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CHAPTER I

INTRODUCTION

1.1 General

This dissertation provides two effective computer
models by which an objective evaluation can be obtained
for selecting the Best Management Practice (BMP) for
Non-Point Source Pollution (NPSP) control. This eval-
uation compares cost effectiveness, treatment efficiency
and environmental impact among alternative management
practices.

Until recently, pollution generatedvfrom runoff has
essentially been overlooked by the public. Nutrients,
pesticides, and herbicides originally applied to the soil
are washed into streams beyond their assimilative capac-
ities thereby lowering stream water quality. Approaches
to control NPSP are based on the control of soil 1loss
since most pollutants are absorbed on soil particles.
The suitability of these approaches is largely dependent
upon local geological, geographical, climatological and
soil conditions. However, when several management prac-
tices meet these conditions, further analysis is needed
to determine the BMP. This dissertation provides a

1



comparative analysis to determine the BMP based on three
criteria: cost effectiveness, treatment efficiency and
environ@ental impact.

The present management practices generally overlook
environmental impact, and in many cases are not the most
efficient practices. For example, when considering a
management practice, farmers may emphasize loss of land
through the application of the management practice with-
out considering the efficiency of the management practice
or the decrease in beneficial environmental impact. At
construction sites, contractors may fail to recognize the
importance of diverting runoff around construction sites
to control erosion and the associated NPSP.

NPSP is generated whenever rainfall intensity is
great enough to dislodge and transport soil particles
over land surfaces and into a waterway. Since most nu-
trients adhere to soil particles, streams can become pol-
luted and agquatic species endangered. The best way to
prevent NPSP is to decrease the raindrop impact on land
surface and prevent the transport of soil particles
through runoff.

Management practices can be grouped into five funda-
mental categories:

(a) Covering and stabilizing the topsoil by plant

leaves and roots.

(b) Inhibiting surface runoff by ridges, furrows



and terraces,

(c) Diverting runoff.

(d)} Lining waterways.

}é) Trapping sediment.

Vegetation with grass or plants, no-till farming and
rotation with densely grown crops are three examples em-
ployed in Category -(a). Contour and terrace farming are
the two employed in Category (b). Diversion ditches or
terraces to prevent runon'afé examples in Category (c).
Grassed or concrete waterways are employed in Category
(d). Sediment basin and floodwater retarding structures
are employed in Category (e). In many cases management
practices in several categories may be used jointly to
optimally control the NPSP.

It is simple to evaluate management practices and
select a BMP for an area with single land use. However,
it is difficult to select several BMP's for a large
watershed with several different land uses because the
selection depends on interreiationships between project
cost, treatment efficiency and environmental impact among
numerous BMP combinations. This difficulty was the impe-
tus for the development of computer models to simulate
actual conditions and to quickly and reliably compare al-

ternatives.



1.2 Purpose

The purpose of this study is tc develop the proce-
dure for selecting the BMP to control the NPSP from vast
areas\bf land and to adapt the procedure for computer
processing. Evaluations are based on three criteria:
cost effectiveness, treatment efficiency and environ-
mental impact.

Two models were developed for different purposes.
Model BMP1 was developed to determine the optimum combin-
ation of cropping management and land treatment practices
for control of NPSP. Seven most common cropping manage-
ment and land treatment practices used in this disserta-
tion are: (1) terrace-contour, (2) rotation-contour, (3}
terrace-rotation-contour, (4) terrace-no-till-contour,
(5) no-till-contour, (6) no-till-rotation-contour, and
(7) pasture. Since each combination results in different
construction and operation costs which affect the product
cost, each source of cost variation should be evaluated
in detail to minimize costs and maximize revenues.

When combinations of cropping management and land
treatment practices are not applicable, the NPSP can be
controlled by construction management practices such as
diversion, sediment basins and floodwater retarding
structures. Model BMP2 can be used on small watersheds
with single land uses or large ones with multiple land

uses. When modeling a large watershed with changes of



cropping management and land treatment practices as well
as construction practices, Model BMP2 can incorporate
Model BMP1 as a subroutine to select a combination of
croppihg management, land treatment and construction
practices to minimize pollution and maximize benefits.

The models compute and display the efficiency of
each practice or combination of practices and evaluate
the environmental impact from each practice. - The results
of these comparisons are incdtporated with the cost anal-
ysis to determine the BMP fof each area from among sever-
al alternative management practices.

Water quality data are provided for each area before
and after the use of management practices. They are rep-
resented as Suspended Solids (SS), Biochemical Oxygen De-
mand (BOD) and.Chemical Oxygen Demand (COD). The change
in the computed annual loading rates of these pollutants
is used to estimate the severity of degradation in

streams or other receiving waters.



CHAPTER I1

LITERATURE SURVEY

Relevant literature was reviewed and summarized in
three major sections: (1) sedimént routing, (2) non-
point source pollution mddeling, and (3) a case study
covering BMP application. Part (1) summarizes the liter-
ature available on sediment'suspension, transport, actual
delivery into a stream, entrapment by a sediment basin,
the degree of pollution associated with the sediment and
the tolerance limit of soil loss.

In Part (2), several computer models which use the
Universal Soil Loss Equation (USLE) and other hydraulic
measures to simulate runoff generation, transport, quan-
tity and quality are summarized. These models represent
extensive efforts and widely differing approaches to mod-
eling and analysis of NPSP.

The Black Creek Project in Part (3) summarizes a
full-scale study in which various BMP's were applied.
From this comprehensive study, relatioﬁships between com-
parative costs and effectiveness of various BMP's were

evaluated.



2.1 Sediment Routing

Sediment routing consists of four subsections: (1)
sediment suspension, (2) sediment transport, (3) sediment
entrabment, (4) sediment associated pollution, and an ad-
ditional subsection giving the review of soil tolerance
limit.

In Subsection (1), sediment is initially suspended
as a result of energy transfer from raindrop impact and
subsequent runoff. However, rainfall is not the only
factor affecting sediment 'suspension. A statistical
equation, USLE, was developed through long term efforts
of many researchers to estimate sediment suspension as a
function of local precipitation, soil erodibility, topo-
graphic factors and vegetation cover. 1In Subsection (2),
sediment delivery ratio is reviewed to reflect that the
suspended sediment is only partially delivered to streams
or lakes because impoundment due to uneven ground surface
retains part of the sediment. In Subsection (3), trap
efficiency is reviewed to estimate the sediment retained
or trapped in artificial sediment basins or floodwater
retarding structures, which then allow only small amounts
of sediment to be discharged into a stream. In Subsec-
tion (4), potency factor is reviewed to estimate pollu-
tants associated with sediment entering the receiving wa-
ters. In Subsection (5), tolerance limit is reviewed for

the fact that soil loss exceeding the tolerance 1limit



over a long period of time will deplete the surface soil
layer resulting in a decrease in crop production. These
five subsections are displayed along with routing order

~ -

in Figure 2-1.

2.1.1 Sediment Suspension

The USLE is the most commonly used equation to esti-
mate sediment suspeﬁsion or soil loss. It is an empiri-
cal statistical equation which ‘ié the result of many
studies performed by several researchers over a forty
year period.

Development began about 1940 in the Corn Belt when
Zingg (79) published an equation relating soil loss rate
to length and percentage of slope. In the following
year, Smith (45,47) added crop and conservation practice
factors and the concept of a specific soil loss limit to
develop a graphical method for determining conservation
practices on Shelby and associated soils of the Midwest.
Browing and Associates (4) added soil and management fac-
tors and prepared a set of tables to simplify field use
of the equation in Iowa. Soil Conservation Service (SCS)
scientists cooperated to develop the slope-practice equa-
tion for use throughout the Corn Belt.

A national committee met in Ohio in 1946 to reap-
praise the Corn Belt factor value and added a rainfall

factor to develop the so-called Musgrave Equation (34).



Sediment

Sediment Discharge
I—-Sediment Suspension+Sediment Transport -—-‘s—— Trap ——+— Associated
with Pollution

Tolerance
Limit

Figure 2-1 Sediment Routing Procedure



Finally in 1954, the USLE was further developed through a
joint venture by the Agricultural Research Service and

Purdue JUniversity. Federal-State cooperative research

~ .

projects at 49 locations contributed more than 10,000
plot-years of basic runoff and soil loss data for synthe-
sis and overall statistical analyses. After 1960, more
complete data were developed state-by-state so that the
USLE could be used nationwide.
The USLE is expressedAaé-follows:
A = RKLSCP

Where: A = The computed soil loss per unit area,
expressed in the units selected for "K"
and for the period selected for "R". 1In
practice, these are usually so selected
that they compute "A" in tons per acre per
year, but other units can be selected.

R = The rainfall and runoff factor, is the
number of rainfall erosion index units,
plus a factor for runoff from snowmelt or
applied water where such runoff is signif-
icant. The erosion index is a measure of
the erosion force of specific rainfall.
Wwhen other factors are constant, soil
losses from rainfall are directly propor-
tional to the product of the total kinetic
energy of the storm times its maximum 30-
minute intensity.

K = The soil erodibility factor, is the soil
loss rate per erosion index unit for a
specified soil as measured on a unit plot,
which is defined as a 72.6 ft. length of
uniform and continuous 9~percent slope in
clean-tilled fallow,

L = The slope-length factor, is the ratio of
soil loss from the field slope length to
that from a 72.6 ft. length under identi-
cal conditions,
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S = The slope-steepness factor, is the ratio
of soil loss from the field slope gradient
to that from a 9=-percent slope under other
identical conditions.

. C = The cover and management factor, is the

: ratio of soil loss from an area with spec-
ified cover and management to that from an
identical area in tilled continuous
fallow.

P = The support practice factor, is the ratio
of soil loss with a support practice like
contouring, stripcropping, or terracing to
that with straight-row farming up and down
the slope. '

Rainfall Erosion Index (R)

The numerical value used for "R" in the soil 1loss
equation must quantify the raindrop impact effect and
must also provide relative information on the amount and
rate of runoff likely to be associated with the rainfall.
The rainfall erosion index derived by Wischmeier (75) ap-
pears to meet these requirements better than any other
rainfall parameters. The local value of this index gen-
erally equals "R" for the USLE, and is listed in publica-

tions of local SCS units, with unique values by county.

Soil Erodibility Factor (K)

The soil erodibility factor, "K", in the USLE is a
guantitative value experimentally determined. Due to its
complexity, a nomograph was developed to provide a more
general applicable working tool under the condition that

soils contain less than 70 percent silt and very fine
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sand. This nomograph (see Figure 2, 2Appendix A) was

derived from the following equation:

100k = 21M3 14 (107%) (12 - a) + 3.25(b - 2) + 2.5(c - 3)
where M = the particle-size parameter which equals
percent silt (0.10 - 2.00 mm) times the
quantity 100-minus-percent-clay,
a = percent organic matter,
b = the soil-structure code used in soil
classification, and
¢ = the profile-permeability class.

More detailed information on the data and relationships
underlying this equation appears in journal articles by

Wischmeier (76,77).

Topographic Factor (LS)

Factors "L" and "S" have been evaluated separately
in research but are combined as a single topographic fac-
tor, LS in field applications. A formulation suggested

for LS is (56):

m 2

A 430X° + 30X + 0.43
LS = (—) ( )
72.6 6.67415

where: A field slope length in feet,

m = 0.5 if slope equals 5% or greater,
= 0.4 if slope equals 4%,
= 0.3 if slope equals 3% or less,

X = sind, where 8 is the angle of slope in
degrees
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Figure 3 in Appendix A is a chart derived from this
equation. It displays the value of LS for specified com-
binations of field slope and length at a uniform gradi-

~ .

ent.

Cover and Management Factor (C)

Factor "C" is usually given in terms of its average
annual value for a particular combination of crop manage-
ment and rainfall patterns. Ratios of soil losses for
each cropstage period for specified cropping and manage-
ment systems to corresponding losses from the basic long-
term fallow condition were derived from analysis of about
a quarter million plot soil loss observations. The ra-
tios are given in Table 5 and its supplemental Tables
5-A, 5-B, 5-C, and 5-D in Reference (57). These ratios
are used to compute the "C" factor and they can be evalu-
ated for six cropstage periods defined as follows:

Period F (rough fallow) - Inversion plowing to sec-
ondary tillage.

Period SB (seedbed) -~ Secondary tillage for seedbed
preparation until the crop has developed 10 percent
canopy cover.

Period 1 (establishment) - End of SB until crop has
developed a 50 percent canopy cover., (Exception:
period 1 for cotton ends at 35 percent canopy
cover.)

Period 2 (development) - End of period 1 until
canopy cover reaches 75 percent. (60 percent for
cotton.)

Period 3 (maturing crop) - End of period 2 until
crop harvest. This period was evaluated for three
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levels of final crop canopy.

Period 4 (residue or stubble) - Harvest to plowing
or new seeding.

