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FINAL REPORT FOR TEXAS WATER DEVELOPMENT BOARD

This report presents a summary of work elements completed for the
Upper North Bosque project. In addition, it describes the progress
made towards institutional solutions to problems and participation
of government, industry and local citizenry.

Committee for Constituency Development
As part of the approach to solving problems associated locally with

the dairy industry and to building a constituency for proposed
solutions, input from affected parties has been solicited. 1In many

cases implementation activities have been defined as
technical/scientific solutions that are within the economic
capabilities of the dairy farmer. This 1is a very limited

definition which does not necessarily provide a predictable
regulatory climate, nor a citizenry that endorses the waste
management system utilized by the region's dairy farmer. These two
elements are essential for success.

Unfortunately, most efforts toward implementation do not focus on
these two elements until the technical/scientific and economic
studies are completed. If these elements are the last elements
considered, it is "too little, too late". The institutional and
public policy questions will be addressed, but the arena in which
they are discussed becomes the "state house". In this environment
of "political solutions", much of the relevant technical/scientific
information is left ocut of the decision process. This is a very
inefficient and wasteful use of program funds.

To ensure implementation, the institutional and public policy
elements must be integrated into the initial study design and
recognized as components that must be addressed throughout the
program effort. The Institute has taken steps to insure that these
elements are woven into the very fabric of all program elements
related to the nonpoint source pollution problems in the North
Bosque River Basin by the use of the Committee for Constituency
Development (CFCD). The CFCD includes dairy operators, neighbors
of dairies, 1local government officials, environmental group
members, community and industrial leaders, and representatives of
other agricultural sectors.

Senator Bob Glasgow created and chairs the CFCD. The CFCD met June
13, 1990, at Tarleton State University. Senator Glasgow presented
an overview of the goals and objectives of the grant program for
Nonpoint Source Pollution. Ron Jones, Director of the Institute,
and Institute staff members presented the work elements of each
task for the EPA grant. The meeting was attended by approximately
fifty-five people. A second CFCD meeting was held on August 9,
1990. Representatives from the Texas Water Commission (TWC), Texas
Air Control Board (TACB), and the Texas State Soil and Water
Conservation Board (TSSWCB) presented overviews of the roles of
these agencies with regard to the dairy industry.



Appendix I contains minutes from the CFCD meetings and lists of the
members of the CFCD.

Board of Advisors

Senator Glasgow also created and chairs a Board of Advisors
composed of the Executive Directors of the Texas Water Commission,
Texas Department of Health, Texas State Soil and Water Conservation
Board, Brazos River Authority, Texas Water Development Board and
Texas Air Control Board. The Institute staff met with the Board of
Advisors on June 7, 1990 in Austin, Texas at the State Capitol.
Senator Glasgow presented an overview of the goals and objectives
of the grant program for Nonpoint Source Pollution. Ron Jones,
Director of the Institute, discussed the work program on a task by
task basis.

Appendix I also contains a list of the members of the Advisory
Committee.

Institute starf

Institute staff who have performed the work elements for the
project and their expertise are briefly described below.

Full time staff includes:

. Ron Jones, Director, whose background includes 23 years
experience in public policy, business management, and
environmentally related issues. He holds a bachelors
degree in agronomy and a masters in agricultural
economics with an emphasis in natural resources. He has
authored publications and lectured at many governmental,
educational and civic functions.

. Jack Nelson, Research Associate, whose background
includes 21 vyear: experience with developing water
resources design criteria, environmental science,
hydrology, and agricultural enterprises. He holds a
bachelors degree in biclogy and a masters in
environmental science. He has managed civil engineers,
environmental engineers, bioclogists and geologists. As
Director of the Environmental Division of the Texas Water
Development Board, close liaison was required with the
J.S. Army Corps of Engineers, Bureau of Reclamation,
Environmental Protection Agency, and Fish and Wildlife
Service, as well as other state agencies in Texas.

L Leila Gosselink, Research Associate, whose background
includes five vyears experience in environmental
engineering, hydrology, water quality, computer modeling
and regulatory compliance. She also holds a bachelors
degree in mechanical engineering and a masters in marine
sclences (hydrology).

L Melissa Parks, Administrative.Assistant, whose background
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includes six years experience in banking management and
administrative supervision. She also holds a bachelors
degree in accounting.

. Nancy Easterling, Research Technician, who holds a
bachelors degree in hydrology and whose background
includes experience with an environmental consulting firm
and work 1in education.

. Joan Flowers, Research Technician, who is a dairy farmer
and holds bachelors degrees in biology and hydrology and
has experience with an environmental censulting firm.

. Jan Stephens, Secretary, has a background in computer
information systems and previous experience in
typesetting.

Part-time Faculty members include:

. Dr. Hugh Jeffus, P.E., Hydrology professor, environmental
engineer with 25 years of experience in designing and
operating waste treatment systems.

) Charles Maguire, M.B.A., Economics instructor and
president of Pecan Valley Nut Company, Inc., with 15

Years experience in processing and marketing agricultural
products.

Graduate Research Assistants include:

L] Bill Dollar, a graduate student with 15 years experience
in geology and a strong computer background.

. Lynn Smith, a graduate student in biology.

. Ronnie Moore, a graduate student in the business

administration who has operated his own construction
business in Austin Texas.

L] Patrick Farrell, a graduate student in the business
program with a strong computer background.

In addition, Hari Shrestha, a temporary intern from the Tarleton
Hydroloqgy program, was hired to complete soil laboratory work under
the supervision of Dr. Hugh Jeffus. Also, a student worker,
Melinda Erickson was hired to complete miscellaneous office tasks.

DETAILED SCOPE OF WORK

The work of Tarleton Institute for Applied Research has been
divided into six tasks. Flowcharts for the task activities have
been made and are included as Appendix II.

TASK I

Task Definition:

Define present siting criteria for dairy farms. Implement, educate
and demonstrate to farmers in the North Bosque River Basin how to
preperly site dairy farms. This task was developed to minimize the
cost of implementing management practices required to bring dairy

3



farms into regulatory compliance. Management practices required to
prevent adverse environmental impacts in identified sensitive areas
are generally more extensive and costly,

CFCD Subcommittee:
A subcommittee from the CFCD was selected to serve as a task force
on Task I. The members include:

Mr. John Moore, Co-chairman, FMC Representative
Ms. Darlene Bates, Co-chairman, dairy owner

Mr. Byron Brewer, Sierra Club member

Mrs. Metta Collier, Stephenville citizen

Mr. Wade Cowan, business owner in dairy area
Mr. Don Davis, City Manager of Stephenville

Mr. Bill Hailey, Erath County Judge

Mr. Jim Leatherwood, Mayor of Dublin

The subcommittee met July 24, 1990 and August 21, 1990.
Presentation of material, including maps and overlays, were made at
the first meeting to demonstrate how siting criteria may impact the
environment. The subcommittee members indicated that they would
like prospective dairy farmers to be made aware of these
considerations as soon as possible. They suggested a brochure be
produced for distribution through real estate agencies,
governmental agencies, and milk producer associations. During the
second meeting, which included a tour of a large dairy farm, a
draft brochure was handed out for the review of the members.
Minutes from these meetings are included as Appendix III.

Task Activities:

Work on Task I has primarily focused on defining the present
informal siting criteria and evaluating their effectiveness and
current level of implementation. To define the present criteria,
Institute staff met with several local dairy farmers who had moved
into the area and discussed their methods of site selection. 1In
addition, representatives fron AMPI, local banks and the SCS were
consulted. A draft list of the present siting criteria and the
maps, with a list of parameters to be considered in the siting
process, have been prepared. Siting considerations were selected
by the subcommittee to be included in the brochure for distribution
The draft criteria lists and brochure are included in Appendix IV,

To evaluate the effectiveness of existing criteria with respect to
environmental impacts, and to identify environmentally sensitive
areas, the Institute staff began evaluating criteria which may
provide environmental protection and, therefore, minimize the cost
of regulatory compliance. A meeting was held with Margaret Hart,
TWC, and Institute staff members in Stephenville on June 20, 1990,
to discuss the DRASTIC system, a system for evaluating the
potential for groundwater contamination in an area. The DRASTIC
information will be used to identify areas with a high potential
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for groundwater pollution if dairies are located there. In
addition, Ms. Hart discussed a geographical information system
(GIS), which the Institute could use as a tool for compiling and
distributing siting information. The Institute staff has prepared
draft maps of areas which may be environmentally sensitive.
Sources of information included the DRASTIC maps for Erath county,

soils maps and descriptions, flocdplain maps, and the Geographic
Atlas of Texas.

The draft brochure as recommended by the subcommittee was prepared
and distributed for review. The next subcommittee meeting will
invite local agency representatives to discuss who should be
responsible for distribution of material or for maintaining siting
information, so that it is readily available to prospective dairy
farmers.

TASK II

Task Definition:

Monitor and evaluate the implementation of water gquality management
plans as proposed in dairy permit applications submitted to the
TWC. Assist dairy farmers in properly managing their dairies to
prevent pollution of the surface and groundwaters of Texas.
Evaluate the implementation of present management plans in place
for dairies in the Upper North Bosque River Basin. Evaluate
technical effectiveness along with financial and institutional
aspects.

CFCD Subcommittee:
A subcommittee from the CFCD was selected to serve as a task force

on Task II. Subcommittee members include:

. Dr. Ken Dorris, Chairman, veterinarian

. Mr. Jerry Clark, AMPI representative

. Mr. Jon Crunk, Texas United representative and dairy
farmer

. Mr. Lloyd Easley, Farmers Home Administration

. Mr. W.L. Felts, Chairman, Cross Timbers Concerned
Citizens Group

. Mr. Jack Parks, dairy farmer and AMPI National Board
member

. Mr. Chaunce Thompson, Texas and South-western Cattle

Raisers Association

The first subcommittee meeting was held July 24, 1990 at Tarleton
State University to review a draft survey form, to ensure that it
is comprehensive and to provide suggestions for standardizing the
monitoring procedures. The second subcommittee meeting was held on
August 14, 1990 at a large dairy against which heavy fines had been
levied. Management practices which had been implemented in order
to bring the dairy intc compliance were observed. Minutes from
these meetings are included as Appendix V.
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Task Activities:

A list of specific requirements for permitted dairies in Erath
County has been compiled from the Texas Water Commission files of
individual dairy permits, permit applications, and management
plans. This list will be used in the monitoring of compliance.

To prepare for the monitoring of operational practices of the
individual dairies, a draft survey form was prepared. The survey
form was prepared through review of regulatory and permit specific
requirements, and is included in Appendix VI. 1In addition, Jerry
Clark, an AMPI representative, has agreed to work with the
Institute on developing and implementing the monitoring of
permitted dairies in the North Bosque River Basin. The cooperation
with AMPI will enable the Institute to gain access to dairy sites
for monitoring and provide a means of ensuring that information to
assist the farmers is distributed and supported.

A meeting was held on August 30, 1990 at the Stephenville AMPT
building to explain the proposed monitoring system to dairy farmers
with permits or with permits pending. A copy of a letter sent to
area dairy farmers subsequent to the meeting is included as
Appendix VIT.

TASK IIIX

Task Definition:

Best management practices (BMPs) will be selected for
implementation on small dairy farms using criteria from evaluation
cf the effectiveness of BMPs. Effectiveness will be determined
through the use of field data from large farm demonstration
projects and modeling analyses. Using modeling techniques, it will
be demonstrated to farmers how the BMPs, when implemented as
recommended in the state's management plan, can be utilized to

abate nonpoint source pollution in the watershed. Using these
evaluations, the Institute will assist in implementation of
appropriate BMPs for small dairies. Updated BMPs may be
recommended.

