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FOREWORD

The Environmental Protection Agency was established to coordinate
administration of the major Federal programs designed to protect the
quality of our environment.

An important part of the Agency's effort involves the search for
information about environmental problems, management techniques and new
technologies through which optimum use of the nation's land and water
resources can be assured and the threat pollution poses to the welfare
of the American people can be minimized.

EPA's Office of Research and Development conducts this search
through a nationwide network of research facilities.

As one of these facilities, the Robert S. Kerr Environmental
Research Laboratory is responsible for the management of programs to:
(a) investigate the nature, transport, fate and management of pollutants
in groundwater; (b) develop and demonstrate methods for treating waste-
waters with soil and other natural systems; (c) develop and demonstrate
pollution control technologies for irrigation return flows, (d) develop
and demonstrate pollution control technologies for animal production
wastes; (e) develop and demonstrate technologies to prevent, control
or abate pollution from the petroleum refining and petrochemical in-
dustries, and (f) develop and demonstrate technologies to manage pol-
lution resulting from combinations of industrial wastewaters or indus-
trial/municipal wastewaters.

This report contributes to the knowledge essential if the EPA
is to meet the requirements of environmental laws that it establish
and enforce pollution control standards which are reasonable, cost
effective and provide adequate protection for the American people.

‘iLLA££k;LG~1) . /AGGLJZLZr»A)
William C. Galegar, Directdr

Robert S. Kerr Environmental
Research Laboratory
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ABSTRACT

Cattle feedlots are typically located to utilize natural surface
drainage conditions. These conditions necessitate control facil-
ities to intercept and store surface runoff so manure-contaminated
waters are prevented from entering streams and lakes. Engineering
design to prevent the discharge of effluent from open feedlot fa-
cilities requires a matching of individual structures to proposed
management techniques and regional climatic data.

Two computer models were developed for these purposes. The first,
the sufficient design program, was a simulation model which sized
feedlot runoff retention ponds based upon previous climatic data
and management dewatering policies. In addition to minimum pond
volume, the sufficient design model listed average number of year-
ly pumpings for each simulated management alternative at a selected
pumping rate. The second model, an economic budget generator, de-
termined cost of open feedlot runoff control systems. The models
were tested at seven selected locations in the United States to
determine the effects of five pumping rates and seven management
dewatering alternatives on minimum storage volumes required to
prevent discharges as defined by EPA Effluent Guidelines. Sta-
tions were selected from each major climatic region in the U. S.
and represented a broad spectrum of precipitation patterns. Last-
ly, effects of relaxing the discharge criterion were also studied
at each location.

This report was submitted in fulfillment of Grant Number R-803819
by Oregon State University under the partial sponsorship of the
U. S. Environmental Protection Agency. This report covers the
period from June 15, 1975 to December 31, 1977; work was com-
pleted as of December 31, 1977.
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SECTION 1

INTRODUCTION

Cattle feedlots are typically located to utilize natural sur-

face drainage conditions. These conditions necessitate con-

trol facilities to intercept and store surface runoff so manure-
contaminated waters are prevented from entering streams and lakes.
Intercepted runoff is generally applied to agricultural lands to
replenish facility volume and to insure utilization of dissolved
plant nutrients.

In 1972 the U. S. Congress enacted the National Pollution Dis-
charge Elimination System (NPDES). As a result, the U. S.
Environmental Protection Agency (EPA) promulgated effluent
guidelines which permit discharge from a feedlot only in con-
nection with an "unusual rainfall” event. For 1983, the "unusual
rainfall" criterion is the 25 year-24 hour storm. This is a
performance standard and does not provide exact design criteria;
that is, the classical design of flood prevention structures based
upon the design runoff rate return period technique is not suf-
ficient since this technique primarily considers runoff generated
from a single precipitation event. Wensink and Miner (1975) and
Koelliker, Manges and Lipper (1975) showed that chronic precipi-
tation conditions, rather than single catastrophic storms, typi-
cally determine feedlot runoff control facility design capacities.

Engineering design to prevent discharge of effluent from open
feedlot facilities requires a matching of individual structures to
both management techniques and regional climatic data. Wensink
and Miner (1975) developed a model which uses hydrologic data to
determine minimum feedlot facility volumes required to satisfy the
above criterion without management considerations. This study
was, therefore, initiated to investigate effects (both engineering
and economic) of alternate dewatering policies on the minimum
volumetric capacity of feedlot runoff control facilities.

A cattle feedlot runoff control model was first developed to
integrate the effects of alternate dewatering policies on minimum
facility volumes. This simulation model determined engineering
relationships between historical climatological data, dewatering
schedules, and minimum feedlot runoff control volumes.

In addition, an economic model to simulate cost of cattle feedlot
runoff control designs was formulated to analyze effects of



alternate dewatering policies and pumping sizes on required
reservoir volumes. This model determined economic relationships
between dewatering schedules, minimum reservoir volumes, pumping
capacity, and disposal areas and was used to estimate cost of
feedlot pollution control systems which comply with EPA regula-
tions at seven locations in the United States.



SECTION 2

N

CONCLUSIONS

The first objective of this project was to develop a technique
which provided a rational design method for feedlot pollution
control facilities. The technique should integrate historical
climatic data in such a way as to predict the effectiveness of
various combinations of runoff-handling components. The second
objective of this study was to demonstrate this computerized
technique in four representative climatic regions in the United
States. The third objective was to develop a computerized method
to analyze economic cost of feedlot runoff pollution control
systems and alternatives.

The first two objectives were accomplished by developing a com-
puter simulation model which sized feedlot runoff retention ponds
based upon previous climatic data and management dewatering pol-
icies. The model utilized daily rainfalls, average temperatures,
and pan evaporations to predict the effects of management de-
watering policies on the design of minimum retention volumes which
satisfy environmental protection standards. The simulation model
accepted a pond dewatering volumetric rate and a management de-
watering alternative as inputs and determined the disposal area
and facility volume required to hold all feedlot runoff resulting
from storms less than the 25 year-24 hour criterion,

The design model was implemented at the following seven selected
locations: Pendleton, Oregon; Lubbock,Texas; Bozeman, Montana;
Ames, Iowa; Corvallis, Oregon; Experiment, Georgia; and Astoria,
Oregon, Locations ganged in average annual precipitation from
13.4 to 75.4 inches. At each site, five volumetric pumping rates
and seven management dewatering alternatives were evaluated to
determine minimum storage volume required to prevent discharge as
defined by EPA Effluent Guidelines,

The third objective was accomplished by formulating a computerized
economic model to estimate cost of open feedlot runoff control

*Current feedlot pollution control technology and regulatory lan-
guage involves English units. Therefore, the models developed in
the course of the research upon which this report is based utilize
English units of measure. For the convenience of those readers
who deal with international units, a select list of conversions is
provided in Appendix E.



systems. The model required market prices of equipment, services,
land, and taxes, and the following basic engineering design para-
meters: feedlot area, design pumping rate, required storage vol-
ume, annual pumping days, total disposal land area, and single
day's disposal area.

The economic model generated investment and annual operating costs
for standardized runcoff control systems. Charges were estimated
for hand move, side roll, big gun, and traveling big gun at seven
locations in the U. S. Budgets were developed for each system
with five different pumping rates, seven management alternatives
(with respect to timing of disposal), and two disposal policies on
1.0, 10, and 100 acre feedlots (symbolizing 200, 2,000, and 20,000
animal feedlots, respectively).

Results indicate that economies of feedlot size exist in control-
ling runoff and that pumping capacity could not economically
substitute for reservoir volume. At most locations, the all-
year pumping policy produced the lowest cost; additional costs
associated with more restrictive management policies were not
significant.



SECTION 3

SUFFICIENT DESIGN MODEL
DEVELOPMENT AND DESCRIPTION

The purpose of this model is to design the volumetric capacity of
a feedlot runoff control system. The model must accommodate
various input data used as the basis for a design. Included in
the model are the abilities to consider both long term and daily
climatic data, management policies that would be appropriate for
various geographic regions, and selection of a design which meets
specified discharge conditions.

A block diagram of the feedlot runoff model is shown in Figure 1.
The model simulates a feedlot surface onto which precipitation
falls and runoff results. As runoff moves off the feedlot surface,
it is intercepted by a holding pond. Effluent is removed from the
reservoir by pumping to a nearby field for restoration of available
storage capacity.

INITIALIZATION

In preparing the model, several initial values must be specified.
These values make the run unique to the location and management
plan selected. In order to consider evaporation from the runoff
retention pond surface, it is necessary to specify long term
monthly average temperatures, average daily evaporation rate (on a
monthly basis), and average daily evaporation rate (in inches per
day). The technique used for determining daily evaporation rate is
to compare daily temperature with the average temperature for the
month, and to use this as a factor to adjust the average daily
evaporation rate.

The model utilizes the 25 year-24 hour storm value as the discharge
criterion. If a rainfall event exceeds this value and the existing
pond can not hold the runoff, retention pond volume is not adjusted
upward; instead, discharge is allowed and recorded. If one were to
design for another discharge criterion, this is where an adjustment
would be made.

As an initialization, the management policy must be inserted. 1In
this model, seven management policies have been defined as shown in
Table 1. Not all seven management policies are applicable to each
climatic region; however, they were designed to provide a full
range of potential operating policies.



CLIMATIC INPUTS

1. Daily precipitations

2. Daily maximum and minimum
temperatures

3. Daily snowfall accumulation

4. Monthly evaporations

FEEDLOT
Runoff
. AGRICULTURAL
ol RESERVOIR Reservoilir
Pumping Rate LAND
Management Ping
Dewatering
Policy
overflow

Figure 1. Block diagram of feedlot runoff model.



TABLE 1. PHYSICAL INTERPRETATION OF THE
SEVEN RUNOFF MANAGEMENT POLICIES

Policy

Situation
simulation

Dates runoff
disposal permitted

All-year disposal

Apply effluent to corn crop
plus pre-planting (April)
disposal

Apply effluent to corn crop
plus after harvest (Oct 15-
Nov 15) disposal and pre-
planting (April) disposal

Apply effluent to corn crop

Apply effluent to corn crop
plus post-harvest (Oct 15-
Nov 15)

Apply effluent to hay crop
and winter months disposal

apply effluent to hay crop

All year

April, June, July,
August

April, June, July,
August, Oct 15=Nov 15

June, July, August

June, July, August,
Oct 15=Nov 15

Jan 1-May 15; Jun 15~
30; Jul 15-31; Aug 15-
31; Sep 15=3C; Oct 15-
Jan 1

Apr l-May 15; Jun 15-
30; Jul 15-31; Aug 15-
31; Sep 15-30; Oct 15-
31




Pumping rate must be defined. This value establishes overall

size of irrigation disposal equipment, which in turn establishes
gquantity of land that must be available for an individual dewater-
ing. Pumping rate is here defined as a fraction of the 25 year-24
hour storm, reported in inches per day. Interpreted as a pumping
capacity, pumping rate becomes essentially a volumetric capacity,
in acre-inches per acre of feedlot per day.

Next, the model requires the nitrogen concentration of the ef-
fluent applied to the disposal site and the maximum total an-

nual nitrogen loading of the disposal area. These values in-

directly determine total disposal area required to satisfy the
system's design parameters.

The model requires that starting and stopping dates of climatic
data also be initially inserted. Climatic data for a particular
location must be read from a file. The station name is listed on
the first line (record) of each data file to reduce the potential
for error. The next entry is an average daily temperature (re-
ported in °F), calculated as daily maximum plus daily minimum,
divided by two. The daily precipitation value in inches is the
next item on the record. Snowfall data are also included at this
point and are tabulated as snowfall accumulation, essentially an
inventory (in inches of snow) that exists on any particular date.
This latter value is used to determine whether a previous snow is
still being stored on the feedlot surface, or alternately, if

it is time to calculate runoff based upon previously accumulated

snowfall.

Preliminary pond depth is established as six feet. An evapora-
tion coefficient is next inserted to correct pan evaporation rate
data to that anticipated from an open pond. A value of 0.7 has
typically been used.

PRELIMINARY STEPS

To proceed, a preliminary pond surface area must be calculated.
This has been done by multiplying the 25 year-24 hour storm by two
and then calculating an appropriate pond surface area using the
preliminary depth of six feet., In order to make this preliminary
pond surface area estimate, the following formula is used:

- - _2(43,560) (25 yr=24 hr storm value)
Surface area 12 (preliminary pond depth) (1)

The area calculated in this manner is later used for estimating
evaporation losses., For locations in which calculated pond depth
is in excess of 13 feet, a revised surface area is used to replace
the preliminary value and the model is re-run. Pumping rate is
next established by multiplying together pumping rate as specified
earlier and the already inserted 25 year-24 hour storm value.
Thus, a pumping rate (in inches per day) is established which is
equivalent to acre-inches per acre of feedlot per day. The 25




year-24 hour storm is converted to a statistical 24-hour value by
dividing it by 1.14. 1In making this correction, the 24-hour storm
value and daily climatic data become consistent.

Reading from Climatic Data File

The first step in reading climatic data is to read the name of
the station. This assures that the appropriate data have been
located. Second, it is determined whether the first year of

data is a leap year; if so, number of days per year is replaced
with 366. Once this information has been established, data for
year one are read from the data file. It is at this point that
the program will return for subsequent iterations. The computer
reads only one year's data and makes that series of manipulations
before returning for the following year.

THE ITERATIVE PROCESS

The bulk of the program is an iterative process considering each
day's climatic data and then adjusting the calculated values of
antecedent rainfall, pond volume, accumulated snowfall, and total
runoff.

The antecedent rainfall condition used to determine runoff coef-
ficients must be updated by adding the value for the day in ques-
tion and subtracting the value of the rainfall recorded six days
previously. Thus, the antecedent rainfall condition is a contin-
uing total of rainfall for the previous five days. While a day's
rainfall is being manipulated, annual rainfall is also increased by
that amount.

Daily pan evaporation is next determined by multiplying aver-

age daily evaporation rate by daily temperature, divided by
average monthly temperature. Pond volume must next be updated
(based upon evaporation and rainfall for that day) by adding

to the previous day's pond volume a factor equal to the precipi-
tation for the day minus daily surface evaporation. This latter
factor is multiplied by the preliminary pond surface area in acres.
Following this manipulation, there is a check to make certain that
pond volume has not decreased to a value less than zero; if so,
this means the pond is empty and the negative value is replaced
with a zero.

Determining If This is an Acceptable Day for Irrigation

The next step involves a series of checks to determine whether
irrigation is a possibility.

1. Management policy is checked to determine if it
allows irrigation on the date under consideration.
This is a go or no-go check, and if the date
does not allow irrigation, subsequent checks
are unnecessary.



2. A check is made to determine if precipitation
for that day exceeds a cutoff value. A cutoff value
of zero has typically been used. Under this condition,
if there is rainfall, irrigation has not been permitted.

3. A check is made to determine if the ground is fro-
zen., This is done by calculating whether the sum
of average daily temperatures for the previous
three days exceeds 96 °F. If the ground is proven fro-
zen by this criterion, 96 °F is replaced with a value
of 114 °F to use as the check for the following day.
In this way, the program determines that for ground
to freeze, average daily temperature for three days
must be less than 32 °F, and that for ground to thaw,
the three~day average temperature must be at least 38 °F.

4. Average temperature for the day under consideration
is checked. If it is less than 32 °F, no irrigation
is allowed.

5. Snowfall accumulation is next evaluated. If there
is snow cover on the ground, no irrigation is per-
mitted.

At this point, if all criteria for an acceptable day have been
met, the day is counted as an allowable day for irrigation.

To further determine if irrigation should be conducted on this

day, pond volume is checked to determine that there is at least

one day's pumping volume in storage. This aspect of the model

is one of the management conditions that has been considered.

It requires that the operator not pump small volumes of water
involving less than one day's operation of equipment. If it is an
allowable pumping day and there is water in the pond, the model
then checks disposal plots for water and nitrogen limits. Maximum
water limitation (accumulated precipitation and effluent) of two
inches and seven inches per week is permitted on a single disposal
plot. Nitrogen loading increases as effluent is applied to each
site. When nitrogen loading reaches the designated maximum value
(input parameter) and the above water limitation criteria permit
dewatering, the model increases its total disposal area by one plot
size so that a disposal site exists. Number of days pumped is then
incremented by one.

Assuming all the above criteria have been met, pond volume is
reduced by one day's pumping and disposal plot parameters (nitro-
gen and water) are incremented by the appropriate amounts. One
day's pumping is determined by multiplying pumping rate times

the 25 year-24 hour storm.

10



Determining Runoff Value

Prior to calculating runoff from a particular storm, the program
performs a series of checks. These are itemized below:

l. The program determines if snowfall accumulation on
the day under consideration is greater than zero.
If there is accumulated snowfall, the precipitation
value is added to the accumulated precipitation
value and no runoff is added to the pond volume
value.

2. If snowfall accumulation is equal to zero and the
value of accumulated precipitation is greater
than zero, then precipitation for that day is in-
creased by the value of the accumulated precipi-
tation. The precipitation accumulated value is re-
turned to zero, and the new precipitation value for
that day (including both actual and previously accumu-
lated) is sent through the higher runoff prediction
equation for evaluating that day's runoff.

3. If precipitation is less than 0.05 inches, there
is no runoff for that day according to the model.

4. The next step is to determine which runoff predic-
tion equation to use, based upon whether it is a
warm or cold day. If the average daily temperature
is greater than 45 °F, it is considered a warm day;
if less than 45 °F, a cold day. At this point,
the antecedent moisture condition is also consid -
ered. If the previous five-day total antecedent
precipitation for a cold season exceeds 1.1 inches,
the higher runoff prediction value is used. For a
warm season, the higher prediction value is used if
the antecedent moisture condition exceeds 2.1 inches.

5. At this point, the program calculates runoff for the
day under consideration., Feedlot runoff is pre-
dicted by using Soil Conservation Service Runoff
Equations. The method was developed from correlation
of runoff from various storms on agricultural watersheds
in many parts of the U. S. and is described in Schwab et
al. (1966) as:
2
_ (P - ,28)
Q=53 .85 (2)
where Q = direct surface runoff, inches
P = storm rainfall, inches
= maximum potential difference between
rainfall and runoff, inches.

S is a measure of surface infiltration and storage;
thus, as S increases, runoff, Q, decreases.

11



The Soil Conservation Service also defines:

s = <1ooo> 10 ()

N

where N = an arbitrary curve number varying from
0 to 100.

As N increases, Q also increases and when N = 100,
equation (2) reduces to Q = P, i.e., all precipita-
tion results in runoff.

The utilization of N = 91 for an average soil mois-
ture condition and N = 97 for a wet soil is defined
by the following antecedent rainfall and seasonal
temperature criteria:

Warm Season

(Preceding 5-day average temperature greater than 45 °F)

91 if 5-day antecedent precipitation < 2.1 inches
97 if 5-day antecedent precipitation 2 2.1 inches

N

N
Cold Season

(Preceding 5-day average temperature less than 45 °F)

N
N

91 if 5~day antecedent precipitation < 1.1 inches
97 if 5-day antecedent precipitation 2 1.1 inches

If runoff is in part from snowfall melt, an N value of
97 is used and the pond is forced to hold all runoff
irrespective of the 25 year-24 hour value.

6. The next step is to determine if precipitation is in
excess of the 25 year-24 hour value. If so, the pro-
gram does not require the pond to increase its vol-
ume to retain runoff. Storm date and runoff are re-
corded, and if overflow occurs, statistics are ac-
cumulated.

Termination

After weather data for the last day of the year have been pro-
cessed, it is determined whether this is the end of the program or
if another run through the yearly iterative process is required.

If necessary, the program returns to the beginning of the iterative
process and repeats. If this is the last year of available data,
the program proceeds to calculate statistics for the run including
total rainfall, total runoff, number of overflows, number of
pumping days permissible, number of pumping days, and disposal
areas and then writes these total statistics plus a series of
yearly statistics.

12



In this model, seven management dewatering policies have been
defined as shown in Table 1. Management policies are stored

on a magnetic file and a specific policy is selected for each
computer simulation. Not all seven management policies are
applicable to each climatic region in the U. S.; however, they
were designed to provide a full range of potential operating
policies. Each policy contains a yearly array of zeroes and
ones; a zero designates that pumping is not permitted while a one
indicates that pumping is allowed on the specific day. The
sufficient design model is flowcharted in Figure 2.

13



( Start )

Input: Design pumping rate

25 yr-24 hr storm
Starting year
Ending year

Determine pond
surface area

Z, Write: Pond size

Last year?

Sto Input: Daily rainfall,lz
snow and temp.
t d
L;syea:z Yes Year =
- Year + 1
No
Day = Day + 1

Accumulate rainfall Snow on

ground?
Determine runoff

No Pond
o dewatering
okz2
Yes
Decrease pond Add runoff
volume to pond
No Pond Rain
overflow? 25 yr-24 hgz
: Increase pond volume
—— Determine overflow 3% geeded
Figure 2. Flowchart of feedlot runoff retention sufficient

design model.
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SECTION 4

SUFFICIENT DESIGN MODEL INPUTS

Weather data from seven unique climatological regions of the

U. S. were used in the model to evaluate the effect of alternate
pumping schedules on required pond volume. The seven locations,
ranging in annual precipitation from 13 to 75 inches, are listed
with selected climatic attributes in Table 2. Each location
represents a major climatic region. Two stations, Astoria,
Oregon, and Corvallis, Oregon, are areas with chronic wet winters.
Pendleton, Oregon, represents an arid high plains region while
Bozeman, Montana, and Ames, Iowa, are stations which experience
snowfall accumulations and cold winters. Experiment, Georgia,
and Lubbock, Texas, on the other hand, represent mild winter
conditions with occasional catastrophic rainfall events.

In addition to the above climatic data, the sufficient design
model requires selection of a pumping-dewatering rate, expressed
as a fraction of the 25 year-24 hour recurrence storm. Values of
0.05, 0.1, 0.2, 0.4, and 1.0 times the 25 year=-24 hour value were
studied at each of the selected stations. Before a simulation
run at a particular location commenced, a management policy was
selected from Table 1.
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TABLE 2. CLIMATIC ATTRIBUTES OF SELECTED FEEDLOT LOCATIONS

Location Average Average 25 yr-24 hr Years Average
annual January rainfall, cumulative annual

rainfall, tsmp, inches data runoff,

inches F inches
Pendleton, OR 13.39 30.9 1.5 1914-71 1.60
Lubbock, TX 18.62 39.0 5.0 1914-72 5.99
Bozeman, MT 19.23 19.0 2.7 1908-70 4.76
Ames, IA 30.91 19.9 5.4 1901-70 11.05
Corvallis, OR 39.66 37.9 4.5 1914-71 12.52
Experiment, GA 49.90 48.0 6.7 1926-70 19.40

Astoria, OR 75.39 39.9 5.5 1914-71 32.95




SECTION 5

SUFFICIENT DESIGN MODEL OUTPUTS

The simulation model analyzed five management dewatering pol-
icies at seven selected locations. For each location, the model
progressed through the years of climatic data listed in Table 2,
with pumping rates set at 0.05, 0.1, 0.2, 0.4, and 1.0 times

the 25 year-24 hour storm. Tables 3-9 show model outputs for
Pendleton, Oregon; Lubbock, Texas; Bozeman, Montana; Ames, Iowa;
Corvallis, Oregon; Experiment, Georgia; and Astoria, Oregon,
respectively, Each table includes the pcnd surface area corre-
sponding to its unique location. The tables also contain the
minimum pond volume to hold all runoff from storms less than the
25-year event and the corresponding average number of pumping

days annually for each selected management dewatering policy.
Management policies 1, 6, and 7 (permitting all-year pumping,
applying effluent to a hay crop with winter disposal, and ap-
plying effluent to a hay crop without winter disposal, respec-
tively), were analyzed at each station. In addition, two of the
three policies which applied effluent to corn fields were consid-
ered at each station., Policy 1 was then re-evaluated with pumping
permitted on all days; there was runoff in the pond even though the
volume was less than the one-day pumping capacity criterion.

Lastly, Table 10 shows the effects of relaxing the 25 year-24 hour
discharge criterion. For each location, the table contains the
minimum pond volume to hold all runoff except during the critical
(worst) year and the design volume which permits discharges during
5% of the years.
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TABLE 3 . REQUIRED RETENTION POND CAPACITY,

ACRE-IN./FEEDLOT ACRE, AND AVERAGE NUMBER OF PUMPING DAYS,
FOR PENDLETON, OREGON

AS A FUNCTION OF MANAGEMENT DISPOSAL POLICIES AND PUMPING CAPACITIES®

Management® Pumping rates, acre-in./feedlot acre-day?

policy 0.075 0.15 0.30 0.60 1.50
1 capacity" . 2.13 1.98 2.05 2.35 2.64
pumping days 21.1 10.0 4.6 1.9 0.6

4 capacity" . 3.44 3.44 3.44 3.44 3.78
pumping days 16.3 8.3 3.9 1.8 0.5

5 capacity" ; 3.07 3.14 3.14 3.44 3.78
pumping days 16.6 8.3 3.9 1.8 0.5

6 capacity" 2.13 1.98 2.05 2.35 2.64
pumping days® 20.4 9.8 4.6 1.9 0.6

7 capacity" 2.86 2.93 2.93 3.23 3.57
pumping days® 19.3 9.4 4.4 1.9 0.5

capacity“ 2.13 1.93 1.80 1.80 1.80
18 pumping days® 42.6 34.7 31.7 30.7 30.5

'Retention pond area = 1,815.0 sq. ft./feedlot acre.

2Pumping rates represent 0.05, 0.1, 0.2, 0.4 and 1.0 times 25 yr-24 hr storm.
‘Management dewatering policies are defined in Table 1.

“Capacity of retention pond in acre-in./feedlot acre.

sAverage number of pumping days per year.

6Policy similar to 1 above, except dewatering was permitted without a full
day's pumping volume.
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TABLE 4. REQUIRED RETENTION POND CAPACITY,
ACRE-IN./FEEDLOT ACRE, AND AVERAGE NUMBER OF PUMPING DAYS.,
FOR LUBBOCK, TEXAS
AS A FUNCTION OF MANAGEMENT DISPOSAL POLICIES AND PUMPING CAPACITIES®

Management3 Pumping rates, acre-in./feedlot acre—day2
_policy ~0.25 _0,50  _1.00 _2.00 = __5.00
1 capacity" 9.48 8.98 7.98 7.98 10.99
pumping days® 21.8 9.9 4.3 1.6 0.5
2 capacity” 10.64 10.64 10.64 11.19 11.19
pumping dayss 15.7 7.4 3.3 1.4 0.4
3 capacity” 10.64 10.64 10.64 11.19 11.19
pumping days’® 18.6 8.9 3.9 1.6 0.4
6 capacity” : 10.12 9.62 8.62 8.62 11.90
pumping days® 19.9 9.4 4.1 1.6 0.4
7 capacity” 10.12 9.62 8.62 8.62 11.90
pumping days® 18.1 8.7 3.9 1.6 0.4
capacity" 9.48 8.98 7.98 7.59 7.59
18 pumping days® 34.8 24.2 19.4 17.7 17.0

lretention pond area = 6,050.0 sq. ft./feedlot acre.