The procedure used to derive a "C" value is compli-
cated because the Erosion Index (EI) value is also in-
volved. The evaluation of "EI"™ value is discussed in de-
tail in Reference (57). Besides Table 5 and its subsid-
iary tables in Reference (57), "C" values for construc-
tion areas in terms of mplchinq methods are listed in
Table 1, Appendix A; those for permanent pasture, range
and idle land are listed in Table 2; and those for wood-

land are listed in Table 3.

Support Practice Factor (P)

The support practice is used to decrease the runoff
rate whenever sloping land is to be cultivated and ex-
posed to erosive rains. The most important of these sup-
porting cropland practices are contour tillage, strip-
cropping on the contour, and terracing. Tables 4, 5 and
6 in Appendix A 1list "P" factor values separately for
these three supporting cropland practices. These values
are average values for the factor on the specified
slopes. They are based on available data and field ob-

servations supplemented by group judgement (57).

2.1.2 Sediment Transport

USLE computes sheet and rill erosion but not deposi-
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tion when sediment travels along ground surface. There-
fore, theories concerning sediment transport have been
developed. Negev (36) developed soil fines transport
equations which simulate instantaneous sediment delivery
through overland flow. They have beén successfully
employed in computer models PTR(10), NPS(68) and ARM(13)
as later mentioned in Section 2.2. In addition, Model
WASCH(5) employed the sediment transport capacity, which
also correlates to overland flow, and is only used for
the small watershed. Bofh theories consider only
sediment delivered with instantaneous overflow. To esti-
mate a long term effect of sediment delivery, a sediment
delivery ratio was introduced.

The sediment delivery ratio is defined as the ratio
of sediment delivered at a location in a stream system to
the gross erosion from the drainage area above that
point. Where this ratio is known or can be closely ap-
proximated from known parameters, the sediment yield is
estimated by computing the gross erosion and multiplying
it by the sediment delivery ratio.

The delivery ratio is generally directly related to
the amount of runoff and inversely related to soil parti-
cle size. It is also directly related to slope steepness
and amount of channel-type erosion, and inversely related
to distance of the source area from a stream, density of

vegetation at ground level, and number of flow obstruc-
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tions such as field boundaries and culverts. The com-
plexity of these factors makes it difficult to formulate
a general equation covering all the relationships.
Howevéf, Gottschalk, Bruce, et al., have assembled data
to derive a curve relating the sediment delivery ratio to
watershed size which is published in the Sedimentation
Section of the National Engineering Handbook (60). This
curve relates the delivery ratio to the negative 0.2 pow-
er of drainage-area size, 'Tﬁére are indications that the
0.1 power would be more accurate for large drainage ar-
eas.

Analyzing data from fourteen Texas Blackland Prairie
drainage areas that ranged from 0.42 to 97.4 square
miles, Renfro (40) computed delivery ratios ranging from
0.62 for a drainage area of 0.5 square miles to 0.28 for
an area of 100 square miles. These are significantly
larger than would have been estimated from the SCS gener-
al relationship curve, and emphasize the need to consider
the other factors as previously mentioned.

From available data, SCS has developed a table to
crudely estimate the delivery ratio from the size of
drainage area (74). These data are shown in Table 2-1,
The accuracy of sediment delivery ratio can be improved
by incorporating other factors such as soil texture, re-
lief, type of erosion, delivery route and areas of depo-

sition within the watershed which may be studied in
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Table 2-1 Sediment Delivery

Ratio (74)
Drainage Area Sediment Delivery
(sgq. mile) ’ Ratio
0.5 o 0.33
1l .30
5 22
10 .18
50 .12
100 .10

200 .08
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further research work.

2.1.3 Sediment Entrapment

A sediment basin is most commonly used to trap sedi-
ment in a channel and its efficiency can be measured by
the Trap Efficiency (TE) which is the percentage of in-
coming sediment trapped and deposited in a reservoir.
Brune (5) found tﬁat the ratio of reservoir capacity
(volume) to the average annual -inflow (volume/year),
"C/1", is the most iﬁportant parameter. This factor
yields the average detention time (years) of stored run-
off.

Gottschalk (17) studied 19 floodwater retarding
structures. The trap efficiencies he acquired agreed
reasonably well with Brune's. However, the estimated
"TE" was usually higher than the actual ones.

Heinemann and Reynolds (20) extensively studied
three of the 17 reservoirs surveyed by Gottschalk and
found that "TE" values for each reservoir varied consid-
erably between sedimentation surveys. This fluctuation
was attributed to changes in runoff erosion and storage
capacity.

In 1974, Dendy (12) investigated 17 reservoirs scat-
tered throughout the United States and combined the data
with Brune's to get the best~fit curve between the C/I

ratio and "TE" (see Figure 2-2). The equation is stated
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as follows:

0.191°9 C/T

TE 100 - 0.97

where TE Trap Efficiency, present.

C/1I = Capacity-Average Annual Inflow Ratio,
acre-ft per acre-ft.

2.1.4 Sediment Pollution

Most NPSP in streams is associated with soil loss
which occurs in the upper stream watersheds. This pol-
lution was observed to‘bé directly proportional to the
amount of soil loss. The potency factor was developed
which when multiplied by the concentration of sediment in
suspension gives the mass of pollutant discharged to the
receiving stream or lake,

Sarter and Boyd (43) sampled cities nationwide to
obtain potency factors to represent different cities and
various land uses. Hydrocomp Inc. used these data in
their NPS Model to compute water quality data for the
test site (68). The similar pollutant/sediment ratio has
been used in computer Models SWMM (33) and STORM (54) to
serve the same purpose.

Table 2-2 summarizes the most relevant available da-
ta for the evaluation of potency factors for various pol-
lutants and land uses. Obviously, any available water
quality data on a watershed should be used to evaluate

and adjust the potency factors obtained from this table.



21

Table 2~-2 Representative Potency Factors for BOD, COD,
and SS for Various Land Uses and Locations

Land Use/lacation Potency Pactors (% of sediment)
_.B.ng_ e COD SS
Residentials Low/old/single 0. 2.70 15
Lo:{ol mu}ti Z.Og 2.23 20
Me new/single . 1.06. 3. 25
Medium/o0ld/multi 0.77 2.62 20
Industrial: Light 1.70 8.26 20
Medium 1.11 5.89 0
Heavy 0.33 1.49 0
Commercial:s Suburban shopping 0.86 2.07 20
- Central business 0.86 3.11 30
Sites Sampled by Sartor and Boyd (43):
San Jose I 1.70 | 34.00
Phoenix I 1.00 4.60
Milwaukee 0.44 1.80 9.2
Bucyrus 0.21 2.10 46.2
Baltimore 6.10 2.00 29.5
San Jose II 0.89 6.80
Atlanta 0.45 3.00 18.2
Tulsa 4.30 9.10 14.7
Phoenix II 1.10 5.80
Seattle 1.00 3.80
numerical mean 1.70 7.30
average deviation 1.30 6.80
NPS Model Test Sites:
Durham, North Carolina 4.0 71.0
Seattle, Washington 3.6 38.0

Notes:

1. For residential land use: low or median density/old or new
area/single or multi housing

2. These values should be u
initial values

sed only as guidelines for estimation of
of potency factors. water quality data on the

watershed should pre~empt the table values.

3. The BOD and COD potency factors for the individual land uses and
cities were obtained from Tables 7 and C-7 in Sartor and Boyd (43).

4. The SS potency factors for the individual cities were obtained

from Table 5 in Sartor and Bo

sizes less than 104 microns,
uges are gross estimates based on the judgment of the authors.
Specific sites may vary significantly from the above values.

yd (43) assuming SS are particle
while those for the separate land .
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Although large variations may exist in potency factors
obtained from recorded data, relative stable relation-
ships can be found when the recorded data is categorized

by land use and season of the year.

2.1.5 Soil Loss Limit

NPSP can be alleviated by decreasing the soil loss.
Soil loss becomes serious to farmers when the substrata
soil renewal rate is less than ﬁhe surface soil erosion
rate. Without applying proper management practices, the
surface soil layer will soon be depleted and leave ster-
ile substrata soil for cultivation. Therefore, a soil
loss limit, called the tolerance limit, was set up as a
standard for different soil conditions so the seriousness
of soil erosion can be evaluated and proper management
practices be applied.

Stamey and Smith (49) developed a mathematical ex-
pression describing soil tolerance in relation with soil
depth, soil erosion and soil renewal. They suggest that
the present measure of the soil characteristic such as
soil depth minus the net change, which is the difference
between so0il loss and soil renewal, should be greater
than or equal to the minimum soil depth which allows crop
growth. This expression requires: (a) specific invento-
ry of present soil resources; (b) expression of essential

soil-property requirements for the future; (c) data on



23

soil erosion with time; and (d) data on soil renewal with
time. These data are difficult to acquire, and therefore
leave the establishment of tolerance limits largely as a
matter of judgement, as stated by Smith and Wischmeier
(48) .

Past records in the United States indicate that soil
losses range from 0 to 3.08 ton/acre/year under native
vegetation (46). Referring to the entire earth, Branson
and Tarr (3) calculated fhat the total amount of earth
material emptied into the sea annually averages 0.72 ton
per acre. These erosion figures in most cases exceed the
soil renewal rate from rock weathering which is 2 tons
per acre annually (46). This rate was derived from
Chamberlin's (7) 1909 statement that the mean rate of
soil formation would be smaller than 1 foot in 10,000
years based on observations since the glacial period.

Soil loss tolerances ranging from 5 to 12 tons/-
acre/year for the soils of the United States were derived
by soil scientists, agronomists, geologists, soil conser-
vationists, and Federal and State research leaders at six
regional workshops in 1961 and 1962 (57). Factors con-
sidered in defining these limits included soil depth,
physical properties and other characteristics affecting
root development, gully prevention, on-field sediment
problems, seeding losses, s0il organic matter reduction,

and plant nutrient losses.
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Soil tolerance 1limits are subjectively evaluated,

based on the following guidelines (63):

(1)

(2)

(3)

(4)
(5)

‘Maintenance of an adequate rooting depth for

crops. For soils that are shallow over hard
rock it is important to maintain the remaining
soil. Therefore, the soil loss tolerance limit
should be less on such soils than for soils of
similar depth overlaying soft substrata that
can be renewed by_ﬁanagement practices. Table
2-3 gives the general guideline on how to se-
lect the tolerance 1limit for different rooting
depths.

Crop yield reduction. Soils that have signifi-
cant yield reductions when the surface layers
are removed by erosion are given lower soil
tolerxance limits.

Maintenance of water-control structures such as
open ditches, ponds, and other structures af-
fected by sediment.

Prevention of gullies.

Value of nutrients lost. The average value of
nitrogen and phosphorus in a ton of soil is
about $2. Plant nutrient losses of more than
$10 per acre per year is considered excessive
which suggests a maximum soil loss of 5 tons/-

acre/year.
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Guides for Selecting Soil Tolerance

Limits According to Rooting Depth 63 )

Rooting Depth

Annual Soil-Loss Per Acre

Renewable Non-Renewable
soil(1) - So0il(2)

(inches) (tons) (tons)

0-10 1 1l
10-20 2 1

20-40 3 2

40-60 4 3

60+ 5 5

(1) substrata that may be removed by tillage, fertilizer,
organic matter, and other management practices. Soft
shales and other rocks that shatter easily are renewalkle.

(2) substrata such as hard rock or soft rock with unfavoraktle
chemical composition that eannot be renewed by economical

means.
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2.2 Non-Point Source Pollution Modeling

Several computer models were developed in the past
by different government agencies and private consulting
firms\trying to simulate at least one of the six process-
es: (1) runoff, (2) sediment suspension, (3) sediment
transport, (4) sediment associated pollution, (5) nutri-
ent pollution, and (6) pesticide pollution. For each
process, different approaches derived from different the-
ories were applied. However, the same processes may ap-
pear repeatedly in differenﬁ models. As shown in Table
2-4, eleven computer models were selected and 1listed
which relate to this study. Each of these models pro-
vides an estimate of at least one of the following: (1)
sediment suspension, (2) sediment transport, and (3) sed-

iment associated pollution which were mentioned in Sec-

tion 2.1.

2.3 A Case Study Covering BMP Application

Computer modeling simulates natural processes to
predict soil loss and associated pollution in terms of
statistical methods or empirical equations.

The Black Creek Study (66) was an Environmental Pro-
tection Agency funded project to determine the environ-
mental impact of land use on water quality. This project
began in October 1972 and lasted until September 1977,

and was funded at 1.8 million dollars. It was designed



Table 2-4 Functions of Models on Monitoring the NPSP

Sediment
Sediment Runoff Sediment Associate Pesticide Nutrient
Model Suspension Simulation Transport Pollution Simulation Simulation
PTR(10) X X X
ACTMO(15) X X X X
WASCH (5) X X X
NPS (68) X X X
ARM(13) X X X
STORM (54 ) X X X
SwMM(33) X X X
WASRRHAT (53) X X X
CREAMS (55) X X X X X
ANSWERS (1) X X X
NWA (74 ) X X

L2
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and developed by a consortium consisting of the U.S. En-
vironmental Protection Agency, U.S. Congressman J. Edward
Roush, and Allen County, Indiana.