CFCD Subcommittee:
A subcommittee from the CFCD was selected to serve as a task force
on Task III. Subcomnittee members include:

Mr. Jim Johnson, Chairman, Appleton Electric
Mr. Kurt Averhoff, dairy farmer

Mr. Joe Cordell, Texas Farm Bureau

Mr. Jon Crunk, Texas United

Judge Regina Hanson. County of Bosque

Mr. John Hatchel, City of Waco

Mr. Fred Lueck, dairy farmer

Mr. Ralph White, County of McLennan



The first subcommittee neeting is scheduled for September 26,1990.

Task Activities:

The Institute staff has completed the review for selection of a
water quality mathematical model to evaluate farm management
practices. This review included meetings held at the Blacklands
Research station, on April 12, 1950, with key personnel who
developed and support several of the farm-scale models. Blacklands
Research Station personnel in attendance included Verel Benson

(SCS), Jimmy Williams (Agricultural Research Service), Walter
Knisel (ARS), Ray Griggs (Texas A&M University), and Paul Dyre
(Texas A&M Extension Service). Specific applications of the EPIC,

CREAMS, and GLEAMS farm-scale models were discussed. The Institute
draft report, included as Appendix VIII, was sent to TSSWCB, TWC
and EPA for review and comment on July 11, 1990.

After incorporating information received in the aforementioned
meeting with additional literature review, the EPIC model was
considered to be the most applicable farm-scale model for the area
of study. On June 5, 1990, Joan Flowers attended an EPIC workshop
in Fort Worth, Texas. This seminar gave further information
concerning the preparation of data sets for evaluation of best
management practices.

To further evaluate its usability, an input data set was
constructed by Jocan Flowers. The data set was developed for a
specific dairy farm in Erath County and was used to perform a
sensitivity analysis of the EPIC farm-scale computer model. The
sensitivity analysis identified critical data needs and the
physical factors most important in controlling nutrient uptake and
runoff. It also assessed the relative importance of input
parameter accuracy which is required for calibration and
verification of the EPIC model. The sensitivity analysis performed
by the Institute staff was completed on June 3, 1990 and is
included as Appendix IX.

Watershed modeling is scheduled to begin in January 1991, in order
to simulate the downstream impact of the dairy industry on the
Bosque River Basin and to demonstrate the effectiveness of BMP
implementation. Leila Gosselink and Joan Flowers attended a short
course, "Water Quality Modeling and Water Quality Modeling with
WASP4" on June 11-13, 1990, to evaluate specific watershed models
for their capabilities as applied to this region and particular
application. Technical assistance in this evaluation was provided
by the Dept. of civil Engineering, University of Texas at Austin,
in cooperation with the Center for Exposure Assessment Modeling,
USEPA. This review is necessary for the evaluation and selection
of a watershed model.

The preparation of a QA/QC plan and sampling program is underway,
pending further instructions from the EPA and TSSWCB. Selection of
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EPA approved water quality tests for 17 parameters was completed
and a list of the chemicals and materials needed for the tests was
made. The Institute examined the location of existing 8CS
structures and accessible stream sampling sites in the North Bosgque
River basin. Sampling sites were chosen to include areas without
dairy influences to be used as control sites as well as areas which
are vulnerable to dairy run-off. The selected sites for the water
quality monitoring program were identified in conjunction with the
TSSWCB and will be included in the QA/QC sampling plan.

TASK IV

Task Definition:

Educate the region's dairy farmers regarding alternative disposal
practices for solids. This task includes evaluation of BMPs
utilized for solids disposal on dairies larger than 250 milking
COows. The evaluations consider the effectiveness in preventing
pollution and cost considerations.

CFCD Subcommittee:
A subcommittee of the CFCD, which will serve as a task force in the

education program for Task IV, has been established. The task
force members include:
L Nicki B. Jones, Chairperson, partner in KMN Garbage

{Local Garbage Collection Company)

Don Davis, City Manager of Stephenville

Bill Hailey, rancher and Erath County Judge

James Leatherwood, Mayor of Dublin, local bank president
Fred Lueck, dairy farmer

An initial analysis of environmental pollution effects and cost
effectiveness on alternative composting or disposal methods was
completed for presentation to the Task IV subcommittee to get their
preliminary input on the scope of work. The first monthly meeting
for this task force was held on July 19, 1990. Minutes from this
meeting are included as Appendix X.

Task Activities:

Charles Maguire and the Institute staff have investigated the
feasibility of a composting facility for the dairy solids.
Literature on composting has been compiled and composting
operations and equipment suppliers have been identified. The
project staff contacted the USDA (SCS) and the Texas A&M Extension
Service (TAES) for information on composting in order to identify
additional composting operations. The Institute staff surveyed the
identified operations in order to ascertain the ones that would
represent design alternatives that could be considered by this
region's dairy farmers. As these operations were identified, they
were contacted by phone and/or by mail to provide additicnal
information on their type of operation.
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In addition, three commercial composting operations have contacted
the project staff to offer information and to express interest in
operating a commercial composting facility in the region. 1In the
evaluation of composting and other operations as possible solids
disposal alternatives, the Institute staff used three basic
criteria:

1) Environmental soundness - to ensure that additional air or
water quality problems are not associated with the
alternative,.

2) Operational practicality - implementation will not occur if

additional work or operational difficulties are seen by the
farmer in this area,

3) Economic feasibility - alternatives were evaluated considering
additional financial burdens on both the dairy farmer and the
local political subdivisions.

As possible design alternatives have been identified by the project
staff, and as information from solicited composting operations has
been received, the elements affecting capital cost and operating
cost have been identified. To the degree possible, actual capital
cost and operating cost on a per ton basis is being established for
each design alternative. For the purpose of discussing the
economic feasibility of the composting alternatives with the dairy
farmer, the cost of current disposal techniques being used by the
dairies has also been established.

A presentation was made by the project staff at the June 13. 1950
CFCD meeting. Committee members have stimulated local inter= :t as
evidenced by frequent contacts with Institute staff members
initiated by community members interested in the composting
facility. Members of the City and County governments have
questioned Institute staff concerning the feasibility of a
composting facility that would compost the solid wastes of the
region as well as dairy wastes. The project staff are expanding
design possibilities to include composting garbage. Ron Jones and
Charles Maguire have met with representatives of a company
(Agripost) which operates a composting facility in Dade County,
Florida. This facility processes about 250 thousand tons of
municipal solid waste per year. The management of this company is
interested in working with the Institute to establish a composting
facility here. They have provided useful operating information and
information on bulk application uses for compost.

Because broad based community support is important for the ultimate
implementation of a composting operation for the dairy solids, it
is important that interest be generated early in the process.
Participation in CFCD and subcommittee meetings reflects this
interest.




TASK V:

Task Definition:
Implement and evaluate alternative methods of wastewater disposal.
Demonstrate to and educate dairy farmers in the use of appropriate
methods for the reduction of quantity of wastewater and resulting
pollutant loads.

CFCD Subcommittee:
A subcommittee from the CFCD was selected toc serve as a task force
on Task V. Subcommittee members include:

Mr. Jesse Haynes, Chairman, dairy farmer and mechanic
Mr. Kurt Averhoff, dairy farmer

Mr. Joe Cordell, Texas Farm Bureau

Mr. Jon Crunk, Texas United

Dr. Frank Terrell, ophthalmologist

An educaticnal meeting including the subcommittee members and local
dairy farmers will be held in September to discuss alternative
wastewater treatment strategies.

Task Activities:

The Institute is currently developing best management plan (BMP)
design criteria for dairies which milk less than 250 cows. A
seminar held on August 27, 1990, with scs, Corps of Engineers and
EPA determined that alternative wastewater control strategies used
in other areas should be evaluated for the Erath County dairy
farms. A meeting to prepare a proposal for evaluating constructed
wetlands, rock reed filters, solids settling basins and tailwater
pits 1s scheduled for September 24, 1990. A wetland has been
constructed on one small dairy farm in the watershed. Although it
is not vyet completely vegetated, it currently provides a 50%
reduction in BOD. The results of our initial test are positive and
the Institute will contract additional demonstration BMP's to
evaluate the effectiveness for small and large dairy farms. The
proposed vegetation plan for a wetland wastewater treatment system
is included as Appendix XI.

TASK VI:

Task Definition:

Evaluate past and present lagoon 1lining criteria and their
effectiveness and educate dairy farmers and other interest groups
regarding any needed changes. The evaluation of current dairy
lagoon 1lining criteria includes the determination of their
effectiveness in protection of critical groundwater recharge zones.
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CFCD Subcommittee:
A subcommittee from the CFCD was selected to serve as a task force
on Task VI. Subcommittee members include:

) Mr. James Watson, Chairman, Bosque Scil and water
Conservation District

L] Ms. Darlene Bates, dairy farmer

. Mr. Jack Parks, dairy farmer and AMPI National Board
member

. Mr. Donald Dowell, owner Dowell Well Service, Inc.

The first subcommittee meeting will be held September 27, 1990 to
review progress on the task and recommended procedures.

Task Activities:

Because many lagoons in Erath County are lined with in-situ
material, properties of local soils were examined. It was found
that other states, sucn as Mississippi and California, may not
require a placed liner. 1In addition, the sealing properties of
manure, which some states allow as a lining material, were
examined. The suitability of 1local soils and the sealing
properties of manure were tested in the laboratory.

Seils were evaluated by Institute staff for their engineering
properties. The work was coordinated with the local SCS office for
type of soil collected and for analysis and tests to be performed.
The laboratory tests and pProcedures were selected to test the soils
for the criteria for lagoon liners set forth by the TwcC. The

and assembled. The S¢S Soil Survey of Erath County and the sScs
Erath County Dairy Map were studied to determine the most common
soils underlying local dairies, Five soils were chosen as
representative of soils on which lagoons in Erath County are
constructed.

During April 1990, the North Bosque watershed received storm events
that exceeded the 25-year, 24-hour rainfall event (7.3 inches)
which dairy lagoons are designed to contain. Many lagoons were
filled to capacity and one local lagoon failed. This event enabled
the Institute staff to evaluate a cross-section of an existing
lagoon. From the visual inspection, it appeared that liquid was
not penetrating the manure which had formed a seal over the soil.
The Institute staff then designed a test to evaluate the effect on
bPermeability of a layer of manure covering the soil. The settled
layer of manure simulates actual lagoon conditions.

The engineering properties required by the Texas Water Commission
for approved lining materials were identified. The five soil types
selected as representative in abundance in Erath County were
examined with standard laboratory procedures for grain size and
plasticity. The optimum moisture content was ascertained by
determining the maximum density possible for various moisture
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contents. The soils were then subjected to a covering of dairy
waste manure for 45 hours and retested for permeability. The red
clay with a manure coating met all the required criteria for lining
materials. Descriptions of the testing procedures and results of
the tests are included in Appendix XIT.
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MINUTES OF CFCD MEETING

June 13, 1990

The first meeting of the Committee for Constituency
Development was held on June 13, 1990 at 10:00 a.m. in the
Guadalupe Room on the Tarleton State University campus. Committee
members and speakers were introduced by Chairman Senator Bob
Glasgow. Sen. Glasgow also briefed the committee on the initial
fundings of the Institute, the workings of the committee, and
explained that this committee will mest likely serve as a model for
solving other nonpoint source agricultural pollution problems 1in
Texas and around the country.

Yr. Ron Jones, Executive Director of the Institute, gave a
review of "How does this affect me?" to the committee. The issues
that are confronting all of us in today's environment were
explained. The relation of the dairy farmer and his neighbor were
also explained. There are some tough decisions that affect the
community and surrounding regions and these must be dealt with for
the dairy industry to continue to function and grow in this area.

Mr. James Moore, Engineer for the Texas State Soil and Water
Conservation Board and Mr. Clyde Bohmfalk, Director of the Water
Division of the Texas Water Commission, each gave presentations of
"The State's Role in Nonpoint Source Pollution", and explained the
relationships between their organizations and the other
governmental agencies.

