely received more than 12.

PROGRAM EFFECTIVENESS

The effectiveness of BMPs and of the Ag Plan is conducted
through pre- and post-water quality monitoring, project
reviews, plan reviews, and agency meetings. Currently the DEQ
is conducting nine water quality studies and has published an
additional 35 water quality reports involving agricuitural
projects.
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Public involvement has provided a strong foundation for the
program. The emphasis on information and education has lead
to wide-spread acceptance of the Ag Plan by farmers,
ranchers, cooperating agencies, state legislators, and the
public.

The soil conservation districts and the landusers are strongly
committed to the program. Progress to date demonstrates that
the voluntary program is well received by all groups invoived
and is effective through a viable information and education
program, adequate technical assistance and financial
incentives.

Program Coordination _
The success of the Program depends to a large degree on open
communication and coordination among land managers,
regulatory agencies, resource managers, the regulated industry
and the public. Listed below are documents aiding in the
essential coordination among these groups.

Idaho Agricultural Polluti Abaf t Pl
Outlines the BMPs, agency responsibilities/authorities, and
identifies action items for program improvement. Certified
by Governor Cecil Andrus and approved by EPA.

Agricultural Water Quality Program Rules and Requlations,
Titl :

Defines and outlines the foundation of the State
Agricultural Water Quality Program, the ldaho Agricultural
Pollution Abatement Plan, and the plan's Procedural Manual.

Agri ral Pollution men lan Pr r
Manual
Provides the practical application of the Agricultural Water
Quality Program Rules and Regulations as well as the Idaho
Agricultural Pollution. Abatement Plan.

r li R rt and Nonpoin r
Assessment -
Addresses impacts by agrichemicals in surface water and
groundwater, livestock grazing on riparian areas, and
livestock confinement areas not recognized as point
sources.
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r f m m f
Understanding (MOU)
Contractual agreements have been completed between the
Division, Commission, Service, and Idaho Association of
Soil Conservation Districts.

NEW DIRECTIONS

The Ag Plan and Program are being expanded and revised to
reflect requirements of Section319 of the Clean Water Act.
The additions will include livestock grazing on riparian areas,
the state antidegradation agreement, impacts by agrichemicals
in surface water and groundwater, and livestock confinement
areas not recognized as point sources. Other issues to be
addressed during the Plan and Program revision process
include clarification of agency responsibilities; BMP
establishment and approach; the voluntary aspect of the
Program; post-implementation monitoring; technical
assistance, financial assistance, and program streamlining.

AGENCY ACT

For more information on the State Agricultural Water Quality
Program and Ag Plan, contact the following individuals:

D E Q (Division of Environmental Quality)
Susan Martin, Surface Water Quality Programs Manager

450 W. State
Boise, ID 83702
(208) 334-5860

S C C (Soil Conservation Commission)
- Wayne Faude, Administrator

801 S. Capitol

Boise, ID 83702

(208) 334-3865

S C S (Soil Conservation Service)
Paul Calverly, State Conservationist
3244 Eider St. Rm 124

Boise, ID 83705

(208) 334-1601
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IASCD (ldaho Association of Soil Conservation Districts)

Delbert Winterfeld, President
P.O. Box 97

Swan Valley, ID 83449
(208) 483-3683

IDEA (ldaho Districts Employee Association)
Kathie Hasselstrom, President

P.O. Box 67 ‘

Craigmont, ID 83523

(208) 924-5561

Jim Yost, Chairman
319 Agricultural Subcommittee
Idaho Farm Bureau

P.O. Box 167
Boise, ID 83701
(208) 342-2688
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New Mexico's Nonregulatory NPS Pollution Control Approach

Jim Piatt

New Mexico Environmental Improvement Division

Historical Perspective

Statewide nonpoint source management in New Mexico began on a systematic
basis during the section 208 planning process. Section 208(b)(2) (F-K) of
the federal Clean Water Act required the states to identify processes,

procedures and methods to identify and control, to the extent feasible,

nonpoint sources of water pollution. Sources to be included in the plan
were identified in the Act as agriculture, silviculture, mining,
construction, waste disposal and man-induced salt water intrusion into

fresh waters.

At the time the 208 management plan was prepared, water pollution
resulting from point source discharges was deemed to be of greater concern
and higher priority. While attention and 1imited resources were focused
on the high priority issue of point source control, educational programs,
incentives and technical assistance were chosen as methods of promoting a
voluntary approach to nonpoint source control. The plan which was
developed and adopted by the New Mexico Water Quality Control Commission
stated (1): "It is the consensus of the Commission that mandatory BMPs
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shall not be adoptéd until such time as water quality problems ... have

been adequately documented."

Until recently, monitoring activities performed by the State, federal
agencies and others have not been aimed at identifying nonpoint source
water pollution problems. Monitoring nonpoint source pollution events is
difficult at best because of the largely stochastic nature of their
occurrence, The results of available water quality monitoring are often
difficult to interpret because of the large number of activities in any
given area which may be contributing to the perceived results. However,
the states must now attempt such monitoring and interpretation because of

a change in the federal statute.