The Black Creek Watershed is one of 200 to 300 simi-
lar agricultural watersheds in the Maumee Basin. The
goal of this project is to determine whether a concen-
trated application of existing methods of land treatment
in the Maumee Basin could achieve a targeted reduction in
sediment. The cost of a basin-wide program was also of
interest. Concurrently, the project was designed to dis-
cover the type of basin-wide program which would convince
individual 1landowners to apply BMP's to improve water
quality.

Conclusions from this project which provide partial
answers for the above goals are:

(a) Protecting soil surface from raindrop impact is
one of the most effective means of minimizing
sediment concentrat;ons in runoff.

(b) Shallow tillage or no-till plantinc for corn-
after-corn or corn-after-beans should not limit
production on well or moderately well drained
soils where perennial weeds are not a serious
problem.

(c) No-till treatment after corn is more effective
than that after soybeans because the latter has

less surface cover.
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Fall chiseling after corn, although not as ef-

fective as the no-till treatment, significantly

‘reduces erosion compared to moldboard plowing.

50 feet of bluegrass sod buffer could achieve
as much as 54% reduction of sediment when run-
off water passes over the sod.

Channel stabilization structures such as rock
drop structure and bank stabilization eliminate
many erosion problems from stream channels and
banks.

The sediment pond had a measurable and benefi-
cial impact on water quality but would require
difficult cleanout for continued effectiveness.
Selection of BMP's must emphasize the goal of
improving water quality but minimize negative
effects on production.

The most cost effective method of achieving im-
proved water quality through BMP's is to con-
centrate remedial efforts on those critical ar-
eas within watersheds where maximum benefit can
be obtained. It may not be necessary to treat
every acre of every watershed to achieve real-
istic water quality goals.

Twelve out of 32 practices were selected as
BMP's.

The total project cost was $945,016 which
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included land owners' contribution of $190,915,

district payment of $518,876 and Soil Conserva-

‘tion Service (SCS) technical assistance cost of

$235,225. For 12,038 acres of Black Creek
Watershed, a unit treatment cost of $78.5 per
acre was derived which can be used to estimate
the BMP cost for Maumee Basin.

Cost of treating a watgrshed such as the Black
Creek can be categorized into four classifica-
tion: (1) those which benefit water quality;
(2) those which protect the soil resource; (3)
those which enhance projection capability; and
(4) those which accomplish other conservation
purposes. All of these goals should be con-
sidered in a watershed program. However, at-
tempts should be made to assign costs to the
appropriate category. All BMP costs for a par-
ticular watershed cannot be considered only for
the water guality criterion.

A given level of water quality can be provided
at the least cost to participating farmers when
they are provided as many alternatives as pos-
sible in selecting BMP's to achieve that re-
quired level of quality.

Government agencies make an important contribu-

tion in encouraging the adoption of BMP's by
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providing information to farmers about the

practices.

‘The favorable attitude of farmers and the high

level of participation indicate adoption of
BMP's can be achieved in most cases without co-

ercive legislation.



CHAPTER III

MODEL DEVELOPMENT

Cropping Management Model BMP1 and Construction Man-
agement Model BMP2 were developed for different uses.
Model BMP1 is used to evaluate the effect of changing
cropping management and land treatment practices. For
example, a corn field with up-and-down slope farming is
considered for use of cropping management practices such
as contouring, terracing or rotation in order to reduce
the NPSP, Model BMP1l can be used to compare these man-
agement practices in terms of their performances, costs
and environmental impacts. If this corn field is con-
verted to hay or range land, Model BMPl1 can provide an
analysis to evaluate the adequacy of this change.

Model BMP2 evaluates construction management prac-
tices such as diversion, sediment basins and floodwater
retarding structures to further control the NPSP from up-
stream eroded areas with or without change of cropping
management and land treatment practices. Construction
management practices are selected to control NPSP at lo-
cations within a watershed. Each management practice is
then evaluated based on cost, performance, and environ-

32



mental impart. The RMP or BMP's thus selected are the
most appropriate ones to control the NPSP in that water-
shed. Model BMP2 can also be applied to subbasins or
basin; comprised of several watersheds. 1In this case,
several series of construction management practices at
different locations can be compared to determine the best
series of BMP's,

Model BMPl and Model BMP2 can be used jointly when a
watershed is being analyzed £o determine the combination
of land treatment cropping management and construction
management practices to control the NPSP. ©Under this
condition, Model BMP1l can be incorporated as a subroutine
in Model BMP2 so that these different management prac-
tices can be analyzed simultaneously.

It is noteworthy that in most cases these models
will not provide a combination of BMP's which is an opti-
mal solution for all three criteria-performance, cost and
environmental impact. This is because a BMP is not like-
ly to have optimal performance, least cost and least neg-
ative environmental impact simultaneously. However, by
using a ranking method accompanied with proper weights
for these three criteria, the final selection of a BMP
can be determined. These weights vary with individual
interests, government policies and socioeconomic consid-

erations.



3.1 Model Structure

Both Models BMPl and BMP2 are comprised of five ma-
jor comﬁohents: (1) soil 1loss, (2) water quality, (3)
treatment efficiency, (4) cost effectiveness, and (5) en-
vironmental impact. Component 1 computes annual soil
loss to compare with the tolerance limit before and after
the installation of management practices. Component 2
computes soil loss into a‘stream'ahd resultant pollutant
loadings in receiving wéters before and after the instal-
lation of management practices. Component 3 computes
treatment efficiencies. Component 4 computes costs for
several cost elements. Component 5 provides numerical
indices for management practices to compare environmental
impacts.

The functional structure of Model BMP1 is shown in
Figure 3-1. Subroutine SOLWTQ is called to estimate soil
loss and water guality before and after the installation
of cropping management and land treatment practices. The
soil loss before the installation is estimated by the
USLE. When it is greater than the designated tolerance
limit, the number of years of depleting the surface soil
layer can be determined by their difference. Treatment
efficiencies of management practices are determined by
the difference of the "C" values in the USLE before and
after the installation of management practices. From the

known treatment efficiency, the soil 1loss after the
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installation of management practice is determined. This
soil loss, less the amount of sediment retained at the
ground surface, times potency factors for various pollu-
tants, determines water quality in the receiving waters.
The flow chart of Subroutine SOLWTQ is exhibited in Fig-
ure 3-2. Twelve elements of cost are computed for every
management practice, to determine cost effectiveness.
Fourteen environmental impact elements are evaluated for
every management practice.

The functional structufe of Model BMP2 is shown in
Figure 3-3. When there is a change of cropping manage-
ment and land treatment practice, Subroutine BMP1l is
called in to evaluate management practices. If not, then
only Subroutine SOLWTQ is called in to evaluate the soil
loss and water quality of upstream watersheds. Diver-
sion, sediment basin and floodwater retarding structures
are three parallel methods used at various locations to
determine individual cost, performance and environmental
impact. For diversion, flow rate is computed using the
rational method and size of channel determined by using
Manning's equation. The cost is then estimated according
to channel size. For sediment basins and floodwater re-
tarding structures, after flow rate and size are de-
termined, trap efficiency is computed according to
Dendy's equation. Following the cost analysis based on

size, Subroutine DPLET is called to determine adequate
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outlet structure for either sediment basins or floodwater
retarding structures according to flow rate and hydraulic
head. After the determination of the type and size of
the ohtlet structure, the cost is estimated. This cost
is added to the cost of the basin (or reservoir) to de-
velop the completed construction costs. A flow diagram
for the Subroutine DPLET is shown in Figure 3-4. All
methods are evaluated for environmental impact by 14 pa-
rameters. A numerical valueAfor each parameter is multi-
plied by a weight to provide weighted assessments.

Both main programs and subroutines are written in
FORTRAN IV, Model BMP1l requires 74 input parameters to
initiate the program. Up to eleven cropping management
practices can be stored and compared simultaneously.
Within each practice, up to sixteen machinery units can
be operated. The program printout of Model BMPl is ex-
hibited in Appendix C. Model BMP2 requires 105 input pa-
rameters to initiate the process. For each of three con-
struction management practices, up to ten areas can be
evaluated. The program printout of Model BMP2 is exhib-

ited in Appendix D.

3.2 Component of Soil Loss

The soil loss component is used in both Model BMP1
and BMP2. Within this component, the USLE is the funda-

mental equation to estimate soil loss from a parcel of
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land. It has been used successfully in many computer
models such as ACTMO, WASRRHAT, CREAMS, ANSWERS and NWA,
The sucéessful use of this equation depends completely on
selecting proper values for five factors; rainfall and
runoff factor (R), soil erodibility factor (K), slope-
length factor (L), slope-steepness factor (S), cover and
management factor (C), and support practice factor (P).
The description of these factors and their value selec~
tion has been discussed in‘detail in Section 2.1.1.

The purposes of estimating soil loss are two fold:
(1) to compare with the tolerance limit to evaluate the
seriousness of soil erosion; (2) to determine the impact
of soil erosion on water quality in receiving waters.
The former will be discussed in this section and the lat-
ter in the following section. »

Tolerance limits for soils nationwide have been de-
termined and data are listed in the publications by SCS
branch offices. If soil loss is greater than the toler-
ance limit for a tract of land, the fertile soil surface
layer will be depleted eventually. The dgreater the
amount by which the soil loss exceeds the tolerance lim-
it, the sooner the surface soil layer will be depleted.
Therefore, the time for depletion can be estimated in
terms of this excess soil loss. The soil density may
range from approximately 76 to 146 1lb/cu ft. (31). An

average of 111 1lb/cu ft. was selected as the general soil
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density to estimate soil surface depletion time. The

equation thus formed was:

-

) DSSL
SDhY =
SL -~ TL
201
Where: SDY = Soil surface depletion time, years
DSSL = Depth of surface soil layer, inches
SL = Soil loss, tons/acre-year
TL = Tolerance limit, tons/acre-year

This equation is not applicable when so0il loss is

smaller than or equal to the tolerance limit.

3.3 Component of Water Quality

Water quality component is mainly used in Model BMP1
and can be used as a subroutine in Model BMP2. This com-
ponent contains two major factors: (1) the sediment de-
livery ratio which estimates the amount of sediment de-
livered into a stream, and (2) the potency factor which
is used to estimate the water quality by multiplying the
potency factor by the sediment loss. To estimate sedi-
ment delivered from the watershed to a stream, a sediment
delivery ratio which is a function of watershed size was
developed as mentioned in Section 2.1.2 to be used in
this component. This ratio, times the soil loss estimat-

ed from the 1last component, becomes the sediment
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delivered into a stream.

As mentioned in Section 2.1.4, potency factors are
used Fp’estimate quantities for various pollutants asso-
ciated with sediments. This factor, being selected ac-
cording to geographic location and land use, times the
amount of sediment delivered into a stream, gives the
amount of pollutant discharged to the stream. This mass
of pollutant, represented as pounds ot pollutant per
year, is estimated before.and after the installation of

management practices.

3.4 Component of Treatment Efficiency

The change of "C" and "P" factors in the USLE is
used to evaluate the treatment efficiency for cropping
management practices in Model BMPl. Factors "C" and "P"
change with changes in management practices. These
changes result in corresponding changes in the amount of
sediment loss. The relation can be illustrated as fol-
lows:

Treatment Efficiency (REMEFF, %)

(Soil Loss before) _ (Soil Loss after )
the Installation the Installation

X 100%
Soil lLoss before the Installation

K S, C P - RXLSCP
= Rb bLb bbb aaaaaa X 100%
N

where: "b" denotes "before the installation”

"a" denotes "after the installation"
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Since: Rb = Ra' Kb = Ka' Lb = La, Sb = Sa
K. L S, (C,P, -C_P.)
REMEFF = "% TP Ca%a) ¢ 1g0s
N o
C.P, - C_P
= bb "aa yijgos
CpPp

For diversion in Model BMP2, the treatment efficien-
cy is evaluated in terms of the change of "LS" factor in
the USLE before and after the installation of management
practice. This is because the diversion ditch intercepts
and diverts runoff without letting it wash farther down-
slope which shortens the slope length when estimating the
soil loss. As the previous development of treatment ef-
ficiency through the change of "C", "P" factors, the

equation is acquired as follows:

Lbsb - Lasa
REMEFF = X 100%
LySh
A m A m
—2 - (—2
72.6 72.6
A m
(—2—)
72.6
m m
_ Ay T Al
Alﬂ
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where: A = field slope length in feet,
m = 0.5 if slope equals 5% or greater,

. = 0.4 if slope equals 4%,

= 0.3 if slope equals 3% or less,
and "b" denotes "before the installation"
"a" denotes "after the installation".