The group adjourned for lunch to the Robin Roon in the Dining
Hall. Dr. Barry Thompson, President of TSU, welcomed the committee
to Tarleton and thanked them for their interest in the Institute
and this proposed work program.

After lunch, Mr. Wes Oneth, State Conservationist, spoke to
the committee on water quality/quantity and the effects of
agricultural nonpoint source pollution. Mr. Thomas McBryde also
explained the geology of the area.

The Institute staff of Jack Nelson, Charles Maguire, and Leila
Gosselink, each presented summaries of their Tasks for the EPA 219
propcsal.

Dr. John Sweeten explained "On-farm Dairy Waste Management"
and what the Texas Agricultural Extension Service has done to this
point.

Before leaving, each committee member was asked to sign-up if
they would be willing to serve on a sub-committee for one of the
Institute Tasks. The next meeting will be held on August 9, 1990.

The meeting was adjcurned at 3:30 p.m.



MINUTES OF CFCD MEETING

August 9, 1990

The Committee for Constituency Development (Committee) met on
August 9, 1890 at 10:00 a.m. in the Cardinal Room on the Tarletan
State University campus. Chairman Senater Bobk Glasgow issued an
opening welcome to all and thanked them for taking the time to
attend.

The Chair then recognized Subcommittee chairpersons for
updates on their meetings. Those giving briefings were: Darlene
Bates for Task I- Siting, Dr. Ken Dorris for Task II- Compliance,
and Nicki Jones for Task IV~ Composting.

Congressman Charles Stenholm will be in Stephenville on August
18, 1990 for a town hall meeting. Senator Glasgow highly
encouraged the attendance of the Committee members to ask
congressman Stenholm for financial assistance for work by *he
Committee and the Institute.

The Texas Water Commission (TWC) gave presentations from the
permitting, enforcement, and legal divisions. Louis Herrin, III
explained the permitting prccess of the TWC. It currently takes
approximately six months to become permitted and the TWC is locking
at tightening the permitting requirements. Hank Smith gave an
informative overview of the enforcement proccess. Routine
inspections are performed by the TWC with inspections also done
after complaints are issued. They currently have twelve district
referral ccordinators working in the State. He also explained how
fines are calculated and the penalty assessment process. Margaret
Ligarde interpreted what she feels are the current strengths of the
TWC legal process.

dr. Bob Buckley of the Texas State Soil and Water Conservation
Board gave an overview of his agency's role in cooperation with the
Committee.

The Texas Air Control Board (TACB), represented by Gary Wallin
and Mark Gibbs, presented an overview of their agency and its
function. Currently, any confined feeding operation of over 1000
animals must be permitted by the TACB. Their primary concern in
reviewing an odor problem focuses on how the odor issue interferes
wWith the normal use of the property. Their offices place a high
priority on complaints with penalties issued accordingly.

Mr. Ron Jones gave a brief update on the Institute work
program. The Institute is striving to establish a good working
relationship with all affected interest groups of Erath county
while working on the dairy pollution problemn.

Being no further business, the Committee was adjourned.
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Tarleton Ins-‘tute for Applied Environmental Research and Public Policy

COMPOSTING DAIRY SOLIDS

produce a "tumn key”
plan for building and
operating a compost
facility in this region

obtain a commitment
from local dairy
farms to use the
compost facility

use various water
quality models to
extrapolate reduced
loading that will
occur when dairy
solids are composted

l

obtain commitment for funding (5/1)

|

prepare scope of work presentation (5/13)

review scope of work with "CFCD" (6/1)

1

f T i
feasibility data gathering for establish costs and
study model verificiation  beneiits of composting
market use |
assumpuons model & analysis "CEFCD" input {7/15)
> 4 I |
[ report (8/15) brochure
not. feasible |
feasible I commitment
! ith letters
" . program with le
report ST of intent (8/15)
y I
(7/1,5] report (8/153)
|
private guidelines
placemen: for municipal
memorancum type funding

report (12/13) report (12/15)

! !

recommendations to
agencies for areas of

critical volume
committed to
compost facility

-~

- shared funding -
=~ | — -
o \‘\ m(12/15] -
solicit interested ~ 3 -
partes ~ -
| T

construction (4/13)
i

operation

Execlur_ive Summary
Detail of Study Findings (4/15)
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MINUTES OF TARLETON INSTITUTE FOR APPLIED RESEARCH
CONSTITUENCY SUBCOMMITTEE FOR TASK
July 24, 13990

Members in attendance:

John Mcore, Darlene Bates, Byron Brewer, Bill Hailevy,

Jim Leatherwoed, Don Davis

T.I.A.R. Members in attendance:

Ron Jeones, Leila Gosselink, Jack Nelzon, Nancy Easterling,
Bill Collar

Ron Jones opened the neeting by discussing Task I, which enumerates
envircnmental factors to be considerad “hen siting a dairy. Using
these siting consideraticns may help o obtain a permit mere easily
and also may prevent the poetential for pollution of the
envircnment.

Leila Gosselink presented a list of ex1sting siting considerations.
Proxinity to highways and availakpilizy of 3-phase electricity are
additional siting considerations ccmmonly used by cairymen.

Envircnmental siting considerations were then presented. a map of
Erath County showing current dairy :zites was compared with maps
showing flood plains, soil types, cutcrop regions, and corridors
arournd heavily populated areas. additionally, a map showing
DRASTIC ratings in Erath County was snown. DRASTIC is a system of
evaluating the envircnmental sensitivity of a site with respect to
so1il type, tepography, hydraul:z cenductivity, depth to
groundwater, location of flocd plains, and infiltracion.

The environmental criteria were discussed. Stephenville presently
has no 1limit cencerning the Proxinlty of dairies to the city,
althcugh there are scne building ccdes extending five miles from
the city limits. Soil considerations are complicated, with fertile
soil underlain by an impermeable -ayer being favored to allow
crorping and prevent movement of collutants to groundwater. A
suggestion was made to incorporate a tracking of rainfall amounts
in varicus parts of the county intc the program.

It is estimated that there are presently £0,000-60,000 dairy cattle
in Erath County, with a future projection of 85,000 cattle. It was
pointed cut +hat coentamination can -cme from cities, home sewage
Systems, and other agricultural industries as well as from the
dairy industry.

A suggestiocn was made that the Texas Water Commissicn (TWC) shculd
require pernits from all dairies, nct just those with at least 250
cows. It was pointed out that a small dairy can pollute just as
much as a large dairy.

The method of informing dairy farmers of the environmental siting
criteria was discussed. The data could be given to realtors and to
AMPI. An outline of coensiderations cculd be given cut at a meeting




of realtors, milk marxeters, and othars in the dairy industry. A

brochure of recommendations could ke included in information from

the Health Department <o dairymen and in the ASCS newsletter. A

suggestion was made to include 3 list of requirements and
prohibiticns, as well as things to ccnsider.

The subject of legislation and enfcrceability were discussed. Tt
was mentioned that the Institute could make recommendations, based
on its research, to the Legislature on what the standards should
be. Task I should serve as 3 data kase for exclusion Criteria for
choosing a location of a dairy.

The committee will meet at Darlene BRates's dairy for the next
meeting.




MINUTES OF TARLETON INSTITUTZ FOR APPLIED RESEARCH
CONSTITUENCY SUBCOMMITTEE FOR TASK I

August 21,1330

Members in attendance:

Darlene Bates, Byreon 3Brewer, Meta Cciller

T.A.I.R. Members in attendance:

Leila Gosselink, Jack Helson, Joan Tlowers, lNancy Easterling

The meeting was held at Darlene Bates's dairy. Her husband, Mike
Schouten, guided a tcur of the facilities. He described factors
concerning soil type which should be considered in choosing a dairy
site. The feeding lanes on their dairy are located eon an elevated
outcrop with a gentle slope. Rocky, gravelly soil underlain by
limestone makes a good base for the cows to walk on, especially
during wet weather. The gentle slcre allows for gcod drainage of
the confinement area. The secil in their pastures can support
coastal Bermuda and in winter the land is overseeded with no-till
wheat. This allows the production cf 350% tec 60% of the feed for
their dry cows.

S near potential irrigation
n. Mr. Schouten pointed out
that the lagoon is not in sight <f <the highway. This helps
maintain better relationships with neighbors. Buffer zones around
the farm is a requirenent being ceocnsiZered by the Texas Air Control
Board. It is, therefcre, important <> ascertain whether the lagocn
can ke located away fronm property llnes at potential sites.

The location and number of neighkecr
fields is another siting considerat:icz

While it is desirable to site a dairy away from heavily populated
areas, Mr. Schouten also pointed ocut that it is advantageous =g
locate on or near a highway. avallability of three-phase
electricity, as well as €asy access I0r milk and hay trucks, makes
proxinity to rcads an important consideration.

Mr. Schouten also described water Usage on his dairy. They
previcusly used 70-80 gallons of water Per cow per day for washing,
drinking, and sanitary cleanup. Now that usage 1s down to 38-40
gallons. This reduction is due in large part to a recycling system
installed in the paricr. Water which ‘s warmed by the milk-cooling
and other nmachines is then used tc wash the cows. The wash water
1s used to flush the parlor. The water is, therefore, used three
times before it is sent to the lagcon and subsequently used for
irrigation. Mr. Scheocuten indicated that water reuse was instituted
to reduce pumping requirements of the well and irrigation guns, as
well as to decrease the amount of water going to their lagoon.
Both of these reductions provide eccnomic incentives for water
ceonservation.

The comfort of the cows is a high priority on the Schouten dairy.
The cows under the shed are misted with fresh water so that they
Wwill eat during hot summer davs. This practice leads to higher




preductivity.

Predator wasps are used con the dairy approximately six months out
of the year tc reduce the fly population. This 1s an added
expense, but aids the comfort of both the cows and humans.

The Schouten dairy has a double-sided concrete settling basin which
collects solids before they enter the lagocon. This greatly extends
the life cf the lagocon, as well as reduces the odors coming from
it. Additionally, they dry-scrape thelr feeding lanes every other
day. When asked if this was a labor intensive prccedure, Darlene
Bates responded that it does create more work on a continuous
basis, but in the long run it reduces the labor and expense of
cleaning out the lagocon more often. The risk of damaging the liner
is always a possibility when a lagoon 1s cleaned, so practices that
extend the capacity and life of the lagoon are desirable.

Because of the irregular precipitation patterns in Erath County,
the Schouten dairy has a secondary lagoon to catch runoff in excess
of the 25-year, 24-hour storm. They rresentl have the capacity of
retaining 180% of the required volume of runoff.

The subccommittee then briefly visited the Kurt Averhoff dairy to
compare operations at a smaller dairy. The dairy, which has no
lagoon, has a concrete pit which catches the runcff from the
parlcr. When the pit is full, the raw manure is pumped into tanks
which spread it ontc the fields. Ccastal fields serve as buffer
zcnes around the dairy. Any runoff from the containment areas 1is

intercepted by the fields, avoiding discharge from the property.
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EXISTING SITING CRITERIA FOR DAIRIES

1) Ground Water Availability of 100 gpm+

2) Foundaticn soil for barns and lots

2) Cultivated land for applying solid and liquid waste

4) Zand sleping fren parlor and lots for ease of ccnstruction of

“astewater handling facilities i.e. serpentine waterway,
lagocen etc.

3) Cost of Land = $700.00/acre

&) ACCess to suppert industries i.e. marketing center, vets,
feed, supplies, commission sale barn, road system for trucking

7 Financing

Neote: Concentrations of dairies provide for better service and

lower prices from Support industries.