2Pumping rates represent 0.05, 0.1, 0.2, 0.4 and 1.0 times 25 yr-24 hr storm.
’Management dewatering policies are defined in Table 1.

“Capacity of retention pond in acre-in./feedlot acre.

SAverage number of pumping days per year.

6Policy similar to 1 above, except dewatering was permitted without a full
day's pumping volume.
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TABLE 5., REQUIRED RETENTION POND CAPACITY,
ACRE-IN./FEEDLOT ACRE, AND AVERAGE NUMBER OF PUMPING DAYS,
FOR BOZEMAN, MONTANA
AS A FUNCTION OF MANAGEMENT DISPOSAL POLICIES AND PUMPING CAPACITIES®

Management3 Pumping rates, acre-in./feedlot acre—day2
policy 0.135 0.27 0.54 1.08 2.7

1 capacity’ 9.06 8.17 8.30 8.26 8.18
pumping days® 32.7 15.9 7.6 3.6 1.4

4 capacity"® 13.46 13.56 13.77 13.77 13.77
pumping day55 30.2 15.3 7.4 3.6 1.4

5 capacity" 13.32 13.29  13.23 12.69 13.77
pumping days’® 30.7 15.4 7.5 3.6 1.4

6 capacity" 9.68 8.71 8.30 8.26 8.18
pumping days® 31.5 15.7 7.6 3.7 1.4

7 capacity“ 9.81 8.98 8.84 9.34 10.53
pumping dayss 31.2 15.6 7.6 3.6 1.4

lRetention pond area = 3,267.0 sq. ft./feedlot acre.

2Pumping rates represent 0.05, 0.1, 0.2, 0.4 and 1.0 times 25 yr-24 hr storm.
3Management dewatering policies are defined in Table 1.

“Capacity of retention pond in acre-in./feedlot acre.

5Average number of pumping days per year.

6Policy similar to 1 above, except dewatering was permitted without a full
day's pumping volume.
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TABLE 6. REQUIRED RETENTION POND CAPACITY,
ACRE~IN./FEEDLOT ACRE, AND AVERAGE NUMBER OF PUMPING DAYS,
FOR AMES, ICWA
AS A FUNCTION OF MANAGEMENT DISPOSAL POLICIES AND PUMPING CAPACITIES®

Management3 Pumping rates, acre-in./feedlot acre-day2
policy 0.27 0.54 1.08 2.16 5.4
1 capacity” 10.33 10.13 9.52 10.29 13.27
pumping days® 44.0 21.5 10.3 5.0 1.9

) capacity" 16.42 15.42 16.63 17.31 20.86
pumplng daYSS 40.1 20.3 10.0 4.9 1.9
5 capacity" 14.07 13.85 13.79 15.27 17.56
pumping days® 40.9 20.6 10.1 4.9 1.9
6 capacity" 10.69 10.67 11.36 12.14 14.23
pumping days® 42.3 21.0 10.2 5.0 1.9

7 capacity® 11.15 11.22 11.65 12.14 14.23
pumping days® 41.8 20.9 10.2 5.0 1.9

— 10.07 9.80 9.26 8.72 8.72

capacity
16 pumping days® 59.2 39.9 30.9 27.4 26.3

lRetention pond area = 2,163.86 sg. ft./feedlot acre.

2Pumping rates represent 0.05, 0.1, 0.2, 0.4 and 1.0 times 25 yr-24 hr storm.
3Management dewatering policies are defined in Table 1.

“Capacity of retention pond in acre-in./feedlot acre.

Saverage number of pumping days per year.

®Policy similar to 1 above, except dewatering was permitted without a full
day's pumping volume.
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TABLE 7.

ACRE-IN./FEEDLOT ACRE, AND AVERAGE NUMBER OF PUMPING DAYS,

REQUIRED RETENTION POND CAPACITY,

FOR CORVALLIS, OREGON
AS A FUNCTION OF MANAGEMENT DISPOSAL POLICIES AND PUMPING CAPACITIES®

Management® Pumping rates, acre-in./feedlot acre-day?
Egl'gx 0.225 0.45 0.90 1.80 4.50
1 capacity” 20.24 17.84 16.48 13.78 15.54
pumping days®  69.8 34.9 17.2 8.3 3.2
4 capacity“ 45.85 33.77 34.22 34.22 34.87
pumping days® 68.8 38.6 20.0 9.9 3.7
5 -capacity® 35.30 29.55 29.72 30.62 31.75
pumping days® 71.4 39.1 20.1 9.9 3.7
6 capacityk 20.24 17.84 16.48 13.78 15.50
pumping days® 68.5 34.8 17.2 8.3 3.2
7 capacity” 40.47 29.72 29.75 30.62 32.77
pumping days® 70.2 39.8 20.8 10.3 3.8
capacity" 20.05 17.80 15.78 13.08 11.92
lRetention pond area = 5,445.0 sq. ft./feedlot acre.
2Pumping rates represent 0.05, 0.1, 0.2, 0.4 and 1.0 times 25 yr-24 hr storm.
3Management dewatering policies are defined in Table 1.
“Capacity of retention pond in acre-in./feedlot acre.
5Average number of pumping days per vear.
6Policy similar to 1 above, except dewatering was permitted without a full

day's pumping volume.

"Retention pond surface area
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TABLE 8., REQUIRED RETENTION POND CAPACITY,
ACRE-IN./FEEDLOT ACRE, AND AVERAGE NUMBER OF PUMPING DAYS.
FOR EXPERIMENT, GEORGIA

AS A FUNCTION OF MANAGEMENT DISPOSAL POLICIES AND PUMPING CAPACITIES®

Management3 Pumping rates, acre-in./feedlot acre—day2
policy 0.335 0.67 1.34 2.68 6.7
1 capacity" S 11.90 10.56 10.68 10.51 16.44
pumping days 66.1 32.1 15.6 7.7 3.0
2 capacity” 24.50 23.83 22.69 22.55 25.34
pumping dayss 6l1l.1 31.0 15.4 7.6 3.0
3 capacity" 23.54 22.52 22.00 21.95 24.16
pumping days5 62.3 31.3 15.5 7.6 3.0
6 capacity"® 11.90 10.56 10.68 11.55 16.44
pumping days® 64.4 31.8 15.6 7.6 3.0
7 capacity” 23.54 22.87 22.00 22.03 24.16
pumping days® 61.8 31.3 15.5 7.6 3.0
capacity“ 14.27 10.24 10.24 10.24 10.24
15 pumplng dayss 88.7 58.6 45.0 39.7 38.3

l Retention pond area = 8,107.0 sq. ft./feedlot acre.

2Pumping rates represent 0.05, 0.1, 0.2, 0.4 and 1.0 times 25 yr-24 hr storm.
IManagement dewatering policies are defined in Table 1.

"Capacity of retention pond in acre-in./feedlot acre.

sAverage number of pumping days per year.

sPolicy similar to 1 above, except dewatering was permitted without a full
day's pumping volume.
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TABLE

ACRE-IN./FEEDLOT ACRE, AND AVERAGE NUMBER OF PUMPING DAYS,

AS A FUNCTION OF MANAGEMENT DISPOSAL POLICIES AND PUMPING CAPACITIES®

9. REQUIRED RETENTION POND CAPACITY,

FOR ASTORIA, OREGON

Management3 Pumping rates, acre-in./feedlot acre—day2
policy 0.275 0.55 1.10 2.20 5.5
1 capacity” S --8 72.917 49.11 43.74 45.40
pumping days - 107.6 45.9 22.8 8.0
4 capacity" S - - 101.21 99.90 99.90
pumping days -~ - 52.6 26.5 10.5
5 capacity” -- - 86.41 84.21 83.91
pumping days5 - -- 52.7 26.6 10.6
6 capacity” - - 49.11 43.74 45.40
pumping dayss -- -- 45.7 22.8 9.0
7 capacity" -- -- 95.50 82.38 84.28
pumping dayss -- - 52.8 26.7 10.6
capacity® - 72.917 48.53 42.48 40.12
18 pumping days® -- 114.2 61.5 44.7 36.4
lRetention pond area = 13,310 sq. ft./feedlot acre.

2Pumping rates represent 0.05, 0.1, 0.2, 0.4 and 1.0 times 25 yr-24 hr storm.

3Management dewatering policies are defined in Table 1.

“Capacity of retention pond in acre-in./feedlot acre.

5Average number of pumping days per year.

6Policy similar to 1 above, except dewatering was permitted without a full

day's pumping volume.

"Retention pond surface area = 19,965 sq. ft./feedlot acre.

®Feasible design did not exist.
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TABLE 10.

MINIMUM POND VOLUME WHEN DISCHARGES
ARE ALLOWED FOR ALL-YEAR DEWATERING POLICY

WITH 0.4 TIMES 25 YEAR-24 HOUR EVENT PUMPING RATE
{(acre-inches/feedlot acre)

Location Hold all Discharge Discharge

volume permitted permitted

<25 yr during worst during 5%

storm year of years
Pendleton, OR 2.35 2.27 1.88
Lubbock, TX 7.98 7.70 6.14
Bozeman, MT 8.26 7.10 4.79
Ames, IA 10.29 8.55 6.35
Corvallis, OR 13.78 13.29 10.51
Experiment, GA 10.51 10.21 9.69
Astoria, OR 43,74 40.08 38.90
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SECTION 6

INTERPRETATION OF SUFFICIENT DESIGN OUTPUT

The sufficient design technique calculated minimum pond volumes
required to retain all runoff except that attributable to pre-
cipitation events in excess of the 25 year-24 hour storm. The
model analyzed five management dewatering policies with selected
pumping capacities at each site location. Dewatering Policy 1
(all-year pumping), evaluated at each location, represented the
extreme in management dedication since pond dewatering was allowed
on any day with permissible climatic conditions; pump-operating
personnel were assumed available throughout the complete year. At
all stations, this policy required minimum pond volumes to satisfy
the design criterion. However, this policy required the largest
number of annual pumping days.

Four dewatering policies simulated effluent disposal onto a corn
crop. Policy 4 permitted disposal only during June, July, and
August while Policy 5 expanded this period to include a post-
harvest (October 15-November 15) disposal. Policies 2 and 3 were
identical to Policies 4 and 5, respectively, with an additional
preplanting (April) disposal. Policies 2 and 3 were tested on
southern regions where early spring disposal seemed appropriate.
At all stations, the corn scenarios without post-harvest disposal
(Policies 2 or 4) required the largest pond volumes. When post-~-
harvest disposals were permitted (Policies 3 or 5), sufficient pond
volumes were reduced an average of 5.8%, 0.0%, 3.0%, 15.0%, 13.6%,
4,0%, and 15.4% at Pendleton, Lubbock, Bozeman, Ames, Corvallis,
Experiment, and Astoria, respectively.

The last two dewatering policies simulated disposal of effluent
onto hay fields. Management Policy 7 permitted irrigation from
April 1-May 15, then 15-day on-off cycling commencing April 1

and terminating October 31. Dewatering Policy 6 extended Policy 7
to include irrigating during winter months. Since Policy 6 per-
mitted pond dewatering during every month, resultant pond volumes
and average number of yearly pumpings were identical to management
Policy 1 (all-year pumping) at Pendleton, Bozeman, Corvallis,
Experiment, and Astoria, while pond volumes at Lubbock and Ames
increased 7.5% and 10%, respectively, over those of Policy 1.

Management Policies 2, 3, 4, 5 and 7 did not permit winter dis-

posals and required substantially larger pond volumes than the
all-year pumping policy. Specifically, Pendleton, Lubbock,
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Bozeman, Ames, Corvallis, Experiment, and Astoria required average
volume increases of 49%, 15%, 45%, 39%, 99.7%, 97.4%, and 97.7%,
respectively, above corresponding volumes in Policy 1.

In addition to minimum pond volume, the model also listed aver-

age number of pumping days per year for each simulated manage=-

ment policy with a selected pumping rate. AS pumping rates were
increased, design volumes and number of pumping days generally
decreased. In selected cases design volumes actually increased as
pumping rates were increased. These enlarged volumes resulted from
requiring the pumping system to always discharge a full day's ca-
pacity. As daily pumping capacities were increased from 0.05 to
1.0 times the 25 year-24 hour storm, pond volumes experienced only
marginal reductions. However, a several-fold reduction in average
annual pumping days occurred as pumping capacity was increased
throughout the same spectrum. For example, increasing pumping
rates from 0.05 to 1.0 times the 25 year=-24 hour storm on the
all-year dewatering policy at Bozeman reduced the sufficient pond
volume from 9.06 to 8.18 acre-inches per acre of feedlot while the
corresponding average number of yearly irrigations was reduced from
32.7 to 1.4, Therefore, the major benefit of increased pumping
capacity was a substantial reduction in annual number of pumpings.

At a specific pumping capacity, average number of yearly pumpings
was relatively constant among alternate dewatering policies.

This, again, was a result of requiring the pumping system to

always discharge a full day's capacity. Since total annual runoff
was identical for all dewatering policies at a selected climatic
location, annual variation in effluent disposal was a function of
only the interaction of management dewatering policies and daily
pond surface evaporations. That is, management dewatering policies
requiring effluent to remain in the pond for extended periods
resulted in larger total annual surface evaporations. For ex-
ample, a pumping rate of .05 times the 25 year-24 hour event at Lub-
bock required 21.8 average pumpings per year for the all-year
dewatering policy, but only 15.7 average pumpings per year when
effluent was applied to a corn field in April, June, July, and
August (Policy 2).

Effects of requiring the irrigation system to pump only when
effluent inventory exceeded daily pumping capacity were pursued

by analyzing management dewatering Policy 1 with this constraint
removed. The last rows of Tables 3-9 list the results of removing
condition 6 describing a suitable irrigation day. That is, irri-
gation was permitted on days having suitable climatic conditions
and any amount, no matter how minute, of pond effluent. Sufficient
pond volumes were reduced an average of 14%, 7.2%, 12%, and 6.6%
while number of average annual pumpings increased 1487%, 972%,
411%, and 275% for Pendleton, Lubbock, Ames, and Corvallis, re-
spectively. The relaxation of condition 6 resulted in an excessive
number of partial capacity pumpings with only marginal reductions
in sufficient pond volumes.
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At a selected location, the sufficient design technique recorded
each year's minimum pond volume as the model progressed through the
climatic data. Upon completion of the simulation process, the
model selected the largest volume which occurred during the run and
listed that value as the sufficient design minimum volume. There-
fore, volumes reported in Tables 3-9 corresponded to maximum values
encountered during each complete simulation run. Effects of relax-
ing the 25 year-24 hour discharge criterion were studied at each
location by disregarding years containing critical design volumes
corresponding to the all-year dewatering policy with the 0.4 times
the 25 year-24 hour storm pumping rate. Table 10 shows pond
volumes to hold all runoff less than the 25 year-24 hour event,
pond volume which excluded the critical (worst) year, and vol=-

ume which resulted from excluding the largest 5% of yearly minimum
volumes at each location., When discharge during the critical year
was permitted (i.e., the year was excluded from the analysis),
minimum volumes were reduced 3%, 4%, 14%, 17%, 4%, 3%, and 8% at
Pendleton, Lubbock, Bozeman, Ames, Corvallis, Experiment, and
Astoria, respectively. If discharges were permitted during 5% of
the year, minimum volumes for the above locations could be reduced
by 20%, 23%, 42%, 38%, 24%, 8%, and 11l%, respectively. The mag-
nitude of the volumetric reductions at Bozeman, Montana, and Ames,
Iowa, (the cold weather locations) was approximately twice that of
the remaining locations.
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SECTION 7

DESIGN EVALUATION MODEL

To detail a fuller relationship among major design variables
(pumping rates, storage volumes, and pumping days), a computer
simulation model was developed to evaluate specific design pa-
rameters. The model required the selection of pumping rates,
pond volumes, and management policies, For each design, the
model determined number and volume of yearly discharge. Pro-
gram listing and documentation are contained in Appendix B.
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SECTION 8

ECONOMIC MODEL DEVELOPMENT AND DESCRIPTION

The basic function of this model is to calculate initial invest-
ment and annual operating costs for feedlot runoff control fa-
cilities. The model is comprised of a set of engineering cost
equations reflecting assumptions about the design of various
system components. It provides investment and operating cost
information on a standardized runoff control system for open-air,
earth-surfaced lots. The model considers a variety of systems

to control runoff from feedlots, all of which have the follow-
ing basic components:

1. A diversion structure to prevent clean water from
entering the feedlot;

2. A structure to collect and intercept runoff from
the feedlot;

3. A settling basin to remove suspended solids from
runoff;

4., A retention pond to store accumulated runoff until
it evaporates or can be disposed of without entering

surface waters;

5. A disposal system, commonly composed of irrigation
equipment, to dewater the retention pond and dispose
of accumulated runoff onto land.

Regardless of feedlot size or location, items 1-4 will always be
constructed using basic design assumptions described in the latter
part of this section. For cost comparison purposes, hand move,
side roll, stationary big gun, and traveling big gun irrigation
systems are analyzed as potential disposal tools. Hand move,
stationary big gun, and side roll systems are "costed" at each
site, regardless of feedlot size or pumping requirements. Trav-
eling big gun is included subject to a minimum pumping rate.

COMPONENT COST VARIABLES

Cost variables representing various component and service costs
were provided by extension specialists in waste management and
irrigation, equipment dealers, and various contractors in the
northwestern U. S. Most service costs, excavation, engineering,
surveying, and so forth provide estimates for the entire U. S,
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All irrigation component costs are actual market prices as quoted
by manufacturers and equipment dealers. Tables in Appendix D
contain a listing of all cost inputs used in this study.

DERIVATION OF ENGINEERING COST EQUATION

Cost equations are divided into two groups: (1) those used to
calculate initial investment, and (2) those used to calculate
annual operating costs. Subsequent sections describe the as-
sumptions and procedures used to derive these equations.

INVESTMENT

Investment costs are grouped into the following four categories:
(1) earthwork, (2) land, (3) irrigation equipment, and (4) mis-
cellaneous items.

Earthwork

Retention Pond~-

The retention pond is assumed to contain the following con-
figuration:

l. Water depth is a maximum of 14 feet when the pond is
full:;

2. One foot of freeboard is provided, rendering total
depth 15 feet;

3. The pond is square; inside slope is 2:1, and outside
slope is 3:1;

4, Top width of the berm is six feet.

Required storage volume is provided as a program input. How-
ever, design assumptions require one foot of freeboard. Thus, a
volume larger than the storage volume must be excavated to satisfy
these two requirements. This procedure has three basic steps:

l. Given the required storage volume, length of pond at the
waterline is calculated;

2. This length is used to calculate length of the pond
at the freeboard level;

3. The length of the pond at freeboard level is used to
calculate the required excavation.

Pond volume is represented by

V = wld + sd?(w + 1) + 4/3s%a° (4)
where w = width, feet

1l = length, feet

d = depth, feet

s = slope of bank, feet/foot
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Utjlizing the above design assumptions, equation (4) simplifies
to :

2

Y 141" - 784L + 14630 {5)

where V = pond volume, ft3
L = top length (at water line) of pond, feet

Equation (5) is solved for L and combined with the length re- 3
sulting from pond freeboard. The total excavation volume, in ft~,
is

2
lS(LFb - 60L

EV + 1200) (6)

Fb

where EV = necessary excavation volume, ft3
LFb = length of pond at freeboard level, feet

Equation (6) represents total excavation volume required to con-
struct the pond.

Settling Basin--
One acre-inch of settling basin volume is assumed for each feed-

lot acre. Excavation volume is calculated as follows:

SBVOL FLAREA (134.4) (7)

excavation volume, cubic yards
feedlot area, acres
cubic yards/acre-inch

where SBVOL
FLAREA
134.4

nnon

Clean Water Diversion--

Clean water diversion runoff collection terraces are assumed
eight feet wide and required on three sides of the feedlot.
Assuming a square feedlot, the cost of contructing clean water
diversion is calculated by the following equation:

DCIV = (3)E}3,560)(FLARE%]% (COST B) (8)

feedlot area, acres
square feet per acre
construction cost per lineal foot

where FLAREA
43,560
COST B

Cost of constructing the retention pond and settling basin is
calculated by multiplying total excavation volume times cost per
excavated cubic yard. The sum of this cost and the cost of clean
water diversion is the total investment in earthwork. Cost of
disposing of excavated material either on-site or elsewhere is
highly site-specific and is not included in this analysis.

*Equation simplifying steps are included in McDowell (1977).
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Land

A cost is assessed for land occupied by the retention pond, set-
tling basin, collecting diversion structures, and, depending upon
disposal policy, disposal site.

Retention Pond--

Pond configuration and construction are quite site-specific, de-
pending upon local topography and other considerations. Some sites
can be excavated simply as a "hole in the ground"; others may re-
quire earthen berms, while some may even contain square dimensions.

For purposes of calculating retention pond land area, the follow-
ing method is used to determine area required in an "average"
situation: land area is assumed square, with side dimensions of
(L + 101) feet. The sum of 101 comprises:

l. Six feet (for top width of berm), plus

2. Forty-five feet (horizontal distance covered by 1l5-foot
berm with 3:1 outside slope), plus

3. Fifty feet (25-foot setback for fence at each end of pond).

Thus land area required for the retention pond and perimeter,
LARPAP, (in acres) is calculated as

2
(L + 101)
LARPAP = —Z§T§€6——— (9)

where I = length of the retention pond at freeboard level.

Settling Basin--

Settling basins are assumed to have a uniform depth of four feet,
a length to width ratio of 2:1, an inside slope of 3:1, and square
ends. Volume is calculated by the equation

V = L(W - DS)D (10)
where L = length of basin at top, feet
W = width at top, feet
S = inside slope, feet/foot
D = depth, fee§
vV = volume, ft

Substituting 2W for L and replacing variables S and D with the
appropriate constants yields the quadratic

2

0 = 2wl - 24W - V/4 (11)

Once the settling basin volume is selected, the top width, W,
is determined by equation (1).
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Diversion/Collecting Terraces=-=-~
Using design assumptions previously described, land area occupied
by collecting terraces is calculated as follows:

_ 8 x 3(YFLAREA x 43,560)
LADIV = 75,560 - (12)

area required for clean water diversion,
acres

lineal feet of diversion required

wigth of diversion, ft

ft®/acre

where LADIV

3(VFLAREA x 43,560)
8
43,560

Disposal of Effluent--

Under a nutrient utilization disposal policy, land is used pri-
marily for crop production, thus is not included as a cost.
With a strict disposal policy, the disposal site is assumed un-
productive and becomes part of the required investment.

Total land cost is the sum of land areas required for the re-
tention pond, settling basin, collecting/diversion terraces, and
disposal (if applicable) times a per-acre cost.

Sprinklers

The cost of an irrigation system will be computed in two parts:

1. The cost of the system capable of achieving one day's
pumping;

2. The cost of extending the system to cover the entire
disposal site,

Each irrigation system consists of three basic components: (1)
piping, (2) pump, and (3) sprinkling unit. This is the core of
the system necessary to apply a day's effluent to the disposal
plot. Cost of extending the system requires additional mainline
to irrigate the total disposal site with the basic system.
Implicit in this procedure is the assumption that the same volume
is pumped on any one day.

Hand Move Sprinklers--
The basic assumptions used in designing a hand move waste dis-

posal system are outlined below:

1. Laterals are comprised of 40-foot sections of 3~
or 4-inch aluminum pipe with a sprinkler on each 40-
foot section;

2. Laterals are moved 60 feet along mainline to the next
set (sprinkler spacing is 60 by 40 feet);
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3. Area irrigated per sprinkler is approximgtely .0551
acre;

4. Hourly application rate is 0.33 inches per hour.

The number of 40-foot sections that must be purchased to irrigate
the disposal plot is a function of set duration. This analysis
assumes a maximum of two sets per day, regardless of set dura-
tion. If the disposal plot is irrigated with two sets per day
and a minimum of two hours is allowed to move laterals to the
next set, a maximum of ten hours is permissible for each set.
Thus, with set time, TSET < ten hours, the disposal plot can be
irrigated in two sets; if TSET > ten hours, the disposal plot
must be irrigated with one set. Hours required per set, TSET,
are dependent upon pumping rates. With pumping rate, MAXDA, ex-
pressed in acre-inches per acre day, and hourly application rate
of 0.33 acre-inches, TSET = MAXDA/0.33. With irrigated area per
sprinkler equal to 0.0551 acres, number of sprinklers required
to cover a one acre set is 18,15,

60' x 40°
43,560 (ft°/ac)

= 0.055]1 acres {(13)

where sprinkler spacing is 60' x 40°'.

Given the cost per 40-foot section, COST D, cost per acre per
set equals 18.15 times (COST D). The total cost of laterals re-
quired to irrigate a given disposal plot, ADP, is calculated by
one of the following equations:

IRCA = 18,15 (COST D) (ADP) (14a)

where: TSET > 10 hours; ADP irrigated in one
set/day

IRCB = 9.075 (COST D) (ADP) (14b)

where: TSET < 10 hours; ADP irrigated in two
sets/day

Side Roll Sprinklers--
Design assumptions for the side roll system are identical to
those for hand move, with two additions:

1. Laterals are mounted on 72-inch wheels;
2. A small gasoline-powered drive unit is used to advance
the lateral to the next set.

A 1,320-foot lateral covers 1.8 acres per set; therefore, cost
per set-acre is equal to

0.556 COST E = 9?—5%—2 (15)

where COST E = cost of a 1,320-foot lateral complete with wheels,
sprinklers and drive unit.
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Total cost of laterals for the side roll system is calculated
with one of the following equations:

IRCC = 0,556 (COST E) (ADP) (16a)
where: TSET > 10 hours; ADP irrigated in one set

0.278 (COST E) (ADP) (16b)
where: TSET < 10 hours; ADP irrigated in two sets

IRCD

Stationary Big Gun--

Assuming an operating pressure of 100 psi, eleven discrete sizes
(in gpm) are available from a major manufacturer. 1In actual
practice, however, a continuum of set sizes may be achieved by
manipulating operating pressure and nozzle sizes.