For sediment basins and floodwater retarding struc-
tures in Model BMP2, the t;eatment éfficiency is estimat-
ed by the eguation deveioped by Dendy (12) in terms of a
capacity/average annual inflow ratio. The equation with

detailed description is contained in Section 2.1.3.

3.5 Component of Cost Analysis

In Model BMP1l, the change of cropping management
practice and/or 1land use involves not only the cost
change of the cropping method but also the change in rev-
enues. However, only the actual project cost is used in
Model BMP2 to select the most economical construction
management practice. The intangible benefits created by
construction management practices are estimated by en-

vironmental impact assessment.

3.5.1 Cost Analysis of Model BMP1

Model BMPl considers ten operational costs and prod-
uct revenues. These ten operational costs are the costs
of terraces, machinery, tractors, fuel, seed, fertilizer,

pesticide, 1labor, drying and interest. These costs are
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all estimated on an annual basis. Although their values
fluctuate with current market price, their relative costs
are assumed to remain unchanged. The following para-
graphé'provide general information concerning the struc-
ture for each cost. The appropriate formulas and parame-~

ters are described in Appendix B.

Terrace Cost

The terrace cost includes construction and mainte-
nance costs annualized using an eight year life time.
The steps to establish construction cost includes: (1)
estimating the maximum allowable horizontal spacing for
terraces according to kind of terrace, land slope, soil
erodibility, cropping systems and crop management prac-
tices, (2) determining the number of terraces which can
be constructed on the sloped land, (3) determining how
many feet of terraces can be constructed within an acre,
(4) estimating initial capital cost of terrace per acre,
(5) prorating yearly construction costs excluding govern-
ment subsidy. Yearly maintenance cost is estimated di-
rectly from the estimated yearly maintenance cost per

foot of terrace.

Machinery Cost

The machinery cost includes both fixed and repair
costs. The machinery fixed cost includes yearly depre-

ciation, taxes, insurance, housing and interests. Yearly
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depreciation cost is derived from the difference between
initial and salvage costs then divided by machine's eco-
nomic life. Since the owner may use machinery for cul-
tivating his land outside the watershed of interest, this
fixed cost should be prorated within the watershed by its
percentage to the owner's total acreage of land. Taxes,
insurance and housing are estimated as a lump sum by a
suggested 2.8% (25) of the ayeragé machinery cost. In-
terest cost is estimated- through annual interest rate
based on the average machinery cost.

The machinery repair cost is determined by the prod-
uct of total annual operation hours and repair cost per
100 hours. The total hours of operation is developed by
the product of three parameters: (1) annual hours of op-
eration per acre, (2) acreage on which the machine or im-
plement is used, and (3) number of trips the machine or

implement travels on the field.

Tractor Cost

The tractor is the basic piece of mobile equipment
used in every practice along with various implements.
The cost development procedure is similar to that used to
develop the "Machinery Cost". However, the tractor year-
ly operation hours is usually 10% more than the sum of
operation hours of associated implements to cover the

time for idling and traveling to field. It is assumed
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that the hours of operation for the tractor for harvest
hauling is in equivalent to that for the combine. The
initial .tractor cost is also prorated according to the

percentage of time that the tractor is used in the land

within the watershed.

Fuel Cost

Fuel Cost is eétimated for all fuel powered engines
and vehicles. It includes fuel doﬁsumption cost and 1lu-
brication cost which i§ assumed to be 15% of fuel con-
sumption cost (25). The fuel consumption cost is the
product of fuel unit cost, total operation hours of the
tractor or combine and fuel consumption rate which is
based on the Power Take Off (PTO) horse power of the en-

gine.

Seed Cost
The seedling rate is determined on the basis of kind
of seed and soil condition. The seed cost is derived by

knowing seed rate, seeding acreage and unit cost of seed.

Fertilizer Cost

Nitrogen (N), phosphate (P,0.) and potassium (K,0)
are the three most common fertilizers for agricultural
use and, hence, are used in this program. The recommend-
ed fertilizer application rate is based on the assumption

of: (a) unlimited resources, (b) adequate but not
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excessive plant population for soil area, (c) above-
average crop and soil management, and (f) favorable price
relationships between fertilizer and crops (71). The
fertiiizer cost is determined by knowing the rate of ap-
plication, applied acreage and fertilizer unit cost. Al-
so, the cost of equipment such and NH3 applicator and

bulk spreader is included on the rental basis.

Pesticide Cost

Pesticide cost inélndes herbicide and insecticide
costs. Their determination is based on the recommended
application rate. The recommended herbicide application
rate is governed by environmental and managerial factors.
Environmental factors include rainfall, temperature and
relative humidity. Managerial factors include depth of
planting, time of planting, time of application, type of
seed bed preparation, weed species in the field, and rate
and kind of chemicals (29).

The insecticide should be applied by or under the
supervision of certified insecticide applicator because
insecticides have been classified as being for restricted
use by the Federal Insecticide, Fungicide, and Rodenti-
cide Act (FIFRA) of 1972 (51). The application rate is

primarily based upon kind of pest and type of chemicals.

Labor Cost

The labor cost is estimated from the current wage
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and the total direct labor hours which is the sum of to-
tal tractor and combine operation hours. A reasonable

30% overhead is included in the cost.

Drying Cost

The drying cost is considered for grains which re-
quire drying and it is estimated from the unit drying
cost and the predicted grain harvest amount which is

derived from the "Revenue” section of this dissertation.

Interest Cost

Interest is calculated based on five operational
costs with different borrowing periods. The current in-
terest rate is used for eight months of fertilizer cost,
eight months of seed cost, six months of pesticide cost,

three months of fuel cost and three months of labor cost.

Revenue

Revenue is generated from agricultural products such
as crops, beef cattle, dairy cattle, etc. The amount of
these products is estimated from past statistical records
published by the state government. The current market
value of products should be carefully selected to obtain

meaningful comparison with previously mentioned expenses.

3.5.2 Cost Analysis of Model BMP2

All cost information is estimated from structures

which are typically designed for comparison purpose.
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Structures which are included are diversion, sediment ba-
sins, and floodwater retarding structures. They are dis-

cussed separately in the following paragraphs.

~ .

Diversion

A diversion may be structures as small as terraces
or as large as stream channels which divert runoff away
from the site to reduce erosion. ?he Manning's equation
is used to size the channel.: Hdwever, in order to use
the Manning's equation, flow rate (Q) should be estimated
by the Rational Method. From Reference (37), parameter
"I" in Rational Method can be estimated by the following
equations:

I = F(Tc + 18.5)'0‘843

i

where F Coefficient which varies with the rain fall

intensity corresponding to a return period

of "n" years. (see Table 3-1)

Tc = Tov + Tch
Tov = Runoff overland time
Tch = Channel flow time
Tov = 1.“1(L')0’5
L' = 0.25nL(s)0°>
where n = Surface characteristic coefficient. (see
Table 3-2)
L = Slope length in ft.
S = Slope in ft./ft.
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Table 3-1 Value of "F" for Rains at

, Different Frequencies (37)

Year F Value
2 77
5 100
10 117
25 134
50 . 148

100 S 167

Table 3-2 Value of Surface Characteristics

nnn (65)
Surface n Value
Paved 0.02
Bare Soil 0.10
Poor Grass 0.25
Ave. Grass 0.40
Dense Grass 0.80

Table 3-3 Value of Channel Characteristics

"B" (3? )

Channel Characteristics B Value
Straight, Clean Stream 0.00592
Ave. Stream 0.00835
Meandering Stream 0.01020

V-Ditch 0.01252
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ceh = pr0-77g0.385
where B = Channel characteristic coefficient. (see
o Table 3-3)

The size of the diversion can be computed by rear-
ranging the Manning's equation. In this case, "R" can be
computed by knowing slope and choosing proper velocity
and the Manning's coefficient:

Vvn 1.5 1

R= ( ———— ) . X ( T )
1.486 g0-75

For a grassed diversion channel, the proper velocity
can be selected from Table 3-4 based on known channel
slope and selected type of grass.

Chow (8) indicated that trapezoid is the most common
shape for unlined open channels for it provides side
slopes for stability. Therefore, this shape is selected
as the typical design for diversion for cost analysis.

Lining is added to protect the channel bottom and
banks from erosion. It may either be artificial material
such as concrete or natural grasses. The lining area is

computed as (see Figure 3-5):

Al = PL

where Al = Lining area in ft2
L = Length of diversion ditch in ft.
P = B+2Y,~.’1-Z2

Also, excavation or hauling quantity is derived by the
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with Vegetation (61)

Table 3-4 Permissible Velocities for Channels Lined

/
Slope, / Permissible volocity1
c range Brosicn Re- Easily
over sistant soils | eroded soils
(percent) (£t per sec.) | (ft-per smec.)
0-5 8 6
Bermudagrass 5-10 7 E
over 10 6

Bahia .
Buffalograss ‘
Kentucky 0-5 } 7 E
bluegrass 5-10 6
Smooth brome over 10 5 3
Blue grama
Tall fescue
Grass mixtures |2/ 0-5 2 4
Reed canarygrass 5-10 3
Lespedeza
sericea
Weeping
lovegrass
Yellow bluestem |3/ 0-5 3.5 2.5
Redtop
Alfalfa
Red fescue
Common 4 :
lespedeza {/ 5/ 0-5 3.5 2.5
Sudangrass
1/ Use velocities exceeding 5 feet per second only where

good covers and proper maintenance can be obtalined.

2/ Do not use on slopes steepsr than 10 rrccnt except
for vegetated side slopes in combination with a stone,
concrete, or highly resistant vegetative center section.

3/ Do not use cn slopes steeper than 5 percent except
for vegetated side slopes in combination with a stone,
concrete, or highly resistant vegetative center sectlion.

4/ Annuals-- use on mild slopes or as temporary protection
until permanent covers are established.

5/ Use on slopes steeper than 5 percent is not recommended.
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Figure 3-5 Dimension of Diversion. (No Scale)
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product of "A" (cross section of diversion ditch) and
"L". The total construction cost is the sum of these
three césts: lining, excavation and hauling, which can be

obtained by knowing their unit costs by area or volume,

Sediment Basin

The area of the upstream watershed above a sediment
basin has been used to estimate the flow rate in terms of
the Rational Method as discussed previously. The neces-
sary minimum surface area of a sediment basin can be cal-

culated as:

Qgp

SVSB

AREASB =

where AREASB = Surface area of sediment basin in ft2

]

Ocp Flow rate into the basin in cfs

SVgg = Settling velocity of silt particles in fps
Table 3-5 gives several settling velocities of different
sized soil particles.

By using the USLE, the annual soil loss in tons per
acre per year can be estimated from the upstream water-
shed. Since bottom silt deposit is a mixture of water
and soil, its density should range from 62.4 to 111 1lb/cu
ft. (as mention in Section 3.2), which depends on the de-

position period. By using the medium figure of 85 lb/cu

ft., the average depth of the sediment basin in feet is:



Table 3-5 Settling Velocities of Selected Particles (70)

L

Kind of Material Particle Diameter (microns) Settling Velocity
(cm/sec) (fps)

Coarse Sand 1000 10.0 0.33
Coarse Sand 200 : 2.1 0.069
Fine sand 100 ' 0.8 0.026

Fine sand - 60 " 0.38 0.012

Fine sand ko - 0.21 0.0069
Silt 10 © 0.015  0.00049
Coarse clay , 1 0.00015 4.9 x 10"6

Fine clay 0.1 1.5.x 10'6 'n.é x“10'8

29
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~ LFSB.SOLSSB.ACRESB.ZOOO
DEPSB =
) 85.AREASB
where LFSB = Expected useful life of basin in years.
SOLSg, = Soil loss in tons/acre/yr.
ACRESB = The area of upstream watershed above a

sediment basin in acres.

To construct a sediment basin, usually, a dike is
constructed downstream of'tﬁe watershed to collect the
water. A survey using a contour map must be performed to
select the location and determine the length of the dike
to provide the required surface area and depth of sedi-
ment basin. Using the cross section as shown on Figure

3-6, the volume of the dike can be computed as:

{3+ (DEP,,+1) .6] . (DEP,,+1) .LEDK

viDg, = SB SB SB
2.27
where VIDgp = Volume of the dike in yd3
LEDSB = Length of the dike in ft.

The excavation of a basin and fill of dike are de-
pendent upon site topographic conditions because it is
most economic to excavate an equal amount of soil from
the basin to construct the dike so that the hauling ex-
pense can be minimized. By using this assumption, the
unit cost of excavation, hauling and £fill (including com-

paction) can be estimated and multiplied by the dike



Figure

3-6 Cross Section of Sediment Basin Dike with Hood -

Inlet Spillway. (No Scale)
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volume to obtain the construction costs. The slope and
top of the dike must be mulched and vegetated to prevent
soil erosion. The cost of vegetation plus the construc-

tion cost becomes the total construction cost for this

alternative.