ENVIRONMENTAL SITING CONSIDERATIONS

Location within a flocodplain

Proximity to surface water drainage, including consideraticn
of topography and soil type

Proximity to populated areas, including consideration of
credominant wind directicn

Censity of dairy operaticns in an area

Underlying aquifer(s)”

° depth to water
* water quality
. aquifer media

Grcund water recharge”

. precipitation, including intensity and duration
. irrigaticn

. topography

. evaporation rates

° vegetation

. soll types and thicknesses

Topography (slope of land)”

adose zone”

media

depth of zone
porosity
permeability

Hydraulic conductivity (horizental)”
permeability

porcsity

transmissivity

oil types (for groundwater pollution potential)”
permeabilities
presence of and location of clay layers
shrink-swell potential

e & @ (N

Parameters for operational considerations

. soll type for cropping potential

. topography for drainage

. natural drainage for water source

. impermeable base layers for lot maintenance, and lagoon
and tank sites

. groundwater availability

Included in DRASTIC index



SIHING CONSIDERATTIONS

® Location within a floodplain

@ Proximity to surface water

@ Proximity to populated areas, inchuding
consideration of preduminant wind direction

® Groundwaten:
Aquifer outcrop area
Depth te water

Water quality

Availability of 10 ppm s

b baype:
Cropping Fotentiat
impermeable layer for tagnon and lot
construction and maintenance

® Topepraphy for drainage

® Density of dairv sperations

® Accestto supportindustrics, ie,

marketing. supplies, vets, ete.
® Accessto poad road system
® 3 Phace electriony available
® Costof land

Finar
.

Moaps
Avarlable

FEMA maps

SCS Darey map

Coumnie moape

Greolopie Atlag

of Texas

PWEI epe # 708
Comnne DRASTIC Map

TWIR Rep # 20y
Couniy DRASTIC Map

ASCS Crep Survevs
SCS Seal Mape
(RSN topor

SUS D inap

County Maps

For further information on these siting
criteria and free assistance in evaluating
available Jand being considered for a
dairy site, contact the following agencies:

County Exlension Agent

Erath County: 119185, Loap
Stephenville, TX
E17.965 3510

Agricultural Stabilization and
Conservation Service (ASCS)
245 5. Virginia
Stephenville, ' TX
RlL7905 3715

Soil Conservation Service (S5CS)
Area Office

JYYEL MeNeill

Stephenvitle X

217065 113
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MINUTES OF THE TARLETON INSTITUTE FOR APPLIED RESEARCH
CONSTITUENCY SUBCCMMITTEE FCR TASK II

July 24, 1990

Memrers In attendance:

W..L relts, Jack Paris, serry Clark, Xen Dorr:

T.Z.A.R. Personnel :in attendance:

Ron Jones, Leila Gosselink, Jack Helson, Nancy Easterling

Ren Jones coened the neeting by discussing Task II, which measures
the degree to whicx dairymen are Tfanaging their operations in
accesrd with approved management plans. The Texas Water Commission
(TWC) has recommended best management plans in an effort to reduce
pollutant lcadings in streans. -£ future monitoring studies
indizate no decrease in pollutantsz, the TWC might conclude that
either the management plans are nct being followed or that the
management plans are not adequats and need to be made more
stringent,

Leila Gosselink presented a list of =urrent regqulatory requirements
for dairies. Additional requirements not on the 1list include
salinity tests for wastes, burfer zcnes, and notification of TwC
befcrs scraping.

Ken Zorris sited the need to establish gocod public relations with
the dairy farmers sc that they see the Institute as & helpful
organlzaticn, rather <han as a reguilatory agency. A discussicn
follcwed concerning the best “ay TS establish good relationships
Wwith dairymen. Mail-cuts, articles :n the AMPI newsletter, one-on-
cneé ccntacts, and a zublic meeting were mentioned. Contacts with
the TWC to ascertain their intent:ons on checking permits in Erath
Ceunty during the study periocd were deemed necessary to avoid the
on that any TWC menitoring cn dairies in the study group is
cf the Institute activities.

csitive aspects of <he Task IT study for the dairy farmer were
iscussed. One aspect of Task IT is to help discover if the rules
re 2deguate when the dairymen are :-n compliance. It can also aid
thern in determining whether the dollars they spend are the best use
of their money. The stream sampling Program in Task III can be
used as a tool, just like the testing of milk for nicrobes, to give
infcrmaticn to the dairyman. The design of the sampling program
will help the dairy farmer to determine whether contamination is
coming frcm his operations or fronm UBstream. Since the TWC will be
checking streanm guality in the future, this will allow for
corracticn of any problems before they are regulated.

Testing of water fer disinfectants, such as lodine and chlorine,
used by the dairy industry has not been planned. Ken Dorris
mentioned that disinfectants might tose a problem in composting.
Jerry Clark said that disinfectants have not yet been a problem.
The cumulative effec:t on composting coculd ke looked into.




The role cf the Institute in building a data base was discussed.
The results of stream sampling need =2 ke correlated to herd size.
Because permits do net always have =he current herd size, correct
data must be obtained in order to evaluate the effect of management
practices.

Ron Jones discussed holding a meeting at the Holiday Inn to inform
dairy farmers of the efforts of the Institute. He asked if all
ccmmittee members would sign a sheet encouraging people to come.
Jerry Clark added that we should dc cne-on-one education first.

Ron requested that cocmmittee memkers think about “hat should ke

dene preparatory tc such a meeting znd what should te said at this
meeting.

A draft of a questionnaire was reviewed by the ccamittee. The
purpose of the questicnnaire is to determine whether the dairy is
in cempliance with its management cractices. Comnittze members
were requested to review the gquestiznnaire before the next meeting
to determine if any parts are unclear or if anything needs to be

added. Some cf the informaticrn requested is difficult to
determine, and suggestions for inprovement were requested.
Deternination of the amount of freeboard on the lagoons is
considered an important feature. The prohibition against
irrigation and wastewater/sludge zpplication during a rainfall
event was discussed. An observation judging ccmpliance when

pending and puddling have occurred is somewnat arbitrary.
Suggesticns were made tc help make che judgment more cbijective.
The person making the observation should visit the site before a
rainfall, should occasicnally be dcuzle-checked, and should have a
Gairy background in crder to be able =o tell the difference between

wet dirt and manure. Additionally, a statistician should be
censulted about the study. Ken Dorr-s suggested adding a guestion
about other types of fertilizers used by the dairy. Ron Jones

suggested adding a guestion about irrigating and spreading solids
on the same field. Leila would like to receive other suggsstions
ccncerning the guestionnaire before the next meeting.

Regulation of the number of dairies and their activities in Erath
County was discussed with respect =: avoiding oversaturaticn with
cattle. It is hoped that something zzuld be done before things get

bad and regulation is mandatory.

We should lcocok at the EPA end-of-vezr budget to se if any money 1is

left. We should make our study arrlicable to dairies around the
country.

August 14 at ©9:20 a.m. Jack

The next neeting will be on Tuesdav,
hcrerully at a dairy.

Nelscn will set up the location, h

v
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MINUTES OF THE TARLETON INSTITUTE FOR APPLIED RESEARCYH
CONSTITUENCY SUBCOMMITTEE FOR TASK II

August 14, 1990

Mempers in attendance:

Ken Dorris. Lloyd Easley, W.L Felts, Jerry Clark

T.I.A.R. Persconnel in attendance:

Ron Jones, Leila Gesselink, Jack lelson, Hugh Jeffus, dancy
Easterling, Joan Flcwers

Vigitors:

Fred Lueck, Jesse Hain, Bill 7eldhuizen, Steward Veldhuizen

The meeting was held at the Aztec Dairy. Fred Lueck, owner of the
dairy, explained its basic operaticns to the subcommittee. A
system of five lagoons is in cperaticn on the dairy for management
of the wastes. The dairy presently has three tinmes the lagoon
storage required by the TWC. A lagcon having only the mininum
storage reguirements would not have been sufficient to contain the
heavy back-to-back rains this spring, according to Mr. Lueck. Mr.
Lueck also stated that the TWC can give orders that a dairy come
intce compliance within a 60 to 90 day reriod. Weather factors can
delay compliance beyond this period, sven if adequate plans, money,
and materials are available.

iscussion of fines levied by the TWC was held. It was pointed
nat rines for non-compliance in municipalities can be applied
1 purcnasing equipment and services which bring the facility
S complilance. This procedure, if applied to the dairy industry,
culd help dailry operators achieve compliance without excessive
cenonmic hardship. Jerry Clark discussed a stipulated fine which
s waived if the dairy comes into compliance within a specified
It was also discussed that the rate structure for assessing
S seems to be the same for dairies as it is for large
industrial companies.

The TWC reguires that records be kept concerning the leccaticn,
amount, and type of manure placed cn fields. A farmer can be fined
r not having current paperwork, which is time-consuming and
aguently difficult for the emplovees. It was suggested that the
Institute work with Mr. Leuck on preparing a generic data sheet to
Ce used for keeping all data required by TWC concerning manure
application, so that each dairy cperator does not have to make up
his own form. Additionally, the Institute could reqguest that TwWC
infcrm us each time a new requirement is added so that the form
could be kept up to date.

It was brought up that dairymen are not interested in pollutin

their own groundwater. The average dairyman wants to be 1in
compliance. There needs to be a talance between compliance and
eCconomics. Ken Dorris noted that management ability and

willingness to work are key factors in determining who will make it
in the dairy business. Jerry Clark voiced concern about a person




who works hard being able to make a good living without being
leveraged to death. Ron Jones stated that this committee, working
with a consensus, has the clout to nfluence the agencies and the
legislature. The f{irst two CFCD meetings were informaticnal in
nature. Ron said that the next neetings should Ze an arena in
which to bring up issues. Working with the various agencies, we
shculd be able tc mnove toward a more predictacle regulatory
envircnment. Committee mempers shcould not be afra:d to bring up
issues in the meetings. S

The committee also discussed issues related to educaticn, which is
impcrtant to both dairy operators and the general public. Both
need to know the regulations and what they mean so that unnecessary
cemplaints are not made and that lmprudent dairy practices are not
followed. Wise use of fertilizers (i.e., no nore than is
necessary) will be beneficial to both the dairy budget and to the
local water quality.

The use of solids separatcrs was <discussed. They decrease tThe
build-up of solids in the lagocn which lessens the need for
cleaning out the lagoon, as well as lessening =the chance of
overflow during heavy rains.

I?ducat:‘Lom with recard to governnental reguirerents is also
important. Mr. Lueck noted that if he had xnown all the
regquirements from all of the agencles when he f£irst set up his

dairy, he could have saved a lot of meoney In coming into
cempliance. Deing things in a piecemeal fashiocn, as =ach new
prczlem arises, can ke much more expensive. Zecause permit
requlrements are ccnstant‘y being made more stringent,as explained
by 2 TWC representative last week .n the generzl =neeting, it 1is
increasingly important for the operator to Keep zabreast of the

Jerry Clark suggested that the technology cof waste management e
investigated. The management of rescurces is an important part of
solving some of the problems. For example, a business could be
develcped by finding uses for dairy wastes. Organic fertilizer
releases nutrients slower and mnecre steadlly than commercial
prcducts. Additiocnally, 1t holds moisture 1intc the soil and
blankets the ground in winter. Some potential purchasers of manure
may be reluctant tc buy it because they think they would have to
xeep records for TWC. Only the dairy operators, however, are
required to keep the records.

Fred Lueck stated <that he paild $i23.00 for each soil analysis,
whnich is the only way to tell 1f the soil is being cverlcaded with
nutrients from fertilizer. It was suggested that the Institute
100K into the feasikility of setting up a soil testing laboratory.