The cost of a big gun system is calculated on the assumption that
by minor modifications, the operator can obtain a system (with one
or more big guns) that will irrigate an area equal to the disposal
plot size, ADP. Hence, the basic design variable for the big

gun system is gpm discharge, not size of disposal plot.

The big gun(s) required for a given system are selected on the
basis of total system discharge (gpm). Given a required dis-
charge, guns are selected and cost calculated using the following

assumptions:
1. Average application rate of 0.33 inches/hr for all big
guns;

2. Allowable sets per day and hours per set are the same as
described for the hand move and side roll systems;

3. 1,000 gpm is the maximum discharge rate of a single big
gun;

4, All systems requiring a discharge rate less than 1,000
gpm will use one big gun,

When the required discharge rate is greater than 1,000 gpm, more
than one gun is necessary. In such cases, the minimum number of
possible guns will be used, all with an identical discharge rate.
For example, with a required discharge rate of 2,400 9pm three guns
are necessary, each ata discharge rate of 800 gpm.

Total cost of the big gun(s) is based on number of guns and their
individual discharge capacity. Cost information on big guns
is contained in Appendix D.

Traveling Big Gun=--

The traveling big gun is assumed equipped with a big gun-type
sprinkler whose characteristics are identical to the stationary
big gun described above. Models are available with discharge
capacities of approximately 250 to 1,000 gpm. Using an average
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stationary application rate of 0.33 acre-inches/hr, moving big
gun systems are designed using the following assumptions:

1. The moving big gun is capable of varying travel speed
to apply from one to six inches of waste per acre per day;

2. Two hours each day are included for moving the unit to
the next set, hence 22 hours/day are allotted for pumping;

3. Units are available with a capacity of 250 to 1,000 gpm;

4, If more than one unit is required, all will have identical
capacity;

5. The system is not applicable when required pumping rates
are less than 250 gpm (22~hour pumping day).

With the design pump rate in acre-inches per day, the regquired dis-
charge capacity is equal to

DPRATE x 27,153

MBGGPM = 55 % €0

= 20.57 DPRATE (17)

where MBGGPM required discharge capacity of gun, gpm

DPRATE = design pumping rate, acre-inches per day
27,153 = gallons per acre=inch

22 = pumping hours per day

60 = minutes per hour

The above design assumptions dictate a capacity of 1,000 gpm;
when MBGGPM is greater than 1,000 gpm, the number of,units required
is equal to NMBG, calculated by the FORTRAN equation

NMBG = IFIX [%?‘?’(ﬂ+ 1.0 (18)
’

The total cost of moving big gun units is NMBG times its unit
price, listed in Appendix D.

Pumps--

All systems utilize electrically powered centrifugal pumps. The
hand move and side roll systems operate at 50 psi, big gun and
moving big gun systems at 100 psi. Pumps are selected primarily
on the basis of two criteria: total dynamic head (a collection of
friction losses, static lifts, and operating pressures), and gpm
discharge.

*The FORTRAN command IFIX simply truncates the value contained in
the parentheses following the command. The addition of 1.0 to
MBGGPM/1,000 insures that any decimal value will be rounded to
the next highest integer.
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Assuming a level field, no 1lift to the pump, 20% loss of pressure
due to mainline friction and pressure loss due to couplings, etc.,
total dynamic head (in feet) is calculated as follows:

2,31 (operating pressure + pressure losses
in system), expressed in pounds per
square inch

2.31 (1.2) (operating pressure)

FEET OF HEAD

For hand move and side roll systems operating at 50 psi, total
dynamic head is 138 feet.

The discharge capacity (gpm) for a given system is based on the
design assumptions previously listed for each system type. Pump
discharge for hand move, side roll or big gun is dependent on
coverage of the disposal plot with one or two sets. With the
disposal plot irrigated in one set, discharge capacity (gpm) is
as follows:

452.5 (DPRATE)

TSET (19)

GPM =

where DPRATE = design pumping rate (acre-inches per day)
TSET = hours per §et 3
452.5 = 43,560 (ft“/ac) (1l ft/12 in.) (7.48 gal./ft”) (1 hr/
60 min)

With the disposal plot irrigated in two sets, gpm is as follows:

_ 226.3 (DPRATE)
GPM TEET (20)

Discharge capacity for a traveling big gun is calculated using the
procedure previously described. Costs of various size pumps are
presented in Appendix D (assuming pumping heads of 138 and 277
feet, respectively). These costs include pump, motor, all elec-
trical switches, control panel pump base, and installation. Cost
of all accessories to the basic pump-motor combination is estimated
at 100% of the pump-motor cost. Table D-6 (Appendix D) contains
an itemization of these costs for two different pump sizes.

Mainlines--~
The procedure for determining pump cost for a given system is
outlined as follows:

1. Pump costs for hand move and side roll system are taken
from Table D-3. Pump costs for big gun and moving biggun
systems are taken from Table D-4.

2. In each case, the smallest size pump with capacity
greater than or equal to required gpm for the system in
question is selected.
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3. When the required discharge rate cannot be achieved by
the use of one pump, multiple pumps of identical size
will be selected. In each case, the smallest number of
pumps possible will be used.

4. Total pump cost is the product of number of pumps required
and price of that pump(s) as determined by its capacity.

All systems utilize portable aluminum mainline; cost is determined
by pipe diameter and length. Appendix D presents maximum capa-
cities (in gpm) and costs of commercially available aluminum
mainline, Because pipe diameter required for a given system is
based on total pump capacity (gpm), the model selects the smallest
diameter pipe with capacity greater than or equal to required gpm.
Length of mainline is based on the following assumptions:

l. Distance from pump to disposal site is 300 feet.

2. All disposal sites for hand move, side roll, and big gun
systems are square.

3. The disposal site for a traveling big gun is rectangular,
width being limited to 1,620 feet by the length of the
flexible irrigation base. (A maximum length of 660 feet
allows a travel path of 1,320 feet, which, when added to
a 300-foot wetted diameter, equals 1,620 feet.)

4. Mainline for hand move and side roll systems must extend
the length of the disposal site.

5. Mainline for the big gun system must extend the length
plus the width of the disposal site.

Using these assumptions, lineal footage of mainline required for
the various systems is calculated as follows:

l. Hand move and side roll systems 1
LMAINA = 300 + [(ADS) (43,560) (21)
where LMAINA = feet of mainline required for hand
move and side roll systems

300 = distance from pump to edge of dis-
posal site
ADS = area of disposal site, acres
43,560 = ft2/acre

2, Big gun 3
LMAINB = 300 + 2 [(ADS) (43,560) (22)
where LMAINB = feet of mainline required for
big gun systems

300 = distance from pump to disposal
site, feet
ADS = digposal site area, acres
43,560 = ftl/acre
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3. Traveling big gun
LMAINC = 300 + [(ADS) (43,560)] /1,620 (23)

where LMAINC = feet of mainline required for

traveling big gun systems
300 = distance from pump todisposal site

in feet

and [(ADS) (43,560)] /1,620 is the length of the

disposal site as:

ADS = digposal site area, acres
43,560 = ft</acre
1,620 = width of disposal site, feet

The total cost of mainline for any system is determined by multi-
plying total pipe length by per-foot cost, as determinedby pipe
diameter and the above selection process.

Fencing--

Fencing is required for the retention pond and perimeter. Given
the area occupied by pond and perimeter at (L + 101)2, the required
lineal feet of fence, LF, is calculated as LF = 4(L + 101},

Seeding and Erosion Control-—--

Seeding exposed earthwork to grass is required to prevent ero-
sion. An expenditure of one percent of the total earthwork cost
is assumed for seeding.

Engineering--

A fixed cost of $200 is included to cover surveying, other travel,
etc., associated with construction of facilities. No engineering
costs are included for design of earthworks for the disposal sys-
tem. Such costs would be highly site-specific; in addition, in
most cases, Soil and Water Conservation and University Extension
personnel are available to perform such duties at no cost to the
proprietor.

Settling Basin Check Dams--

This analysis assumes that two expanded metal screen dams are
installed in each settling basin, with total feet of check dams
equal to twice basin width., The cost, which includes materials
and installation, is calculated on a per-foot basis. Settling
basin widths are described in the calculation of land area oc-
cupied by the settling basin.

ANNUAL OPERATING COSTS
Operating and ownership costs are grouped into the following

six categories: (1) interest and depreciation, (2) repair and
maintenance, (3) taxes, (4) insurance, (5) labor, and (6) energy.
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Interest and Depreciation

The cost of depreciation and interest is expressed as a series of
equivalent annual costs, amortizing principal and interest pay-
ments over the lifetime of the investment. This is calculated by
multiplying total investment times amortization factor, reflecting
a lifetime of ten years and a 10% interest rate for all items
exclusive of land, which is not depreciated. All items are assumed
to have zero salvage value at the end of ten years.

Although actual lifetimes of some investment items are in excess
of ten years, all are depreciated over the ten-year period to
reflect the uncertainty that exists with respect to future prices,
irrigation and waste disposal technology, livestock production
practices, and institutional factors which may alter existing
socially acceptable forms of waste disposal.

Periodic replacement of materials is only required in the case

of the traveling big gun system, which utilized a flexible irri-
gation hose with a lifetime of two to five years, depending on
soil conditions and operating practices. For this study, a life-
time of three years was assumed. To account for replacement of
this flexible irrigation hose, initial cost of the system includes
an outlay for replacing the hose in four and seven years following
initial purchase. This cost is the sum of the present values of
the hose, discounted at 10% for the appropriate number of years
(see McDowell, 1977 for details).

Repair and Maintenance

Annual repair and maintenance costs are calculated on the basis of
initial investment, using the following coefficients:

l. Pumps: 6%

2. Mainline: 2%

3. Hand move laterals: 2%

4, Side roll laterals: 3%

5. Big gun: 2%

6. Traveling big gun: 1%

7. Earthworks: 0.5%
Taxes

An annual cost for property taxes assumes that a uniform tax
rate of 1.5% is applied to the full value of all land and invest-
ment items,
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Insurance

An annual insurance cost of 0.3% of the initial investment in
irrigation equipment is used in the model.

Labor

In addition to labor costs represented in maintenance and repair,
labor is required for operating the irrigation system. Using labor
requirements estimated for hand move, big gun, and traveling

big gun systems by Lorimer (1974) and for the side roll system

by Gossett (1976), equations were developed to calculate labor
costs for each system; these are summarized in Table 11.

TABLE 11, LABOR REQUIREMENTS FOR
OPERATING VARIOUS IRRIGATION SYSTEMS

System Area/set Labor/set Labor/acre
(acres) (minutes) (hours)
Hand move' 1.8 70 0.65
Side roll? 1.8 20 0.18
Stationary big gun? 2.2 70 0.53
Traveling big gun’ 10.0 60 0.10

11,320-foot lateral with 60 feet between sets.
21,320--foot lateral with 60 feet between sets.
$350=-foot wetted diameter.

»350-foot wetted diameter and 1,320-foot travel.

Hand Move--

With 70 minutes required per 1.8 acre set (0.633 hours per acre),
the labor required per pumping day is .65 times the disposal plot
area (ADP). VYearly labor cost, CLABHM, is represented by the
following equation:

CLABHM = 0.65 (ADP) (PDAYS) (COST N) (24)

number of pumping days per year
hourly wage rate
disposal plot area, acres.

where PDAYS
COST N
ADP

wn
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Side Roll--

Labor requirements for the side roll system (1,320-foot lateral,
60-foot move) are 20 minutes per lateral per move. Since the
operator is required only to start and stop the power unit which
advances the lateral to the next set, labor requirements are cal-
culated, not on a per-acre basis, but with respect to number of
laterals. With a maximum lateral length of 1,320 feet (1.8 acres
per set), the number of laterals, N, is represented by one of the
following FORTRAN equations:

N = IFIX (ADP/1.8 + 1) (25a)
N = IFIX 9:%555 + i] = IFIX (.278ADP + 1) (25b)

Annual cost of labor is then calculated by one of the following
equations:

*
CLABSR = Ecos'r N) (PDAYS) (.33ﬂ (N) (26a)
* %
CLABSR = Ez) (COST N) (PDAYS) (.3;ﬂ (N ) (26b)
N* - irrigated in one set; N** - irrigated in two sets.

where 0.33 = hours required to move each lateral
Other variables as previously defined.

Big Gun--

Using the value 0.53 hr per acre from Table 11, the labor required
per pumping day equals 0.53 (ADP). Yearly labor costs, CLABBG, are
then calculated as follows:

CLABBG = 0,53 (ADP) (PDAYS) (COST N) (27)
(With all variables defined as above.)

Traveling Big Gun--
Using the labor requirement of one hour per day per unit, the an-
nual cost of labor, CLABTG, is calculated as follows:

CLABTG = (NMBG) (PDAYS) (COST N) (28)
where NMBG

PDAYS
COST N

number of traveling big guns in system
average number pumping days per year
hourly wage rate

Labor costs for all systems assume that sprinkler units are moved
to an adjacent disposal plot each day the system is operated.

For hand move and big gun, labor costs are the same regardless of
number of sets on the disposal plot. With systems designed to
cover the disposal plot in two sets, two moves are required;
however, the system contains only half the equipment as a one set
system,
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Energz

Annual cost of energy represents the cost of electricity for pump-
ing. Energy requirements for pumping are based on three para-
meters: (1) total volume pumped, (2) total feet of dynamic head

at the pump, and (3) efficiency of the pump and its drive unit.
The amount of energy required to lift one acre-inch of water one
foot equals

(1 acre-inch) (27,138 gal./ac-inch) (8.337 lbs/gal.)
(1 foot)
226,497.72 foot-1bs

E

Converting to horsepower-hours:

E = (226,497.72 foot-1bs)/ (33,000 foot-lbs/min-hp)
(60 min/hr) -1
E = 1.14393 x 10 hp-hour per acre-inch per foot of 1lift

Converting this relation to kilowatt-hours:

E = (1.4393 x 10" Y hp-hour) (1 kilowatt-hour/l.34 hp-hour)

E

8.5368 x 102 kilowatt-hrs per acre-inch per foot of
1ift.

With feet of 1lift represented by total feet of dynamic head (pre-
viously calculated in the section describing pump selection), as-
suming a pump efficiency of 70% and a motor efficiency of 88%,
(61.6% combined efficiency), the per acre-inch cost of energy for
pumping is

(8.5368 x 10™2) (TDH) (CKWH) (29)

CELEC = 0.616

where CELEC dollar cost per acre-inch pumped

8.5368 kilowatt-hours required to lift one acre-inch of
water one foot at 100% efficiency
TDH = total dynamic head, feet
CKWH = cost per kilowatt-hour
0.616 = combined efficiency of pump and motor

Thus, the annual energy cost at any site is calculated from pump-
ing head, average acre-inches pumped per year, and cost per kilo-
watt~hour of electricity.

44



SECTION 9

ECONOMIC MODEL INPUTS

The model requires basic design parameters to calculate initial

and annual costs of a feedlot runoff control system. These para-
meters include: (1) feedlot area, (2) design pumping rate (vol-
ume per day), (3) required storage volume, (4) annual pumping

days, (5) total disposal land area, and (6) a single day's "set"
disposal area. The model can evaluate two disposal policies:

(1) nutrient utilization, and (2) strict waste disposal. The
nutrient utilization policy assumes that waste nutrients are

used (applied at 200 1lbs of nitrogen per acre) for crop production,
and therefore does not charge the feedlot runoff control system for
the disposal site. The strict waste disposal policy assumes that
the disposal site is used only for effluent application without
regard for nutrient and salt accumulations; this policy permits
1,200 lbs of nitrogen per acre. The initial investment for this
policy includes a land cost for the disposal site.

This model was designed as a subprogram to the feedlot runoff
sufficient design program developed above; however, it can per-
form independent economic analyses of feedlot runoff control sys-
tems by providing the necessary input data. All economic co-
efficients in the model are stored on magnetic files which can
be readily adjusted to reflect unique designs or specific loca-
tions. All data used in this study represent 1977 prices and are
listed in McDowell (1977). This analysis assumes labor costs of
3.50 dollars per hour and .0308 dollars per kilowatt-hour for
electricity (1976 U. S. average farm electrical schedule).

Although the model can evaluate any feedlot size or location,

three specific sizes (1, 10, and 100 acres) were evaluated at Ames,
Iowa; Astoria, Oregon; Bozeman, Montana; Corvallis, Oregon; Ex-
periment, Georgia; Lubbock, Texas; and Pendleton, Oregon.
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SECTION 10

ECONOMIC MODEL OUTPUTS

The economic model analyzed five management dewatering policies

at seven selected locations which satisfied EPA effluent guide-
line discharge criteria only in connection with the 25 year-24 hour
storm. For each location, the model evaluated initial investment
and annual cost of feedlot control designs with pumping rates of
0.05, 0.1, 0.2, 0.4, and 1.0 times the 25 year-24 hour storm.
Tables 12-18 show the annual cost in dollars per head of capacity
for management policy 1 (permitting all-year pumping) with the
above pumping rates at seven locations. In addition, Table 19
presents a comparison of least cost disposal systems (in dollars
per head of capacity per year) for each management policy at

both Ames, Iowa, and Lubbock, Texas. Table 20 shows the results
of each irrigation disposal system on 1, 10, and 100 acre feedlots
using management policy 7 (apply effluent to a hay crop without
winter disposal) at each of seven stations when dewaterings are
limited to a maximum of ten per year. Table 21 presents the least
cost disposal system in both initial investment per head of capa-
city and annual cost per head of capacity for the above selected
feedlot sizes. Finally, Table 22 shows a comparison of annual cost
per head of capacity for approximately equivalent pumping rates
when management policy 1 (all-year pumping) was evaluated at each
location.
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TABLE 12 . ANNUAL POLLUTION CONTROL COST
(DOLLARS PER HEAD OF CAPACITY!)
AT AMES, IOWA
AS A FUNCTION OF PUMPING CAPACITY,
IRRIGATION SYSTEM, AND FEEDLOT SIZE2

Pumping rate’ Irrigation Feedlot size, acre

ac-in./feedlot ac-day system“ 1.0 10 100
0.27 1 4.57 1.64 1.30
2 - 1.72 1.34

3 5.13 1.69 1.41

4 - - 1.42

0.54 1 4.55 1.70 1.44
2 - 1.84 1.58

3 5.06 1.84 1.64

4 - - l1.65

l.08 1 4.70 . 2.00 2.00
2 -- 2.33 2.32

3 5.10 2.13 2.40

4 - - 2.17

2.16 1 5.21 2.54 2.79
2 5.93 3.23 3.47

3 5.16 3.49 3.34

4 - 3.40 3.24

5.40 1 6.30 4.30 5.54
2 8.07 6.07 7.31

3 6.81 4.82 6.93

4 - 5.68 7.23

‘nssumes a feedlot capacity of 200 head per acre.

2All-year management dewatering policy with nutrient utilization policy;
dashes indicate system not available.

3Pumping rates represent 0.05, 0.1, 0.2, 0.4 and 1.0 times the 25 yr-24 hr
storm.

“Irrigation syscems: l=hand move; 2=side roll; 3=big gun; 4=traveling big gun.
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TABLE 13, ANNUAL POLLUTION CONTROL COST
(DOLLARS PER HEAD OF CAPACITYI)
AT ASTORIA, OREGON
AS A FUNCTION OF PUMPING CAPACITY,
IRRIGATION SYSTEM, AND FEEDLOT s1ZE?

Pumping rate? Irrigation Feedlot size, acre
ac-in./feedlot ac-day system” 1.0 10 100
0.28 1 9.75 6.34 5.87
2 - 6.38 5.80
3 10.49 6.59 6.10
4 -- -- 6.13
0.55 1 8.01 4.78 4.50
2 - 4.82 4.53
3 8.74 5.07 4.92
4 - -- 5.05
1.10 1 7.51 4.57 4.72
2 - 4.80 4.93
3 8.15 4.93 5.57
4 -- -- 5.62
2.21 1 7.66 4.89 5.52
2 8.39 5.49 6.09
3 7.86 5.20 6.87
s -- 5.88 8.28
5.52 1 8.25 6.85 8.81
2 10.55 8.54 10.49°
3 9.67 7.87 11.53
" - 8.26 14.43

lAssumes a feedlot capacity of 200 head per acre.

2All-year management dewatering policy with nutrient utilization policy:;
dashes indicate system not available.

3pumping rates represent 0.05, 0.1, 0.2, 0.4 and 1.0 times the 25 yr-24 hr
storm.

“Irrigation systems: l=hand move; 2=side roll; 3=big gun; 4=traveling big gun.
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TABLE 14. ANNUAL POLLUTION CONTROL COST
(DOLLARS PER HEAD OF CAPACITY?)
AT BOZEMAN, MONTANA
AS A FUNCTION OF PUMPING CAPACITY,
IRRIGATION SYSTEM, AND FEEDLOT SIZE?

Pumping rate’ Irrigation Feedlot size, acre

ac-in./feedlot ac-day system” 1.0 10 100
0.14 1 4.16 1.29 0.92
2 -= - 0.95

3 4.68 1.35 0.96

4 == -- 1.03

0.27 1 4.11 1.27 0.93
2 -- 1.36 1.00

3 4.66 1.29 1.00

4 -- -- 1.02

0.54 1 4.11 1.33 1.07
2 -- 1.49 1.23

3 4.55 1.43 1.20

4 - - 1.23

1.09 1 4.21 1.57 1.52
2 - 1.92 1.87

3 4.55 1.63 1.79

4 -- - 1.61

2.72 1 4.85 2.31 2.74
5 5.75 3.20 3.63

3 4.66 2.49 3.19

4 - 3.06 2.94

!assumes a feedlot capacity of 200 head per acre.

2All-year management dewatering policy with nutrient utilization policy;
dashes indicate system not available.

3Pumping rates represent 0.05, 0.1, 0.2, 0.4 and 1.0 times the 25 yr-24 hr
storm.

“Irrigation systems: l=hand move; 2=side roll; 3=big gun; 4=traveling big gun.
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TABLE 15. ANNUAL POLLUTION CONTROL COST
(DOLLARS PER HEAD OF CAPACITY!)
AT CORVALLIS, OREGON
AS A FUNCTION OF PUMPING CAPACITY,
IRRIGATION SYSTEM, AND FEEDLOT SIZEZ

Pumping rate? Irrigation Feedlot size, acre

ac-in./feedlot ac-day system“ 1.0 10 100
0.22 1 5.34 2.31 1.93
2 - 2.38 1.95

3 5.94 2.38 2.03

4 - - 2.09

0.45 1 5.15 2.15 1.88
2 -= 2.26 1.97

3 5.72 2.33 2.01

4 -- -- 2.05

0.90 1 5.06 2.22 2.07
2 -- 2.47 2.31

3 5.55 2.39 2.42

4 - - 2.36

1.80 1 5.23 2.55 2.69
2 -- 3.10 3.23

3 5.32 2.71 3.25

2 -- 3.45 3.21

4.49 1 5.84 3.90 5.01
5 7.31 5.36 6.46

3 6.70 3.83 6.42

4 - 4.28 7.03

!Assumes a feedlot capacity of 200 head per acre.

2All-year management dewatering policy with nutrient utilization policy;
dashes indicate system not available.

3pumping rates represent 0.05, 0.1, 0.2, 0.4 and 1.0 times the 25 yr-24 hr
storm.

“Irrigation systems: l=hand move; 2=side roll; 2=big gun; 4=traveling big gun.

50



TABLE 16. ANNUAL POLLUTION CONTROL COST
(DOLLARS PER HEAD OF CAPACITY')
AT EXPERIMENT, GEORGIA
AS A FUNCTION OF PUMPING CAPACITY,
IRRIGATION SYSTEM, AND FEEDLOT SIZEZ

Pumping rate® Irrigation Feedlot size, acre
ac-in./feedlot ac-day system” 1.0 10 100
0.33 1 4.91 1.92 1.67
2 - 1.98 1.70
3 5.57 2.10 1.88
4 - - 1.95
0.67 1l 4,73 1.83 1.84
2 - 1.98 1.99
3 5.32 2.02 2.19
4 -- - 2.25
1.34 1 4.83 2.15 2.35
2 - 2.52 2.71
3 5.30 2.43 2.94
4 -- 3.30 3.42
2.68 1 5.30 2.72 3.61
2 6.18 3.54 4.43
3 5.28 3.21 4.21
4 -- 3.56 4.87
€.70 1 7.03 6.35 7.60
5 9.20 8.52 9.76
3 7.47 6.54 10.19
4 - 6.66 11.95

!Assumes a feedlot capacity of 200 head per acre.

2All—year management dewatering policy with nutrient utilization policy;
dashes indicate system not available.

SPumping rates represent 0.05, 0.1, 0.2, 0.4 and 1.0 times the 25 yr-24 hr
storm.

“Irrigation systems: l=hand move; 2=side roll; 3=big qun; 4=traveling big gun.
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TABLE 17. ANNUAL POLLUTION CONTROL COST
(DOLLARS PER HEAD OF CAPACITY!)
AT LUBBOCK, TEXAS
AS A FUNCTION OF PUMPING CAPACITY,
IRRIGATION SYSTEM, AND FEEDLOT SIZE?

Pumping rate? Irrigation Feedlot size, acre

ac-in./feedlot ac-day system“ 1.0 10 100
0.25 1 4.28 1.40 1.05
2 -- 1.48 1.11

3 4.80 1.43 1.14

4 - - 1.17

0.50 1 4.26 1.40 1.14
2 -- 1.55 1.28

3 4.75 1.52 1.28

4 - -- 1.39

1.00 1 4.25 1.53 1.43
2 - 1.85 1.75

3 4.62 1.60 1.61

4 - - 1.69

2.00 1 4.68 2.03 2.17
5 5.35 2.69 2.84

3 4.64 2.03 2.49

4 - 2.98 2.77

5.00 1 5.43 3.42 4.34
2 7.10 5.08 6.00

3 6.03 3.73 5.03

4 - 5.24 4.94

lassumes a feedlot capacity of 200 head per acre.

2All-year management dewatering policy with nutrient utilization policy;
dashes indicate system not available.

3Pumping rates represent 0.05, 0.1, 0.2, 0.4 and 1.0 times the 25 yr-24 hr
storm.