Floodwater Retarding Structure

The floodwater retarding structure is similar to a
sediment basin except; (1) the héight of embankment ex-
ceeds 20 feet; and (2) the drainage area exceeds 200
acres. In addition, a floodwater retarding structure may
potentially result in loss of life, damage to buildings,
highways, railroads, cr the interruption of service of
public utilities if the structure fails.

The top width of a dike for a floodwater retarding
structure is designated as 12 feet minimum to accommodate
at least one lane of traffic. A perforated pipe is
placed near the toe of the dike to intercept seepage wa-
ter from the reservoir in order to protect the dike. The
length of perforated pipe is equal to that of the dike,
The total cost is the sum of excavation, hauling, fill-

ing, perforated pipe and vegetation costs.

Drop Inlet and Outlet

There are five types of inlet and outlet structures:
drop, hooded inlet, pipe drop inlet, monolithic drop in-

let, and chute spillway. A proper inlet and outlet
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structure is selected based on the head and flow rate
through the sediment basin or flood water retarding
structure. - Figure 3-7 shows these relationships. After
the selection, each inlet and outlet structure is de-

signed based on these two factors.

Drop Spillway

The equation to compute the weir capacity is as fol-

lows (61):

3’1LWHW3,2

A =
(1.10 + 0.01H)
where Q = Flow rate passing over the weir in cfs
Lw = Length of weir in ft.
Hw = Depth of weir in ft.
H = Weir overfall in ft.

In order to simplify the equation, Lw=5Hw was
assumed and the equation rearranged to compute the weir
depth:

H, = [(1.10 + 0.01H)0/7.75]%*%°
By referring to Figure 3-8, which shows the typical

dimension of drop spillway, the volume of reinforced con-

crete can be computed and cost derived.

Hooded Inlet Spillway

The hooded inlet spillway consists of a pipe conduit

with the inlet and formed by cutting the pipe at an
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Figure 3-7 General Guide to Structure Selection (61)
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angle. The long side of the cut is placed on top which
forms a hood over the entrance. By referring to Figure
3-7, the pipe length can be approximated using the fol-

lowing formula:

L =,[H2 + (3 + 3H)2
where L = Pipe length in ft.

H

Control water head in ft.

The pipe slope can also be calculated as:

H

S = ee——
DT 3 + 30

In this study, the corrugated metal pipe with n =
0.024 is used and "R" is equal to D/4 assuming the pipe

flows full. Since

2 2
D V wD 2 5

Therefore, by rearranging the Manning's equation:

_1.486 ,2/3_.1/2 _ 1.486 0.,1/3.1/2
v = n RS - n (4nv) S

v = 11.7260%/4s3/8

and the, A = Q/V

4A

T

o
]

where D = Pipe diameter in inches.
The calculated pipe size is integrated into the next

larger standard pipe size to estimate the pipe cost per
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linear foot in order to derive the total pipe costi.

Pipe Drop Inlet Spillway

A érdp inlet spillway is similar to the hooded inlet
spillway except the inlet end is a pipe riser which in
this study is made of corrugated metal pipe. The size of
pipe riser is compatible with pipe conduit size and the
compatibility is tabulated as in Table 3-6. The length
of pipe riser is generally‘calculatéd as:

Z = 4D/12

1

where D = Diameter of pipe conduit in ft.
The total cost is the sum of pipe conduit cost and

pipe riser cost.

Monolithic Drop Inlet Spillway

The reinforced concrete monolithic drop inlet is
generally recommended for larger spillways. Assume the
side length of a square monolithic culvert is "S", the
hydraulic radius "R"™ is then equal to 82/45 = S§/4 when

flowing full. The cross-sectional area of the culvert is

2 _ Q(Flow rate)
" V(Flow velocity)

_L/.Q...
R =— e

Substitute R = —%— —%— into Manning's Equation:

s which leads to S =/—3-— and then

1.486 (0 ,1/3g1/2 _0.59 o3 72

= 0.59 . s
n 16V n vi/3
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-

Table 3-6 . The Size Relationships of Pipe Riser
and Pipe Conduit (61

Diameter of - -Diameter of
Pipe Conduit, . Pipe Riser,
in. in.

8-12 18
15 21
18 24
21 30
24 30
30 36
36 48
42 54

48 60
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vV = 16.54 Q1/4.S3,8 {Assume n=0.014 for concrete pipe)
After "V" become known,

A(cross—-section area of culvert) = Q/V

~

and S ==ﬁ[7;.

The volume of reinforced concrete of the whole
structure can be computed according to the dimensions
shown in Figure 3-9. The cost of construction can be
estimated by multiplying the volume of reinforced con-

crete by its unit cost.’

Chute Spillway

The chute provides a satisfactory method of dis-
charging accumulated surface runoff over fills and em-
bankments. Typical details are presented in Figure 3-10.
The discharge flow rate "Q" is given by (64):

o = 3.75 w-%xl-®

where W Width of flume in ft.

H

Head in ft.

By rearranging the equation and assuming H = 5 feet,

"W" can be calculated from:

. g1t
4,34(s1-78

)
From Figure 3-10, the volume of reinforced concrete can

be estimated as:

VOLRC = [7W-5W + L(10 + W)] 0.5/27

Using this volume, the construction cost can be computed.



Note: All the wall thickness is assumed to be 6",

V = [(4S(2S+L)+2(55+3S+4S+3S)+(3S+55)+2+ 4S-4S+35+35)*1/2

Figure 3-9 Dimension of Monolithic Spillway.

89
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STILLING BASIN

CROSS SECTION

0l STILLING BASIN

di
]
Note:
a Assume all the wall
= thickness is 6 inches.
PLAN

Figure 3-1. Details of Typical Drainage Chute
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3.6 Environmental Impact Assessment

Environmental impact must be considered when select-
ing the” BMP for controlling NPSP. Because a BMP will
usually change the laand form, the inhabitants including
wildlife, and the flora and fauna living directly above
or near the land will be influenced by the BMP, For ex-
ample, growing vegetation on bare land will attract more
wildlife to this area simplg because vegetated land is
" more similar to their natufal living environment. Howev-
er, land changed from pasture to cropland would repel the
inhabitants. BAesthetics is another important factor to
be considered, especially when the area under considera-
tion is located near a recreational or inhabited area.

A matrical system is used to evaluate the impact be-
tween each alternative management practiée. A weight for
each parameter is assigned a value from 1 to 20 to indi-
cate the relative importance of each parameter. These
weights were obtained by averaging data from a survey of
eight judges that were familiar with soil conservation
and non-point source pollution control. Table 3-7 lists
all the parameters and their weights. Under each parame-
ter, a value from -10 to +10 is assigned to each alterna-
tive to assess the scale of impact from negative (harm-
ful) to positive (beneficial). After each value has been
assigned, it is then multiplied by the weight to give the

individual value for every parameter under each alterna-
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Table 3-7 Weights for Environmental Impacts

Impact Weight
Parameter (1 to 20)
System Reliability 14
Operation and Maintenance 11
Land Disturbance 18
Water Conservation 12
Area Affected by Noise 4
Potential for Development 5
Water Quality 18
Flora and Fauna 9
Fish and Game 6
Aesthetics 8
Historical Site 6
Archeological Site 7
Recreational 8
Pesticide and Herbicide Application 10
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tive. Finally all individual values under the same al-
ternative are summed to obtain the total value for each
alternative. These total values are then compared
againét each other and ranked by priority for users' ref-
erence.

The environmental impacts created by using different
practices for controlling NPSP problems are discussed be-
low. For Model BMP1l, the seven most common cropping man-
agement practices are compared, and each one is given a
value within the range between -10 and +10. These prac-
tices are Terrace-=Contour (TC), Rotation-Contour (RC),
Terrace-Rotation~Contour (TRC), Terrace-No-Till-Contour
(TNC), No-Till-Contour (NC), ©No-Till-Rotation-~Contour
(NRC), and Pasture (P). For Model BMP2, three construc-
tion management practices: diversion, sediment basins and
floodwater retarding structures are compared and assigned

a value within a range of between -10 and +10.

System Reliability

The evaluation of this parameter depends on the
stability and durability over a long period of time and/-
or the speed of deterioration caused by local weathering,
unfavorable soil conditions and unfavorable localities.
Since a reliable system would better serve the purpose to
control NPSP and hence improve the quality of the en-

vironment, a positive range of from 0 to 10 is given for
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selection with the high value representing high reliabil-
ity.

For Model BMPl, two reasons are listed for ranking
these seven cropping management practices from high to
low positive impact as P>TRC = TNC>TC>NRC> RC = NC:
(1) pasture offers dense cover to resist erosion better
than other practices; and (2) terraces are better than
rotation or no-till farming because they divert all the
water above each terrace thlé rotation or no-till farm-
ing only decreases the water velocity and disperses the
water over a sloped area. Therefore, a suggested range
for each practice may be obtained by assigning 0~2 to NC
or RC, 2-4 to NRC, 4-6 to TC, 6-8 to TNC or TRC, and 8-10
to P.

For Model BMP2, the ranking of floodwater retarding
structure > sediment basin > diversion is based on: (1)
the design life of a floodwater retarding structure is
longer than for a sediment basin, (2) diversion is sub-
ject to greater stream erosion than a sediment basin or
floodwater retarding structure, (3) the reliability of
diversion depends on the 1lining material used in the
channel. A suggested range for each practice is 0-4 for
diversion, 4-7 for sediment basins and 7-10 for flood-
water retarding structures. The exact value within each
range would depend on the severity of weathering, soil

stability and area slope.
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Operation and Maintenance

A positive range of 0-10 is designated for Operation
and Maigtenance (0OsM) because only the structure itself
is concerned and no negative impacts are involved.
Higher values represent less O&M,

For Model BMP1l, the ranking of P = NRC = NC = RC>
TC = TRC = TNC is mainly based on the reason that ter-
races require more maintenance than other practices.
Therefore, a range of 0 to 5 for TNC, TRC or TC and 5 to
10 for RC, NC, NRC or P is suggested.

For Model BMP2, the ranking of diversion > flood-
water retarding structure > sediment basin is based on
the fact that: (1) sediment basins require more dredging
maintenance than diversion, and (2) floodwater retarding
structures require more 0O&M such as dike maintenance than
diversion. Therefore, the appropriate range for each
practice is 0~3 for sediment basin, 3-7 for floodwater

retarding structure and 7-10 for diversion.

Land Disturbance

The impact from =10 to +10 is given for land distur-
bance because the natural land configuration is changed.
For Model BMP1l, only terracing disturbs the land. Other
practices represent different forms of cultivating and
tilling methods which are indigenous to growing crops.

The range is then assigned from 0 to -10 for terrace and
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0 for other practices except pasture. A range from 0 to
10 is designated to pasture because pasture is assumed to
restoFeJthe land to natural conditions. The impact can
be measured by comparing the disturbed area with ten in-
tervals derived from dividing a largest treatment acreage
by 10. For example, within a tract of land, three man-
agement practices which disturb 100, 87 and 53 acres sep-
arately are measured. The one with 100 acre terracing
has -10 impact. Since eaéh interval is 10 (100/10), the
one with 87 acre terracing has -9 impact and the one with
53 acres pasture has =5 impact. For Model BMP2, all
three construction management practices are given nega-
tive impact from 0 to -10. The evaluation method is the

same as for Model BMP1.

Water Conservation

Water may be stored through different management
practices after runoff stops. This water may be used for
irrigation or it may be directly consumed by cattle or
other animals for drinking. Therefore, the beneficial
impact ranges from 0 to 10 - the higher number represent-
ing more water conservation.

For ModellBMPl, the ranking that TRC>TC>TNC>P> RC>
NRCZNC is based on the potential water storage or inter-
ception ability for each cropping management practice.

Terraces have larger interception capacities than prac-



76

tices. Rotation, pasture and no-till farming intercept
runoff by ground vegetation and residue which retain
water less efficiently than terraces. In most cases,
rotatién and pasture retains more water than no-till due
to denser vegetation coverage. The suggested range for
each practice is: 0-2 for NC, 2-3 for NRC, 3-4 for RC,
4-6 for P, 6-7 for TNC, 7-8 for TC and 8-10 for TRC. The
exact value within each range varies with the vegetation
and crop residue dersity ahd_£he size of structure.

For Model BMP2, the ranking is floodwater retarding
structure > sediment basin > diversion according to their
interception or storage capability. The possible range
for each practice is: 0-3 for diversion, 3-7 for sedi-
ment basin and 7-10 for floodwater retarding structure.
The exact value within each range is judged by storage

capacity and available sources for water use.

Area Affected by Noise

Noise is a negative impact for both human and wild-
life. 0 to -10 is thus given as the total range. The
degree of noise pollution depends on the noise intensity,
its duration and the distance to populated areas. In
most cases, noise occurs during the construction of the
management practices. Therefore, the intensity of noise
varies with types of construction machinery.