Requirements of the Air Control Board were discussed. The ban on
dewatering after dark, in cenjunction with the ban cn dewatering
when the ground is saturated and th e need to dewater after heavy
rains, makes compliance a difficult task for the operator. In



addition, irrigation during the day only means the operator loses
up to 25 percent of his irrigation water through evaporation. The
need for lagoons to be significantly larger than the minimum
requirements in order to hold all runcff during rainy seasons was
noted. Fred Lueck said that the placement of concrete settling
plits for the flush water was the cnly current Air Control Board
reguirement on his dairy. He descrited a two sectiocn pit in which
one side can be cleaned while the cther side is being used as being
superlor to the regular single pit.

Evaluating the varicus aspects of each prospective dairy site is a
complex preccedure. TFor example, the advantage of moving far from
neighbors to avoid air pollution problems can be cffset by the
additional cost of having new electrical lines run to the dairy.
Working with the real estate industry is considered necessary to
avold having dairy sites being sold which will have great

difficulty in complying with all the regulations. This 1is
especially true with regard to people coming in from more crowded,
less regulated areas. Realtors should be knowledgeable on

regulations and requirements. Having representatives of the real
estate industry on some of the Institute committees was discussed.

The complex interactions of dairy growth, milk prices, lcan
insticuticns, land prices, market status, and new tecnnologies were
discussed with regard to the direction ocf growth of the dairy
industry 1n Erath <County. Dairy operations are part of a
competitive industry. We should discuss and evaluate any limits or
regulations on the development cf the industry so that it develops
in a manner beneficial to both the present and the future.
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DRAFT SURVEY FORM

IDENTIFICATION NO.
CURRENT HERD SIZE BREED

SOLIDS DISPOSED OF BY

LIQUID DISPOSED OF BY

APPLICATION OF SOLIDS/LI;IDS TO THE SAME AREA? ( }YES ( }NO
PRESENCE OF TANKS, TERRACES, ZTC. IN DISPOSAL AREAS, DESCRIBE
APPLICATIONS OF COMMERCIAL FERTILIZER AMOUNT
DISCHARGE WITHIN LAST YEAR ( JYES ( }JNO <IF YES, EXPLAIN:

REVIEW OF RECORDS

LINING CERTIFICATION PROVIDED? ( JYES { JNO | JHA=-NOT REQUIRED

WASTE APPLICATION RECORDS MAINTAINED?
( )YES DESCRIPTION:
( )NO { )NA - EXPLANATION:

SOIL ANALYSES - RECCORDS MAINTAINED? ( YYES ( jJNO ¢ YNA
FREQUENCY? _LOCATICN AND TYPE?

LAGOONS
NO. RETENTION BASINS TIPE LINED WITH
TOTAL DESIGN VOLUME FREEBOARD DURING INSPECTICH
EVIDENCE OF EXCESSIVE SCLIDS I¥ HOLDING PONDS? ¢ JYES ( )} NO
I5 LINER ADEQUATE? ( )YES ( JNO IF NOT, EXPLAIN:

LOTsS
ALL RUNOFF CONTAINED? ( JYZS { yNO - EXPLAIN:
WASTE STOCKPILE AREAS: ~SOLATED BY ({ JDIXKES { ) TERRACES

( }DRAINAGE, TERRAIN ( JOTHER - DESCRIBE

FREQUENCY OF SCRAPING
COMMENTS :

IRRIGATION FIELDS
LCCATICON WASTEWATER VOL. AFPLIED

TYPE QOF IRRIGATION AREA CROP
TYPE OF TAILWATER CONTROL/BUFFER

EVIDENCE OF PONDING/PUDDLING

COMMENTS:

SOLIDS FIELDS
DISCING/APPLICATION METHOD?

LOCATION AREA CRCP
ESTIMATE OF VOLUME APPLIED

TYPE OF TAILWATER CONTROL/BUFFER

COMMENTS :



Septemper 10, 192940

Zear Farm Manager:

A seminar was held at the AMPI Zuilding on august 27, 1260, ~air-
farmers In Erath County Wi1th rermlts znga t“hose wizth CErmitTs cend:ri
wers .nvitad TC the neeting o dlscuiss a cempliarce noniter:-~
crecaran The progran seemed %2 be we.l received ana no sbje:t‘::é
were volcad. It 1is noped that cperztzrs of dairies having fewer
than 230 ccws will zlso beccme aczive in this endeavor, i3
lettzr explains ths proposed ccooliance monl-zring osrear=—
discussed at the meeting. . )

The Tzrletcn Institutz for Aapplied Zesearch and AMET aras SHeYahadhoted
tcgeTner cn a project which will demcrnztrate that dairy Tarmers -n
Zratn Ccunty can prevent pollution ¢f Tne surface anc ground watars
oy fcllcowlng the best nanagement crictices (BMPs) as listed in
thelr Texas Water <Ccnomissicn pernit applications. The daixvy
industrv shoculd be zable *o cemply with the nc-aischarge rule
wilithcut the fines ang unce tailnties zrevicusly enccuntered. The
nstituta and AMPI <tninpi this can ez accemplished if a unifieg
cffcrT 1s made to abata2 sollution by Lople menting the regquired 3MCs
3znd Danaglng Them prooerly.

o
w0

It i1s wizal to the Zairy industry, zs well as the region
: a rellable source =7 clean water zoth =
and the futurs. The no-discnarge rule is a;ready cn
21l dalrles, TWC is going =z te monitoring the indust
csely, and =he permit rec;;:ements are ceccnming
<. Followinz best nanagement practices is, bhereche,
agulrement foer the future.
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The Tzrletcn Instituts for Applied Reszszarch and AMPT Rave pProcosed

cliance monitcring program =2 establish  a history =
ance for dairy fzr mers in the Uczer North Bosgus River kasin.
gram regulres t‘at a4 survey -z made of the rermitted cr:
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ing dairies. Zach dairy will ze given a numcer wnich al -

, instead cof & name, 1n any rsfersnce made T2 that dair-
crmaticn on any individual da:riss will ke reieased to
or To the TWC. It is ilmpertant that farmers understand &
fermation will not be used by ragulatcry agencies. Ik
portant that enoudgh dalries tarticipate =o rmake the stu
ically valid £cr the area.
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The survey wl1ll include a visual insrection of the farm management



oractices, as specified in the perWL-g, and of reccrds pertaining
tc the disposition cf solid ana liguid wastes. The institute and
AMPI will hire a perscen for this wonlhorlnq effor: The survey
form was develcped by the Institute in conjunction Jlth AMPI and
the Task I1 subcommitiee, which is =7 mposed of dairy farmers and
other zcitizens that advise the Instirite. Throuagh thlS system, the
dairy farmers wWill rave a self-ren rTing svstem for monitzring
thelir own Llndustry.

The Texas Water Commission, in thelr zonitoring of dairies, will
checx +astewater and solid daSte dispcsal compliance with the rfest
Tanagement practices defined in the dairy pernits. Iz is

necessary, thererore, that each dairy farmer develop a management
strategy to show a cv“nllance history. This will reguire a reccrd-
Keeping system that wi.l track both solid and liguid wastes. The
Instizute 1s currently develoolng a system that cculd be used cr
modifizd feor individual dairy operatizns so that eacn farmer <ces
not need tc create nils own form of dccumentation.

The Institute and AMPI are also workin °n the detalls ZIzor
Zevelcplng the survey Zzsrmat and funding for compliance rnoniceoring.
we anticipate funding for this in Cczzber, 19%0. & drafs surwvey
form 1s included for ou review and czoment.

I am lccking forward to working with vou.

=~on J:znes

()

cmmissioner John Birdwell, Texas Water Commission
Yr. Allen Zeinke, Taxas water Commission
Zr. Robert Zernstein, Texas Department of Health
Mr. Robert Zuckley, Texas State Scil and Water
Conservaticn Bearsd
Mr. Carson Hoge, Brazos River Authority
Mr. Sonny Xretzschmar, Texas Water Develcpment 2oard

~ ~

. Steve 3Spaw, Texas Air Zcntrol Board

0
ie!
}1
b
in
ot
Q



APPENDIX VIII



RUNOFF MODEL
REVIEW, COMPARISON AND SELECTION
FOR EVALUATION OF FARM MANAGEMENT PRACTICES

Prepared tvy:
Tarleton State University
Institute for Applied Research

July 11, =

(to]
0
(]




Table of Contents

INTRODUCTION

MODEL_ SELECTION

MID-SCALE RUNOFF MODEL
FARM-SCALE MODELS
CREAMS

GLEAMS

EPIC

Model Validation and Application

MODEL COMPARISON AND SELECTION

REFERENCES

3o

(48]

wn

w

10

[
Lo



1.0 INTRODUCTIGCH

Analysis of agricultural nonpoint pollution is more difficult than

point source control for many reasons, including the following:

(1) the relatively large number of diverse nonpoint sources,

(2) complex interactions that occur in the overland flow and
waterways draining agricultural land, and

(3) stochastic storm events and runcff flows.

Measurement of off-site damages, while large, cannot be done
explicitly for all nonpoint sources of pollution because of cosct.
Ecconemists have used modeling tec evaluate the off-site effects of
cropland erosilon for more than 20 years. '"Computer technology and
extensive research have enabled agricultural scientists to build
mathematical models which improve our understanding of the linkages
between farming practices and water gquality" (Crowder 1987). These
simulation models are used to estimate the effects of exlsting and
planred practices, and thus minimize the uncertainty associated
with the effects of management practices on runoff and groundwater
quality. A great number of management alternatives can be
simulated and compared with computer models at minimal cest, a
significant advantage for analysis cf agricultural best nanagement

practices (BMPs).

Before using a hydrolegic model for analysis of water quality
preoblems and management alternatives, a number of Iissues must be
resolved. First, of course, the water quality prcblems must be
defined. The pollutants and the nedia (e.g., surface drainage,
streanflcw or groundwater) to be censidered will determine which
models are appropriate. In economic studies, relative comparisons
among alternative management practices are more important than the
absolute values of the estimates. n addition, the scale of the
problem to be addressed 1s crucial in making a decision on which
class of models to use. Evaluation of 1individual management

practices as they affect field losses is best performed by using

2
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field-scale models. Time scale is another important consideration.
Some models simulate only single storm events, while others
simulate up to 50 years of meteorologic data and produce storn

event data, along with monthly and annual summaries of water

movement and quality.

2.0 MODEL SEITTZTICN

Several models were considered for use on Task 3.0 for the
evaluation of BMPs on demonstration farms. The models discussed
represent those mnmost commonly used to estimate agricultural

nonpoint pollution. The model selection criteria were:

1) The models allow users to estimate ioads or
coencentrations of nutrients as well as hydrologic flows

and sediment.

(2) The models are primarily used for estimating nonpoint

pollution from agricultural land, cropland in particular.

(3) The models have been applied and verified, and similar
applications can be made in any geographic region with

minimal medification to the computer programs.

(4) Sufficilent written dccumentation andj/or user support
exist to allow applicatien of the model by users at any
location and to resolve problems encountered during an

applicaticn.

The =ncdels were selected on the basis of available literature,
discussions with water quality modeling professionals, previous or
ongoing studies using the models, and published analyses of water

guality problems.




The discussion in this paper will focus on the utility of these
models for analysis of BMPs on a farm scale. Abatement of
agricultural nonpoint pollution requires a focus on farm fields,
the scale at which agricultural activities are performed. The
models considered are shown in Table 1. The results from the field
scale studies will be incorporated intoc a watershed scale model as
a further step in this study. However, if only a broad-scale
analysis using a watershed or larger model is performed, it is more
difficult to associate changes in pollution with different

agricultural management practices and land uses.