On February 4, 1987, the U.S. Congress passed, over President Reagan's
veto, the Water Quality Act of 1987 (PL 100-4). The Water Qua]ity Act
amended the Goals and Policy section of the federal Clean Water Act (PL
92-500) by adding a new subsection explicitly stating that nonpoint source
control is the national policy. The Water Qua]ity Act further amended the
Clean Water Act by adding a new section entitled "Sec. 319 Nonpoint Source
Management Programs." This section mandated an assessment of the nonpoint
source effects on the states' waters and development of a management
program to control such effects. New Mexico comb1eted its assesément
report and transmitted that report to the U.S. Environmental Protection
Agency (EPA) in October 1988. The EPA formally rejected this submitté] on
January 31, 1989 as not fully meeting the requirements of thé Act. The
report was updated and resubmitted to EPA in May 1989. To date, EPA has
not acted on the resubmittal.
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Grazing Impacts

The New Mexico Nonpoint Source Assessment (2) identified water quality
concerns due to nonpoint source pollution in 104 river reaches and 55
lakes. Feedlots and dairies have not been shown to adversely affect
surface water qua)ity in New Mexico although the amount of water quality
monitoring aimed at making such a determination 1is minimal. The
Assessment did show that grazing actiVities contribute to partial use
impairment of 1,016 of the 1,276 affected river miles and 90 of the 104
identified reaches. Of the 102,800 lake acres reported as partially
impaired, grazing contributed to the impairment of 102,083 and 52 of the
55 affected lakes. While grazing is the most pervasive source of water
quality impairment in New Mexico, ih almost every case there weré other
nonpoint sources contributing to the water quality impairment. The
effects of grazing on water quality were judged to be of low or moderate
severity in most of the cases. In the few remaining cases, where the
effects were severe, the ongoing impacts were due to the historical
overgrazing of areas with highly erodible soils. The identified water
quality concerns related to grazing are predominantly due to sediment
input and associated turbidities. Other effects are due to sediment-borne
heavy metals and plant nutrients. Virtually every one of the State's
designated uses, including irrigation, have been affected by these

pollutants.

The discovery of adverse water quality effects from grazing activities is

not particularly surprising. Grazing removes the vegetative cover which
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is the single most important variable affecting soil erosion (3). In the
uplands, grazing also accelerates erosion through soil compaction which
reduces infiltration, increases runoff and results in gully formation.
Compounding the concerns is the tendency of domestic stock to congregate
in the riparian areas due to the amount and kinds of available forage,
presence of shade and access to water (4). Streamside vegetation acts as
a filter strip and prevents erosion by shielding the}bénks during storm-
flows. Roots bind the streambanks together ahd help prevent s]oughing of
soil materials into the water. However, streamside activities by
livestock may result in the destruction of the streambanks by trampling.
This bank destruction results in direct sediment input to the system
further altering the aquatic habitat. = The consumption of the riparian
vegetation also allows overland flows to enter the system. Decreased
shading will result in increased water temperatures and the lack of
‘vegetation will further destabilize the streambanks. These potential
wgter quality impacts are of significant concern to New Mexico because
grazing is the most extensive of all land uses in the State; between 82
and 84 percent of the land surface is used for livestock production (5,3).
However, among the impacts is the not-insignificant benefit that residents
receive from this activity. Total Tlivestock receipts for 1985 totaled

717.5 mii]ion dollars (6).

Seventeen percent of the State's native grasslands are reportedly in
"poor" condition while 57 percent are in “fair" condition (3). Soil
erosion from privately owned range-lands in New Mexico is eétimated to
average 8.3 tons/acre/year, the highest in the country (7). The U.S.

Department of Agriculture (8) reported that only 28 percent of the
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nonfederal rangeland was adequately managed. Central to the idea of good
range management 1is controlling livestock grazing at an intensity that
leaves sufficient vegetative cover to protect the soil. Yet, the most
recent USDA (8) review found that 7 million acres in Néw Mexico need
grazing management strategies developed specifically to address current

overgrazing.
New Mexico's Nonregulatory Approach to NPS Management

Water quality management in New Mexico is changing. Mandated assessment
activities have shown that 1ivestock production has, and is, affecting
water quality in a significant portion of the State's rivers and lakes.
These facts are é1ready leading to change "on the ground". Voluntary
management activities by the State's ranching community have been
accelerating. The Soil Conservation Service (SCS) is emphasizing improved
grazing management in its assistance programs and has over 400 operating
grazing systems in the State covering almost 6 million acres of rangelands
(9). These plans go beyond the structural "band-aids" applied in the past
and deal on the ecosystem level with all of the environmental concerns,
including water quality. The trend toward intensive management is
expected to continue, with 1.6 million acres expected to be under new
management activities this year. Water qua]ity concerns are being

specifically addressed in these plans.
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Institutional Chanjes

The "system" itself is changing due to the Congressional mandate and the
new awareness of the effects of nonpoint source pollution. The 'SCS is
involved in a crash program of training its own staff in techniques of
p}eventing‘as well as identifying and correcting nonpoint source water
pollution concerns. The Bureau of Land Management is emphasizing riparian
management in its grazing management plans, largely due to water quality
concerns (10). Region III of the U.S. Forest Service, which includes
those national forests in Arizona and New Mexico, is in the process of
finalizing a Best Management Practices Handbook which deals with all of

jts land management activities.