For Model BMP1l, the ranking P>NRC>NC>RC>TC>TNC>TRC
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is based on: (1) terracing requires construction work
while other practices do not, (2) rotation generally re-
quires more cultivation than no-tilling farming, (3) ter-
races\ﬁsually require machinery use once a year for main-
tenance. Therefore, the suggested range for each prac-
tice is: 0 to -2 for P, -2 to -3 for NRC, -3 to -4 for
NC, -4 to -6 for RC, -6 to -7 for TC, -7 to -8 for TNC
and -8 to -10 for TRC.

For Model BMP2, the faﬁking that diversion > sedi-
ment basin > floodwater retarding structure is based on
their project sizes. The suggested range for each prac-
tice is 0 to -3 for diversion, -3 to -7 for sediment ba-
sin and -7 to -10 for floodwater retarding structure.

For both models, the exact value within each range varies

with the effective distance to receiving bodies.

Potential for Development

Land around the management practice planning area
should be considered if there is a possibility for future
development. This development may be the change of land
use (e.g., from agricultural to residential) resulting
from the prosperity of neighboring towns or industries.
In most cases, the impact would be zero if the area is
isolated and no development potential can be determined.
Since the installation of management practices to control

the NPSP would benefit nearby development, this impact is
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classified as beneficial and ranges from 0 to 10 with the
"10" representing maximum positive impact.

For Model BMPl, each practice is given the range
from 0 to 10 without ranking since no apparent difference
exists among these seven practices: P, TC, TRC, TNC, NRC,
NC and RC. The suggested range for diversions, sediment
basins and floodwater retarding structures in Model BMP2
is from 0 to 10. It is noteworthy that in most cases,
floodwater retarding structure may offer more beneficial
impact for nearby development than other practices due to
its flood control and recreational benefits. The exact
value would depend on the distance to a potential devel-

oping area.

Water Quality

Water quality is the deciding factdr for adopting a
management practice depending upon its ability to meet
regulatory stream water quality standards. This impact
is only evaluated for practices with water qualities
above the standards or when the standards do not become
restrictive. For both models, the range from 0 to 10 is
given for each practice with "0" representing worst water
quality and "10" the best. The water quality of each
practice.caﬁ be represented by adding its values of three
pollutant loadings: SS, BOD and COD. The numerical

difference between the worst and best water quality
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divided by 10 gives the interval on which the ranking can

be based.

-

Flora and Fauna

Flora and fauna are affected by the installation of
management practices. The degree of disturbance depends
upon the scale of project and the natural characteristics
of the flora and fauna. The negative range of 0 to -10
is assigned for evaluation. For Model BMPl, a range of 0
to ~10 is given to each practice since no significant
difference of impact is observed among these seven prac-
tices: P, TC, TRC, TNC, NRC, NC and RC.

For BMP2, a ranking that floodwater retarding struc-
ture > sediment basin = diversion is based on the fact
that floodwater retarding structures usually have the
greatest amount of construction which disturbs flora and
fauna more than the rest of the practices. Therefore, a
range from -5 to -10 is designated for floodwater retard-
ing structure and 0 to -5 is for the other two practices.

For both models the exact value within each range
should be further determined by the natural characters of

flora and fauna.

Fish and Game

The practices may affect the neighboring habitation
of birds, animals and fish which may be an appreciable

resource. In most cases, the impact is negative because
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artificial structures are installed to interfere with
animals' habitation. However, the impact may be benefi-
cial Yhen‘cropland is converted to pasture land which may
attract more animals due to the fact that it is more
nature-like. Therefore, a full range from -10 to 10 is
assigned.

For Model BMP1l, the ranking that P>RC>NRC=TRC>NC=TNC
=TC is based on the reason that rotation and no-till in-
volve crop growth on groﬁnd which would not interfere
with animals' habitation as much as terraces. Therefore,
the range for each practice is assigned as: 0 to -3 for
P, -3 to -6 for RC, NRC and TRC, -6 to =10 for NC, TNC
and TC.

For Model BMP2, the ranking that floodwater retard-
ing structure > sediment basin > diversion is based on:
(1) diversion may cause more disturbance to animal habi-
tat than other practices, and (2) the floodwater retard-
ing structure may provide a good fishing resource.
Therefore, the range for each practice can be approximat-
ed: 0 to 10 for floodwater retarding structure, 0 to -5
for sediment basin and ~5 to -10 for diversion.

For both models, the exact value within each range
varies with the planning location, the distance to fish
and game area and the value of the fish and game re-

source.
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Aesthetics

Aesthetics can be evaluated from many aspects such
as topography, shape including line and curve, and the
compatibility with the existing environment. An unex-
pected structure may harm the picture of natural integri-
ty. However, through good design and planning, the aes-
thetics may be improved after the installation of the
practice. For example, terrace with no erosion is more
aesthetically pleasing than no terrace with extensive
erosion. In most cases, a larger project will require
more careful and detailed planning for aesthetics than
small ones. Since the aesthetics may appear better or
worse, a full range from =10 to 10 is assigned.

For Model BMP1l, a ranking that P>TRC>RC>TC>NRC>TNC>
NC is based on two reasons: (1) pasture and rotation
blend into the natural environment better than other
practices and pasture is better than rotation; and (2)
terraces show the beauty of curve on the topography and
controls erosion better than no-till farming. The range
for each practice can then be assigned as: -2 to -10 for
NC, -2 to 2 for TNC, 2 to 3 for NRC, 3 to 5 for TC, 5 to
7 for RC, 7 to 8 for TRC, and 8 to 10 for P.

For Model BMP2, a ranking that floodwater retarding
structure > diversion = sediment basin is based on the
fact that floodwater retarding structures if designed

properly, would raise the aesthetic quality of the



environment. The suggested range of each practice can
then be assigned as: 0 to -10 for diversion or sediment

basin,

~ -

Historical Site

Historical site is of national historic importance
and any possible impact should be avoided. In most
cases, the planning site should be relocated if it is on
or near the historical sitg. ”Therefore, the impact would
be measured by the disfance to the site, the scale of
practice and the natural compatibility to the site. A
range from 0 to -10 is given because the impact is nega-
tive.

For Model BMP1l, the ranking that P>TC = TRC = TNC =
NRC = RC = NC is based on the reason that pasture is more
nature-like and more compatible to historical sites.
Therefore, the suggested range for each practice is: 0 to
-2 for pasture and -2 to ~10 for rest practices.

For Model BMP2, the ranking that diversion > sedi-
ment basin > floodwater retarding structure is primarily
based on project size and compatibility to historical
site. The suggested range for each practice is: 0 to -3
for diversion, -3 to -7 for sediment basin and -7 to -10
for floodwater retarding structure.

For both models, the exact value within each prac-

tice is determined by its distance to the historical site
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and the range is the sight distance. The impact is zero
if the practice is located beyond the vision of persons

at histerical sites.

~ .

Archeological Site

Archeological site should be investigated prior to
the installation of management practices. The boundaries
of archeological sites are usually designated clearly by
archeologists. However, it is stili possible to invade a
potential archeological site outside the boundary.
Therefore, the impact is inversely proportional to the
distance to archeological site. From the known record
that the largest archeological site covers 200 acres
(35), it is assumed that a 2 mile radius is an impact ef-
fective distance to the site. For both models, a two-
mile limit is then set up so that no impact would be con-
sidered beyond that distance. The range from 0 to ~10 is
assigned to have ten levels with 0.2 mile as a level in-
crement. For example, 1.8 miles to archeological site
represents an impact level of -1 and 1 miles represents

"So

Recreational

Recreational use may be generated from the installa-
tion of management practices. A range from 0 to 10 is
suggested because it is a beneficial effect.

For Model BMPl, in most cases, the effect is zero
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for cropping management practices because the land is
mainly used for growing crops and provides minimal recre-
ationalluse. Pasture may provide a place for riding
horses or other recreational activities such as hunting
and hence, a range from 0 to 10 is assigned.

For Model BMP2, only floodwater retarding structures
provide a place for boating or swimming. Therefore, a
range that is 0 for diversion and sediment basins and 0

to 10 for floodwater retarding structure is suggested.

Pesticide and Herbicide Application

This parameter evaluates the negative impact due to
the toxicity of pesticides and herbicides to the environ-
ment. The impact would depend upon application rate,
spraying area and frequency of use. A range from 0 to
~10 is assigned to show the degree of iméact.

For Model BMP1l, the ranking that P>RC = NRC =
TRC>TNC = NC = TC is based on: (1) pasture requires the
least amount pesticide and herbicide of all practices and
(2) rotation may include planting of pasture. Therefore,
a suggested range is assigned that 0 to -3 for P, -3 to
-6 for RC, NRC or TRC, and -6 to -10 for TNC, NC or TC.

Since no pesticide and herbicide application is in-
volved for construction management practices in Model

BMP2, zero impact is assigned for this parameter.



CHAPTER 1V

APPLICATION

4.1 Application of "BMP1"

4,1.1 Location

A selected farm of 480 acres located on Section 17,
R1SE, T5N, Texas County, Oklahoma, as shown in Figure 4-1
is used for the application of computer program "BMP1".

The soil type is Richfield clay loam. It consists
of deep, dark, clayey soils that are well drained. Lo-
cally, the soils are called hard land. They are nearly
level and occupy large upland areas in all parts of the
country.

Unfavorable farming conditions are 1low rainfall,
strong winds, high temperatures in summer, and low humid-
ity. Water is the key to successful agriculture in this
semi~arid region. Crops which can be grown successfully
include wheat, hay sorghum, corn and barley.

The farmer is assumed presently to employ conven-
tional methods to raise corn, without consideration of

alternative management practices. However, his farm land

85
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is subjected to a great deal of soil erosion, which also
carries fertilizer and pesticides into receiving waters.
To reduce pollution problems, seven alternatives are
compaiéd.

These alternatives are: (1) continuous corn no-till
planted ‘in 70 percent residue cover, contoured (Corn-No-
Till), (2) a corn-corn-corn-wheat-meadow rotation with
moldboard plowing on the first year corn and no-till
planting on the second and third year corn, contoured
(CCCWM-No~Till), (3) continﬁous corn with rotary strip
tillage, terraced, (C-Strip-T), (4) continuous corn with
no-till planting, terraced (C-No-Till-T), (5) a corn-
soybean rotation, terraced (CB~Terr), (6) corn and hay

rotation (CH), and (7) land use changed to range land.

4.1.2 Data Input and Output

All input data were carefully selected as discussed
in Chapter III. The format of the input is also shown to
avoid unnecessary confusion of input location. The input
variable names are explained clearly within the computer
program. Appendix E gives the whole list of input data.

All output data are presented in Appendix F. For
each cost category, a table is formatted so that cost

figures can be identified easily.

4,1.3 Discussion

Cost effectiveness is usually the most important
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factor to farmers. In order to better evaluate cost com-

parisons among eight alternatives, cost elements are

ranked within alternatives and tabulated in Table 4-1

based\on the results from computer cost analysis. From

this table the following conclusions are suggested:

(1) Conventional corn, continuous corn with rotary strip
tillage, terraced and continuous corn no-till plant-
ed have the highest gross revenue.

(2) Range land, corn-sonéén rotation, terraced and
corn-hay rotation have the 1least total planting
cost.

(3) C-Strip~T, corn-soybean rotation, terraced and corn-
hay rotation have the highest net return.

From computer analysis, conventional up-and-down
slope corn planting is used, the annual soil loss is es-
timated as 10.33 tons/ac/year. Comparing this loss to
the soil tolerance limit of 5 ton/ac/year designated by
SCS, this loss will cause the 7 inch thick soil surface
layer to be depleted in 264 years. From Table 4-2 which
is also tabulated from computer analysis, only CCCWM-No-
Till, C-Strip-T, CH and range land can reduce the soil
loss below the soil tolerance 1limit. This provides the
farmer with important information allowing him to select
the BMP on criteria besides cost. The related water
quality data is given in Table 4-3.