2.1 MID-SCALE RUNOFF MODELS

Several of the models discussed may be used for larger scale
modeling as well as for farm-scale modeling by incorporating
spatial variations or different management practices. These
include AGNPS, ACTMO, ARM, and NPS. The ARM model assumes uniforn
land use and is the least applicable for this study as it requires
long-term runs for initialization of its steady state in order to
calibrate ocutput (Crowder 1987). Our application is in an arid
climate where flow and runoff are storm event driven, and steady
state conditions would not be representative. In general, the
other models in this group were eliminated from consideration
because of our program design for further implementation as a
watershed model, which will include spatial variatiocns. Therefcre,
the simplifications required in these models in order to simulate

spatial variations are not necessary.

ACTMC is an older watershed model, developed by ARS. Applications
of the model have been limited, and the ARS has effectively
replaced it with the CREAMS and SWAM models. The NPS model is

related to ARM and estimates only losses of nutrients associated
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with sediment. Nutrient forms, such as nitrate-nitrogen, ammonia-
nitrogen, and phosphate-phosphorus, which are largely dissolved in
runoff will not be simulated well. Widely used in many areas, the
AGNPS models allows spatial variation, including barnyard and
feedlot COD and nutrients, to allow targeting of animal-waste
management practices in conjunction with field practices. The
primary disadvantage of AGNPS is its limitation to single stecrn
events, which precludes its usefulness in tying it into a
continuous simulation watershed model.

Table 1
Water Quality Models Selected for Review

Supporting
Model Acrcnym Agency
Agricultural Chemical Transport ACTMO ARS/USDA
Model
Agricultural Nonpoint Source AGNPS Minn. Pocll,.
Pollution Model Control Agency
Agricultural Runoff Management ARM USEPA
Model
Chemicals, Runoff, and Erosion CREAMS ARS/USDA
from Agr. Management Systems
Erosion/Productivity Impact EPIC ARS/USDA
Calculator
Groundwater Loading Effects of GLEAMS ARS/USDA
Ag. Management Systems
Nenpoint Source Pollutant NPS GSEPA

Loading Model




2.2 FARM-SCALE MODELS

The three farm-scale models considered include CREAMS, GLEAMS, and
EPIC. The following section Presents a brief overview of each
model and a discussion of the considerations involved in the
selection process.

2.2.1 CREAMS

The USDA CREAMS model (Chemicals, Runoff, and Erosion from
Agricultural Management Systems) was developed as a tool to
evaluate effects of management practices on non-point source
pollution (Knisel, 1580). CREAMS was developed specifically for
simulation of field-size areas and has been used successfully on a
large number of field-scale agricultural sites to evaluate
alternative practices and conservation measures. Input data
required for the CREAMS model include historical rainfall data;
parameters describing soils, crops, land slcpes, engineering
structures such as terraces and waterways; and chemical application
amounts, timing, and methods. Model outputs are the expected
runoff volumes, sediment yield, sediment composition, and chemicals
in the water and sediment. The model can provide continuous
simulation for periods up to 20 years. The model consists of three

major components: hydrology, erosion/sedimentation, and chemistry.

The hydrology component estimates runcff volume and peak rate,
infiltration, evapotranspiration, soil water content, and
percolation on a daily basis. Depending on the availability of
rainfall data, storm runoff can be estimated by either an
adaptation of the SCS curve number methed (Williams and LaSeur,
1976) or by an infiltration-based method based on the Green and
Ampt equation (Smith and Parlange, 1978). Percclation is
determined by a storage routing technique to estimate flow through
the root zone. The root zone is divided into seven layers with the

top layer representing the active surface layer where interriil
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erosion occurs. The evapotranspiration element of the hydrology
component is estimated using a modified Penman equation which

calculates soil and plant evaporation separately (Ritchie, 1972).

The soil erosion component considers the basic processes of soil
detachment, transport, and deposition. Soil detachment is
described by a modification of the universal soil loss equation for
a single storm event (Foster et al., 1977). In addition to
calculating the sediment transport fraction for each of five

particle classes, the model computes a sediment enrichment ratio.

The chemistry component estimates the transport of both plant
nutrients and pesticides. The model computes nitrogen and
phosphorus loss with sediment due to soil particle adhesion,
soluble nitrogen and phosphorus loss with surface runoff, and soil
nitrate loss by leaching, denitrification and plant uptake. The
pesticide component estimates concentration of pesticides in runoff
(water and sediment) and total npass carried from the field,
accemmodating multiple annual application of up to ten pesticides
simultaneously. Movement of pesticides from the soil surface is a
functicen of runoff, infiltration and pesticide mobility. The
CREAMS model simulates nitrate, but not pesticides, leached below
the plant root zone.

2.2.2 GLEAMS

The GLEAMS (Groundwater Loading Effects of Agricultural Management
Systems) model (Leonard et. al.,1987) was developed as an extension
of the existing ARS CREAMS model, incorporating a vertical
pesticide flux to evaluate the impact of management practices on
potential pesticide leaching below the root zone, as well as
surface runoff and sediment losses from field-size areas. GLEAMS
retains the daily hydrology/soil-water balance features and the
rill-interrill soil erosion/sediment transport features of CREAMS

along with the pesticide components for simulating degradation,
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feliar washoff and partitioning of pesticide between surface runoff
and infiltration. The GLEAMS model has the additicnal capability
of routing pesticides within and through the root zone. Several
other added features include irrigation opticns, pesticide
metabolite tracking, increased simulation time up tc 50 years, and
software to facilitate model implementation and output analysis.
The model was modified to consider up to 12 computational soil

layers instead of the original seven as in CREAMS.

Input requirements include daily rainfall volumes for the period of
simulation, crop and management parameters, soil and physical
parameters for sediment transport, and pesticide data such as
solubility, expected half-life, and adsorptivity. Output data
includes surface runoff volumes, percolation volumes, sediment
yYields, anad pesticides in surface runoff, transported sediments and
leachates.

The hydrology component uses dalily climatic data to calculate the
water balance in the root zone. The SCS curve number methecd (1972)
modified by Williams and Nicks (1982) is used to estimate runoff.
A seasonally frozen-soil representation (Knisel, et al., 1985)
enhances estimates of snowmelt runoff. Water balance computations
are the same as those described above for CREAMS which include the

percolation and evapotranspiration elements.

The erosion component of GLEAMS is essentially the same as that in
the CREAMS model. The only significant change is the calculation
of sediment particle characteristics. Foster, et al. (1985) used
additional data to better define aggregate sizes and their
respective fraction in the detached soil. A modified version of
the universal soil loss eguation (Wischmeier and Smith, 1978) is
used for storm-by-storm estimates of rill and interrill erosiocon in

overland flow areas.



Elements of the CREAMS pesticide component (Leonard and Wauchope,
1980) for surface losses in runoff and in sediment were retained in
GLEAMS {Leonard et. al., 1987). The same adsorption
characteristics were coupled with the water storage-routing
technique to route pesticides within and through the root zone.
Plant uptake by transpiration and upward movement of pesticides
with soil evaporation were included along with a modification for
considering pesticide degradation.

2.2.3 EPIC

EPIC (Erosicn/Productivity Impact Calculator) is a comprehensive
model developed specifically to determine the relationship between
soil erosion and socil productivity (National Soil Erosion-Soil
Productivity Research Planning Committee USDA-ARS 1981; Williams,
et al.,1985). EPIC continuously simulates the processes associated
with erosion, using a daily time step and readily available inputs.
Since erosion occurs relatively slowly, EPIC has the capabilities
to simulate the process over hundreds of vears, if necessary. EPIC
is ccmposed of physical components and economic components. The
physical components include hydrology, weather simulation, erosion-
sedimentaticn, nutrient cycling, plant growth, tillage and soil
temperature. The economic components include cost of erosion, crop
yield, profit, and other parameters for determining optimal
management strategies.

Runcff volume is estimated by using a modification of the SCS curve
number technique (SCS, 1972). Peak runoff rates are based on a
modification of the Rational formula. The model cffers two options
for estimating potential evaporation, the Priestley-Taylor(1972)
and the Penman(1248). The medel computes evaporation from soils
and plants separately by an approach similar to that of Ritchie
(1972), which is used in CREAMS and GLEAMS. The EPIC snowmelt
component is also similar to that of the CREAMS model.
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The weather variables necessary for driving the EPIC model are
precipitation, air temperature, solar radiation, wind speed and
relative humidity. IFf daily weather data is available, it may be
input direcﬁly into EPIC; however, solar radiation, relative
humidity and wind data are generally scarce. Thus, EPIC provides
cpticns for simulating various combinations of the five weather
variables.

The EPIC component for water-induced ercsion simulates erosion
caused by rainfall, runcff and irrigation. The EPIC erosion
compcnent contains three equations, the USLE (Wischmeier and Smith,
1978), the MUSLE (Williams, 197%), and the Onstad-Foster
medification of USLE (Onstad and Foster, 1975) which is user
specified. Only the specified equation interacts with the other
EPIC components.

For wind-induced erosion, the Manhattan, Kansas equation (Woodruff
and Siddoway, 1965) was modified by Cole, et al. (1982) for use in
the EPIC model.

EPIC simulates nutrient transport in both the soluble phase and the
sediment bound phase. It provides a comprehensive nitrogen balance
which includes transport (soluble and sediment bound) ,
denitrification,mineralization,immobilization,nitrogenfixation,
plant uptake and nitrogen contribution from rainfall. It provides
a similar phosphorus balance.

The plant environment control component provides mechanisms for
applying irrigation water, fertilizer, lime and pesticides, or for
simulating a drainage system. Fertilizer applications can be user
specified or automatically applied during the simulation. EPIC
alse has an option which allows for organic fertilizer

applications.
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The economic component of EPIC includes crop budgets which are
calculated using components from the Enterprise Budget Generator
(Kletke,1979). Inputs are divided into fixed and variable costs.
The model output includes vield, gross income from the crop and net
profit.

2.2.4 Model Validation and Application

The CREAMS and GLEAMS models have been applied ang extensively
tested in several watersheds in the western and north central
United States, including Iowa, Ohiog, Michigan, South Dakocta, and
Montana, which represent diverse climatic and land use conditions.
Watershed P-2, a study site in the cooperative ARS/EPA pesticide
project (Smith et. al.,1978) in Watkinsville, Georgia, was used in
the validation of CREAMS. GLEAMS was validated in several test
studies in Tifton, Georgia.

The EPIC model was extensively tested by the SCS before the model
was used for the 1985 RCA analysis. Seventeen major land resource
areas in the U.S. were selected for the tests. Several
deficiencies were discovered and the nodel was modified to overcome
them. The tests were repeated and the model validated. The model
was subsequently used for 13,000 RCA simulations (of 50 years each)
performed during 1984 and 1985 which Covered the entire U.s.
Besides this extensive testing and application » the model is being
used internationally in research and in management.

2.3 MODEL COMPARISON AND SELECTION

Table 2 lists the major considerations involved in the selection of
a farm-scale model. All three models are restricted to small areas
due to the assumptions of 1) a single land use, 2) relatively
homogenecus soils, 3) spatially uniform rainfall and 4) a single
management system. CREAMS and GLEAMS do not have the capabilities

for weather simulation, as does EPIC, and require at least 1 year
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of precipitation data.

EPIC can be used to simulate long term

effects of more than 100 Years whereas CREAMS and GLEAMS are
restricted to shorter simulation pericds.

TABLE 2

MODEL COMPARISONS

CREAMS GLEAMS EPIC
Simulation duration 20 yr 50 yr 100+ yr
Soil layers 7 12 10
Nutrient Transport yes no yes
Simulation Area <100 Ac <100 Ac <2.47 Ac
Wind Erosion no no ves
Weather Simulation no no yes
Irrigation no yes yes
Fertilizer Appl. yes no ves
Manure Appl. no no ves
Soil Salt sim. no as pesticide being dev.

GLEAMS can simulate irrigation application, but not manure
application nor nutrient transport. Although CREAMS simulates
nutrient transport, it lacks the capabilities of irrigation and

manure applications. EPIC can simulate all three parameters.