“Irrigation systems: l=hand move; 2=side roll; 3=big gun; 4=traveling big gqun.
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TABLE 18 . ANNUAL POLLUTICN CONTROL COST
(DOLLARS PER HEAD OF CAPACITY!)
AT PENDLETON, OREGON
AS A FUNCTION OF PUMPING CAPACITY,
IRRIGATION SYSTEM, AND FEEDLOT SIZE®

Pumping rate? Irrigation Feedlot size, acre

ac-in./feedlot ac-day system“ 1.0 10 100
0.07 1 3.48 0.70 0.35
2 - R -
3 3.97 0.75 . 0.36

4 - - -_—

0.15 1 3.49 0.72 0.37
2 -- - 0.42

3 3.92 0.74 0.38
4 - - 0.49

0.30 1 3.52 0.75 0.44
2 - 0.85 0.53

3 3.93 0.82 0.47

4 - - 0.57

0.60 1 3.59 0.87 0.61
5 - 1.07 0.81
3 3.94 0.92 0.66
2 - - 0.76
1.50 1 4.02 1.24 1.16
5 - 1.74 1.66

3 3.97 1.19 1.20

a - 2.43 1.35

!Assumes a feedlot capacity of 200 head per acre.

’All-year management dewatering policy with nutrient utilization policy;
dashes indicate system not available.

3Pum.ping rates represent 0.05, 0.1, 0.2, 0.4 and 1.0 times the 25 yr-24 hr
storm.

“Irrigation systems: l=hand move; 2=side roll; 3=big gun; 4=traveling big gun.
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TABLE 19. MINIMUM ANNUAL POLLUTION CONTROL COST
(DOLLARS PER HEAD OF CAPACITY!) FOR

VARIOUS DISPOSAL POLICIES FOR
AMES, IOWA, AND LUBBOCK, TEXAS

Station Dewatering Disposal Feedlot area, acres
policy? policy® 1.0 10 100
Ames, IA 1 NU 4.57 1.64 1.30
(pumping rate: 4 NU 4,92 1.96 1.50
.27 ac-in./ 5 NU 4,72 1.78 l.42
feedlot ac-day) 6 NU 4.54 1.64 1.43
7 NU 4.54 1.63 1.28
1 SWD 5.08 2.20 1.86
7 SWD 5.08 2,22 1.86
Lubbock, TX 1 NU 4,32 1.45 1.09
(pumping rate: 2 NU 4,32 1.45 1.09
.25 ac=~in./ 3 NU 4.35 1.46 1.10
feedlot ac-day) 6 NU 4.31 1.43 1.07
7 NU 4.29 1.42 1.06
1 SWD 4,67 1.85 1.49
7 SWD 4,70 1.88 1.51

'Assumes a feedlot capacity of 200 head per acre.
’Management dewatering policies are defined in Table 1.

‘Disposal application rates:
Nutrient Utilization (200 lbs nitrogen/acre)

NU
SWD

Strict Waste Disposal

{1200 lbs nitrogen/acre).
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TEN OR FLCWER DAYS PER YEAR FOR VARIOUS IRRIGATION SYSTEMS

TABLE 20. ANNUAL POLLUTION CONTROL COSTS
(DOLLARS PER HEAD OF CAPACITY') WHEN DEWATERING

AT SEVEN U. S. LOCATIONS?

Location Dewater Pump. rate Irrig. Feedlot size, ac
day/yr ac-in./ systems® 1.0 10 100
fdlt ac-day -
Ames, IA 10.0 1.08 1 4.70 2.00 2.00
2 -- 2.33 2.32
3 5.10 2.13 2.40
4 - - 2.17
Astoria, OR 7.5 0.55 1 10.64 8.45 10.14
2 12,34 10.13 11.82
3 11.38 9.43 12.51
4 - 9.79 14.38
Bozeman, MT 7.6 0.54 1l 4,25 1.45 1.18
2 -- 1.61 1.34
3 4.70 1.55 1.31
4 - -- 1.34
Corvallis, 8.2 1.80 1l 6.23 3.41 3.48
OR 2 - 3.96 4,03
3 6.29 3.54 3.98
4 - 4,32 3.88
Experiment, 7.6 2.70 1 6.23 3.52 4.29
GA 2 7.10 4,34 5.11
3 6.18 3.97 4,80
4 - 4,34 5.25
Lubbock, TX 8.9 0.50 1 4,31 1.44 1.17
2 - 1.59 1.32
3 4.78 1.56 1.30
4 -- -- 1.42
Pendleton, 9.4 0.15 1 3.53 0.80 0.44
OR 2 - - 0.49
3 3.97 0.81 0.45
4 - -— 0.56

'Assume a feedlot capacity of 200 head per acre.

Management policy: apply effluent to hay crop without winter

disposal.

‘Irrigation systems: 1 = hand move; 2 = side roll;

4 traveling big gun.
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TABLE 21. MINIMUM INVESTMENT AND ANNUAL POLLUTION
CONTROL COST (DOLLARS PER HEAD OF CAPACITY!)

AT SEVEN U. S.

LOCATIONS

Location Feedlot size, acre
1.0 10 100

Invest. Ann. Invest, Ann. Invest. Ann.
cost cost cost
Ames, IA 22.91 4.54 8.41 1.63 6.59 1.28
Astoria, OR 37.93 7.47 23.08 4,53 23.15 4,50
Bozeman, MT 20.81 4.11 6.70 1.27 4,91 0.92
Corvallis, OR 25.58 5.06 11.12 2.15 9,65 1.88
Experiment, GA 23.40 4.73 8.69 1.83 8.16 l.67
Lubbock, TX 21.85 4.29 7.52 1.42 5.68 1.06
Pendleton, OR 17.74 3.48 3.65 0.70 1.84 0.35

'Assumes a feedlot capacity of 200 head per acre.
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TABLE 22. ANNUAL POLLUTION CONTROL COSTS
(DOLLARS PER HEAD OF CAPACITY!)
AT SEVEN U. S. LOCATIONS WITH SIMILAR PUMPING CAPACITIES

Location Dewater Pump. rate Irrig. Feedlot size, ac
day/yr ac-in./ system? 1.0 10 100
fdlt ac-day - —" -
Ames, IA 10.3 1.08 1 4.70 2,00 2.00
2 -3 2.33 2.32
3 5.10 2.13 2,40
4 - - 2.17
Astoria, OR 37.7 l.10 1l 7.51 4,57 4,72
2 - 4.80 4,93
3 8.15 4,93 5.57
4 - - 5.62
Bozeman, MT 3.6 1.09 1 4,21 1.57 1.52
2 - 1.92 1.87
3 4,55 1.62 1.79
4 - - 1.61
Corvallis, 17.3 0.90 1 5.06 2.22 2.07
OR 2 - 2.47 2.31
3 5.55 2.39 2.42
4 - - 2,36
Experiment, 15.7 1.34 1 4,83 2.15 2,35
GA 2 - 2.53 2,71
3 5.30 2.43 2.94
4 -- 3.30 3.42
Lubbock, TX 4.4 1.00 1 4,25 1.53 1.43
2 - 1.85 1.75
3 4,62 1.60 1.61
4 - -- 1.69
Pendleton, 1.5 1.50 1 4.02 1.24 1.16
OR 2 - 1.74 1.66
3 3.97 1.19 1.20
4 - 2.43 1.35

'agsume a feedlot capacity of 200 head per acre.

2Irrigation systems: 1
4

Spashes indicate system not applicable.

hand move; 2 = side roll; 3 = big gun;
traveling big gun.
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SECTION 11

INTERPRETATION OF ECONOMIC MODEL OUTPUT

RESERVOIR VOLUME vs PUMPING RATES

Tables 12-18 present the effects of increasing pumping rates on
the total cost of each system. 1In most cases, large pumping
capacities substantially increased annual cost of the runoff con-
trol system. At all but one location, the majority of designs
reached minimum (or near minimum) feedlot runoff control costs with
pumping rates of 0.1 times the 25 year-24 hour storm. The feedlot
runoff sufficient design program did not permit dewatering unless
a full day's pumping volume was available in the reservoir.

Though this constraint was included to more accurately model prag-
matic feedlot operations, this limitation did not permit a com-
plete substitution of feedlot reservoir volume for pumping rates.
The feedlot runoff sufficient design model output pumping rates
did not, in general, decrease volumes, since chronic precipita-
tion conditions, rather than single catastrophic storms,determined
runoff reservoir volumes. In selected cases, required reservoir
capacities actually increased as pumping rates were enlarged.

At Astoria, Oregon, (Table 13), minimum cost designs occurred with
pumping rates of 0.2 times the 25 year-24 hour storm on feedlot
sizes of 1.0 and 10 acres; this is primarily the result of the
atypical nature of the station (annual precipitation, 75.39 inches).
Isolated examples of marginal cost decreases accompanying increas-
ing pumping rates also existed at selected stations (Table 15),
with 1.0 acre feedlots. This result may be an artifact of thecost
estimating program; the program's minimum dewatering (irrigation)
system provided sufficient capacity to permit higher pumpingrates.
The increase in pumping rates decreased number of pumping days

and subsequently, total labor cost.

The above data indicate that reservoir volume cannot economically
substitute for pumping capacity except in extreme atypical cases.
The economic viability of these extreme stations is even more
gquestionable than substitutions of reservoir-pumping volumes.

ECONOMIES OF STZE

Tables 12-20 show significant economies of feedlot size forcontrol-
ling feedlot runoff. These economies turn to diseconomies with
higher pumping rates; however, at lower pumping rates, economy of



size is consistent., Most of the size advantage was achieved by
increasing feedlot size to 10 acres. Pendleton, Oregon, (annual
precipitation, 13.39 inches), deviated from this generalization
primarily due to its low runoff and minimal pumping rates.

The l10-acre feedlot at Ames, Iowa, (Table 12), which was repre-
sentative of the remaining stations, had a least cost per head
capacity of 79% of the l0-acre feedlot; in addition, the annual
cost of the l10-acre feedlot was only 28% of the l.0-acre feedlot.
The burden of feedlot runoff control facilities to small feedlots
(approximately 200-head capacity) is substantial, and some opera-
tions may be forced out of business in lieu of implementing run-
off control measures.

One measure of the potential impact of imposing water pollution
guidelines on the feedlot industry is the relation of estimated
runoff control costs to existing costs of production. Table 23
presents the estimated additional costs of productipn ($/head
marketed) at six locations and three feedlot sizes, accounted for
by the imposition of feedlot runoff control measures. All costs
assume 100%* use of capacity (200 head per acre and three times
yearly animal turnover). These costs also represent the least
cost system at each site and feedlot size: hand move irrigation
equipment, all-year pumping policy, nutrient utilization disposal
policy, and a pumping rate of 0.05 times the 25 year-24 hour storm.

Gee (1977) has prepared recent estimates of the costs of produc-
tion for U. S. beef feedlot sector. He reported a weighted average
production cost per head of $431.77 during 1976. Of this, 92%

was for feed and feeder cattle, 2% was fixed, and 6% of the cost
varied with lot size. These estimates were developed assuming

100% use of capacity.

For lots with 1,000-1,999 head capacity, a total cost of $440.75
was estimated; for lots with 8,000-15,999 head capacity, Gee es-
timated cost of production (dollars per head marketed) at $362.39.
Comparing the average added cost of production (Table 23) for lots
in humid regions (Ames, Iowa; Experiment, Georgia; Corvallis,
Oregon) and arid regions (Lubbock, Texas; Pendleton, Oregon; and
Bozeman, Montana) to Gee's estimates showed the following:

1. For humid locations, average added cost of production ($/head
marketed) was $.65 and $.54 for 10 and 100 acre lots, re-
spectively. These costs represent 0.152% and 0.149% of the
estimated total production costs for 10 and 100 acre lots, re-
spectively.

2. PFor arid locations, average added cost of production was $.37
and $.26 for 10 and 100 acre lots, respectively. This repre-
sents 0.084% and 0.072% of the estimated total costs of pro-
duction for beef on the two sizes, respectively.
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These data show that imposition of feedlot runoff control guide-
lines upon larger feedlots would be insignificant from the stand-
point of additional production costs. However, the impact on small
feedlot operators would be substantial. Costs shown in Table 23 as-
sume a three times yearly animal turnover. Many small lots
(farmer-feeders) feed only one group of animals per year, thus
their costs would be three times those shown. For a one acre
feedlot located at Ames, Iowa, annual added cost of production

(per head) is estimated at $4.56 when only one group of animals

is fed per year. If the lot is operated at 100% capacity--200
animals per acre--total added cost for this size feedlot would be
$912.00. Costs of this magnitude may force many small feedlot
operators to cease feeding beef in open feedlots.

TABLE 23. ADDED PRODUCTION COST (DOLLARS PER HEAD!)
ASSOCIATED WITH POLLUTION CONTROL SYSTEMS?
AS A FUNCTION OF FEEDLOT SIZE AND LOCATION

Feedlot Feedlot size, ac

location 1.0 10 100
Ames, IA 1.52 .35 .43
Bozeman, MT 1.39 .43 .31
Corvallis, OR 1.78 .77 .64
Experiment, GA 1.64 .64 .56
Lubbock, TX 1.43 .47 .35
Pendleton, OR 1.16 .23 .12

'Assumes a feedlot capacity of 200 head per acre, three times
yearly animal turnover, and 100% use of capacity.

A1l systems are the least cost system for each location: pumping
rate equals 0.05 times 25 year-24 hour storm, irrigation systeml,
management alternative 1, and nutrientutilization disposal policy.

GEOGRAPHIC LOCATIONS

Comparisons between different geographic locations show signifi—

cant variations in costs. Table 21 summarizes output from

the cost-estimating program, presenting the least expensive run-

off control and disposal system for each location. This includes
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all pumping rates, management alternatives, disposal policies, and
irrigation systems. Required investment per head ranged from $37.93
at Astoria, Oregon, to $17.74 at Pendleton, Oregon, for one-acre
feedlots. For 10 acre feedlots, minimum investment per head ranged
from $23.08 at Astoria, Oregon, to $3.65 at Pendleton, Oregon; and
for 100 acre feedlots, investment per head ranged from $23.15 to
$1.84 from Astoria to Pendleton, Oregon, respectively.

A significant portion of cost differential is due to variations
in pumping rates. Table 22 presents expected annual costs per
head of capacity for all locations, with pumping rates approxi-
mately equated. The maximum cost differential between locations with
equivalent pumping rates was $3.54, $3.38, and $3.56 per head of
capacity for 1.0, 10, and 100 acre feedlots, respectively.

If Corvallis and Astoria, Oregon, were excluded from the analysis,
(they were not representative of regions where open feedlots are
common), costs became even more comparable: without these stations,
maximum differences in annual cost per head of feedlot capacity
were $.87, $.97, and $1.16 for 1.0, 10, and 100 acre feedlot, re-
spectively. Within this group, arid locations (Bozeman, Mon-

tana; Lubbock, Texas; and Pendleton, Oregon) had annual runoff
control costs 20 to 50% lower than humid stations (Ames, Iowa

and Experiment, Georgia).

The fact that Midwestern feedlots will face higher runoff con-
trol costs than Southwestern feedlots indicates imposition of
such guidelines may alter the current comparative advantage
Midwest feeders have over Southwest feeders. Feed costs in the
Midwest are generally lower than those in the Southwest, giving
Midwestern feedlot operators an edge. Higher runoff control
costs faced by Midwestern feedlot operators will reduce their
current advantage.

MANAGEMENT ALTERNATIVES

A comparison of the expected annual costs for various manage-
ment alternatives is presented in Table 19 for two locations,
Ames and Lubbock. Ames represents the Midwest, where small feed-
lots predominate. Lubbock typifies the Southwest, where large
feedlots are more common., Pumping rates at each station were al-
most identical, so irrigation technology was equivalent at both
sites. Table 19 indicates that Lubbock had an absolute cost ad-
vantage in every management policy, but differences in expected
costs were less than 20% in most cases. Economies of size were
more pronounced at Lubbock, so the cost differential between Ames
and Lubbock was more significant for larger feedlots.

At each station, costs of using various management alternatives

were fairly uniform, deviating by no more than about 10%. Thus,
there appears to be little economic incentive (strictly on the
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basis of cost) for selecting any one particular management alter-
native. The data suggest that an operator could build a system to
match the most flexible management alternatives (pumping only in
the summer months) at little extra cost, and could then be free to
switch to another management alternative at a later date, if
desired.

DISPOSAL POLICY

Table 19 also contains the annual cost per feedlot capacity for

a strict waste disposal policy in conjunction with management
alternatives 1 (all-year disposal) and 7 (apply effluent to a hay
crop without winter disposal). The strict disposal policy per-
mitted a maximum of 1,200 lbs of nitrogen per acre and charged the
runoff control system for the disposal site. Table 19 indicates
that strict disposal was more expensive, especially for larger
feedlots, than the nutrient utilization policy.

For both locations, cost of land was assumed to be $750 per

acre; this may be too low for Ames and too high for Lubbock.

If more realistic land prices were used, strict waste disposal
would be more costly than shown at Ames and less costly than shown
for Lubbock. Outlays shown for the nutrient utilization pol-

icy did not consider fertilizer value of the runoff applied

to cropland. If this were done, the cost differential between
nutrient utilization and strict waste disposal would be more sig-
nificant than shown in Table 19.

IRRIGATION SYSTEMS

The hand move irrigation system is consistently the least ex-
pensive to own and operate, as seen in Tables 12-20. Stationary
big gun is next, followed by side roll and traveling big gun.

The stationary big gun system is commonly used for waste disposal,
but it appears more costly due to higher pump costs and the in-
creased mainline required.

In a few cases (see Tables 12, 14, 15, 17, and 18), on l1l00-acre
feedlots, the traveling big gun system was less costly than side
roll and stationary big gun. Traveling big gun operated 22 hours
per day, while other systems operated only 12 hours daily. Longer
operating conditions permitted this system to run at lower dis-
charge rates, subsequently requiring smaller pumps and mainlines.
Using single components, traveling big gun was superior in those
isclated cases in which competing disposal systems operated with
multiple pumps and mainlines. Such pumping rates are considerably
higher than those normally used for conventional irrigation sys-
tems, and their suitability as disposal systems is questionable,
i.e., some of the higher pumping rates are equivalent to 20,000 gpm
or more for l00-acre feedlots. At lower pumping rates, however,
cost differences among various systems were minimal.
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System selection will naturally be based not only on cost, but also
on such variables as owner preference, alternate uses, etc. Tables
12-20 suggest that as long as a feedlot operator selects a low
pumping rate, increased costs associated with side roll, big qun,
and traveling bic gun (where applicable) are not significant,
especially on larger feedlots.

OPERATOR CONVENIENCE

Currently, many feedlot operators have elected to dewater their
runoff reservoirs infrequently (Gee, 1976). Table 20 presents
annual costs at the seven stations with design parameters which
need to operate ten or fewer days per year. Cost primarily re-
flects pumping rates required to achieve this objective. Costs
vary widely, but those at stations in the major beef-producing
regions (Ames, Bozeman, Experiment, Lubbock, and Pendleton) follow
the same pattern as uniform pumping rates. Experiment, Georgia,
had the highest cost, with the remaining stations fairly close be-
hind. Pendleton again had the lowest cost, approximately 25%

less than the other stations. Midwestern and Southwestern sta-
tions' cost data differed by only 10 to 15%.

COST OF RUNOFF CONTROL AT VARYING LEVELS OF CONTROL

Thus far.this analysis has dealt only with the costs of full com-
pliance with proposed EPA guidelines for 1983, The literature

to date has dealt only superficially with the question of the
marginal cost of controlling runoff at levels representing less
than full compliance with proposed regulations. Klocke (1971)
presented some "marginal cost" data with respect to changes in
cost of controlling runoff at a given level for various feedlot
sizes. This did point out the existence of economies of size

but did not address the question of marginal cost of runoff
control at various levels of control for the same size feedlot.
Wensink and Miner (1977) investigated the effect of relaxing
performance standards on the design parameters developed with
their feedlot runoff design program. They found that by excluding
the worst five years of hydrologic data (with respect to precipi-
tation), design storage volumes were reduced by an average of
25%., This did not provide data that was economically useful,
however, because cost of the retention pond is only a small part
of the total cost of most runoff control systems.

To generate data that could be used to derive the marginal cost
relationships desired, Wensink and Miner's (1975) return period
design program was used to model performance of runoff control
systems whose design parameters are insufficient to satisfy 1983
runoff guidelines. = The cost-estimating model was used to generate
the initial cost of these various systems. Cost and performance
data thus generated were combined to illustrate the marginal re-
lationships between cost and performance.
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Figure 3 presents the case for a 100 acre feedlot in Pendleton,
Oregon. The data points represent twenty runoff control systems.
Design parameters were derived by reducing pond volume and daily
pumping rate of a given system (which complied with the 1983 guide-
lines) by 5% increments. The twenty data points in Figure 3 rep-
resent systems whose design parameters are 100, 35, 90,...5, and 0%
of the pumping and pond volume necessary to meet EPA Runoff Guide-
lines. The performance of each system was measured by the percent
of total runoff that occurred within the time period (1914-71)

that the system contained. As seen in Figure 3, a large part of
the investment required to achieve full compliance has been spent
on controlling the last very small portion of total runoff. Of

the estimated $2.34 per head investment required to control 100%

of the runoff from 1914 to 1971, $1.40, or 60%, was necessary to
control 90% of the runoff. To raise the level of control from 90%
to 95% required an additional investment of $.35 per head--15%

of the total per head cost of 100% control. To raise the level of
control from 95% to 100% required an additional investment per head
of $.59. This is 25% of the total per head cost for 100% control
and is 1.7 times the cost of raising control from 90% to 95%
containment.

These costs represent only the investment required for a runoff
control system using hand move irrigation equipment, operated under
management alternative 1 (all-year pumping) with nutrient utiliza-
tion waste disposal. Each system is assumed to use the same size
disposal site and disposal plot area as the full-sized system.
While this distorts system cost, resulting costs are higher than
would be the case if the disposal plot and site area had been re-
calculated for each of the twenty systems. If lower costs were
used for the nineteen systems which were of insufficient size to
meet runoff guidelines, relative costs of controlling the last

few percent of runoff would have been even more exaggerated than
those shown in Figure 3. This clearly illustrates that signifi-
cant reduction in costs can be achieved with only minor increase
in total runoff allowed to escape from feedlots.

It is interesting to speculate on the correspondence between various
levels of runoff and environmental impact upon a watershed. How-
ever, such variables as total feedlot area draining into a stream,
distances between feedlots along a stream, stream characteristics
(temperature, flow rate, other pollutants present, etc.), local
rainfall patterns, and other factors all have an effect. The number
and interplay between these factors make any general conclusion
impossible.
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Figure 3. Simulated cost and performance of feedlot runoff

control systems at Pendleton, Oregon, for time
period 1914-1971.
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APPENDIX A, SUFFICIENT DESIGN TECHNIQUE SIMULATION MODEL

GENERAL PROGRAM INFORMATION

Titie: Cattle Feedlot Runoff Reservoir Sufficient Design Simula-
tion Model

Authors: R. B, Wensink, J. R. Miner, and T. W. Booster

Installation: CDC Cyber 70 series at Oregon State University

Programming Language: Standard FORTRAN IV

Date Written: 1976-=77

Remarks:

This simulation model operates continuously from one year to the
next and requires daily precipitation, average temperatures, and
snowfall accumulations. The model determines minimum cisposal
area and reservoir storage volume required to meet Environmental
Protection Agency performance standards with a specific irriga-
tion pumping capacity. Pumping capacity, expressed in a fraction
of the location's 25 year-24 hour storm, and management dewatering
policy are the only major design parameters required in the model.

PROGRAM OUTPUT
The output variable names are defined in the program.

A. Yearly Results

Total number of reservoir overflows

Maximum reservoir depth

Inches of legal overflow

Maximum rainfall

Total rainfall

Total runoff

Total runoff from precipitation over 25 year-24 hour storm
Total rainfall over 25 year-24 hour storm

Total number of pumping days

10. Total number of permissible pumping days

11. Total amount of nitrogen applied annually

12, Number of disposal sites

13. Total number of acres used for disposal purposes

o-JonsWwNH-
e o o o
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B. Total Run Results

1. Total years simulated
2. Total rainfall

3. Total runoff
4, Total legal overflow from precipitation over 25 year-

24 hour

. Average
. Average

24 hour
8. Average
9. Average
10. Minimum

~N o w;m

storm

. Total runoff from precipitation over 25 year-24 hour storm

precipitation

legal overflow from precipitation over 25 year-
storm

runoff

runoff from precipitation over 25 year-24 hour storm
design reservoir design required to hold all

precipitation less than 25 year-24 hour storm.

11. Average
12, Average
13, Size of
14, Maximum

number of pumping days

number of permissible pumping days

disposal site (acres)

amount of nitrogen allowable on disposal site

(l1b/acre)

PROGRAM INPUT

Input variable names are defined in the program. Even though

the model was developed and utilized on Oregon State's Time Sharing
Computer System, the following cards would be required to operate
the program from a CDC Cyber 70 Batch Processing System.

A. Order of Job Control Language Cards

(JOB CARD)

(ACCOUNT CARD)

GET , TAPE2
GET,TAPE3
FTN.
LGO.

<climatic data>.
<management policy>.

FORTRAN
SOURCE
| DECK

678
9

B. Inputs
1. Pumping

rate (fraction of 25 year-24 hour storm)

2. Nitrogen concentration (mg/liter) of effluent

3. Maximum

nitrogen per acre (lb/acre)
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C. In addition, the following DATA statements need to be defined:

1. ISTART and IFINAL should be set to the first and last

year, respectively, of the data utilized in a particular
run.

2. LIN and LOUT correspond to computer installation input and
output logical unit numbers, respectively.

3. RAINMAX should be set to 0.0 unless dewatering is permitted
on days in which rainfall occurs. If this condition is
desired, set RAINMAX to the maximum level of rainfall at
which dewatering is still permitted.

4. EXPRAIN should be set to the station's 25 year-24 hour
recurrence storm,

5. MONTEMP is a one-dimensional array which contains average
monthly mean temperatures.

6. AVAP is a one-dimensional array which contains average
daily evaporation for each month.

7. SURDPT is the pond depth used to determine pond surface
area,

8. EVAPCON is the evaporation constant which converts pan
evaporation to pond surface evaporation.

9. DAYLIM is the maximum daily application of water (pre-
cipitation and effluent) to disposal plot.

10. WKLIM is the maximum weekly application of water (pre-
cipitation and effluent) to disposal plot.

D. Data Files

l. The climatic data file must be created prior to running
this simulation program. Each file must contain the years
of weather data from a particular station. These data
consist of rainfalls, snowfalls, and temperatures. Each
record contains eight consecutive days of rainfall-
temperature data punched in the following format:
(8(13,F4.2,F3.0)).