Since current Oklahoma State Standards do not



Table 4-1 Ranking of Cost Estimate from BMPl Application

ttem Conggggion Nggg?ll Nggg?Tl Noggigl C-gtrip- gz;r oH . Rizﬁg

Sross e 1 2 5 1 1 3 4 6
Costs

Ty 7 > 6 s vz s
(Fuel)

r?g:gim; 5 3 8 b 2 6 7 1
(Fuel) :

Fuel 7 3 I 6 5 2 8 1
Seed 1 3 5 2 2 4 6 7
Fertilizer b b 2 b4 L 3 1 1
Pesticides 3 b 2 3 3 3 1 1
Labor 7 3 L 6 5 2 8 1
Drying L 3 2 L b 2 2 1
Interest 6 7 2 5 L 3 1 8
Total Plan Cost 8 5 b 7 6 3 2 1
ggzurn 5 6 7 L 3 1 2 8

68



Table 4-2 Results of Computer Analysis from Model BMP1 Applicatibn

Corn Corn CCCWM Corn- C- CB-~ Range
Item Convent. No-Till No-Till No-Till Strip-T Terr CH Land
Cost,$ o .
(Net 44,920 44,012 34,676 . 47,366 48,402 50,480 49,056 4,338
Return) :
?erform?nce
Remova
Efficiency, 0.0 40.9 63.6 50.0 54,6 45.4 70.4 63.6
%
Environmental
Impact -46 174 346 175 275 473 346 608

06



Table 4-3 Water Quality Data for BMP1 Application

Corn Corm ccowm Corn- C-Strip- CB - Rangs
Conv. No-till No-t111 No-Till T Terr CH Land
Sediment
SS o
(LB/AC/YR) 124 73 Ls 62 56 68 37 b5
BOD
(LB/AC/YR) 53 32 19 27 24 29 16 19
coD )
{LB/AC/YR) 167 99 61 ‘ 84 76 o1 49 61

16
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restrict NPSP discharge, the standards for municipal
wastewater discharge not exceeding 30 mg/l1 BOD and 90
mg/1 SS” into perennial streams is used (38). By multi-
plying annual local runoff which is 0.35 inch from Figure
4-2 (39) over one acre land, these concentrations can be
converted to loading rates. In this case, they are 2.3
lbs/ac/year for BOD and 6.9 lbs/ac/year for SS. By com~
paring this standard with annual loadings for all manage-
ment practicés, it appéaré that the standard is too 1low
to meet. Therefore, four management practices with bet-
ter water qualities are selected for further analysis.
They are CCCWM-No-Till, C-Strip-T, CB-Terr and range
land.

From the "Environmental Impact Assessment"” in Table
4-4, the best management practices with fhe highest score
or the least negative environmental impact are range
land, CB~Terr, CH and CCCWM~No-Till.

Since a cost figure results from the cost analysis,
a percentage figure represents treatment efficiency, and
numerical value gquantifies environmental impact, a BMP is
easy to determine from each criterion. However, it is
more difficult to select a BMP respecting all three cri-
teria. Two methods are suggested for this purpose:
A, Ranking Method. A numerical rank is given to each

practice for each criterion, "1" indicating that

practice least valuable, "2" indicating the next



_ Figure 4-2 Average Annual Runoff in Oklahoma.
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Table 4-4 Environmental Impact Value for BMP1 Application

7

Management Practice S.R. 0&4M L.D. W.C. NOIS P.0. W.Q. F&P F&G N.L. H.S. A.S. RECR P.A. Total °

Weight 14 11 18 12 L 5 18 9 6 8 6 7 8 10

C Conv. 0 0 0 0o -6 0 0 o -3 7 0 0 0o -6
0 0 0 0 -24 0 0 0 -18 56 0 0 0 -60 -46

C No-T 2 10 0 2 4 0 5 0 -3 -2 0 0 0o -6
28 110 0 24 16 0 90 0 -18 -16 0 0 0 -60 174

CCCWM No-T 4 10 o 3 3 0 9 0o -i 3 0 0 0o -3
5% 110 0 136 12 0 162 o -24 2 ) 0 o -30 346

C No-T-TR 2 5 -3 ? 7 0 7 o -8 2 0 0 0 -6
28 55 -5 B4 28 0 126 0 -48 16 0o o 0 =60 175

C-Strip-T 6 5 -1 ? -6 0 9 o -8 5 0 0 0 -6
84 55 -18 B4 24 0 162 0 -48 4o 0 0 0 -60 275

CB-Terr 8 5 -1 8 8 o0 7 o0 6 B 0 0 O -
12 55 -18 96 32 0 126 0 36 64 0 0 0 -30 473

CH 2 10 3 L -5 0 8 o -4 7 0 0 0 -5
28 110 S 48 -20 0 144 0 -24 56 0 0 0 -50 1T

R Land 8 10 3 4 0 0 10 0 0 10 0 0 3 0
112 110 s4 48 0 0 180 0 0 80 0 o 24 - o0 608

S.R.=System Relliability, O&M=Operation and Maintenance, L.D.=Land Disturbed,

W.C.=Water Conservation, NOIS=Noise Annoyance, P.D.=Potential for Development,

W.0.=Water Quality, FaP=Plora and Pauna, P&G=Fishing and Game, AEST=Aesathetics,
H.S.=Historlc Site, A.S.=Archeological Site, RECR=Recreational, P.A.=Pesticide Application

6
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least valuable, etc. Ranks are summed for each

practice. The practice with the highest value is

then the recommended BMP,

B. ﬁénking Method with Weights. If three criteria have
uneven relative importances, each criterion may be
weighed from 1 to 10. The sum of the products of
rank number and its weight is the weighed rank sum,
the highest value being the recommended BMP.

By using Ranking Method-A, a ranking value is as-
signed to each practice under each criterion which is
tabulated as shown in Table 4-5. From this table, CH
with value "10" is the highest and thus becomes the BMP,
However, by using Ranking Method B, different results may
be derived since different weights are assigned to empha-
size certain criteria. 1In this case, two sets of weights
are assigned. One is from the governmental point of
view. The other one is from the farmer's point of view.
The state government officials in charge of water quality
control were consulted to obtain the average weights -~ 4
for cost, 6 for performance and 3 for environmental im-
pact =-- because of their familiarity with stream water
quality control requirement. The local soil conserva-
tionists were consulted to obtain the average weights =-
8 for cost, 4 for performance and 2 for environmental im-
pact -- because of their familiarity with farmers' needs.

From these two sets of weights, different BMP's may be



Table 4-5 Results of Ranking Method A in Model BMP1 Application |

Y

cccwm C- Range

No-Till Strip-T CH Land
Cost 2 3 4 1
Performance 2 1 3 : 2
Environmental 2 1 2 . 3

Impact

Total 6 5 9 6

96



selected. As shown in Tables 4-6 and 4-7, CH is still
selected as the BMP although performance is emphasized on
governm?nt side and cost on farmer side. It is notewor-
thy that these weights are only suggested values and sub-
ject to change from various interest groups such as farm-
ers, soil conservationists and environmental agencies.

Although CH is the BMP recommended from the ranking
based on the three criteria, farmers may still have dif-
ficulty in accepting the recommehdation because he will
bear a loss of $4,100 when compared to Corn-Conventional.
However, by referring to Table 4-2, both C-Strip-T and CH
offer higher net return that Corn-Conventional when 60%
of terrace cost is subsidized by the government. These
two practices would therefore rank high in terms of farm-
ers' acceptance. Unless the government is willing to
compensate the loss, it will be extremely difficult for
farmers to accept the CH.

In actual implementation, the above implies negotia-
tion between farmers and govefnment which can be complex.
The results of this work are intended to identify and
quantify the factors that would underlie such negotia-
tions. For instance, two possible "algorithms" for de-
riving compensation follow. Where a system of fines has
been established, we can consider:

C(Compensation) = O1 - Nl - F
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Table 4-6 Results of Ranking Method B in Model BMP1
Application on Governmental Point of View

- Weight ccCcwM C- Range

No-Till Strip-T CH Land
Cost 2 3 L 1
X Weight L 8 12 16 L
Performance 2 1 3 2
X Weight 6 i2 6 18 12
Environmental 2 - 1 2 3

Impact _

X Weight 3 6 3 6 9
Total 26 21 Lo 25

Table 4-7 Results of Ranking Method B in Model BMP1
Application on Farmers' Points of View

Weight  CCCwM Cc- Range

No-Till S+trip-T CH Land
Cost 8 2 2 L 1
X Weight 16 2 32 8
Performance 2 1 3 2
X Weight 4 8 L 12 8
Environmental 2 1 2 3

Impact

X Weight 2 L 2 L 6

Total 28 30 L8 22
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where 01 = Net return from the original
practice
Nl = Net return from the BMP

o]
]

Incurred fines from the violation
from original practice.

Where no fine system exists, the form would be:

C (Compensation) 0, - N, - (P + E)

1 1
Performance difference between
the BMP and the original practice
converted to a dollar value,

where P

E = Environmental impact difference be-
tween the BMP and the original prac-
tice converted to a dollar value.

4.2 Application of "BMP2"

4.2.1 Location

A watershed of 2156 acres which includes parts of
Sections 17, 18, 19, 20, 29, 30, R8W, T14N (see Figure
4-3) in Canadian County, Oklahoma was selected for the
application of BMP2,

The primary soil type of this watershed is
Shellabarger-Konawa Association, which is deep, well
drained, and very gently sloping to strongly sloping
loamy and sandy soils with loamy subsoil.

The climate is dry subhumid, which means that there
is a precipitation deficiency and some irrigation is
needed.

As shown in Figure 4-3, this watershed can be divid-

ed into 20 stream segments with each segment bordered
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along the ridge between two streams. The quantity of
runoff flow rate can be estimated from these segmented
areas. .

After field investigation five alternative BMP's are
devised to control the NPSP in this watershed. They are:
(1) the combination of C1, €C2, D1, D2, D4, S2, S$3, and

s7.

(2) the combination of D1, D2, D3, S1, S2, S3, S4, S5,

s6, 87, and S10. i
(3) the combination of D3, S8, S9, S$10 and F1.

(4) the combination of S10 and F2.
(5) F3.
where "C" denotes the Cropping method
"D" denotes the Diversion method
"S" denotes Sediment Basin
"F" denotes Floodwater Retarding Structure

Ali the locations of the above BMP's are displayed
in Figqure 4-4. Each BMP was analyzed separately for
cost, performance and environmental impact. After analy-

sis, the results were combined for comparison.

4.2.2 Data Input and Output

Input data are listed in Appendix G, where the data
with variable names and line numbers are illustrated,
Appendix H displays output data of Model BMPZ ap-

plication. The format starts with croplands followed by
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Figure 4-4 Location Map of BMP's Applied to Control
NPSP of the Watershed.
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diversion ditches, sediment basins and ends with flood-
water retarding structures. Performance was calculated
and is .shown in the output of each BMP. The environ-

mental impact assessment of each BMP is tabulated.

4.2.3 Discussion

From Appendix H, the total construction cost for
each BMP is listed and tabulated in Table 4-8. Also, the
removal efficiencies of all BMP's are tabulated in Table
4-9,

From Tables 4-8, 4~9 and the Environmental Impact
Assessment Table in Appendix H, the combined costs, re-
moval efficiencies and environmental impacts of all five
BMP alternatives were determined and then compared. The
combined cost of each azlternative was determined by sum-
ming the costs of each BMP. The removal efficiency
should consider the area weight of individual BMP. The
following equation'was used to compute Combined Removal
Efficiency (CRE):

C Aa + CLA, + cvees + CnAn

1 22

Al + AZ + eeveces + An

where Cl""’cn Removal efficiencies of n BMP's,

CRE =

L]

A .....An Area of segment for each BMP.

1
The combined effect of the environmental impact for
each alternative was also computed by the area weight

method as that for removal efficiency. By using this



Table L-8 Total Construction Cost for Each BMP

No. Cropland* Diversion Sediment Floodwater
Basin Retarding’
Structure
1 $11, 524 $1,672 $ 8,270 g 50,431
2 15._96’1 3,581 4,513 - 71,281
3 2,932 5,307 380,805
n 20,644 . ;362
5 4.'251';
6 - 9,002
7 743047
8 8,823
9 6,122
10 18,532

# The costs shown on this column are for the BMP's selected from several

cropping management practices.

#0T1



Table 4-9 Removal Efficiencies of BMP's for Model BMP2 Application

No. Cropland Diversion - Sediment Floodwater
% Basin Retarding
Structure,%
1 55.5(1k42ac) 29,3 (8ac) 89.5(142ac) 94,0(1011ac)
2 53.3(63ac) 35.6(20ac) 91.0(24ac) 93.8(1785ac)
3 29.3(16ac) 91.8(79ac) 97 .4 (2157ac)
L 42.2(24ac) 87.6(63ac)
5 89.8(2lac)
6 9% .2 (190ac)
7 90.6(36ac)
8 92.7(198ac)
9 83.8(237ac)
10 96 .4 (24ac)
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measure as the basis, the combined cost, removal effi-
ciency and environmental impact were calculated and tab-
ulated as shown in Table 4-10. From this table, it is
found»that the alternative with more but small management
practices such as diversion or sediment basin is more
cost effective than that with less but large management
practices such as floodwater retarding structure. It is
also found that the alternative with more but small man-
agement practices has lower ﬁollutant removal efficiency
and lower beneficial environmental impact than that with
less but large management practice.

By using the same equation for combined removal ef-
ficiency, the combined water quality data can be acquired
for SS, BOD, and COD under each alternative. The results
are shown in Table 4-11. Based on 27.5 1lb/ac/year BOD
and 82.5 1lb/ac/year SS criteria which are derived from 4
inch runoff amount (see Figure 4-2), all five alterna-
tives can be compared.

By using Ranking Method A, Table 4-12 is formatted
to show ranking values by which Alternative 4 is selected
as the BMP. Using the same weights in Ranking Method B
for both government personnel and farmers as those ap-
plied in the Model BMP1l application. Tables 4-13 and
4-14 are formatted by which Alternative 4 was selected
from a governmental point of view and Alternative 1 was

selected from farmers' points of view.