EPIC contains parameter files for soils, crops, tillage, and
weather. The crop parameter table contains information needed for
simulation of the preduction of 22 crops. Weather generation
parameters are available for 134 locations in the U.S., soil data
for over 800 U.S. soil series, and input data for over 50 types of

farm equipment. An interactive data entry system, EASE, is
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available to aid in building EPIC data sets.

Another advantage in the EPIC model for use in examining both
runoff and infiltration of nutrients and salts from applicaitons of
animal waste and wastewater is the addition of a soil salt
component currently being developed by the USDA, Agricultural
Research Service, for the simulation of salt accumulation in the
soil. This component of the EPIC model, which is anticipated to be
released in the near future, includes the effects of salt stress on
plant growth for nutrient calculations and cCrop vyieid.

The EPIC model was selected as the nodel for evaluating BMPs for
confined animal feeding operations in Task 3.0 based on the
simulation capabilities described apcve, as well as the user
convenience features.

14




3.0 REFERENCES

Cole, G.W., L. Lyles, and L.G. Hagen. 1982. "A Simulation Model
of Daily Wind Erosion Soil Loss." ASAE Paper #82-2575.
Crowder, B.M. 1987. Issues 1in Water quality Modeling of

Agricultural Management Practices: An Economic Perspective.
Symposium on Monitoring, Modeling, and Mediating Water
Quality. Am. Water Resources Assoc. May, 1987.

Foster, G.R., D. L. Meyer and C.A. Onstad. 1977. A runoff
erosivity factor and variable slope length exponents for soil
loss estimates. Trans. Amer. Scc. AgQr. Engineers, v. 20, pp.
683-687.

Foster G.R., R.A. Young. and W.H. Neibling. 1985. Sediment
composition for nonpoint source pollution analyses.
TRANSACTIONS of the ASAE 28(1):133-139. 146

Kletke, D.D. 1979. Cperation of the Enterprise Budget Generator.
Oklahoma State Univ., Agric. Exp. Sta. Res. Report p-790.

Knisel. W.G., D.C. Moffitt, and T.A. Dumper. 1985. Representing
seasonally frozen soill with the CREAMS model. TRANSACTIONS cf
the ASAE 23(5):1487-1493.

Knisel, W.G. 1980. CREAMS, A Field Scale Model for Chemicals,
Runoff, and Ercsion from Agricultural Management Systems.
USDA Conserv. Res. Report No. 26. 643 pp.

Knisel, W.G., G.R. Foster and R.A. Leonard 1983. CREAMS: A
system for evaluating management practices. In Agricultural
Management and Water Quality. F.W. Schaller and G.W. Bailey

(Eds.), Iowa State University Press, Ames, pp. 178-199.
Leonard, R.A. and R.D. Wauchope. 1980. The pesticide submodel.

In: Xnisel, W.G. (E4.). 1980. CREAMS: A field-scale model

for Chemicals, Runoff, and Ercsion from Agricultural

Management Systems. U.S. Department of Agriculture, Science
and Education Adninistration. Conservation Research Report No.
26, pp. 88-112.

Leonard, R.A. and W.G. Knisel. 1989. Groundwater Loadings by

Controlled-Release Pesticides: A Gleams Simulation. ASAE
Paper No. 88-2624. ASAE. St. Joseph. MI 49085. pp. 1%15-1922.

18



Lecnard, R.A. and H.F. Perkins and W.G. Knisel. 1989. Relating
Agrichemical Runoff and Leaching to Soil Taxoncmy: A Gleams
Model Analysis. Proceedings of the 1989 Georgia Wwater
Resources Conference, The University of Georgia, Athens, G.A.
May 16-17, 1989.

Lecnard, R.A. and W.G. Knisel and D.A. Still. 1987. Gleams:
Groundwater Loading Effects of Agricultural Management
Systems. ASAE Paper No. 86-2511. ASAE. St. Joseph. MI 49085.
pp. 1403-1418.

Leonard, R.A. 1986. Agriculture and Ground Water Quality.
Proceedings of the Focus Conference on Southeastern Ground
Water Issues. Tampa, Florida. Oct 6-8, 1986. pp. 125-144.

Onstad, C.A. and G.R. Foster. 13975. "Erosion Modeling on a
Watershed." Trans. ASAE 18:288-292.

Penman, H.L. 9148. '"Natural Evaporation from Open, Bare Scil and
Grass." Proc. Royal Soc. (London) A193:120-145.

Priestley, C.H.B. and R.J. Taylor. 1972. On the assessment cf
surface heat flux and evaporation using large-scale
parameters. Mon. Weather Rev. 100:81-92.

Ritchie, J.T. 1972. "A Model for predicting Evaporation from a
Row Crop with Incomplete Cover." Water Resources Res.
8:1204-1213.

Smith, R.E. and J.7. Parlange. 1978. A parameter-efficient
hydrologic infiltration model. Water Resources Res., v. 14,
cp. 533-538.

Smith. C.N., R.A. Leonard, G.W. Langdale, and G.W. Bailey. 1978.
Transport of agricultural chemicals from small upland Piedmont
watersheds. U.S. Environmental Protection Agency. Athens. GA.
and U.S. Department of Agriculture. Agricultural Research
Service, Watkinsville, GA. Final Report on Interagency
Agreement No. D6-0381. Publication No. EPA 600/3-78-056.363

pPpP.

USDA, Soil Conservaticn Service. 1972. "Hydrology.!" Chapters 4-
10. In National Engineering Handbook. USA Government Printing
Office.

Williams, J.R. and K.G. Renard. 1985. Assessments of soil erosion
and crop productivity with process models (EPIC). pp. 67-103.
In R.F. Follett and B.A. Stewart, eds., Scil Erosicn and Crop
Productivity. Am. Soc. Agron., Crop Sci. Soc. Am, Soil Sci.
Soc. Am, Madiscn, WI. 533 pp.

16



Williams, J.R. 1975. "Sediment Yield Prediction with Universal
Equation Using Runoff Energy Factor." USDA, ARS~S-40, 244-

242.
Williams, J.R. and A.D. Nicks. 1932. "CREAMS Hydrology Model--
Opticon One.” 1In Applied Modeling Catchment Hydrology, Proc.

Intl. Symp. Rainfall-Runoff Modeling, V.P. Singh, ed.
(Mississippli State, MS, May 13-21, 1981), 69-36.

Williams, J.R. and W.7. Laseur. 1976. Water yield model using SCS
curve numbers. J. Amer. Soc. Civil Engineers. Hydraulics
Division, v. 102 (HY9), pp. 1241-1253.

Williams, J.R. 1%89. EPIC: The Erosien-Preductivity Impact
Calculater. Proceedings 1989 Summer Conference of Society for
Computer Simulation, Austin, TX., July 1989.

Wischmeirer, W.H. and D.D. Smith. 19738. Predicting Rainfall
Erosion Losses, A guide to Conservation Planning. USDA Agric.
Handb. No. 537. 58 pp.

Woodruff, N.P. and F.H. Siddoway. 1965, "A Wind Erocsion
Equation.” Soil Sci. Soc. Amer. Proc. 29:602-6038.71

17



APPENDIX IX



EPIC SENSITIVITY ANALYSIS

A sensitivity analysis was performed on EPIC (Erosion-Productivity
Impact <Calculator), a farm-scale model, to determine the
quantitative effects each input parameter had on relevant model
output. This information will be used to assess the relative
importance of input parameter accuracy during the calibration and
verification of the EPIC model, and the physical factors most
important in controlling nutrient uptake and runoff.

An input data set was constructed for a test site in Erath County.
The input data was determined for a 42 acre coastal bermuda field
located approximately 16 miles Southeast of Stephenville near the
Bosque County border. Because wind data is not available for Erath
County, wind and weather data for Bosgue county were used for the
simulation. The coastal field was located on Houston Black Clay

with an approximate 2 percent slope, and was fertilized with 200
lbs./acre of 13-13-12 commercial fertilizer in early spring.

METHODOLOGY

A one year simulation was run for the initial data set and the
output was used as a control for comparison. Selected input
parameters were adjusted to determine their effects on the model
output. Each selected parameter was changed tc a different value
within the recommended range to eliminate erronecus results. The
simulation was rerun following each change while all other inputs
remained at their control values. Table 1 lists the input data for
which the sensitivity was determined. The wind and weather data
required for input were assumed to be fairly accurate and are
measured in the study area, and the influence of precipitation on
runoff is well documented. Therefore, the sensitivity of the mecdel
to climatological data was not investigated.




The results of each simulation were compared with the control

output. The selected output parameters relevant to our study
include average annual values for sediment bound and soluble
nutrients (nitrogen and phosphorus), socil parameters, runoff

volume, soil erosion and crop data. Appendix B lists the output
parameters used for ccmparison.

The percent change of each input and output parameter was
calculated as follows:

Value(initial) - Value(after change)
¥ Change= -—-——-meemme I L_ x 100

Value(initial)

This information was used to graph the percent change of the input
versus the percent change of the output, these graphs are included
in Appendix C. The slope of the line was calculated as follows:

% change of the output parameter
SlOPe = == e

% change of the input parameter

The sensitivity of the model to each input parameter was

deternined from the slopes and were classified as described below.

S1.OPE SENSITIVITY

>1 Highly Sensitive
.5 -1 Sensitive

.1 - .499 Slightly Sensitive
<.1 Not Sensitive

Tabulated results of the sensitivity analysis are shown in Appendix
D. Only the cutput parameters which showed a significant change
were listed in the results. Any ocutput parameters not listed
showed no change or so small a change that the sensitivity was
negligible.



RESULTS

SOIL PARAMETERS

Erosion and sediment bound nutrient loss showed the greatest
sensitivity. Soil loss due to water erosion is sensitive to the
erosion control practice, slope steepness, soil particle size and
runoff curve number. Soil loss from wind erosion is slightly
sensitive to soil particle size, particularly to the silt
concentration of soil layer 1. It is also slightly sensitive to
the power of the modified exponential wind speed.

The slope steepness and soil particle size can be accurately
measured; however, the other parameters are estimations derived
from tables. Due to the sensitivity of the EPIC erosion component,
these values should be estimated with great care andg adjusted
during the calibration process.

The saturated conductivity and lateral conductivity of the soil are
sensitive to the 1initial sand concentration. Soil water is
sensitive to initial sojl parameters such as field capacity,
Wilting point and bulk density.

Surface runoff and the inherent soluble nutrient loss were highly
sensitive to the bulk density of soil layer 1 and to the runoff
curve number. Many output parameters of the EPIC model appear to
be very sensitive to the moist bulk density of the soil.
Therefore, the bulk density should be measured as accurately as
possible for each soil layer.

NUTRIENT PROCESSES

Transpiration is sensitive to the wilting point of the soil and
slightly sensitive to the carbon dioxide concentration in the
atmosphere. Nitrogen loss by denitrification is highly sensitive
to the wilting point of the soil and slightly sensitive to the crop

residue. Denitrification is the only parameter sensitive to
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changes in crop residue input.

Soil phosphorus concentrations are highly sensitive to the
percentage of calcium carbonate in the s0il. In the final soil
nutrient concentrations, both phosphorus and nitrogen were

sensitive to the initial organic nitrogen concentration present in
the soil.