2. The management dewatering policy data file consists of
a set of zeroes and ones, with the first ten characters
describing management policy. The format is: (A10/(80I1)).
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ODOOODNOMONOOOONOO0OMNANTOAOMNOOAONHINOOND

PPOGF AM LISITESIINPUT,0UTPYT,TAPZ2,TAPS3,TAPSL= INFUT,
TAPERL)

CATTLE FEZOLOT RUNOFF RESZIRVAIP

SUFFTICIENT DESIGN TECHNINUE
SIMULATION MODEL

THIS MOCEL OJETERMINES THE MINIMUM RFSEPYDIR

STORAGE VOLUME LND DISPCSAL AREA REZQUIRED TO MEET
ENVIRONMENTAL PROTECTION AGINCY PERFORMANCE STAMQARNS
WITH A SOFCIFIC IPRIGATION PUMPING CAPACITY,

VERTIALE DZFINITIONS

LIN = INPUT UNIT
LOUT = OUTPUT UNIY

INAYPY = NUMIER OF JAYS PZTR HMUNTH
ISTART = FIRST YEA2 QOF TaTa
IFINAL = LAST YEAFR nF DATA

RAINMX =

MAXIMUA RAINFALL THAT NCRURED DURING EACH YEAR
RATINMAX = DEWATIRING PEIMITTED ON NAYS WITH SAINFALL

LESS THAN THIS VALUE

EXPEATIN = 25 YEAFR=?4 HQOUP ZIXPECTYEI) RECUSIENCS RAINFALL VALUE
ANTCOr = 5 DAY AMTICEDNETNT MGISTURS ACCHUMULATION

JFPTH = DNEOTH OF FOND

INAIMC = STASCNAL CRITIFETION IN RUMOFF ZQUATICM

MINTENMP = FREEZING CSITZRION
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POOO0OAOD0MNONONNNANONOONONNCNONNYOANOO

INAYE AR = NUMRFR fF GLYS TN 4 VLA
DYMOINE = DAILY PUMDING CACACITY
IMO = NUM3SR (F YFARS OF TATA
ITOME = TEMPEIATYST NATA
RAIN = RAIMNFLLL NATA
3CANTC = STNRE NG OF YZAR RAINFALL
TIGTMF = STORE ENY QF TEMPIRATUYFE
TSU4 = THIZE DAY ANTICrZOTHT TEMPOLATYSE
Q = CAILY FUNCFF
RAINCV = YZARLY ACCUMULATIOMN NF SAINFLLL 7VTS
28 ¥YEAR=24 HOU= “XPTOTSD 3TNRM yALUFE
IJAYOV = NUMBER NF NLYS O YZAI "HAT THF PQND CYFSFLCWFD
WHEN RAINFALL WAS GREATCR THAN 25 YZA2-24 YNUR VALUE
D¥PTHC = 9JSPTH NF DPOND WHEN SAIN TXCEZINEQ 25 YEAR-24 HOUR VALUE
ABTYRYE = MAXIMUM DIZIPTH THAT PO REAMCHSD CURING YEAR
CVERFLW = AMQUNT THAT THE PON[ OVIRFLWEN

OPT4Ax = MAXIMUM P0ND DZPTH
<UNOFC = AMOUNT NF RUMOFF FOR FACH Y&AR
TTRAIN = TNTAL PLINFALL FCR SACH YFAR
TOUNCF = TOTAL RUNOFF FQT CACH VYFAR
TCYRFC = TOTAL RUNOFF F20M STCRMS GFEATSR THAN
25 YL AR=24L HOUR VALUE
TITALR = TATAL RAINFALL FNR ALL YZARS
TOTALC = TNTAL LEGAL OVFXFLCW F20M POND FO® ALL YEARS
TATALF = TNTAL SUMOFF FNC ALL YFEAFS
AYGPECLC = AYIRAGE FAINFALL
AVGAVF = BVERAGZ LEGAL NVERFLOW
AVGREOF = AVYZRAGE RUNOFF
AVGRFC = AVIRAGE CVIFFLCW FR(GYM STOPMS GREATER THAN 28 VYEAR
-2% HOLR FXPECTED) STORM VALUS
SNOWELCGC = TAILY SNCW ON GFOunn
RAINACT = RAINFALL WHICH ACCUMULATES WHTLS SNOW ON GROUND
TFLAGSN = SNCOWFALL RUNOFF FLAG
= Yy WHEN NN RUNOFF FROM SNOFLLL
= 1o WHEN RUMOFF FROM SNOWFALL
IAYMPDY = TOTAL TEIMISSIZLF PUMPING DAYS EACH YEAR
IFUMFL = TNTAL ACTUAL PUMPING NAYS ZACH YEAR
OVERFL = YTARLY TOTAL POND OVERFLNW
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MANGT = MANAGEMEMT QJFWATERING POLICY

AMEVAF = AYSRAGE OATLY EVAPQORATICON FCR SACH MONTH FO% SPECIFTC DAY

MONTEWD = AVERAGE MONTHLY MSAN TEMPEQATYRF

IMONTF = AVERAGE MONTHLY MZSAN TSwp FCR SPECIFIC TAY

AVAP = AVEQAGE DAILY EVAPOIATIONS FOR FACH MQONTH

SURNPT = FCNG QOFPTH USEN TN DETFRMINGE SURFALT AREA

EVAPCCN = ZVAPORATION CCNSTANT TO CONVERT PAN TC FOuN

SURAREA = BOND SURFACD AREA

RATEPM = FRACTION OF POND VOLUME (25 YEAR-24 HOUR STCRM)

PERMITTED IN ONS DAY OF PUMPING

SVAP = ACTUAL DAILY FVAPQRATION

POLICY = MANAGEZNENT POLICY FOR SACH STATIAN

STAT1 AND STAT2 = LOCATION 0OF FACH STATION

TOTON TOTAL NUMRSR OF PUMPING DAYS

AVGPD AVERAGE NUM3ER OF PUMPING DAYS PFR YTAR

TOTPPL = TATAL NUM3ES OF PIRMISSI3ILE PUMPTNG TAYS

AVGPPL = AVERAGF NUMBER OF PEIMISSIAF PUMNPINA CAYS FEX YFAR

ACRZS = ACRES PER NISPOSAL SITE

DAYLIV = MAXIMUM DAILY MOISTUXKE (PREGIPITATINN AND DEWATERING)
PEZRMITTZD ON DISFOSAL SITE

LDAY = LAST DAY DISPOSAL SITF WAS IXKPIGATFD

NCONC = NITRCGEN CONCENTRATION CF PONN WATCR (MC/LITFR)

([}

NLEV = AMQUNT OF NITROGIN JISPQSEN OF AN SITT (L3

NLIM = MAXTMUM NTTROGEN PEFR ACRI (LAS/ACFF)

NL®S = NIT30GEN LIMIT PFP JISPOSAL SIT- (L2S)

NODAYS = NUM3FERQ OF CAYS DISPNSAL SITE WAS IFRIGATED

SITZS = MUMBER OF DISPNSAL SITES ySEn ofw Ye AR

WKLIM = MAYINMUM WEIKLY MOISTUIE (PRSCIPITATION AND JZWATERING)Y
DERMITTED] ON GISFOSAL 3ITC

XCONC = NITROGEN TONCENTOATINN OF POMO WATCR (L3IS/ACRY=IN)

DIMENSION IT&MP(’EB’.RATN(366)oTDAYf”(13).“GGWTC(E'oIpU“DDY(773,
II?GTMF(6),0VSQFL(75)9IDAYCV(75)oFAINMX(75‘oTTDAIN(Tb).IfU¥PC(?f).
ZHAMGT(356),AMEVAP(366i,MONTE“C(12).Z!FMTF(?&E’o&VAP(iZ),
ZSNONACC(36G),TQUNDF(7E).“FTMXYQ(VQ).FH“CFC(??).;AIﬂCV(7?)

DIMENSTON IFLAG(1I0) 9LDAY (12,30 4,MODAYS(15)

RZAL NCONCoNLIMoaNLOS G NyMLEV(17)
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IMTZGER SITES(7%)
DATAC(INAYPM=21929432 92093130431 0231930031430421.,0)
DATACUISTART=1924), (IFINAL=1973)
DATA(NMCNYEMP=1Q42253C e 4N 93957 ah s b245 74424314270
DATA(AVAP=04G+0 eCoCe090e13€C0Uel19u7 4002152402807 40542L509002R1T,
DeCCO4sCelriel)
DATAC(EXPRAIN=2,.7)
DATACLIN=6C), (LNUT=A1)
DATA (RAINYAX=C.0)
DATA(SURCPT=€,3) 4 (EVAPCON=,7)
DATA(CAYLIM=2,0)4 (WKLIM=7,0) .
REWINC 3
REWINEC 2
PRINT &4
FCRMAT(# ENTER PUMPING RAYZ, %)
READ (4 45)RATEFM
FCRMAT(FR,?)

PUMPDF=RATEZPM*EXPRAIN

PRINT 6
FORMAT (2 ENTER NIT CONC AND MAX NIT PCF ACEF?)
REAN(445) NCCNCLNULIM

XCONC=NCONC*0,2?66

ACRES=PUMPIDP/CAYLIM

NLPS=NLIM*ACRES

N=PUMFNO*XCONC

ANTCOAN=).0

DE®PTH=0.C

IWARM(=45

MINTEVP=Gg

RAINACC=0.9
TOYRFC=TOTALR=TOTALO=TOTPO=TOTPPI=TOTALF=C,(
K=3

nn 7 IKX=1,12

M=TDAYPM{IK)

0N 8 IM=1,M
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IT=<+ 1M
IMONTF(IT)=MCNTEMP (I W)
3 AMEVAF(ITI=AVAO(IK)
K=K eM
7 CONTINUE

PEAD IN MANAGEMINT POLTIrY

OHHG

READLZ43)IPOLICY L (MANGTIIN) 4I0=14366)
z FORIMATLAITZ(85T1)y

C
Cor¥* 25232 585888x DETEPMINE eCoND SURFACE AR= 4 MR A E L R L R TR YR TN E Y Py grgup g
C
SURARFA=Q3§6C*(EXPPAIN‘E.D)/12.3/SUQDPT
c
C
c CCNVFRT EX¥DPFCTID VALUSS TO 24 HOUR PIRION
EXPRAINZEAPRATIN/L, 1L
C
INO=IFINAL-ISTART#*1
IVE Ak =ISTAGT-1
c READ IN STATIOMN NAME

READ(CWFPEIISTATL,,STAT?

60C1 FORH4AT(24110)
WRITE (LOUT,h109)

610R FODMAT(iHII///I7X,tY?AQt.hX.tﬂAYt.&Y.fQAIht.qufCE"THZ,QX,
17 0 ZyLxeZMAx DFFTHZ, X 20VERFL OWZ)

c
c SYART YEARLY LOOP
C

DO53Ck=1,IND

"o 93 iI=1,10
IFLAGILITI=]
NODAYS(TIIY=2C
NLEVIIIN=0,@C
00 12 JJy=1,2

12 LCAYIT Yy Jd ) ==7
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15

CONTTNYT

INAvEr(2)=28
INAY: £3=6=
NM="1

CHTCK FJF (A0 yi&AR

IVERF=IYIal+1
LYZAR=IVEAT/u®s
IFCLYLARGNTLIYILARY 60 Th 50
IDAYEN () =29

INAYE 03=3A4

CONTIMUZ

PTAD TN NDATA

RTADCZ4H032) (ITEME (T) 4 RAIN(TII WSNCWACO(T) 4 T=1,INAYEAR)
FORMBTUA(T 14 FL o 24F T, ())

SET INITIAL AMTIMCENZIMT RAIN AMD TIMPZRATYeT

IF(K4CTe2)0B0 70 1€

ne 20 TJ=1,%
J=IJAYZAR-T J# 3
II=H=14%"
AGANTCCIINI=RAINTY
IGTIME(III=ITEMP (Y

pe 21 I=i1,°
ANTOM=ANTODON#3GANTN (])

STATT JAILY STMULATION F0R THIS YEAR

N0 «0C I=1,INAYZAS

CONDITIONMS
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OO0

c

CC&“‘&.#“"“U LE X 2

C
C
c

c

C

IF(I.CT,6) GC TN 33

IF(I.cNe1) GO TO 25
ANTCON=RAINI(I=1)+ANTCON=-GANT (T
GO TO &g

ANTCON=3GANTC(F) ¢ANTODON=-35ANTC (1)
GO TO W1

ANTCOA=ANTION$RRAIN(I=1) =FAIN(I=R)
CONTINUE

ACCUMULATE TCTAL RATINFALL FQO° YAR

TTRAIM(K)I=TTSAIN(K) ¢PATIMTY

NEZTEIMINE CVAPCRATION ¥ XXX e s v X XS R U ¥ X ¥ SN X S KX B XA X ¥ X ¥ &

NETEPMIND JATILY PAN FYAPARATION

EVAP=AMEVAS(I)*ITEMP (I)/IMONTRP ()

TOPRECT DOND QEOTH FQOR
DEPTH=DEPTH® (FAIN(TY-FVAP*C YASGCON) *SURASEN/ 3%

IF(OEFTH.L e Ce3V0T2TH=0L 1

TVAPCRATTICN AaND SAINFALL

Ce**s 85528833880 anas CHICK IRZTGATICN CCONNITICN S Fr¥ XS v sy 3 ¥s 5 sx sy ¥xx ¥ 8

C
C
¢

70

75
80

CHEAK GRNYUNY FROZEN

IF{ILEL3IGCTNRD

ISUMZITIMP(I=3)#ITEMD(=2)4ITEMR (T =1)

GOTNARD

IFLI. 0. 2¥6G0TA7T

IFtI.EQ.2)50T(C78
ISUM=TAGTHA(R)$ITSMP (1) +TT M2 (2)
GO T 12
TSUM=TIIGTMP (RIS IAGTMD(S)I&TLTMD( )
GCTHRY
ISUM=I3GTUP (6 ) #TIRGTME(S) #TTE VD (1)
IFCISIM GT JMIANTEMENGOTNL DN
MINTFF¥D=1104
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s NeoXe) OO0 (s XeNe]

> EeNy]

GoToien

1n0 MINTE~P=afR

127

128

13¢

IF(MANGT(IV . EC. 0

¥ edF . RATIN(I)GT (RATHMAY

¥ WCFJITEMI(IY).LF,32

®  oOF. SNGWACTU(I) 4GT4C47) GOTN 187

DUMDING IS P2EEMITTIZQ TrDAY
IPUMPLY (K)=IPUMPOY (K) ¢1
CHEOK WATER LZVIL
IF(DEFTH,LT . PUMPOP) GOT? 187

CHECK TF STT: AVAILARLT

IFCANTCON#DAYLTM,GT,WKLTM) GOTN 180
D0 129 IS=1,1°

IFCNODAYSIIS)LFDLO) GOTO 132

ND=¢

JJ2=MINAYSLIS)

N0 125 Ji=1,4192
IFQT=LOAY(IS¢JJ2)el™4T) ND=ND+1
CCNTINUYE

IF{ANTCONEND*GAYLIM.LT JWKLIM) GOTD 137

CONTINUE

SToOP1

SITS BVAILA3LFE

IPUMPC(K)=IPUMPT(K) +1
DEPTH=DEPTH=-PUMPQE
IFIIFLAG(IS) NZL0) GOTO 147
IFLAGLIS =1
SITES(K) =SITES(K)+1
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160 $J2=MCNAYS(TIS) =NODAYSIIS) +1
IFtJJZ.GT.?) STOP2
LAY (IS, J32)=T
NLEVOIS)I=NLEV(IS) &N
IFCNLEVIIS)JLTNLFS) GOTHN 182
77 172 II=IS,9
112=11+1
IFLAGI(TII)=IFLAG(II?2)
NCDAYS(II)=NODAYS(II?)
NLEV(IIV=ALEVIII?)
NC 160 JJ4=1,3

1690 LOAY(IIZJI=LDAYI(II2 v JI))
IFCIFLAGI(TI2).FQ.3) GOTO 18D
7% CONTINUE

120 CCONTINUE
c
Crrrvrxxress ACCUMULATE JAINFALL IF SNOW JIN GROUND “rssvxsssvsxsysvsss
c
IFLAGSN=C
IFCSNCWACC(I) LE.CeB) GOTN 10D
RAINACC=FAINACC#RAINAI)
GOT2 4179
197 TF(RAINACC.LELDJ.0) GOTO 200
RATNUI)=RATN(IV+RAINACC
KAINECC=C."

ot

IFLAGSN=1
é““"""FAINF&LL LESS THAN ,C5 IS CONSIDERED INSIGANIFICANT*sssesxsss
‘ 200 TFERAINCI)LEL0.CS5)GOTOGLT
c
CUr8 8248822088285 358%588 DNETIRMINE RUNOFF *¥Srssvsssr s vss X555 ARSI UL ¥ ¥
C

IF(IFLAGSN.EQ.1
o ORe ITEMPII)GT.IWARMC LAND, AMTCOM.GT.2.1
* e0Re ITZMPUI) JLELIWARMC JAND. ANTCOM.GT.1.1) GCTO 220
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340

245
6111

ANTICeO=ZINT CONDITION KC, 11
O=(RAIN(INI=C,1978) %% 2/ (IAIN(T)+,7212)
GNrYN34uC

ANTICZDINT CONCITICN MO. IIIX
N=(RAIN(I) =4 CR13)V**¥2/(RATN(T) ¢, 247)

POM] MUST HOLD ALL RUNGFF FRQOM SNCWFALL
JFCIFLAGSM.EQ.1) GO TO 342

CHICK FOR MAXIMUM

IF(RAINGI) JLELEXPRAINIGO TN 342
RAINGVIK)I=FAINDVIK) ¢PATINIT)
MYEAR=TSTART ¢4 =1

NEDTHC=NEP"H&]

IFUDEFTHR L CTLOPTMAYYIGO TN 341
IF(DPTAYYRIK) LT, CZPTHO) CPTMXYR(K) =NEELTHO
NVERFLW=2,"

DEPTH=NEPTHD

G0 T 34S

NEPTH=NPTMAX

OVERFLW=DEDTHC=-DFTHAX
OVERFLIK)=NOVERFLIKISNYEDFLW
INDAYCVIKI=TOAYDIVIK) +1

IPTAXYR(KY =P TMAX
WCITE(BL40111INYFARGTILRAIN(TISNEPTHO N,NPTMLX (ONEFFLW
R AT X e T gl X 0l T g AN aFC a2 03X e F a2 35X sFSa2eluXaFEa298X4FSe2)
RUNOFC(KI=IUNOFNIK)+N

0 TN 362

NEPTH=DCPTH4R
IF(ICFTH.GT.DPTHMAXIDPTMAX=DEPTH
TF(OFFTHLGT CETMXYR(K)IINPTMAYR (K)=NEPTH
CONTINMNUJE

IF(RAINMX(YY LERAINIIIIRRATINMX (K I=RAIN(I)
TCUNCF IK)=TRUNOF(K)Y*N

CONTINUE

AN 4€C I=1,6

J=IDLYSAR=T+1
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sr9
r
Crasn

C

550

c

IT=5=-141
BGANTC(II)=RAIN(I
IBGTMPIIIN=ITEMPLY)
CONTINUE

$xvsasupvxprnrxrs CA| CULATE STATISTILS 8% sssssy 23y ssuxasnnsnsy

NOS5C0I=1,INO
TOTRFC=TOTRFQ ¢RUNGFO(T)
TOTALR=TCTLLR+TTRRAINI(I)
TOTALC=TOTALC+OVERFL ()
TOTPD=TOTPO+IFUMPD ()
TOTPPC=TOTPPC ¢IPUMONY(T)
TOTALF=TCTALF #TRUNOF (I)
AVGRFC=TOTSFC/INO
AVGIRC=TOTALR/INO
AVGOVE=TOTALC/INO
AVGRCF=TOTALF /INO
AVGPO=TOTPT/IND
AVGPPC=TOTPPO/IMO
EXORAINZEXPRATIN®1.14

C’U»l'i“‘##.l‘.‘&l#‘!‘ wQITE nyT QZ'SUTLC' L E L E RS ER RN ENSY NSRRI YN FEEPT

C

610t

WRITE (LOUT 45104V ISTART y TFINLLS STAT1,STAT2,POLICY,SURAPER,
1RAT PNV EXPRATIN, TOTALR,TOTALOLTOTALF, TOTRFC,AVGPEL,
2AVGIVR ¢ AVGR0F yAVERFOLAVGPD,,AVGPOD, DPTMAX
FORMATU(LHG/////35X+2TOTAL STATISTICS FNR YEARSZ,IT,2 TO%,15.
2 FOR 2£,2AL70//30X2MANAGTMINT JEWATECING POLINY = 2,A840//
+3°X 2 #SURFACE ACEA=Z2,F1Ge247 SNe FCET/FESNLCT ACRIEZ/30n,
+ZPUMFTING RATE=14F5,24# TIMISZ,F,2, 2 ACFI-INTHIS/FIEQLNT ACRE?/
+30X2TOTAL RAIMFALL=2,F17,2,%2 INCHES#/
+20A G 2TOTAL OVERFLOW=$,F10,2,2 IMNCHESE/
+XCXL2TNTAL RUNDFF=2,F3,2,¢ INCHTS?/
$30X 9 2TOTAL QUNIFF FRQOM AL STCIMS > 2FYR £XPECTEN STCRM=2,F3,2,
+¢ INCFHESZE/
$30X 9 2BVYERAGE PRECIPITATIANAN = £,FF 4242 TNCHFS/YSATLY
+30X 4 2BVERAGE LTGAL JVERFLNW FROM SXOZENING POND CEPTH=£,F9,.7,
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+2 INCHES/YCARY/
+3CX s 2AVIRAGE SUNOFF2,,F10,242 INCHLS/YEARZY
+30X 42 LVEFAGS RUNCFF FEOM TTORAS > 2FYe TXEBECTEN STO2M =#,FG,”,
¢+ TMNCHES/YZAR?/
+30X 4 2AVERASE NUMRER (OF PUMOING OAYS =2,F5,1/
+30X 4 2AVERAGE MNUM3ER OF PFRMISSIALL PUMPTIMNG DAYS =z2,FR,17
+37X,2FCND JEPTH TO HNLD ALL RUNOFFE < 2FYR STQRM =2,FR,2,
+2 ACFE-INMYZS/FEEDLOTY ACRE2)
WRITE (LOUT +61G0)STAY1,STAT2,FNLICY ,RATEPM
E1CT FORMAT(1HL1,23X s 2A2104C0 4 2MANAGTIMEINT NEWATESING PCLICY = #.41{,5X,
+ZPUMPING RATE = #,F5.,2/71H0,2YZAR  TOTAL NC. MAXx TEPTH  IN. LEGAL
1 MAXIrUM TOTAL TOTALZ,SX42TCTVTAL RUNQFFZ,4X,
22TOTLL RAINFALLZGSX,2TOTAL2,AX 42 TOTAL PERMISSI3LE?/

37Xy 20VERFLONWS PER YELR OVIRFLCOW PATNZLRY,
LZRAIN RUNCFF 0OVER 28YF STORM (QVES 2FYP STORM £,
52PUMPING D!L¥S PUMPING [AYS?Z)

00 /00 TI=ISTART,IFINAL
J=I-ISTART ¢1
WRITE(LOUT,51C3) I, IDAYOV(J),DCTMXYE(Y),
10VERFLIJ) 5 RAINMXTI) ¢ TTRAINII) 4 TRUNDF (J) , RUNOFN L J) L RATNOVIYS),
2IPUMPC (J) , IPUMETY (L))
B1C3 FORMATIIX 9 TGe X eI e XaFHh el eSX9FBel a4XeFBa2e3XaFBaly3XaFhRely
16X Fha2921XyFEe2e11XeI3426XI7)
600 CONTIMNUE

C
WRITE(LOUT.6202) STAT1,STAT2,ISTACY,IFINALLPOLICY RATEP™,

* EXPRAINJACRESNLIM
A200 FORMAT(21STATIONS 2,2A107
£ YEARST 24ILeZ=2414/
2 MANAGEMENT NEWATERING PCLICYS 2,017/
t PUNMPING RATF2  2,F4,2,2 TIMES 2,F5,2,
2 ACRF INCHESS/FEEDLOT ACREZ/
2 PLCRES/SITE:r 2.F&,2/
2 NITROGEN LIVIT: YeF74242 LAS/ACREZSZ//
2 YEARZWSX+2ZNITROGFNLZS5X 42N0, CF SITES2,5Y,2T7NT, ACRES USIN2/
12x,2(L3S)12/)

K e 8 & x x*x
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530643

DN 707 I=ISTARTIFTNAL
J=I-T53TA=Tel
XNz IPUMPN () *H
XAC=SITES(Y)*ACERS
WRITZ(LOYT £330 ) TaXNLSITES(J) 4 A"

ECRMAT(1R s T5,5X4FR,2,AX,TL,13¢,FR,2)
SToP
FNn



APPENDIX B. DESIGN EVALUATION SIMULATION MODEL

GENERAL PROGRAM INFORMATION

Title: Cattle Feedlot Runoff Reservoir Design Evaluation Simu-
lation Model

Authors: R. B. Wensink, J. R. Miner, and T. W. Booster

Installation: CDC Cyber 70 at Oregon State University

Programming Language: Standard FORTRAN IV

Date Written: 1976-77

Remarks:

This simulation model evaluates the ability of runoff reservoir
designs to meet EPA performance standards. The model can eval-
uate several reservoir designs with one computer run and requires
the following input information for each reservoir design: pond
volume, dewatering rate, management dewatering policy, and daily

climatic data. For each design the model determines number and
volume of yearly discharges.

PROGRAM OUTPUT

The output variables are defined in the program:

A, Yearly Results

« Number of legal overflows
Amount of legal overflow
Number of illegal overflows
Amount of illegal overflow
Total overflow (legal and illegal)
Maximum pond volume

Maximum rainfall

Total rainfall

. Total runoff

10. Pumping days

ll. Permissible pumping days

Wodautbd W+
e o o o ¢ o o

B. Total Run Results

Years simulated

Pond depth

Management dewatering policy
Surface area of pond

Pumping rate

Total number of legal overflows
Total amount of legal overflow

Noyurdes Wi+
* o o o o o o
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8. Total number of illegal overflows
9, Total amount of illegal overflow

10, Total amount of overflow (legal and illegal)

PROGRAM INPUT

Input variable names are defined in the program. Even though

the model was developed and utilized on Oregon State University's
Time Sharing Computer System, the following cards would be re-
quired to operate the program from a CDC Cyber 70 Batch Processing

System.

