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ABSTRACT

Knisel, Walter G., editor. CREAMS: A Field-Scale Model for Chemicals, Runoff,
and Erosion from Agricultural Management Systems. U.S. Department of Agricul-
ture, Conservation Research Report No. 26, 640 pp., illus.

This publication describes a mathematical model developed to evaluate non-
point source pollution from field-sized areas. CREAMS consists of three compo-
nents: hydrology, erosion/sedimentation, and chemistry. The publication is
presented in three volumes: Volume I, model documentation, describes the con-
cepts of each of the model components; Volume II, user manual, describes the
model application and selection of parameter values; Volume III, supporting
documentation, provides additional data and parameter information.

Keywords: hydrology, erosion, sediment transport, plant nutrient transport,
pesticide transport, mathematical model, nonpoint source pollution, agricul-
tural management.




PREFACE

Section 208 of PL 92-500, the 1972 amendments of the Clean Water Act,
placed emphasis on nonpoint-source pollution. Planning required by this legis-
lation needed methods to assess nonpoint-source pollution under various manage-
ment practices for selecting Best Management Practices (BMP's) to reduce non-
point pollution to acceptable levels.

Expertise by the staff of the Science and Education Administration-Agri-
cultural Research (SEA-AR) in soil and water management research, along with
the high priority needs of action agencies, prompted SEA's National Program
Staff (NPS) to develop plans for a concerted national effort to assemble mathe-
matical models for evaluating nonpoint-source pollution. Staff scientists met
with planners in action agencies to determine their needs for such models. A.
R. Robinson, D. A. Farrell, and J. Lunin, all of the NPS, and J. C. Lance, tem-
porarily assigned to this staff, planned the mechanism for a national project.
The plans were approved by C. W. Carlson, Associate Administrator of Agricul-
tural Research, and a request was made to T. W. Edminster, Administrator of
Agricuitural Research, for unassigned program funds to initiate the project.
T. W. Edminster and R. J. McCracken, then the Assistant Administrator, made
funds available for this important project.

The project coordinator and Technical Work Group met with the Steering
Committee (NPS scientists) at Beltsville, Md., in October 1977, to initiate a
national project to develop mathematical models for evaluating nonpoint-source
pollution. On February 14-16, 1978, a workshop was held at Arlington, Tex., to
assemble SEA-AR scientists interested in participating in this project. The
workshop was to:

«++{1) review, refine, and adopt an approach, (2) select group
leaders (lead scientists), (3) plot the course of action and
set the time table..., (4) assign tasks (to) investigate spe-
cific components of the system to be considered...

To develop a model quickly, participants at the workshop determined that
existing physically based models, or those that could be readily modified and
improved, would be assembled into a package to estimate runoff, sediment, plant
nutrient, and pesticide movement in a field.

Lead scientists identified for the four components are:

Hydrology---~===-- A. D. Nicks, Chickasha, Okla.
Erosion---=------- G. R. Foster, Lafayette, Ind.

Plant nutrients---M. H. Frere, Chickasha, Okla. (New Orleans, La.)
Pesticides=======- R. A. Leonard, Athens, Ga.

The hydrology component was further represented by two options lead by R.
E. Smith, Fort Collins, Colo., and J. R. Williams, Temple, Tex. J. D. Nowlin,
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Purdue University, Lafayette, Ind., working with SEA-AR under cooperative
agreement, programmed the model concepts.

The lead scientists drew upon material provided by other contributors to
develop and document the model. These contributors are acknowledged throughout
the publication.

Scientists in SEA-AR worked together to assemble state-of-the-art mathe-
matical models to evaluate nonpoint-source pollution for field-scale areas.
pesults of these efforts have culminated in an operational continuous simula-
tion model. This publication documents and provides a user manual for the mod-
el named CREAMS - a field scale model for Chemicals, Runoff, and Erosion from
Agricultural Management Systems.

The CREAMS model was developed using units common for the individual com-
ponents. That is, customary units in the hydrology and erosion/sedimentation
fields are English units, whereas metric units are common in chemistry. Rain-
fall data available from the National Weather Service and SEA-AR are reported
in inches. Temperature data are generally in degrees Fahrenheit. Runoff, per-
colation, soil water, and evapotranspiration are generally reported in inches.
Erosion/sedimentation data are generally reported in pounds per acre or tons
per acre. Plant nutrient and pesticide losses are reported in milligrams per
liter and kilograms per hectare. Model input, output, and operations were
structured accordingly. Although the CREAMS model has the potential for inter-
national use, the principal users will be action agencies and consulting firms
in the United States and the model, therefore, contains mixed or customary
units. Users are cautioned, however, against indiscriminately modifying model
components without a complete understanding of the units of operations. This
version will be improved over the next several months to provide a more compre-
hensive model and will incorporate consistent English or metric units for user
option specification.

The purpose of this publication is to provide a complete package for po-
tential users of the model. It is divided into three main divisions. Volume
I, model documentation, presents the concepts of model components. Volume II,
user manual, provides information on selection of parameter values and model
operation. Volume III, supporting documentation, provides the user additional
information to obtain parameter values.

Results of sensitivity analysis for each component are included in the
publication to indicate effects of errors in parameter estimation. This en-
ables the user to be aware of potential difficulties resulting from inaccura-
cies in individual parameters.

The results of considerable testing of the components using data available
from SEA-AR research locations are included. Users should be aware of two sig-
nificant points: (1) Statements of model accuracy in the publication are made
realistically based upon the scientist's evaluation of the mathematical repre-
sentation of the real-world system and his scientific knowledge of the range
and confidence in parameter estimation, and (2) ranges of conditions considered
appropriate for application of the model are given in the publication.

Magnetic tapes of the computer model can be furnished to anyone interested
in using the model. A user, in turn, can send a magnetic tape to the project
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coordinator and the program will be taped along with a set of test data, param-
eter values, and summary output. These data will enable users to be sure the
model is operating properly on their respective computer systems. A tape can
be generated for CDC or IBM computers and the user should specify the system
when requesting the program.

Walter G. Knisel, Jr.
Project Coordinator
USDA-SEA-AR

442 East Seventh Street
Tucson, Ariz. 85705
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