INSENSITIVE PARAMETERS

Several input parameters seemed to have no effect on the output.
For instance, the oven dry bulk density of soil layer 1 had no
effect on the output, whereas the moist soil bulk density had
significant effects on the model output. Other input parameters
that showed no effect on the output were soil Ph, sum of the bases,
and the cation exchange capacity (CEC). Since only output
parameters relevant to the project were compared, these input
parameters may affect output which was not examined. Additionally,
because EPIC allows for user specified equations for erosion and
potential evaporation, these input parameters may be used in
equations or subroutines which do affect the output,
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INPUT PARAMETERS FCR EPIC

Manning’s n - channel roughness

Manning’s n - surface rougnhness

Scil albedo

Erosion control practice

Power of the mecdified exponential wind speed
calculation

Slope steepness

Calcium carbonate percent - in soil laver 1
Organic carbon percent - in soil lavyer 1

Ssum of bases - in soil layer 1

Soil pH

Organic nitrogen concentration - soil laver 1
Silt concentration percent - soil layer 1
Sand concentration percent - soil layer 1
Field capacity - soil layer 1

Wilting point - soil layer 1

Bulk density - soll layer 1

Slcpe length

Carbon dioxide concentraticn in atmosphere
Average concentration of nitrogen in rainfall
Average channel slope

Distance from outlet

Runcff curve number

Drainage area

Bulk density - soil layer 1

Crop residue

Cation exchange capacity

Sum of bases - soil layer 1

Labile phesphorus concentration - soll layer 1
Nitrate cencentration - soil layer 1

Coarse fragment content
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TASK 1V
SUBCOMMITTEE MEETING
JULY 19, 1290

SUMMARY

MEMBERS PRESENT: MEMBERS ABSENT:

Nicki Jones Fred Lueck
Don Davis

2111 Hailey

Jim Leatherwocod

Jerry Parham

EVALUATION OF THE FEASIBILITY OF CCMPOSTING:

1. $6.50 per ton to haul manure == “resson is below rate set by
the Railroad Commissicn. Hauling alcne should be 53.50 per ton.,
A loader would cost $1.25 more per <on. This makes total cost
$9.75 per ton. Presently the Railrcad Commission is not involved
because Bill Christian is hauling nanure on the basis that it is
his. If hauling fer himnself, Railrcad Cocmmissicn rates don't
apply.

- Feasibility must be considered with the prospect that on

large scale the Railroad Commiss:ion might get involved.

- This 1is definitely an area where government can help by

naking environmentally sensitive Droducts exempt.

(=4

2. At $6.20 per tecn the present practice is about $0.75 cheaper.
Presently the dairy farmers are unwllling to pay the additional
cest involved in composting at Cresscn.
- Perhaps this cost (50.75) cculd be paid by the compesting
facility.
- Perhawms a central locatiocn in this area would reduce
Iranspertaticn costs.
- As regulatory pressures incresase the Present practice may
ceccme too dangerous and the cimposting option may start to
-00K better even if more expensie.

There s one major obstacle in the nind of the Committee
regarding the feasikility of composting. The Committee is
concerned about the lack of dairy input or interest in our
discussions. It is unlikely that the dairies will move to
composting until there is a sense of need on their rart. In the
discussion of this problem there are =wo unknowns. First, what is
going to be the regulatory enrcrcement position of the Texas Water
Commission? Current observations lz2ad to the conclusion that
pernit conditions and management plars are not being followed. Sc
far the Texas Water Commission doesn'- seem to be enrfeorcing those
conditions and plans. Second, what will be the response of the
dairies to this enforcement? The Committee feels that if there was
more certainty about the enforcement :ntentions of the Texas Water
Commission that the dairies would beccme more lnterested in the use
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PERMEABILITY TESTS ON SOIL SAMPLES FROM ERATH COUNTY

The purpose of this experiment is to find local soil types
which may be suitable as lining material in the lagoons of dairy
farms in Erath County. For this purpose, five different soil
samples were collected from different locations in Erath County.
The types of soil collected were Houston Black clay, Blanket clay,
Red Windthorst clay, Purves-Dugout complex, and Selden fine sand.

Lagoon liners nust be either compacted clay or a membrane
lining which meets the Texas Water Cocmmission (TWC) specifications
listed below.

a) In-situ or placed and compacted clay soils meeting the
following requirements:

1) More than 0% passing a No. 200 mesh sieve

2) Liquid limit greater than 20%

3) Plasticity index greater than 15

4) A minimum thickness of 12 inches

5) Permeability equal tc or less than 1x10~' cm. /sec.

6) Soil compaction will be 95% standard proctor at optimum

moisture content.

k) Membrane lining with a minimum thickness of 20 mils, and an

underdrain leak detection system.

The permeability of a soil refers to the degree of ease with
which a fluid passes through the secil and depends primarily on the
type of fluid, the void ratio, the size and shape of soill grains,
and the degree of saturation.

To determine the coefficient of permeability of soils, the
falling head method was used. The first two tests were run on
uncompacted Red Windthorst clay and Purves-Dugout complex. The
results of these two tests indicated that the permeability of these



soils is much higher than the TWC maximum limits for uncompacted
lining materials. Therefore, on other samples, permeability tests

were run with the soil compacted at its cptimum moisture content

(OMC) . Test data is summarized in Table T.
PROCEDURE:
Determination of the COMC of a soil: A soil sample,

approximately 2000 grams, was broken into small lumps, and dried in
an oven for 18 to 24 hours. The dried soil was pulverized with a
hammer until all the soil passed through the U.S. Standard Sieve
Number 4. Assuming that the soil gained about 2% moisture from air
while it was being pulverized, water (8% by weight) was then added
to the soil and mixed thoroughly. The Standard Proctor Test
(compaction test) was run on the soil to determine 1its
compactibility at that particular moisture content. In the Proctor
Test, s0il is compacted in a Standard Compaction Mold (944 c.c.),
in three equal layers, with 25 blows per layer, using a 24.5 N
compacticn hammer. After compaction, the compacted soil is weighed,
and its density is determined. The true moisture content of <the

soil is determined by drying a small sample of the compacted soil.

The same procedure was repeated with different noisture
contents in order to get a relationship between moisture content
and soil density. After obtaining the true moisture content of
each compaction test, the OMC was determined by plotting the dry
density of the soil (which is calculated) versus its moisture
content. More compaction tests were run after plotting the graph of
dry density versus noisture content, in order to get a smooth
curve. The peak of each graph indicates the OMC of that soil. The
OMC 1is the amount of moisture in a soil that would facilitate

maximum compaction of the soil.

Determination of the permeability of a spil: Once the OMC for

a particular soil was determined, the soil sample was dried again,
pulverized to make it pass through the Number 4 Sieve, and mixed
thoroughly with the amount of water that would facilitate maximum



compaction. The soil was then compacted in a Standard Permeability
Device, with three equal layers, using a 24.5 N compaction hammer.
The ccmpacted soil was saturated with water by immersing the
permeability device containi~g the soil in water, so that the water
level was about 5 cm above the opening of the permeability device.
Permeability tests were run on the compacted soil after the soil
was saturated, using the falling head method. The procedure

described in Engineering Preoperties of Scil and their Measurement

(Bowles 1986) was focllowed, step by step, to run the falling head
method of permeability test.

To control evaporation of water from the water %tube, a marble
was placed on the upper opening of the tube. No vacuum was created
by placing the marble con the tube, hecause of a groove on the base
that supported the upper end of the tube.

After running the permeability test on the compacted soil, cow
manure, collected about 500 yards below a lagoon of a dairy farm,
was introduced to the same soil, with about 60 cm. head, using a
small tube attached to the cpening of the permeability device. Cow
manure was poured intc the tube, and was refilled if the level of
manure went down more than 15 cm. from the top of the tube.
Permeability tests were run again on the soil after continuocusly

supplying manure for 45 hours.

RESULTS:
The results of these tests showed that

(a) none of the soil samples tested meet the TWC's permeability
standard (1 x 10~ cm/sec), for use as a lining material, with
compaction alone (see Table I fcr summary of test data),

(b) introducticon of cow manure reduces the permeability of a soil,

(c) the reductions in permeability of three types of soils tested,
due to the introduction of cow manure, were significant enough
to make them meet the TWC's permeability standards. These
soils included the Houston Black clay, Windthorst Red clay and
Blanket clay.



Prior to permeability testing, other TWC criteria were
examined for the five soils. O©Of the three soils, only the Houston
Black and Windthorst had liquid limits greater than 30% (44.5 and
37% respectively). All criteria for the these two soils were then
determined, and were acceptable as shown below.

% Passing Liquid Plasticity
No. 200 Sieve Limit (%) Index
Houston Black Clay 31 44.5 16.2
Windthorst Red Clay 39.1 37 15

Cow manure in waste water from a dairy farm can be expected to
reduce the permeability in actual field conditions. Houston Black
clay and Red Windthorst clay may be suitable as lining materials
for dairy lagoons in Erath County.



TABLE 1
SUMMARY OF PERMEABILITY TESTS DATA
ON DIFFERENT SOILS FROM ERATH COUNTY

TIME TO
PERMEABILITY  INFILTRATE
SOIL TYPE CONDITION OF SOIL (CM/SEC) 1 FT. OF LINING
HOUSTON A. NATURAL STATE* < &.2 X 107° > 3.4 DAYS
BLACK B. WITH STANDARD 2.2 X 1077 176 DAYS
CLAY COMPACTION
C. WITH COMPACTION 3.3 X 10°° 254 (RS
& MANURE
RED A. NATURAL STATE* 2.3 X 107¢ 1.25 DAYS
WINDTHORST B. WITHOUT 2.2 X 1073 3.68 HRS
CLAY COMPACTION )
C. WITH STANDARD 5.4 X 1072 55  DAYS
COMPACTION i
D. WITH COMPACTION 3.0 X 1078 32 YRS
& MANURE
BLANKET A. NATURAL STATE* 2.8 X 1074 1.25 DAYS
CLAY B. WITH STANDARD 2.7 X 1077 2.6 YRS
COMPACTION
C. WITH CCMPACTION 7.3 X 1078 13.2 YRS
& MANURE
PURVES- A. NATURAL STATE* 2.3 X 1074 1.25 DAYS
DUGQUT B. WITHOUT 3.0 X 1074 1.17 DAYS
COMPACTION
C. WITH STANDARD 2.7 X 1078 9.5 DAYS
COMPACTION
D. WITH COMPACTION 2.3 X 1077 32.45 YRS
& MANURE
SELDEN A. NATURAL STATE* 2.3 X 1074 1.25 DAYS
(PEANUT B. WITH VIBRATION 2.2 x 10798 2.56 HRS
SAND) C. WITH VIBRATION 4.8 ¥ 1074 17.6 HRS

& MANURE

* THE PERMEABLITY DATA FOR SOIL IN ITS NATURAL STATE IS TAKEN FROM

THE SOIL SURVEY OF ERATH CCQUNTY, TEXAS (sCs, 1973).

Hote: The TWC Standard for permeability of lining materials
is < 1 x 1077 cm/sec.



SUMMARY OF COMPACTION TESTS DATA
ON SOIL SAMPLES FROM ERATH COUNTY

MC MWD _ MDD
SOIL TYPE (%) KN /m?> KN/m?> METHOD
HOUSTON
BLACK CLAY 20.0 18.62 15.4 PROCTOR
RED WINDTHORST MODIFIED
CLAY 12.66 21.77 19.33 PROCTOR
BLANKET
CLAY 13.5 21.01 18.51 PROCTOR
PURVES- MODIFIED
DUGOUT 9.5 24.66 21.22 PROCTOR
SUMMARY OF ATTERBERG LIMITS TESTS DATA
ON SOIL SAMPLES FROM ERATH COUNTY
LIQUID PLASTIC PLASTICITY

SOTL TYPE TIMIT (%) LIMIT (%) TINDEX

HOUSTON

BLACK CLAY 14.5 28.3 16.2

RED WINDTHORST  35.0 20.0 15.0

CLAY

3LANKET CLAY 26.0 * ok *

PURVES-DUGOUT 24.0 * *

** PLASTIC LIMIT IS NOT RUN ON SOILS WITH LIQUID LIMIT LESS
THAN 30%.