A.

Order of Job Control Language Cards

(JOB CARD)

(ACCOUNT CARD)

GET,TAPE2 = <climatic data>.
GET,TAPE3 = <management policy>.
FTN.

LGO.

(;ORTRAN
SOURCE
6 DECK

Inputs

l. Number of ponds
2. Pond depth
3. Pumping rates

In addition, the following DATA statements need to be defined:

1. ISTART and IFINAL should be set to the first and last year,
respectively, of the data utilized in a particular run.

2, LIN and LOUT correspond to computer installation input and
output logical unit numbers, respectively.

3. RAINMAX should be set to 0.0 unless dewatering is per-
mitted on days in which rainfall occurs. If this condi-
tion is desired, set RAINMAX to the maximum level of rain-
fall at which dewatering is still permitted.

4., EXPRAIN should be set to the station's 25 year-24 hour
recurrence storm.

5. MTEMP is a one-dimensional array which contains average
monthly mean temperatures.

84



MEVAP is a one=dimensional array which contains average
daily evaporation for each month.

SURDPT is the pond depth used to determine pond surface
area.

EVAPCON is the evaporation constant which converts pan
evaporation to pond surface evaporation.

Data Files

1.

The climatic data file must be created prior to running
this simulation program. Each file must contain the years
of weather data from a particular station. These data
consist of rainfalls, snowfalls, and temperatures. Each
record contains eight consecutive days of rainfall-
temperature data punched in the following format:
(8(13,F4,2,F3.0)).

The management dewatering policy data file consists of
a set of zeroes and ones, with the first ten characters

of each file describing management policy. The format is
(A10/(80I1)).
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OO OO0 OOOOO

PROGRAM PONDSU(INPUT,OUTPUT,TAPE2,TAPEZ,TAPES1)

CATTLE FEEOLOT RUNOFF RESERVOIR

STMULATION MOCEL

THIS MCNEL ALLOWS YOU TO SIMULAYE UP TO TEN
STORAGE PONDS E£ACH WITH A GIVEN VOLUNE AND
IRRIGATION PUMPING CAPACITY.

VARIBLE DEFINITIONS

LIN = INPUT UNIT
LOUT = QUTPUT UNIT

IDAYPNM = NUMBER OF DAYS PER MONTH
ISTART = FIRST YEAR OfFf DATA
IFINAL = LAST YEAR OF DATA

RMAX = MAXTMUM RAINFALL THAT OCCURED OURING EACH YEAR
RAINMAX = NEWATERING PERMITTED ON DAYS WITH RAINFALL

LESS THAN THIS VALUE
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EXPRAIN = 25 YEAR-2L HOUR EXPECTZID PECURRENCF RAINFALL
ANYCON = 5 DAY ANTICADENT MOISTURE ACCUMULATION
DFPTH = DEPTH OF FOND

IWARMC = STASONAL CRITERION IN RUNOFF EQUATION
MINTEMP FREEZING CRITERION

IDAYEAR NUMBER OF DAYS IN A YEAR

PUMPDF = DAILY PUMPING CAPACITY

INO = NUMBER CF YZARS OF raTva

ITEMP = TEMPERATURE 0DATA

RAIN = RAINFALL DATA

ANTRAIN = STCREZ END OF YEAR RAINFALL

ANTZMF = STORE ENO OF TEMOERATURE

ISUM = THREE DAY ANTICEDENT TEMPERATUPE

Q = DAILY RUNCFF

TRAIN = TOTAL RAINFALL FOR EACH YEAR

VALUE

SNOWACC = DAILY SNOW ON GROUND
RAINACC = RAINFALL WHICH ACCUMULATES WHILE SNOW ON GROUND
IFLAGSN = SNOWFALL RUNOFF FLAG

Ny WHEN NO RUNOFF FROM SNOFALL

19 WHEN RUNOFF FROM SNOWFALL

PPO = TOTAL PERMISSIBLE PUNFING DAYS EACH YEAR
PO = TOTAL ACTUAL PUMPING DAYS EACH YEAR

OVFL = YEARLY TOTAL POND OVERFLOMW

MANGY = MANAGEMENT DEWATERING POLICY

DEVAP = AVERAGE DAILY EVAPORATION FOR EACH MONTF FOR SPECIFIC DAY
MTEMP = AVFERAGE MONTHLY MEAN TEMPERATURE

DTEMP = AVERAGE MONTHLY MEAN TEMP FQOR SPECIFIC CAY

MFVAP = AVERAGE OAILY EVAPORATIONS FOR EACH MONTH

SURIPT = POND DEPTH USED TN DETERMINE SURFACF AREA
EVAPCCN EVAPORATION CONSTANT TO CONVERT PAN T(C PONC
SURAREA POND SURFACE AREA

" u

RATEPM = FRACTION OF POND VOLUME (25 YSAP-24 HOLR STCRM)

PERMITTEN IN ONE DAY OF PUMPING
EvVAP = ACTUAL DAILY EVAFPORATICN
POLICY = MANAGEMENT POLICY FOR E£ACH STATICN
STAT1 AND STAT2 = LOCATION OF EACH STATION
DEPTH = POND CEPTH
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DMAX = MAXTMUM POND DEPTH FOR YEAR
DPMAX = MAXIMUM POND DEPTH FOR RUN
NP = MUMBER QF FONOS
IONR = ILLEGAL OVERFLOW NOT RETAINED
JOR = ILLEGAL OVERFLOW RETAINED
LONR = LEGAL OVERFLOW NOT RETAINED
LOR = LEGAL CVERFLOW RETAINED
NIO = NUMBER CF ILLEGAL OVERFLOWS
NLO = NUMBER OF LEGAL OVERFLOWS

L = TOTAL OVERFLOK FOR YEAR
TG = TOTAL RUNOFF FOR RUN

INTEGER DAY,
ITEMP(366)4 FANGT (366) 4 ITEMP (366) 4
MTEMP(12),ICAYPM(13),
ANTEMP(B) ,
NLO(10+475)4NI0(103,75),PD01C,75),PP0(10,75),
TOTNLO(10),TOTNIO(10)
REAL
RAIN(366) +SNOWACC(366),0ZVAP(36E),
MEVAP(12)Y,
ANTRATN(G) ,
DEPTHI10Y,0PMAX 12D,
LORU10475) yLONR(10475) 3I0R(10+75),I0ONR(10,75) ,TOVFLI(17,75),
OMAX(10+75) 4IMAX (104751, TRAIN(75),TQ(75),
TOTLORC10) 4 TOTLONR(10)+TOTIOR(13),TOVIONR (199 ,TCTOVFL (10D,
PUMFDP(10) ,RATEPM(10)
DATA(IDAYPM=31429931+430431430931431430431,30,31,0)
DATA (ISTART=1914), (IFINAL=1971)
DATA(NMTEMP=31 4373404950457 ¢Hh4472 4370462451440, 30)
DATA(MEVAP=04 Ly 0eCo 0410379341603 4C04228440.2927, 22,3297,
0.,2810,0.1832,0.3983,040250,0.0)
DATA (EXPRAIN=1,5)

DATA(SUQDPT:G.G),(EVADCON=0.7),(RAINMAX=G.3).(IhAFHC=&5)

“a x & 5 %

"R B B IR BRI I

"
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QOO0

C
C

c

C

REWINC 2
REWINC 3

INPUTS

(1) NUMBER QF PONIS
(2) FOND DEPTHS
(3) FUMPING RATE

PRINY 6018

READ ¥*,NP

PRINT 6030

READ ¥4 (DPMAX(I)RATEPMI(I) 4I=1,4NP)
PRINT 6070

READ €075,0CHK

IF(DCHK.EQ.2NO z) GOYO 2

INITIALIZE VARIABLES

ANTCON=RAINACC=0.0
MINTEMP=96
SURAREA=L3560.0% (EXPRAIN®2.0)/712.,C/SUFNPT
DO 3 I=1,NP

PUMFOP(I)=RATEPM(I)*EXPRAIN
CEXRAIN=EXPRAIN/1,1&
INO=IFINAL-ISTART¢1

DaY=0
DO 10 M=1,12

I2=1IDAYPM(M)

D0 S I=1,12
DAY=DAY+1
DTEMP (DAY ) =MTEMP (M)
ODEVAP(DAY)=MEVAP (M)

CONTINUE

INPUT STATION NAME

READ(Z,6080) STAT1,STAT2
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C INPUY MANAGEMENT POLICY
PEAN(3,6100) POLICY, (MANGT(I),I=1,366)

C STARTY YEARLY LOCP
00 5CC IYEAR=TSTART, IFINAL
IV=IYEAR-ISTART+1

(o N ]

CHECK FOR LEAP YEAR
IDAYPF(2)=28
INAYEAR=365
IFCIVEARSGNELIYEAR/4*4) GOTO 20
IDAYPNM(2)=29
IDAYEAR=366H
20 CONTIMNUE
c
C INPUT CLIMATIC DATA FOR YEAR
PEAD(Z46120) (ITEMP(ID),RAINII),SNOWACC(I), T=1,IDAYEAR)
c
C SET INITIAL ANTECENENT RAIN AND TEMPERATURE CONDITICNS
IFCIVEARCGTLISTART) GOTO 50
J=IDAYEAR=H
00 3¢ I=1,5

J=J+1
ANTRAIN(IV=RAIN(Y)
30 ANTEMPLII=ITEMP( )
DC &0 I=1,5
3] ANTCON=ANTYCOCN+ANTRAIN(D)
5t CONTIMNUE
C
C START DAILY SIMULATION FOR YEAP
Cc
00 4CG DAY=1,INAYFAR
C

TRAINUIY)=TRAIN(IY)I+RAIN(DAY)
IF(RAINIDAY) ¢ GT.RMAX (TY)) RMAX {IY)=RAIN (DAY)
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c

s Bz NeXsRe NoXe Ne N Xp]

IF(DAY.LE.R) GOTO KO
ANTCON=ANTCONRAIN(DAY=1)=RAIN(DAY=F)

GOTOo 79
TF(DAY EQ,1) ANTCON=ANTCON+ANTRAINC(AI-ANTRAIM(1)

IF(DAYGT.1) ANTYCON=ANTCONSRAIN(DAY=-1)-ANTRAIN(DAY)
CONT IMNUE

CORRECT FOND "EPTH FO2 EVAPORATICN ANO RAINFALL

8¢

EVAP=CFVAP (DAY)*ITFMP(DAY) /DT MNP {DAY)
T=(RAIN(DAY)=ZVAP*SVAPCON) *SURAREA/Z4L43560,.C
00 8C I=1,NP

DZPTH(I) =DEPTHII) &Y

IF(CEPTHITI) 4LTeCo2) DEPTHIII=).C

CONTINUE

CHECK IRRIGATION CONOITICNS AND PUMP IF PERMISSIBLE

0o

90

100

110

NOT IRRIGATE IF?

{1) GROUND FROZEN

(2) VFMANAGEMENT POLICY FQUALS O

(%) RAIN EXCEEZDS RAINMAX

(L) TEMPCRATURE IS LESS THAN 32 F

(S5) SNOWFALL ACCUMULATION IS GREATER THAN C

IF(DAY.LE.3) GOTO 90
ISUM=ITEMP (DAY=3)¢ITEMP(DAY=-2)Y+ITEMP(DAY~1)

G0TO 100

IF(DAYEQel) TSUM=ANTEMP(H)I+ANTEMP (5) ¢ANTEMP (L)
IF(DAY,EQ.2) ISUM=ANTEMP(6)+ANTEMP(S)+ITEVPI(1)
IF(DAYEQe3) ISUM=ANTEMP(E)+ITEMP(1) +ITEMP(2)
IF(ISUM.GT MINTEMP) GOTOD 110

MINTENMP=114

GOTOo 187

MINTENMP=0Q6
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IFIMANGT (DAY) ,EN, D

¥  oOR, RAIN(DAY) ,GT,RAINMAX

¥ «0Re ITEMP(CAY).LE,.32

¥ «0OR., SNOWACC(DAY),GT.3.C) GOTO 149

c

€ POND VOLUME MY 35 REDUCED IF DFEPTH IS GREATER THAN
c DAILY PUMPING CAPACITY

C

00 120 I=1,NP
PPD(I,IY)=PPD(I,1Y)¢d
IF(DEPTHII) ,LT.PUMPDP(T)) GOTO 123
DEPTHIII=DEPTH(I)=-PUMPOP(I)

PO(ILIVI=PD(I,TVY)+1

129 CONTINUE
189 CONTIMNUE
C
C ACCUMULATE RAINFALL IF SNOW ON GROUND

IFLAGSN=1

IFCSNCWACC(DAY) JLEL0.0) GOTO 199

RAINACC=RAINACCH+RAIN(DAY)

' GOTO 400
190 IF{RAINACC.LE.5.C) GOTO 20)

RAIN(DAY)=RAIN(DAY)+RAINACC

RAINACC=0.0

TFLAGSN=1

200 CONTIMNUE

c
C RAINFALL LESS THAN 0.05 INGCHES IS CONSINERED INSIGNIFICANT
IF(RAIN(DAY) LE.C.05) GOTC g0
Cc
C DETERMINE RUNOFF?
c
IF(IFLAGSN.ECQ.1
* 2OR, ITEMPICAY) GT,IWARMS ,AND, ANTCON.GT.2.1
¥ oOR. ITEMPUIDAY) LZ.IWARMC ,ANDs ANTCON.GT.1.1) GOTC 2€0
C
C  ++sUSING ANTECEDENT CONDITION NO. II

Q=(RAIN(DAY)=(,1978) **2/(RAIN(DAY) +1,7912)
GOTo 300



€6

C

C o0 USING ANTECEDENT CONDITION NO. TII

25t
300
c

c

N=(RAIN(DAY)=-(.0618)**2/ (RAIN(DAY) ¢{ ,2047)
CONTINUE

TQEIV)I=TQUIY) +0Q

C ADD RUNOFF TO POND AND CHECK FOR OVERFLCW

330

340

ase

400
c

00 35 I=1,NP

DEPTH(I)=DEPTHI(I)+*Q :
IF(DEPTHII) JLELOPMAX(I)) GOTO 340
OVFL=DEPTH(I)-OPMAX(I)
TOVFL(ISIY)=TOVFL(I,IY)+OVFL
DEPTHL(TI)=DPMAXI]I)
IF(IFLAGSN.EDLY

«CR. RAIN(DAY) LELCEXRAINY GOTO 3290
NLO(ILZIVI=NLO(ILIV)et
IFCCVFL.LT Q) LOR(TILIY)=LOR(I,IY)+Q=-NVFL
LONR(ILZIY)=LONR(T, 1Y) +0VFL
GOTC 340
NIO(I,IYI=NIO(I,IY)#1
IFCCVFLLLT Q) IOR(Y,IVI=TIOR(ILIV)I+Q=-OVFL
IONRC(I,IY)I=IONR(I,IVY)+NVFL
IF(OEPTH(I).GT,OMAXI(I,IV)) OMAX(I,IY)=DEPTH(I)
CONTINUE

CONTINUE

C CALCULATE TOTALS

29

00 42C I=1,NP

TOTALO(ID=TCTINLOCID#NLO(I,IV)
TOTLOR(II=TOTLOR{(II¢LOR(I,IY)
TOTLONR(ID=TOTLONR(I) ¢LONR(I,IY)
TOTNIOCIV=TCTNIO(I)&¢NIO(I,IY)
TOTIOR(IV=TCTIOR(II+IOR(I,IY)
TOTIONR(II=TOTIONR(I)+IONR(ILIY)
TOYCVFL(II=TOTOVFL(I}+TOVFL(I,LIVY)
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C

C SET ANTECEDENT RAIN AND TEMPERATURE FOR NEXT YEAR

LI
500

c

J=IDAYEAR=-H

DO &44C I=1,6
J=J+1
ANTRAIN(II=RAIN(J)
ANTEMP(I)=ITEMP (J)

CONT INUE

C OUTPUT RESULTS

600

6010
6C 30
6060
60790
6075
66890
6100
€129
6140

¥

L 3

»

'3

£ a5 % & X g

00 60C I=1,NP
WRITE(E1,6140) STATi'STAT?'ISTARTOIFINAL’DDMAX(I’QPOLICYQ
SURAREALRATEPMIT) EXPRAIN
WRITE'EquiEU)(JGISTQRT’i,NLO(IoJ’qLOR(IQJ‘sLCNR(IqJ,QNIO(I'J”
ICR(I,J’QIONR(IQJ).TOVFL(I,J)QDWAX(I!J’9RMAK(J)17RAIN(J’Q
TC(J) oPOII o) 4PPD(TI4J) 9J=14INO)
WRIVTE(61,6181) TOTNLO(I,gTOTLOR(I),TOTLONQ(I’.TQTNIO(I’.
TCTIOR(I),TOTIONR(I),TOTOVFLITI)
STop
FCRMATU/2 ENTER NUMBER OF PONCS %)
FCRMAT (/2 ENTER POND DEPTHS AND PUMPING RATES?)
FORMAT(F4,?)
FCRMATU(/2 IS DATA CORRECT?)
FORMAT(A1D)
FORMAT (2A110)
FORMAT(A10/7(801I1))
FORMAT(B(I34FL,2,F3.,0))
FCR"AY(iHiinGQZAiO,#(t,I’#,t*t.t“, Z2) 2y
T1C,2PONDO DEPTH =2,F6.2/
T1C +ZMANAGEMENT DEWATERING POLICY = 2,A10/
710 ,2SURFACE AREA =%,F9,2,2 SQ. FT./FEFDLOT~ACRER2/
T1C +ZPUMPING RATE =2,F542,2 *24,F6.2,% ACRE-IN./FECOLOT-ACREZ/
1H-,T18,2LECGAL OVERFLOWS2,TLS8,2ILLEGAL CVERFLCWS#/
1HC s T21,2AMT 2,730 ,2AMT, NOT£,T52,2AMT,2,7h1, 2AMT, NOTZ,
T769170TAL¢17919¢HAX'DEPTHt9T10301MAX19T11ﬂ’¢T0TAL¢,
T11842TOTALZ,T127, 2PUMPING2/
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4 T3+ZYEARZ,LT13,42N0, RETAINED RETAINETZ,T4ML,
* 2NO. RETAINED RETAINCEDZ2,T75,20VERFLCW2,T91,2PER YEARZ,
2 TiC2,2RAINZLT112,2RAINZ,T118,2RUNOFF2,T128,20AYS2)

€160 FORMAT(LIHG s (T34 Tty T12,134T10,F0:e24T304FHe24TU3,I3,750+F6.2,
¥ Y01 4F0e2 s T754F6e29T02,F0e24T101sF6:2+T1094F64 24
P Ti174FFe24T127,1%,2/72,13))

5180 FORMATILIH 4T1242-==-2,T1Q ¢t ~~w=== 2, V73042 ===ty T3 g2===?,
* TJT50ytemce=- 29TEl g2 meweect2, T75,y2—n=== t/
®  AHC2TOTALS 24712, 133T19,F6429T30,FRe2+sTUuUI3T7,T5C,F6.2+T61,F€,.2,
® T75,F6.,2)
£ND



APPENDIX C. ECONOMIC EVALUATION MODEL

GENERAL PROGRAM INFORMATION

Title: Cattle Feedlot Runoff Control Cost Estimating Model
Authors: R. M. McDowell, R. B. Wensink, and J. R. Miner

Installation: CDC 3300 at Oregon State University

Programming Language: Standard FORTRAN IV

Date Written: 1976-1977

Remarks:

The cost-estimating model determines initial investment and annual
operating costs of runoff control facilities for unroofed, earth-
surfaced feedlots. The model develops costs for clean water
diversions, settling basin, and runoff retention structures as
well as an irrigation system for disposing of runoff. Costs of
four different irrigation systems are estimated by the model,
which is capable of approximating the cost of two different dis-
posal policies. Major design parameters are: daily pumping rate
in acre-inches per feedlot-acre-day, storage volume in acre-inches
per feedlot acre, average pumping days per year, area (in acres)
required for one day's pumping, and total area required for disposal
of runoff. The model estimates cost of runoff control only, and
does not calculate outlay for a complete waste management program.

PROGRAM OUTPUT

Output variable names are listed in the program. The output is
comprised of initial cost data and annual operating cost estimates.

A. Initial Cost

1. Earthwork (excavation cost of clean water diversion ditch,
settling basin, and retention pond);

2. Land occupied by these structures plus the disposal site;
3., Irrigation equipment (pumps, sprinkler units, and mainline);

4. Miscellaneous items (screen dams for settling basins;
fencing for retention pond; seeding of earthwork; surveying).

B. Annual Cost

1. Depreciation and interest,

2, Taxes,

3., 1Insurance on irrigation equipment,

4, Labor for operating disposal system, and
5, Electricity for operating disposal system
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PROGRAM INPUT

Input variable names are defined in the program. Even though

the model was developed and utilized on Oregon State's Time Sharing
Computer System, the following cards would be required to operate
the program from a CDC 3300 Batch Processing System.

A. Order of Job Control Language Cards
74 (JOB CARD)

78(ACCOUNT CARD)

78FORTRAN,L,R
7 7
g8 8
7 JLOGOFF
B. Inputs
1. Feedlot area (acres):;
2. Required storage volume (acre-inches per feedlot acre);
3. Pumping rate (acre-inches/feedlot acre-day):;
4, Average pumping days per year;
5. Area required for one day's pumping (acres);
6. Area required for total disposal site (acres);
7. Disposal policy (nutrient utilization or strict waste

disposal);
8. Maximum daily application (acre-inches per acre-day)

C. DATA Statements

The following DATA statements must be defined:

1. NGPMP is a one-dimensional array which contains discharge
capacities of selected sizes used with hand move and
side roll irrigation systems.

2. NCOSTP is a one-dimensional array containing costs of
various pumps listed in NGPMP.

3. NHPP is a one-dimensional array containing horsepower ratings
of pumps listed in NGPMP.

4, MGPM is a one-dimensional array which contains the maximum
capacity (gpm) of various sizes of mainline.

5. MSIZE is a one-~dimensional array which contains the diameter
of the mainlines corresponding to the elements of MGPM.
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9.

MCPF is a one-dimensional array which contains cost per
100-foot section of the mainline listed in MGPM.

KGPMP is a one-dimensional array containing discharge
capacities of pumps (gpm) for the two high pressure
irrigation systems (stationary and traveling big gun).

KHPP is a one-dimensional array which contains horsepower
ratings of pumps contained in KHPP,

KCOSTP is a one-dimensional array which contains costs of
pumps represented by discharge capacities in KGPMP,

Additional Cost Variables

1.
2.

3.
4.

10.

11.
12,

13.
14,
15.

16.

COSTA represents excavation cost per cubic yard ($).

COSTB is the cost of constructing clean water diversion
ditch ($/foot).

KOSTC is the cost of land ($/acre).

COSTD is averaged cost of 40-foot sections of 3- and
4-inch aluminum irrigation pipe, with sprinkler.

COSTE is the cost of a 1,320 side roll irrigation lateral.

KOSTF is the cost of a big gun irrigation nozzle with
capacity less than 500 gpm.

KOSTG is the cost of a big gun irrigation nozzle with

capacity greater than 500 gpm.
*
KOSTH is the cost of a traveling big gun system ,

COSTI is the cost of four-strand barbed wire fence, in-
stalled ($/foot).

COSTJ is the cost of seeding earthworks for grass ($/per
$ value of earthwork).

COSTK is the cost of screen check dams (S$/foot).

COSTL is the cost of insuring irrigation equipment
(S per one dollar insured value).

COSTM is the cost of electricity ($/kilowatt-hour).
COSTN is the wage rate for irrigation labor ($/hour).

AMORT is the amortization factor to calculate annual cost
of investment with a lifetime of ten years at an interest
rate of 10%.

TRATE is the annual tax rate per $1.00 assessed value.