As a state employee it's an interesting, and challenging time to be
working in the nonpoﬁnt source area. Our citizens are better informed,
more active and vocal about their water quality concerns than at any time
in the past. Awareness of nonpoint source water quality concerns, and a
new sensitivity to these concerns, 1is increasing in the State
bureaucracies. Water demands for agriculture, recreation and municipal
and industrial wéter supplies are increasing. We are learning that water
polluted by large scale land activities is just as useless as that

polluted by point source discharges.
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Introduction

Spiritwood Lake, located in the east-central part of North Dakota, is
approximately 15 miles northeast of Jamestown. The lake is unique among
natural 1lakes in the prairie Rg%?q}e region. Salient features
include: (1) a maximum depth of 16 meters, exceeding all other natural
lakes in the state which are capable of supporting a sport fishery; (2)
it exhibits thermal stratification; (3) a densely forested shoreline;
(4) ample public ownership of adjacent lands; and (5) site of the only

state-owned fish hatchery.

The Spiritwood Lake project was the state’'s first attempt to evaluate
and subsequently restore a lake by utilizing a comprehensive approach to

lake management.

A diagnostic study was initiated in 1980 and completed in 1982 to deter-
mine the trophic state of the lake and delineate the major sources of
nutrients responsible for its eutrophication. A nutrient budget was
developed during the study which identified nonpoint nutrient loading
from the watershed and internal loading from sediments during anoxic
periods as major sources. During periods of moderate to high runoff,
the watershed was a major contributor, whereas during years when low

runoff occurred, the sediments provided the greatest nutrient load.

Subsequent to the diagnostic study, the feasibility of restoring the
lake was reduced to five alternatives. The hypolimnetic withdrawal was
the selected alternative because it had the best probability of being

effective, a relatively low cost, and had broad public support.

Public participation/education was an integral paft of the planning

process as well as an essential component during the implementation
phase. Local support for the project came from the Stutsman County
Water Management Board, the Stutsman County Soil Conservation District,
the city of Spiritwood Lake, and the Spiritwood Lake Improvement
Association. State and federal assistance on the project came from the
North Dakota Department of Health and Consolidated Laboratories, the
North Dakota State Water Commission, the North Dakota State Game and

V-E-2



Fish Department, the U. S. Environmental Protection Agency, and the

U. S. Soil Conservation Service.

Ultimately, the one group which is often overlooked but perhaps the most
important of all are the individual landowners/farmers in the water-
shed. These individuals gave an enthusiastic response, voluntarily

reducing soil erosion and modifying their farming practices.

Implementation

Construction of the pipeline and pump house began in July 1982 and was
completed in early September of that year. The underwater portion
consisted of 1,370 meters (4,500 feet) of 40.6-centimeter (16-inch)
diameter high density polyethylene pipe which was perforated with 500
2.5-centimeter (l-inch) holes near the end of the pipe which laid in the
deepest water. The pump has an electric 3-phase, 25-horsepower capable
of moving 7,200 liters (1,900 gallons) per minute. The discharge pipe
to Schock wetland is 1,125 meters (3,700 feet) of 30.5-centimeter (12-
inch) diameter PVC pipe.

Implementation of agricultural Best Management Practices (BMPs) and
other measures to control erosion began in 1981 and was essentially
completed by the end of 1983, A conservationist working for the
Stutsman County Soil Conservation District had the primary responsibi-
lity of developing conservation plans in the watershed. This indivi-
dual, working in concert with funding from the Soil Conservation
Service, Agricultural Stabilization and Conservation Service, and the
North Dakota Game and Fish Interest Fund, was able to provide nearly all

of the costs associated with conservation practices.

The watershed size of 6,018 hectares (14,860 acres) has approximately
3,840 hectares (9,480 acres) directly contributing due to the noninte-
grated drainage pattern typical of the Northern Great Plains. Wind
erosion was also addressed outside the drainage area due to the high

probability soil deposition on the lake surface. The following is a
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list of the type and amount of BMPs implemented for the project:

Tree Planting 58 miles
Grassed Waterways ' 8 miles
No Till 1,296 acres
Crop Residue Use 14,944 acres
Protected Fallow 3,300 acres
North Dakota Wildlife Habitat Feeding 349 acres
North Dakota Set Aside for Wildlife 502 acres
Water Bank . 287 acres
Terraces 9,860 feet
Animal Waste Storage 1
Stock Ponds ; 6
Water Development for Wildlife 19
Wildlife Dam 1

Desilting Pond
Critical Are