*Details on cost of traveling big gun contained in Appendix D.
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NGP 4E
MGPUP

NCOSTE
MNHDD

MGP
MCDF

MSIZ¢
K G0 4L

KCOSTF
KHP P

LAS3
‘
LAV
LARDLF
LATOT
MAXD A
PISP
20VIL
DORATE
PIAYS

FUMOFF CCNTECL
MATING MODEL

~ D
——f

VASILIALFC NOTATION ANN £YPLANATION

DTISTHAFRGE TAPACITY CF FUMPS AVAILAGSLE FOR HAND MQOVE

AMD SINS POLL IRIIGATICN SYSTZMS

CISTHAERGRE CAPACITY COF FUMPS FOF USF WITH HAND MOVE AND
SIDZ SCLL IRSTGATICH SYSTEMS

COST OF PUMPS FOS USZT WITH HAND MOVE ANC SIDE ROLL SYSTEMS
HORSZPCWET RATING CF PUMPS USIN WITH HANC MOVE AND

SIDT xCLL SvYSTFMcS

MAXIMUM FCASATITY OF MATHNLIMES

COST PER 100 FEET OF MAINLINE

DIAMETER CF MAINLINF
JISTHARGT CAPACITY OF PUMPS FOR USE WITH STATIONARY AND
MOVING 3IG GUM SYSTEMS

COST OF PUMPS USTD WITH STATIOMARY AND MCVING BIG GUNS
HOISIPCWER RATING CF PUMPS USE0 WITH STATINNARY AND MOVING
316 GUN SYSTEwS

LANY £SZA CCCUPIED 3y SETTLING YASIN

LENGTH OF RETENTTON POND AT FGFEROA®D LEVEL

LAND AFZA OCCUPIZD 3Y CLEAN WATSRP CIVERSICM

LAND GCZUPIZ) 3Y RETENTION POND ANC PIRIMETER

LANY AREA OCCUPISD 3y TOTAL FACILITICS

MAXTMUM DAILY APPLICATION OF WASTE PFR ACRE PFR DAY
IISPOSAL POLICY INENTIFIER

REOUILED STORAGE VOLUME OER FEENLOT AC?E

NESIGN PUVPING RATE PER FEENLOT ACRE

AVEIAGT OPUMPING DAYS PER Y7 AR
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AOP DISPOSAL PLOY ACSTAGS REQUIRED PFR FFRENLCT ACFRST

ADS DIS20SAL SIT:Z ACRIARE RENUIRED PER FETNLCT ACFE

FLAREA FEENLCT ASEA IM ACRES

MANPOL MANAGEMENT POLICY IDENTIFIER

COSTA FEXCAVATTON CHARGZ?® R/CURBIC YARN

COSTR  NIVERSIIN CITCH COSTS R/LINEAL F0onT

KOSTC LAND COST?® R®/ACRF

COSTD CCST OF 4C FOOT SECTION OF ALUMINUM HAND
MOVT IRRIGATION PIFE

CCSTE COST OF 132C FOOT™ SIDE ROLL IRFIGATION LATERAL

KPSTF  COSY OF 3IG GUN TIPRIGATION SPKINKLFR WITH CAPACITY
LESS THAN 5C7 GALLONS PER MINUTE

KOSTG COST OF 316G GUN TRRIGATICN SPCINKLER WITH CAPACITY
GREATER THAN 553 GALLONS PER MINUTF

KOSTH COST OF TRAVTLLING BIG GUN SYSTEM, COMPLET: WITH H40SE

COSTI FENMINC TOST?! T/LINSAL FOOT

COSTJ SEEIING COST FOEFFICIENT

COSTK CCST CF SCXESEN JAMS FOR SETTLING 3ASING
* PER LINEAL FOOT

COSTL INSYUFRANCE COSTS: 3/ * TINSURFD VALUE

COASTM  ELEICTRICITY £OSTS ¢/ KWH

COSTN HOURAWY WAGF RATF FOX IRRIGATION LA2QF

AMOT AMORTIZATION FACTAF

TRATE  TAX RATE PLR CMF DCLLA? NF ASSFSTD VALUE

X ADP TCTAL OTSPOSAL PLOT ACRFAGE

XADS TOTAL QISPNSAL SIT: AGREAGE

XPRLATE TOT 2L PUMIING RATY RLAUICEN PER DAY

PVOL TOTAL VOLUMT PUMPEDP OFg YEAR

SAYIL  SETTLIANG 3ASIN VOLUME IN CUSIC YARDPS

SACOSTY COST OF FXTAVATING SETTLING 3IASIN

CoIv CCST OF ZACAVATING CTLEAN WATER NIVERISINN

HLOVOL TOTAL FIQUIRESD HOLGIWNG vOLUME TN CUIC YARDS

EXVIOL VOLUME TN 35 ZxCAVATEN TO PRAVINE EON) WITH CAPACITY NF
HLOVYCL ANT PINVIDING CNE FOOT OF FREF2NASE

RPCOST NCST O0F =xTAVATIMNG THZ RETENTION PONG

TWRAST TOTAL COST NF ALt EACAVATION WN2K

KLASB nCST OF LAN? QCCUPTZI0 3Y SETTLING RASIN
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KLADI

L£OST JF LAND OCCUPIZO 3Y CLEAN WATER NIYIRSTON

KLARPEP COST OF LAND OCCUPTIZIO 3y RETINTION POND AMD P RIMETER

KLADICS

LCTOT
TSET
LCHY
LaSR
6o
16oH
NECNT

IPU4P
NPCNT

ITPCST
JGPY
JPCNT
JHPP
JLOSTF
JGPYP
JTPGSTY
LMAINA

KOUNTA
IMAIN

ICMA
IGPMT

JGPMT
JKOUNT
JGPM
JCPF
JSI7E
JCMA
JMAIN

COST OF LAND A=EA QCCUPIZ0 8Y [CISPNSAL SITE

*WHAEN APPROPRIAT - *»

TOTAL CAOST 0OF LAND CHARGED TO FUNOFF CONTPOL SYSTEM

HOURS fck IRRIGATION SET

CCST OF LETEXRALS FOR HAND MOVYZT IRRIGATION SYSTEMm

CCSYT OF LATFRALS FOR SIDF ROLL ISKRIGATICN SYSTEM

PUMPING RATE FOR SIDJE ROLL. HAND MCVE, AND 3I6G GUN SYST:LwusS
INTZGER YALUE OF VARIAALE ~GPu™

COUNTER FOR PUMP SELECSTOR LOOP SELECTING PUUPS FCR

HANN MCVE AND SIOE ROLL SYSTEMS

DN LOGP FOR HAND MOVE AND SINE 20LL PUMP SELZCTICN

TOTIL NUM3ER QOF PUMPS REQUIRSD FNR HAND MCVES AMD SIDE
ROLL IRRTGATICN SYSTEMS

TOTAL COSY OF PUMPS FOR THF HANND MCVYE ANT STIE RCLL SYSTiwug
REQUIRED PUMPING RATE FOR SIOF ROLL SYSTEM

NUMBER OF PUMPS REQUIRED FOR SIOZ ROLL SYSTEH

HORSEPCWER PATING OF PUMP(S) FOR SINF RCLL SYSTEM™

CCST OF INNDIVIDUAL PUMPIS) SELENTED FOR SIDE ROLL SYSTEM
DISCHARGE RATE NF INDIVIDUAL PUMPS SELFCTEC FOR SIDE ROLL
TOTAL COST 0OF PUMPS FOR SINE ROLL SYSTYCM

LENGTH OF MAINLINE REQD.s FOR HAND MQOVE AND

SIJZ RCLL SYSTEMS

COUNTER FOR MAINLINE SELECTION LCCF?! NUMEER OF MLAINS RECNH,
00 LOCP FOR MAINLINE SELECTION FOR HAND MOVE AND

SID® KCLL SYSTEMS

COST OF MAINLINE FOR HAND MOVE AND SIDE ROLL SYSTEMS
TOTAL SYSTEM DISCHARGE RATE FOR HANT MOVE AND SIPE ROLL
IRRIGATICON SYSTEUS

TCTAL CISCHARGE RATE FOR SIOE RALL IRPIGATIOM SYSTEMS
COUNTER FOR SIDE RCLL SYSTEM MAINLINS SELECTICN LOOP
MAINLINE CAPACITY FOXK SINDF RILL SYSTEM

COST PER 160 FEFT OF MAINLINE FOR SIQRE RCLL SYSTEM
DIAMETSER OF MAINLINE FNOR SIDE FNLL SYSTEM

TOTAL COSY OF MAINLINE FOR SIOFE ROLL Sysigw

LENGYH OF MATMLINE RFGDe FOR SINFE FOLL SYSTEM
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TTCHM
ITCSK
GPM3 G
N36
IGPMAC
ITC3G
KGPYM]C
KPCNT
KPyvp
XKTPZST
KHP2L

MSIZEL
MCPFL
KGPMY
KHMGPM
LMAINE
KCUNTR

KMAIN
ICM3
ITC3Gs
MBGGFM
CcM35
NM3 G
ICM3
LGPY

LPSNT

LPUMF
LIPSy
LMAINC
KOUNTC
LMAIN
LMGPM

ICMC

TOTAL COST QJF HAMO MOVE IRPIGATICON SYSTEM

TOTIL COST OF SIDF RCLL IRRIGATION SYSTEM

PUMPING RATE FOR 2I6G GUN SYSTEMS IN GALLCNS PER MINUTE
NUMEER 0OF RBIG GUNS SEQUIRED FOP SYSTEM

DISCHARGEZ PER 316 GUN IN GALLONS PSR MINUTE

TOT L COSY OF 316G GUNS

PUMP RATE FOP 3IG GUN SYSTEM! FOR FUMP SELECTOR LOOP
COUNTEFR FOR 3IG GUN SYSTEM PUMP SELECTOR LOOP

20 LOOP FOR 3I5 GUN SYSTZIM PUMP SELECTIGN

TCTAL COST GF PUMP(S) FOR BIG GUN SYSTEM

HORSZPCWER RATING OF INDIVIDUAL PUMP(S) FQR

316G GUN IRRIGATICN SYSTEM

JTAMZTER OF MIANLINE REQN., FOR 3IG GUN SYSTEM

COST PER 107 FEET OF MAINLINE FNR RIG GUN SYSTEM

TOTAL TCISCHARGE CAPACITY FOR 3IG GUN SYSTEM

MAINLINE CAPACITY RINN, FOR 3IG GUN SYSTEM

LENGTH OF MAINLINE REQD. FOR 8IG GUN SYSTEM

COUMNTER FOP 3TG GUN SYSTEM MAINLINE SELECTOR? TOTAL
NUM3IER OF MAINLIMES REQUIRED

J0O LOOP FOR MAINLINS SELECTION FOR 3IG GUN SYSTEM

TOTAL C€OST OF MAINLINE FQOR BIG GUN SYSTEM

TOTAL COST OF 3IG GUM SYSTEM

BUMEING PATE FOR MOVING IG GUM SYSTEM

REAL NUM3ER VALUE OF ~“M3GGPM™

NUM3ER OF MOVING 2IG GUNS NECESSARY

TOTAL COST COF MOVING BIG GUNS

TOTIL CISCHARGE CAPACITY F0OR MOVING 3IG GUN SYSTEMS

USEDY IN PUMP SEL=CTOR LOOP

COUNTER FOR PUMP SELFCTOR LOOP FOR MOVING RIG GUN SYSTEM:
NUM3ER OF PUMPS RENUIRED FOR MOVING RIG GUN SYSTEM

NG LOOP FCR PUMP SELECTION FOR MOVING 3IG GUN SYSTEM
TCTAL CNAST OF PUMPS FOR MOVING RIG SYSTEM

LENGTH OF MAINLINT ECUIRED FOR MOVING B8IG GUN SYSTEM (FT.)
COUNTER FOR MAINLINE SELECTOR FOR MOVING 2IG GUN SYSTEM
70 LCOF FCR MAINLIME SILECTIOM FOR MOVINC RIG GUN SYSTEM
TOTAL PISCHARGE FROY MAINLINE FOR MCVING BIG GUN SYSTEMS
IN SALLONS PZF MTNUTE

TCTAL COST OF MATINLINS FOR MOVING 3IG GUN SYSTEM
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I17CH4R
CFENCE
CERP
COAMS
CFNG
cHISC
Ir0sTY

Nipta o0 §
LCOST
TrOSTA
TCNST 8
TCOSTC
T70STC
ACOIEN
ACOIHF
ACD ISk
ACOIBC
ACOITC
ACTZHW
ACT 1™
ACTSw
ArT 3G
ACT 486
ACMRHY

ACM>2SH
ACHRAaC

TOTAL COST QF MOVTING TG GUN SYSTEMS

TOTAL COST OF SENCING

TOTAL CNST OF SE2NING SAFTHWORKS TO GRASS

TOTAL TOSY OF SCRESH NDAMS FOR SETTLING 38SIN
TCTAL NOSY OF <NGINEFRING AN SHRVFYING

TOTAL MISCFLLARENUS rNST

TOTAL TNVESTMEMT £y LUSIVE OF IP2IGATINHN SYSTEM
FOR HAND MOVE ANT BIG GUN SYSTEMS

TOTAL INVESTHMENT TxCLUSIVE OF IPRIGATION SYSTEM
FC2 SIDT ROLL SYSTEM

TOTAL INVESTAENT EXCLUSIVE OF IRRIGATION SYSTEM
FCR MCVING 2IG GUN SYSTEM

TOTAL COST FOS RUNDFF CONTROL FACILITISS USING
HAND MOVE ISRIGATION SYSTEM

TOTAL "OST FORP RUNOFF CONTFOL FACILITIES USING
SI0T RCOLL TJRRIGATICM SYSTEM

TOTAL COST FOR RUNODFF CONTIOL FAGCILITIFS USING
316 GUN IRRIGATION SYSTEMS

TOTAL FOST OF RUNOFF CONTROL FACILITIES USING
MOVING 3TG GUNMN IRRIGATION SYSTEMS

AMNUAL COST OF NEPRECIATION AND INTERFST FCR
NON=-IKRXIGATION ITEMS

ANNUAL GOST OF NIPeSCIATYON AND INTEREST FOR
HAND MOVE TIPRIGATION SYSTEM

ANNUAL COST OF DePRSCIATION AND INTEREST FOR
STDE RCLL SYSTEM

AMNUAL COST OF DEPRECIATION AND INTEREST FOR
3IG GUN SYSTEM

ANNUAL COST OF NEORECIATION AND INTERFST FCR
4ACVING 3IG GUN SYSTEM

ANNUAL TAY ON MON-IRRIGATION ITEMS

ANNUJAL TAX ON HAND MOVE TRRIGATION SYSTEM
AMNUAL TAX ON SINFE ROLL IRKIGATION SYSTEM
ANNUAL TAX OM 316G GUN IRKIGATION SYSTEM

ANNUAL TAX NN MIVING 3IG GUN IPRIGATION SYSTEM
ANNUAL COST 0OF MAINT, ANC FEPAIRP ON HAND MOVEI SYSTEM
ANNUAL COST AF HAINY, ANC REPAIR ON SINE RCLL SYSTEM
ANNUAL COST OF MAINT, AND REPAIR ON 3IG CUN SYSTEM
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ACMRTC
ACMREMNW
ACI NHM
ACI NSk
ACINSG
ACINTG
ELECHN
teLECSFk
ELECRG
CLEZTG
CLABHM
CLA 3SR
CLABARG
CLA3TG
TACHM

TACSR

TAC 3G

TACTG

TACEW

TACEWY
TACEWL

TACA
TAC3
TACC
TAC)

CCAPA
ccaes
CCAn(C
craer
CHEAGA
CHEADSB
CHE ADC
CHEADC
TICAPA
TICAPE

ANNUAL
ANNUAL
ANNUAL
ANNUAL
ANNUAL
ANNUAL
ANNLAL
ANNUAL
ANNIIAYL
ANNUAL
ANNLAL
AMNUAL
ANNUAL
ANNUAL
TOTAL
TOoTAL
TOTAL
TCTAL
TOTAL
USING
TOTAL
USING
TCTAL
USING
ToTAaL
TovAL
TOTAL
TOTAL
MCVING
ANNUAL
ANNUEL
ANNUAL
ANNLAL
ANNUAL
ANNUAL
ANNUAL
AMNULAL

cosT
COST
cosTt
CNST
cosT
cosT
cosT
cosT
cosT
COs7T
cosY
cosT
cOST
COoST

oF
oF
oF
OF
oF
OF
0OF
oF
OF
OF
OF
oF
OF
aF

MAINT, AND REPAIR ON MOVING 3TG GUN SYSTEM
MAINT. AND REPAIR ON EARTHWORKS
IMSURANCE FOR HANN MOVE SYSTEwM
INSURANCE FOR SINE ROLL SYSTE9S
INSURANCE FOR BIG GUN SYSTEM
INSURANCE FOR MOVING BIG GUN SYSTEM
ELECTPICITY FOP HAND MOVE SYSTi™
ELFCTRICITY FOR SIDE ROLL SYSTEM
ELECTRICITY FOR TG GUN SYSTEM
ELECTRICITY FOR MOVING 3IG GUN SYSTEWM
LA30R FOR HAND MOYE SYSTEM

LA30R FOR SIDE ROLL SYSTEM

LA3GCGR FOR 3IG GUN SYSTEM

LA3GR FOR MOVING 8IG GUM SYSTFM

ANNUAL COST OF OPEFATING HAND MOYE SYSTFM

ANNUAL COST OF OPERATING STOF ROLL SYSTEM

ANNUAL QST OF OPERATING 3I6 GUN SYTEM

ANNUAL COST OF OPERATING MOVING 3IC GUN SYSTEM
ANNUAL COST CF EARTHWORKS FOR FUNOFF RONTROL SYSTEMS
FAND MOVE AND 31IG GUN SYSTEMS

ANNUAL COST 0OF EARTHWORKS FOR RUNOFF CONTROL SYSTEMS
THZ SINE ROLL IRRIGATINN SYSTEM

ANNUAL COST OF CARTHWORKS FOR RUNOFF CONTROL SYSTEMS
THE MOVING 3IG GUN IRRIGATIOM SYST:EM

ANNUAL COSY OF FACILITIES USING HAND MOVE SYSTFM
ANNUAL COST 0F FACILITIES USING SIFE R0LL SYSTEM
ANNUAL COST OF FACILITISS USING 3IG GUN SYSTEM
ANNUAL COST OF FACILITISTS USING

216

gcosYy
CeST
CCST
cosT
CosT
gesy
LOST
oSy

pTE
PF&
PER
ore
PER
PER
PER
= B =3

GUN SvYSTgwm

HEAD OF CAPACITY USING HAND MOVE SYSTowM
HELD OF CAPACITY USING STDE ROLL SYSTEw™
HEAD OF CAPACITY USIMG RIG GUN SYSTEM
HZA) OF CAPAZITY USING MCVING 2IG GUN
HEAD USING HAND MOVZ TYSTOMm

MZAD USING SIOEZ POLL SYSTZ™

HELD USING 3IG GUN SYSTEM

HEAD USING MOVING RIG SUN SYSTEM

TOTAL TNVESTMENT PER HFAD WITH HAND MOVE SYSTEM
TATAL INVFSTMENT PSS HIAND WITH SIOF S0LL SYSrsu
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TICAPC TOTAL INVESTMENT PER HEAD WITH 3IG GUN SYSTEM
TICAPLC TOTAL INVESTMENT PZR HFAD WITH MOVING RIG GUN SYSTEM
XMIN MINIMUM YFARLY LA3QOR COST FOR ANY SYSTEM

DIMENSICON NGFMP(11),NCOSTP(11)NHPP(11)
DATA(NGPMP=50410Ce200¢3CCe4di9500e003,4980C4,100C ,12C0414L07)
DATA(NCOSTP=16400,1600,16%50,1650,19GC,2160,2550,2C8C0,730C,4000,
*6400)

DATA(NHPP=5,7 3139150204259 304434504504 75%)

DIMENSION MGFMI7) 4MCPF(TILMSI7ELT)
DATA(MGPM=10(,200+300,45C4600,12CGC420C9)
DATA(MCPF=55,72,94L+1259170+42634 41C)
OATAU(MSIZE=2+3+495+698417)

DIMZNSTION XGPMP(7) KCOSTPIT7) 4KHPP(7)
DATA(KGPMP=1004150,4300,45C,600,850,1150)
DATA(KCOST f=14004184L4228C+2760+3280+316C,652C)
DATA(KHPP=15,20+3C,40,6( 75,100

REAL LASRSLsLADIV.LAKPAPLLATOTyMAXxDA

* MANAGEMENT DRISPOSAL ALTERNATIVE IDENTIFIER *

NUTRIENT UTIL. ¢ DISP=?
STRICT WASTE OIDPOSAL ¢ DJISP=1,

WRITE (1,1 :00)
1000 FORMAT (2 ENTER DESIGN VARIABLES==STORAGE VOL.y PUMPING FATE .2/

2 PUMFING 3AYS, CISPOSAL PLOTY ACREAGS, OISPOSAL SITE ACREAGE. %,
% DISFOSAL POLICY INDENTIFIZK, MAXIMUM DATLY WASTE APPLICATICMEZ,

*t o, FEENLOT AREAZ,)
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1018

ic2e

1020

READ(FU4101CIROVCLIDPRATELPDAYS,ADPLADS,NTISF,MAXDA,LFLARFA
FORM“AT(FQ,3)

WEITE (61,1320)

FARMATY (2 ENTER MANAGFMENT POLICYZ)
CPEANCEG,1u ICIMANFOL

FORMAT(TY)

INPUT CNST VARTA3LES

CNOSTA=,5
CNsSTR=,2¢
KNSTC =75
CNSTD=45,
CNSTE=38C0,
KNSTF =400
KNSTG=73"
KOSTH=1545"
COSTI=.hC
C0STY=.01
CNSTK=4,15
tNSTL=.3C6
COSiM=,9309%
COSTN=3,5
AMORT=,16275
TRATE=,9093

MAYXTMUM OAILY APOLICATION OF WASTE IN ACRE-INCHES PER ACKFE

XADOP=FLARE t*ADP
XAD3=FLAREA*ADS
XPRATE=FLAREA®DOFATF
PVOL=XPRATZ*PCAYS
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CALCULATION OF INVYZISTMIMNT QST

**CALCULATE COST CF CONSTRUCTING EAPTHWORKS®®

SITTLING 2AR]IN

SRVOL=FLLFIA*{34,4
SACO0ST=S3IVNL2CNSTA

CLEAN WATER DIVERSION NITCH/TERRACE

CUIV=CSQRT(FLAFTEA®4356],) *3,*00STA

PITENTICON RFSIVOIR

HLDOVCL=RCVNL*FLAREA*363C,
L=32.450NRTU(HLIVOL=3656,)/14L,)
EXVIL=e555% (L¥L =6 %L ¢12((,)
IF(EXVOLLTeao(3s) GO TO 104G
FONTIMNUZ

GO T 125§

FXVIL=610.

RPCOST=£XxVvIL*(CNSTA

COMPLTE TOTAL COST FGR EARTHWORKS

EWCOST=SBLNST+LCNIVEROCOST
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**CALCULATEZ COST LAND RQUIRED FOR TOTAL FACILITIES*=
LAND AREA FOR STTTLING BASIN

LAS3=(12.+¢SART(144.+3621.*FLAREA/2.})**2/8712¢C,

KLASB=LASA*KAST(

c
g LAND 1REA FOP2 CLEAN WATZR DJIVERSTON DITCH/ZTERRACE
c
LADIV=24, *SQRT(FLAREA*4L3560,) /43560,
KeAJIV=LADIV*KOSTC
c
C
C LAND AREL FOR RETINTION RESIVOIP AND PIQRIMETCR
c
C
LARPAF=(L*L+4232.*L+152014)7L3550,
KLARP=LARPARP*KDOSTL
c
c
c LAND FOR DISPOSAL
c
IF(DISP.EQ.1.) GO TN 1110
CONTINYE
KLADIS=N
GC TC 11190
c

C
c

1103 KLADIS=YADS*KISTC
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OO0 DO OO0 OO0

OHOOOO

OOHO (y]

(o Ny

1110

1120

1130

1140

CALCULATE TOTAL LAND COST

LATOT=LARPAPH+LADIV+LAS]
LCTOT=LATOT *KNSTC+KLADIS

IRRIGATION EQUIPMENT
CALCULATE HQURS ©°£2 SET

TSET=MAXDA ,. 33

IFCTSET.GT.104) GOTO 113C

COST OF LATERALS FOR HMS < SR SYSTEMS
WHEN TSET <1l HOURS

LCHM=TIFIX(3.C75*COSTO*XANF)

LCSR=IFIX(Ce273*COSTE*XADP)
GO TO 1140

COST OF LATERLLS FOR HM < SR SYTEMS
WHEN TSET>10 HOURS

LCHM=TFIX(18,15*COSTO*XADP)
LCSR=IFIA(.56R*COSTZ *XADD)

GO TC 1150

CALCLLATF #HM < SR SYSTEM CAPACITY WHEN TSET<1C HOURS

GPM=226.3*XPRATE/TSET
GO TO 1167

CALCULATE HM € SFk SYSTEM CAPACITY WHEN TSET>il HOU®S
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1150 GPM=452,5%¥PRATE/TSET

PUMFS FOR HM <€ SR SYTEMS

1160 IGPY=IFIX(GPM)
NPCNT=1
1170 09 1189 IpUMP=1,11
IFCIGFM.LE.NGPMP(IPUMPY ) GO TO 1190
1180 CONTIANYZ
NPCNT=NFCMT+1
IGPM=GPY* (1,0 /NFCNT)
GO TC 117¢
1199 ITPCST=NPONT*NCASTP(IPUMP)

CREATINON CF VARIARLFS FOR SINS R0LL DCCUMENTATION

JGPM=IFIXY (GPM)
JECNT=NPCNT
JHEP=AHPP (IPUMP)
JCOSTFE=NCOSTP (IPUMP)
JGPME=NGPMP (I FUMF)
JTPCST=ITPCST
CALCULATZ COCST OF MAINLINE FQP HW < SR SYSTEMS

LMAIMNE=TFIX(SQURTIXADS*435604)+3CC,)
KCUNT A=1
1200 DO 1213 TMAIN=1,7
IF{JGEM L JMGFMIIMAINGD GO TO 1220
1219 CONTIANYS
KOUNTA=KOUNT A+
JGPM=GPM* (1,{7K0UNTA)
GO TC 123y

’1220 ICMA=FLNAT(LMATNA) /7130, *MCPF (IMATN) *KNAUNT A
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1240

IGPMT=IFIX(GEM)
JGPMY=TIGFMT

CREATIIN CF VLKIAILTS FOR SINE ROLL DCCUMIKNTATIAIN
JKYINT=KCUNT A
JMGOM=MGPMITMAT M)
JCOF=MCOF(IMATIMY
JSTZ€=MSTIZF(IMATNY
JCMA=ICHMA
JMATN=LMATNA

CALCULATE TOTAL COST OF HM + SR SYSTEMS

ITCHM=LCHMeICMACTTOCSTY
ITCSF=LCSR+ICMA+ITPOST

315G GUN SYSTFM

IF(TSET.GT.10e) GC TO 124C

CEALCULATF 3G SYSTZM CAPACTTY WHEN TSET<1{ HOURS
GPM3G=22F,”?3%xPRLTE/TSET
GN T0 1259

CALCULATF 3G SYSTIM CAPACITY WHEM TSET>10 HOURS
GPMIG=452 .55 XPRLTE/TSET

CALCULLATEZ NuM3=e JF 3IG6 GUNS 2gQUIRED

N3G=IFIX{GPM3G/1CCC,.+1,)
I8GGPM=GPY42G/NAG

IF(IEGHOM,GT,439) GO TO 1c6(C
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1260

OOOOOO

1270
12890

1290

1300

OO0 OO0

O

1310

CALCULATE CQOST OF RBRIG GUN(S)

ITC3G=NBG*KDS IF
GO TO 127C

ITC3G=N3G*KOSTG

PUMP SELECTOR FOR RG SYSTEM

KGP M= IFIX{GPM3G)

KPCNT=1

DO 1220 KPUMP=1.7
IF(KGFM,LEJKGPYP(KPUMF)) GG TO 1300
CONTINUE

KPCNT=KPCNT+1

KGPM=GPMBG* (1.,3/KFCNT)

GO 70 1287

KTPCST=KPCNT*KCOSTP (KPUMP)
KHPPL=KHPP(LPLMP)

MSTIZEL=MSI7S (LMAIMN)
MCPFL=MCPF(LMAIN)

KGPMT=KGPM¥KPCONT
MAINLINS SELZCTINN FOR 3G SYSTEMS

KMG PM=KGPHM*KFCNT

LMAINB=3LH¢IFIX((SURT(XADS*43I5b63.))%2,)

KCUNT 2=1
DO 1220 KMAIN=1.7
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1320

1340

1350

1360

IF(KMGPM. LT MGOMIKMATIMNI) GO YO 134C
CONTINUE

KCUNTE=KOUNTB +1

KMGPM=KGPUT* (1,0/7KIJUNTI)

GO TO 1310

ICM3=FLOAT(LMATINI) /150, *MOOF(KMATIN) *KOUNT 2

CALCULATE TOTAL COST OF 2IG GUN SYST=M

ITC3GS=ITC3G+KTPLST+ICMR

CALCULATIONS FOR TRAVEILING 8IG GUN
TEST FOR MINIMUM PUMP RATZ FOR T2G SVSTIM

IFIXPRATELLTL12.15) GO TO 1418

MAGGPM=IFIX(XFRATE*23,57)
CM3G=FLOAT (MBGGPM)
NMBG=IFIX(MBG/10CG0.+1.0)
ICMBG=NMBG*KOSTH

PUMP SELECTICN FOR T36

LGPM=MAGGPM

LFCNT=1

DO 13€0 LPUMF=1,7
IFILGFMLE . KGRPMP(LOUMP)) (GO TO 1370
CONTINUE

LPCNT=LPCNT+1
LGPM=M3GGPM* (1, 0/LPCNT)

GO TO 1359
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1370 LTPCST=LFCONT*KCOSTYPILPUYP)

MAINLINE SELECTION FOR T8G SYSTEM

OO0

LMAINC=3CQFIFIK((XADS‘&3563.Ll/lGZG.C)
LMGPM=MIGS Fu

c
KCUNTC=1

1380 00 L1299 LMAINM=1,7
IF(LMGPML 2 MGPMILMAINY) GO TN 14(0

1390 CONTINUEZ
KCUNTC=KOUNTC+1
LMGPM=M3GGEM* (1 ,0/KOUNTC)
GC To 1389

1400 ICMC=FLOAT(LMAINC)Y/100,*MCPF(LMAIN) *KOUNTC

CALCLLATS TOTAL COST OF TRAVELING 8IG GUN SYSTEM

ITCUYBG=TCY3G+LTPCSTe ICMN

MISCELLANEOQUS COSTS

CALCULATE COST OF FENCING

OOOOOOHOOOHNOH OO

1410 CFENCE=(L#131.)%4,#00STI

CALCULATF COST OF ERNSIGM CONTRAL (SEZTING)

OO
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OO OO0 OOON DO OO OO NM (e e

O

CEQP=EWCCST*CNTTY

SETTLING FASIM CHECK NAMS

COAMS=(12,¢5302T (1406, ¢ (3521 *FLARTANI/2)¥*CCSTK
CCST 07 &NGINEERTING

CFNG=20".

CALCULATE TQTAL MISCELANFQOUS COST

CMISC=CFENCT¢CARPeCIAMSHENG

ICIST=EWCOST+LCTOT#OMISC
JCOST=TCOST
LCOST=ICCET

CALTULATE TOTAL INVESTMENT

TCOSTA=ICOST&IT T HY
TCOSTO=ICOST+ITCSFK
TCOSTC=ICNST#ITLAGS
TCOSTO=ICOST+ITCMAG



CATTLE FEEDLOT RUNOFF RETENTION FACILITIES ANNUAL COSTS

VARILRLES ANCT NOTATION

COMPUTATION OF ANNUAL OFERATING COSTS

CALCULATEZ EQUIVALENT ANNUAL CNST OF NEPRECIATION AND INTERSET

91T

ODOHOOHIOHOOOOHOOOD

OO0OO0OOO0O

DOOHOOMONM

ACOIEK=(EWIOST+CMISC+LCTNT) *AMORY
ACOTIHF=ITCHM*AMORT
ACDISR=ITCSR*AMORT
ACDIBG=ITCRGS*AMCFT
ACOITG=ITCM3G*AMQRT

COMPUYTE ANNUAL TAX ZO0ST

ACTSW=(EWCOST+CHISC+LOTOT) *TRATS
ACTHM=ITCHUSTRATE® |5
ACTSR=ITCS*TRATF*,5
ACT3G=ITC3GS*TRATS*, &
ACTAPC=ITCMRG*TRATE®,S

CCMPUTE ANNUAL C£OST OF MAINTATNTNCE

AND

=~FAT

[
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ACMRHY= CH=ITFCST+,12%L HM+,]2%ICHA
ACMRSF=,CA*ITFCST+,03*LCSk+,G2*ICHA
ACURRC=,CE*KTPCST+ , 02*ITCRAGH, 02%ICM3
BCMRTGC=«CHA*LTFLCST¢,03*ICMRGe 02%TICNC
ACMRE h=(FWCOST+OMISC)#, 005

COMFUTE ANNUAL COST OF INSUFANCE

ACINH»=CCSTL*ITCHM*,S
ACINS¢=COSTL*ITCSR*,5S
ACINBG=COSTL®*TITCRGS*.5
ACINTC=COSTL*ITCMRG*,.5

COMPUTE ENERGY COSTS FOR PUMPING

ELECHM=19,12%PVOL*COSTM
ELECSR=19,12%PVIL*COSTM
ELECBG=38,24*PVOL*COSTH1
ELECTG=38,24*PVYNL*COSTM

COMPUTE ANNUAL COST OF LA3OR

CLA3HM=,F33¥XADP*PDAYS*COSTN

IF(TSETGT.1C4) GO TO 142C
CLABSR=,66*COSTN*POAYS*IFIX(.,278%XA0P+1,)
GO TO 1430

1620 CLA3SK=¢33*COSTN®*PNAYS*IFIX(XANP/1 ,3+¢1,0)
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OO

DOD

1430 CLA3ARC=,S2*xA0P*PJAYS*COSTN
CLA3TG=NMIG*FCAYS*OSTN

CCr¥2YTe TATAL ANNUAL COSTS OF IRRIGATICN SYSTEMS

TACHM=ACO1H4M¢ACTHMEACMRHME ACINHY4ELECHM+CLARKM
TACS*F=ACOI SR*ACTSF¢ACMRSREACINSR#ILECSR4CLARSR
TAC3G=ACRI3G+ACTBGHACMRIG+ACINSG+SLECRG+CLABAG
TACTG=ACLITG¢ACTMIGHACMRTGH+ACINTG+ELECTG+CLARTG

TACEW=ACPICW+ACTENEACMRE Y
TACEWJ=TACEH
TACZWL=TACIW

COMOUTE TOTAL ANNUAL COSTS

TACA=TACHM+TACEW
TLC3=TACSR+TACEW
TACC=TACRG+TACEW
TAC3=TACTG+TACEW

CCAPA=TACA/(FLAREA®2(C(,)
CLAPB=TAC3/7(FLAREA*2(C,)
CCAPC=TACC/(FLAREA®2(",)
CCADPD=TACD/(FLAREA®20G,.)

CHEAD£=CCARAY/ 3,
CHEADR=CCAP3/3,
CHEATC=CCAPC/ 2,
CHEADD=CCAPDY/?,

CALCULATE INVESTMENT/HEAD CF CAPANITY



6TT

D™

OO

TTCAPA=TCOSTA/ZIFLARCEA®2CC.)
TICAFP=TCOSTE/(FLARIL¥2uT,)
TICAFC=TCOSTC/(FLAREA*23C,)
TICAPC=TONSTD/(FLAREA®2L2,)

SHERK FOF MIN, OF 1 HR, LA3IOF PFX GAY FOT HM, SR ¢3G SYSTFMS
XMI=CCSTN*IFIX(PCTLYSH1,)?
IFCOLAIHM LT o xMTM) CLAIHM=XMIN
IF(CLAISRLTXMTNY CLARSR=XMIN
IF(CLABAG LT« XMINY CLABIG=XMIN

CHERK FNX MINIMUM OIS®O0SAL PLOT SIZZ FOP SIDF ROLL SYSTeM
(SYSTF™ NOT APPLICAILE UNLESS PLOT SI7F >=IS MIN. o1 ACRZ)

IF(KACP.GE«2e 3T (N TO 164C
ITCSF=°
TACSR=2,
LrSR=(
JreCsi1="
JGevp=n
JPCNT=1
JCUSTF=]
JHPo=(
JKOUNT =1
JMGPM=1]
JCc¥A=C
JCoF=C
JSI7E=1
TrNsST==C,
ACND ISk=3.
ACTszqo
ACMRS &=1

CLA3SkK=0.
TAC3={.
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1440

2660

ccaes=g,
CHEADE=1,
TICAP2=0,
JMAIN=Q
JGPMT=)
TACEWJ=0,
JCOST=0

IFIXPRATE.GE.12415) GO TD 2L 31

ITCMBG="
NM3G=(
ICM3G=1
LYPSST=0
LMAINC=0
ICMC=C
ITCMBG=1
KHPPL=1
MSIZEL=d
MCPFL=0
TCOSTC=1,
TICAPD=0,
TACH=C,
cCAPD=0,
CHEAQC=S,.
ACOITG=g.
ACT4BG=9,
ACMRRTG=1,
ACINTC=0.
ELECTC=].
CLARTG=1,
TACTG=1,
TICAPC=0,
TACZwWL=2,
LCOST=1

WEITE (R,21717)
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21CC FORMAT(£124/77//77+9X42%* DISPOSAL SYSTEM DFSIGN PARAMETERS *%72,/,

c
WRITE (6422 1C)FLAREA, ANP JADS MAXD A, DPRATE 4 XADP o X ADSoXPRATEZTSET
*oPDAYSL0VILyMANPOL,DISP

2200 FORMATU(z FTEDLNT ARLCA= Z,F17.9¢2 ACRESZ 4/,

12 DISFOSAL PLOY AREA= 2,F14.2,2 ACRZIS PcR FEENLCYT ACR:zz,./,
12 DISFNSAL SITE ARFA= 2,.F14,2,2 ACRZIS Pck FZEOLCY ACPEf4/.
32 MAXIMUM NAILY APPLICATION= 2,F4.042 TNCHES PFR ACREZ4/,
42 DESIGN PUMFPING FATS= 2,F13.,242 AC.-IN. FER FECZOLOT ACFEZ,41Y,
®*2PER TAvYz,/
Sz TOTAL DISPOSAL PLOY ARPFA= 2,FR,2,¢ ATPESE,/,
62 TOTAL DISPOSAL SITE AREA= 2,F3.,2+2 ACRFS2,4/,
72 TOTAL DAILY PUMPING PATE= 2,F8.,2,¢ ACRE-INCHES PER TAYZ,/
8¢ HOUFS REQUIRZD PER SET= 2,F9, 14/,
*2 PUMPING NAYS CER YEAR= 74F 100147/
*2 REQC. STORAGF VOL.= 2,F14,242 AC-IN PER FEFOLCT ACRE£47/,
¥2 MAMAGEMcNT POLICY= #£,1124/,
$2 NISFOSAL PCLICY= #£4F14.,047/)

Cc
WRITE (6,23030)

2300 FORMAT(7Xx,2+% INVESTMENT IN ZARTHWORK, LAND, ANC MISC, ITEMS **2/,
¥ PY gt===== TSI ESTSTISTITITTITIITZZTIIZIE=S s===s==zT=========2,//
>6Xe2-EARTHWORK=2,25X 42SI7F£,12X,£00ST2,4/
$BYytmmmmmmmm == t,)

c
WPITE (692430)S3VOLySACOSTSCOIVy SXVOLWRPCOSTZEWCOST

2600 FORMAT(Z SETTLING BASINZ421X4,F8.0,2 CUe YOS, 241X 232,F3 .34/
%2 CLEAN WATER DIVERSIONZ,32X,2%2,F9.0+7,

*¢ RETENTICH PCND FXTAVATIONZ 410X4FB8.042 CUs YDS.241Y,7282,FG.3,7/,
2 YOTAL COST OF EARTHWORKZ,30X2%2,F9,0)

WRITE(6+425{0) LASB,KLASSyLADIVaKLADIV,LARPAP KLARP,XADS,KLADIS,
*LATOT,LLCTOT
2500 FORMATIAEXt=LAND=2£,/,
"GX, t""'"t Q/
®¢ LAND FOR SETTLING 3ASINZ 412X 4F 84242 ACRESZLX $2%2,19,/,
%2 LANC FOR CLFAN WATEP DIVeZ 210X oF 84292 ACPESZ G UX 282431947,
2 LANC FOR RETe POND AND PERIMETERZ93IX9FBe292 ACRESZ44A42T241C%4/y



[AAN

C

c
C
c

C

ak
a2

LAND FOR SFFLUENT NISPOSALZ,9X,FR,2,2 ACRESZ,4X2%2,19,/,
TOTAL LAND FOR FACILITIESZ410X9F 8,2, 2 ACRESZ44Xy232,19)

WOLITE (5426300 CFENCES CERP4CDAMS4CENG,CMISC,ICOST
2600 FORMAT(6Xy2=MISCELLANEQUS ITEMS=2,/,
M O e T T 24/

vz
*z
et 4
*2
tz
a

FENCING FOR RET, PONOZ 432X 9232£4F9,10,/,

SEETCING :ARTHNOQKS*'BSX!‘$"F9.D’/'

CHECK DAMS FOR SETTLING BASINZ 2UX 92%2,F9,0,/,
EMGINEERINGr’QZXQt*t'FQQOQ/'

TOTAL COST OF MISC. ITEMS2 428K4282,FQ,047/,

TOTEL COST QF EARTHWORK LAND g MISCo2,19X,2%2,1C,/7)

WRITE (6427(0)

2700 FORMAT(12X42%* DISPOSAL SYSTEM INVESTMENT M PV 4
'12!,1::::::::::::::::::::::::::::::::t,//
13X HAND YOVEZ,3X,2SI0F-FOLLE,3X,231I6 GUNZ,LX,
TZMOVING Befato/
LRl ) G e T TR F OF LT ZoUX,
L LR z)

NPITE (5428700 IGPMT g JGPMT 4KGPMT ,M3GGPM
2800 FORMAT(z T92T, SYS, GPMZ 45X 9IB8yUXyTB,2X3IB,6X,18,)
WRITE (642910)NBG4NMBG4LCHM,LCSR, ITC3G, ICMRG
2970 FORMAT(2 SPRINKLER UNITSIZ,.742Xe ZNUMBER REQN. 2,
¥27X 2 1EVH6Xo18,47,
"1A9 2 TOTAL COST 246X 2¥2,18,3X,282,1943Y,2%2,16,
X 2%2,18)

HQITE(6’3330)NDCNTQJPCNTQKPCNT'LFCNTq
‘NGP*PIIDU“O)}JGPMP,KGPMP(KOUMP)'KGDMP(LPUMP)’
*NHPPITPUMP) 4 JHPPLKHPP (KPUMP) ,KHPPL ,
¥ITPCSTJTPOST KTPCST,LL.TPCST

000 FORMAT (2 PUMPS2t,.,/.
¥2X9 INUM3FER REND 295K IB0aXe IRyl XeIBySXy1947,

.z

DISe VOLsZ93XeI836XeIB4aReIB4BX IR,/
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w2 PUMO HPP 10K I3 06X IR UXs[646XeI34/
22 TCTAL COSTtOE,'tstQI%O3)'13101a'3x'¢$¢'I6'5¥9¢319181,.

N°ITE(6.ZIJG)KOUNTA'JKOUMT.KOUNTQ,KOUHTCQ
ALMATNE JMATMGLMATING, L MAING,
AMSTT7E (TMETND 4 JSIZZWMSTI7E(KMAINY S MST7EL
SMOPF (IMATH) o JCOFGMCOPFIKMATIND ¢MCPFL,
*TCMAay JCMA, ICM2, ICMC,
XITCHM,ITCS3,ITN3G6S,1ITCU36

2450 FORYAT(2 MAINLIMNE2Z4/,

P2 ENLMBER QEQO.f'SXQIBv“)vIRv“XQIﬁvsleq'/

*2 LENGTH (FEET)IZ 36X oTR uXx I8,4X91646X4I18R4/

et 4 2T AM, (INCqu,f,*X'IqokquSoQX9Iﬁ,Rva“v/

g 3 FES Ty F‘e’.t.'{x'¢$¢.15.3X.¢St.IS.3X,tS£.16.5)(,11‘#.1’8./
*2Xe2TCTAL COSTt.Ekqttt,IS.SX.zst.I8,3X.tS¢,IG.SX'¢%toISoII.

Bg TRAF e INVESTMENT 202X o232, T8 IX 425324 IR 43X 252,16+5Y42%24184/7/7)

WRITE (5, 32250)

1200 FORMAT (21247777 77777777 424Xs2%% TOTAL INVESTMENT *%2,/,

$2UX g PT=S===T==TTSTSSTITITS=T==P,/
Ay, ZHAND MOVEZ4b)r o 2STNE=ROLLZ 4Ry 231G GUNZ Y4 ZMOVING BeGeta/
;1nx,y-------.-t'ux'¢---------t’ux't-------z,“x,

‘t-----------z ,‘

WRITE (6,3330)ICAST, JCOSTLICOST,LCOST,
¥ITCHM 4 ITCSS,ITCRGSLITCMAG,
*TCO3TA,TCOST3,TCOASTCL,TCOST D,
STICAFA,TICAP3,TICAPT ,TICAP)

II;0 FORMAT (2 LEND. FARTH=%4/o2 WORKy MISCe296Y,

‘tSt.IP'QX'ffquBQ?xQt;¢QI7OQXv¢E¢'IqQI

*2 JISF. SYSC’07X0¢$t0180“x't?t.15q3Xo¢3¢.17.ﬁx't$t,190,

s TOTAL INV.2,7X'¢$toF8.0.bX.tit.FB.Do3A'¢S1'F7.GqbX.t$¢.F9.09/
g INV./HfAjf'g(vt?tvFe.Z.QXQ1St9F3.203XQt$tQF7nZokXotttQFQOZO
“//)

WRITE (6436700

3LCO FORMETY(22Xx,2** ANNUAL CNSTS **2,/,



Vet

"ZQX'¢SY'§TE‘41./.29X.#--°'--¢,//.2X.tITE"t;
*12X ¢ £HAND MOVEZ 24X s2SIDT=ROLLZL4X, 2316 GUNZ,LX 4 ZMOVING R,G, 2,/
‘2)(,1----!.12)(.‘! """"" t,h)f,t---------t.'-o'x.t---°°--t.kx,
A emmmcmmeeny, 7/)
c
c
HQITE(BQSSGB)ACOIHM,ACDISP'ACDI3GvASDITG
3500 FCR“'AT(! Dgpo S INToty&X.tmt.FS.G,kx.t*t.FB.'}.3X.t$t,F7.E.qX,
TEREL,FC,0)
C
WRITE (643670) ACMRHM, ACMRSR,ACMRRG,ACMRTG
3660 FCRMAT(2 MAINT, < RépotokXotftoFB.Dquthinﬂ.O.3X.2$¢oF7.0'
PuXe 2T 2,F9,1)
C
HQITE(6,3700)ACTH“'ACTSR,ACTBG,ACTH%G
3700 FCRMAT (2 TAXES¢’12XQ1*#9"—8.@'QXthtquQgQ-Sthirv‘:?-Jobxv¢§fvpc?oJ)
C
NQITE(593BQG)ACINHM9ACINSF.ACINBG.ACINTG
3300 FORMATI2 INSUQANCEt'BX.’FI'FS.G.RX.131'F8.0'3¥9¢§¢'F7.50QK1
$IT2,FC, 1))
C
WRITF (6,3900) CLASHM,CLABSR,CLAB2G,CLARTS
3900 FORYAT (2 LABO*’\’t.iZX.1*1‘,*’5.6.lu(.;tEt,F".Qo3Ao¢!‘2,F7.'J.loX,r%x.F9.0’
c
HPITE(6'k330)ELECH*.FLECSQ.ELECRGoELECTG
LOC0 FORMAT (2 ELECTRICITY#.BX,!S!,F%.O.ng2‘¢y¢3.Co3Xot$th7.014X'
SERELFCL,Gy /)
C
WRITZ (5441 (CYTACHM,TACSR,TAC3G,TACTG
6100 FORMAT(Z SUBTOTALZOX 272, FB.0,LXe 232,58, 0 4 3x,2 82y F7 40 kK,
¥EP2L,FCL0,7)
N?ITE(6.QZSG)TACEN;TACENJ,TACEN'TACENLqTACﬁvTﬂCE,TACCvTACQ
4200 FORMAT(2 TNT, A CeZy/42 LANT, FARTH=2,7,
2 WORKe MISC.?,
“OXe2E 2 FBeD s Xy 22 F R0 3X g 252477 Qo liX o2R24F 0, G oso /s
%y T-.')TAL:'J.ZX’1?117’-8.09‘4!':5:ng.co3'&"721’F7.‘:"¢X’
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$r22,FCe0477)

WRITE (644330) CSAFA,CCAPS,CCAPC,CCAPN,CHEADA,CHEADB,CHEADCCHEADD
%300 FORMAT(Z COST PZF HZIADZ4/47 OF TAPACITY 74EX2TZ,FB,2,4X2%2,F8,2,

*IX 2T 29FT 294X 02T24F 0,247/

%2 AOD. PFROD. COST2,./ 42 PEF HEADZ24IX2R2,FR,2,4X 2%2,F 2,2,

3N 20 2oFTe294Xe2%2,F0,2)

WRITE (by44ID)
40D FCRMAT(//77/418%X,? 7EROS INDICATE SYSTEM IS NOT AFPLICA3LEZ)

END



APPENDIX D, IRRIGATION COST DATA

TABLE D-1. ALUMINUM MAINLINES SIZES,
CAPACITIES' AND COSTS

Capacity Diameter Cost
(gpm) (inches) ($/100 feet)
50 2 55
100 3 72
200 4 94
300 5 125
400 6 170
800 8 263
1,200 10 410

lcapacities based on gpm discharges with velocity in pipe at
approximately five feet per second. Source: Buchner Irrigation
Company.
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TABLE D-2. COMPONENT COSTS OF CONTINUOUSLY
MOVING BIG GUNS!

Component Capacity, 500 gpm Capacity, 500-1,000 gpm
(%) ($)
Traveling unit 2,798 2,798
Waste drive unit 96 96
Hose reel 1,654 1,654
Flexible hose 4,607 4,831
Hose couplings 120 136
Sprinkler 400 700
TOTAL 9,674 10,188

!Source: Molehill Irrigation Company.
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TABLE D-3. SPECIFICATIONS OF PUMPS
FOR HAND MOVF AND SIDE ROLL SYSTEMS

Discharge capacity Pump size Cost
(gpm) (hp) ($)
50 5 1,400
100 7 1,600
200 10 1,450
300 15 1,650
400 20 1,900
500 25 2,100
600 30 2,550
800 43 2,900
1,000 50 3,300
1,200 60 4,000
1,400 75 6,400
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TABLE D-4. SPECIFICATIONS OF PUMPS
FOR STATIONARY AND TRAVELING BIG GUN SYSTEMS

Discharge capacity Pump size Cost
(gpm) (hp) ($)

100 15 1,400

150 20 1,840

300 30 2,280

450 40 2,700

600 60 3,280

850 75 3,160

1,150 100 6,520
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TABLE D-5. CALCULATION OF PRESENT VALUE
OF TRAVELING BIG GUN AND NECESSARY HOSE REPLACEMENTS

End of year Item Cost P.V.factor! P.V. of cost
($) ($)
0?2 Traveler 10,0008 1 10,000
3t Hose 4,700° 0.638 3,210
6" Hose 4,700 0.476 2,237
Present value of system with two hoses....vceeeeee ..15,447

Present value factors are for a discount rate of 10%. From
Agricultural Finance, Sixth Edition, by A. G. Nelson, W. F.
Lee, and W. M. Murray, Iowa State University Press, 1973.

Discounting convention refers to the beginning of the dis-
counting period as the end of year zero.

Average investment cost for traveling big gun (see Table D-2 of
the Appendix) is $9,931. $10,000 was used as the prices from
Table 2 are manufacturers' prices, F. 0. B., Portland, Oregon.

Average lifetime of hose is estimated at three years. Re-
placement is assumed to be required at the ends of years 3
and 6 of the ten year total equipment lifetime.

> Average price of the flexible hose is $4,719. A value of
$4,700 was used for expediency (see Table D-2 for values).
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TABLE D-6. PUMP COMPONENT COSTS'
Item Pump size
5 hp 75 hp
Control panel? $ 50 $ 512
Switch? 170 1,475
Electrical work 200 200
Install 60 120
Suction digcharge 250 890
assembly? o
Subtotal $ 730 $3,197
Pump _100 3,200
TOTAL $1,430 $6,397

! source: Moore-Rane Manufacturing Company, Corvallis, Oregon.

2 Marvin N. Shearer, Department of Agricultural Engineering,
Oregon State University, Corvallis, Oregon.
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TABLE D-7. COST PARAMETERS USED
IN MODEL TO GENERATE OUTPUT DATA

Fortran variable Item Estimated value
name ($)
CostA Cost/yd® excavated 0.50
CostB Per ft cost of constructing 0.25
diversion ditch

KostC Land cost per acre 750.00

CostD 40-ft section of hand move 45.00
irrig. pipe, w/ sprinkler

CostE Cost of 1,320-ft side roll 3,800.00
lateral

KostF Big gun w/ capacity < 500 gpm 400.00

KostG Big gun w/ capacity > 500 gpm 700.00

KostH Cost of complete traveling 15,450.00
big gun

CostlI Wire fence (per ft) 0.60

CostJd Cost of seeding earthworks 0.01
per $ value of earthworks

CostK Per foot cost of screen 3.00
check dams

KostL Insurance cost/$100 insured 0.60
value

CostM Cost per kilowatt hour 0.0308

CostN Hourly wage rate for irrig. 3.50

labor
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APPENDIX E.

Units stated Units desired Multiply by
Length
Inches centimeters 2.54
Inches meters 0.0254
Feet centimeters 10.48
Feet meters 0.3048
Area
Square feet square meters 0.0929
Square feet hectares 9.29 x 10“5
Acres square meters 4,046.87
Acres hectares 0.404687
Volume
Acre-inches cubic meters 102.79
Acre-inches hectare-centimeter 1.0279

vVolumetric flow rate

Acre-inches/acre cubic meters/hectare 253.81

Gallons/minute cubic meters/minute 1.78 x 10771
Temperature

Degrees Fahrenheit degrees centigrade (OF - 32)/1.8
Power

Horsepower watts 746
Weight

Pounds grams 454

Pounds kilograms 0.454

Pounds/acre kilograms/hectare 1.122
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