Takle 4-10 Combined Cost, Removal Efficiency and

Environmental Impact of EMP Alternatives

Alternative No. Cost, § Removal Efficiency Environmental

: Impact
Alternative 1 69,649 : 65.4 169
Alternative 2 69,769 87.4- 213
Alternative 3 86,840 91.5 285
Alternative 4 89,813 93.8 295
Alternative 5

1,380,805 97 4 225

401



Table 4-11 Combined Water Quality Data of Alternatives
in Model BMP2 Application

SS, LB/AC/YR BOD, LB/AC/YR  COD,LB/AC/YR .
Alternative 1 49.1 21.8 66.3
Alternative 2 28.6 12.3 38.6
Alternative 3 10.1 4.4 13.8
Alternative 4 4.6 1.9 '_ 6.2

Alternative § 6.4 2.8 8.7 U




Table 4-12 Results of Ranking Method A in Model BMP2 Application

Alt. 1 Alt.2 Alt. 3 Alt. 4 Alt. 5
Cost 5 L 3 2 1
Performance 1 2 3 4 5
Environmental B
Impact 1 2 b 5 3
Total .7 8 10 11 - 9

601



Table 4-13 Results of Ranking Method B in Model BMP2 Application on
Governmental Point of View

Weight Alt.1 Alt. 2 Alt. 3 Alt. &4 Alt. 5

Cost 5 L 3 2 1

X Weight 4 20 16 12 8 I

Performance 1 2 3 4 5

X Weight 6 - 6 12 18 24 30
Environmental ' v

Impact 1 2 L 5 3

X Weight 3 3 6 12 15 ‘9

Total 29 34 42 47 L3




Table 4-14 Results of Ranking Method B in Model BMP2 Application
on Farmer's Point of View

s

Weight Alt. 1 Alt, 2 Alt. 3 Alt. &4 Alt; 5

Cost 5 L B 2 1

X Weight 8 Lo 32 2 16 8

Performance 1 2 3 L 5

X Weight N L 8 12 16 20
Environmental

Impact - 1 2 L 5 3

X Weight 2 2 L 8 10 6

Total 46 by by b2 L

111
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It should be noted that construction management
practices are primarily funded by the government because
these practices do not create a tangible returns to the
farmers. Therefore, farmers must pay only a small part
of the construction cost. In order to acquire the coop-~-
eration from farmers, a governmental financial aid system
should be establishéd. The two equations mentioned in
the Model BMP1 application were modified and shown as
follows. Where a system of fines has been established,
we can consider:

G

N, - F

2
where G = The governmental financial aid

N2 = Total construction cost of the BMP paid
by the government

Where no fine system exists, the formula would be:

G = N2 - (P + E)
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(1)

(2)

(3)

CHAPTER V

SUMMARY AND CONCLUSIONS

Summary
Model BMP1 is developed to determine the optimum

combination of croppinéAmanagement and land treat-
ment practices for control of NPSP. The seven most
common cropping management and land treatment prac-
tices used in this dissertation are (a) terrace-
contour, (b) rotation contour, (c) terrace-rotation-
-contour, (d) terrace-no-till-contour, (e) no-till-
contour, (f) no-till-rotation-contour, and (g) pas-
ture.

Modél BMP1 provides a cost figure, pollutant removal
efficiency and an environmental impact value for
each cropping management and land treatment prac-
tice. From the result of model application, a BMP
for each criteria - cost, performance or environ-
mental impact - can be selected.

The Universal Soil Loss Equation (USLE) is used in
Model BMPl to estimate the annual soil loss for a
tract of land. From the change of "CP" factor in
the USLE before and after the installation of

113
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cropping management and land treatment practice, the
performance of the practice is determined.

(4) A "Sediment Delivery Ratio" is used in Model BMP1l to
estimate the actual suspended soil particles flowing
into downstream water bodies. This ratio varies
with the sizes of watersheds from which soil erosion
ocecurs.

(5) A "Potency factor™ is used on Model BMPl to estimate
various pollutants aésqéiated with soil particles
discharged into the streams. The potency factor has
a short development history and few representative
data. The selection of adequate potency factor
should be performed with great care. Also, the wa-
ter quality data derived from the potency £factor
should be compared with the water quality standard
with great caution.

(6) The "Soil Surface Layer Depletion Time"™ in Model
BMP1l gives the number of years in which the top soil
layer would be completely lost due to erosion. How~
ever, crops will not grow when the top soil layer is
depleted to zero. Therefore, the depletion time for
crop growth is actually less than that predicted by
the model. By knowing the minimum soil depth for
growing crops, farmers can estimate the actual deple-
tion time for growing crops by multiplying the de-

pletion time for top soil layer by the ratio of the
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difference between minimum soil depth for growing
crops and the top soil layer depth over the top soil
layer depth.

éhe cost in Model BMP1l includes both construction
cost of a cropping management and land treatment
practice and revenue from crop yield. The most cost
effective management practice is the one with the
largest net income which is the difference between
the construction cost énd the revenue. The con-
struction cost includes terrace, machinery, tractor,
fuel, seed, fertilizer, pesticide, labor, and inter-
est cost.

Model BMP2 is developed when construction management
practices are required for controlling the NPSP.
These practices are diversions, sediment basins and
floodwater retarding structures. Model BMP2 incor-
porétes water quality component in Model BMP1l to ob-
tain the water quelity data. This component in-
cludes the USLE, sediment delivery ratio, potency
factor, and soil tolerance limit,

The "Rational Method” in Model BMP2 is used to esti-
mate the peak runoff flow rate from a tract of land.
This flow rate is used to determine the sizes and
capacities of hydraulic structures. From these
sizes, the construction costs can be computed for

comparison.
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(15)

The cost in Model BMP2 includes only construction
cost from which the most cost effective management
practice can be determined.

ﬁerformance for diversion in Model BMP2 is computed
from the difference of the "LS™ factor in the USLE
before and after the installation of the diversion.
The "Trap Efficiency" in terms of C/I (Reservoir Ca-
pacity/Annual Inflow) ratio in Model BMP2 is used to
determine the performanées for sediment basins and
floodwater retarding structures.

A numerical value is given to each management prac-
tice under each environmental parameter. These val-
ues when multiplied by the weight assigned to each
environmental parameter form weighted values. The
sum of these weighted values for each management
practice is the environmental impact value. The ob-
jecfive comparison among these impact values can be
achieved to determine the one with the most benefi-
cial impact or the least negative impact.

Model BMP2 can use Model BMPl as a subroutine to si-
multaneously evaluate both the cropping management
and land treatment and construction practices on a
watershed.

For a large watershed where no single BMP can con-
trol the NPSP, several alternatives, each with few

management practices, must be considered. Each al-
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ternative, evaluated by the combined value from its
contained management practice on cost, performance
and environmental impact, is compared with other al-
éernatives to determine the best alternative BMP's,
For each alternative, the combined cost is the sum
of costs of its contained management practices and
the combined performance or environmental impact is
derived from the area weight method as mentioned in
Section 4.2.3. |

When the output of Model BMP1l or Model BMP2 is ob-
tained, a ranking method with or without assigned
weights for cost, performance and environmental im-
pact is used to determine the overall BMP. These
weights vary when considered from different points

of view i.e. government or farmers, -

Conclusions

From the case studies applied in the State of

Oklahoma thirteen conclusions were drawn as follows:

(1)

When corn is used as the main crop planted in the
panhandle area of Oklahoma, it is found that (a)
terrace-contour and no-till-contour are the cropping
management and land treatment practices which have
the highest gross revenues, (b) pasture, rotation-
terrace-contour and rotation-contour have the least

total planting cost, and (c) terrace-contour, rota-



(2)

(3)

(4)

(5)

(6)
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tion~-terrace-contour and rotation-contour have the
highest net return.

With the same application, it is found that rota-
éion-no-till-contour, terrace-contour, rotation-
contour and pasture are the cropping management and
land treatment practices which can reduce the soil
loss below the soil tolerance limit.

With the same application, it is found that pasture,
rotation-terrace-contbur; rotation-contour and
rotation-no-till-contour are the practices which
have the highest beneficial environmental impact.

By using 30 mg/l BOD and 90 mg/l1 SS as the stream
water quality data applied in the panhandle area of
the State of Oklahoma, it is found that none of the
seven most common cropping management and land
treatment practices can meet this standard. There-
fore, the BMP is selected to minimize the NPSP.

By the ranking method without assigned weights, ro-
tation-contour is selected as the BMP in Model BMP1
application. When considered from both government
and farmers' points of view by adding different sets
of weights, rotation-contour still appears as the
BMP,

From the application of Model BMP1l, it is concluded
that Model BMP1 has been successfully developed and

satisfactorily tested. The model accompanying the
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ranking method provides acceptable results which
represent the most objective points of view from
different interest groups.

When a watershed in central Oklahoma is used as the
test site for the application of Model BMP2, incor-~
porating Model BMP1l, it is found that the alterna-
tive with more but small management practices such
as diversion or sediment basin is more cost effec-
tive than that with less buf large management prac-
tices such as floodwater retarding structure.

With the same application, it is found that the al-
ternative with more but small management practices
has lower pollutant removal efficiency than that
with less but large practices.

With the same application, it is found that the al-
ternative with more but small management practices
has lower beneficial environmental impact than that
with less but large management practice.

By using the same water quality standard as men-
tioned in item (4), it is found that all five alter-
natives in the BMP2 application can meet this stan-
dard. Therefore, the selection of BMP's will prim-
arily depend upon the cost, performance and environ-
mental impact.

By using the ranking method without assigned

weights, Alternative 4 which includes one sediment
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basin and one floodwater retarding structure appears
to be the BMP's.,

When considered from the governmental point of view
ﬁy the ranking method with assigned weights, Alter-
native 4 still appears to be the BMP's., However,
Alternative 1 becomes the BMP when considered from
the farmer's points of view. This is because cost
is the most important criterion from farmer's points
of view on selecting BMf;S.

From the application ofAModel BMP2, it is concluded
that the model has been successfully developed and
satisfactorily tested. The management practices in-
volved can be grouped into several alternatives from
which a BMP can be selected to control the NPSP from

a small watershed to a large basin.



CHAPTER VI

RECOMMENDATIONS

The following recommendations are made for further

study of BMP modeling on controlling the NPSP:

(1)

(2)

(3)

(4)

Model BMP1 and Model BMP2 can be evaluated nation-
wide to provide the BMP's for areas with different
land uses, precipitation, topographies and soil con-
ditions. The results could be organized to provide
a reference for farmers and other interest groups.
When applying both models to nationwide areas, other
practices such as deferred grazing, grade stabiliza-
tion, livestock exclusion, tree planting, and wild-
life land habitat, management may also be considered
as supplemental practices.

Further analysis may be done on evaluating the sedi-
ment delivery ratio with the consideration of other
factors such as soil texture, relief, type of ero-
sion, sediment delivery routes and area of deposi-
tion.

The water quality data computed from both models can
be verified through the field sampling and laborato-

ry analysis. Those field data can be used to better
121
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verify the potency factor to calibrate the models.
The required minimum soil depth for growing crops
shgulq be researched for various crops so that soil
surface layer depletion time can be more accurately
estimated when top soil is eroded down to the mini-
mum soil depth.

Although the models have been tested for two cases,
further evaluations are advisable. Those applica-
tions will provide "fine tuning"™ under varying cli-
matic, hydrologic and 1land wuse conditions, and
should exhibit needs for further development and re-
finement.

The application of BMP models can be used as tools
for evaluating the impact of land use policy on NPSP
control. This could be done in cooperation with lo-
cal planning agencies which could assist in model
application, benefit from the control of NPSP, and
gain access to the BMP models for continuing use in
planning processes. Such a project would demon-
strate the use of BMP models in the field setting.
Further research and development on BMP models
should be directed to develop better methods to ob-
jectively select a BMP under the overall evaluation
of cost effectiveness, treatment efficiency and en-
vironmental impact criteria.

The conversion from the performance and environmen-
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tal impact of BMP's to their dollar value should be
further studied. The study will require extensive
investigation and collection of the data regarding
;éter quality violation and intangible cost of en-
vironmental impact. The analysis of these data may
generate a feasible methodology providing tangibie

costs for those intangible factors.



10.

BIBLIOGRAPHY

Beasley, D.B., Monke, E.J. and Huggins, L.F., "An-
swers: A Model for Watershed Planning”, Purdue Ag-
ricultural Experiment Station Journal Paper No.
7038, 1977.

Brandsteffer, A., et al., "A Mathematical Model for
Optimum Design and Control of Metropolitan Wastewa-
ter Management Systems", Water Resources Bulletin,
Vol. 9, No. 6, pp. 1188-2000, December 1973.

Branson, E.B. and Tarr, W.A., "Introduction to Geol-
ogy", McGraw-Hill Book Co., Inc., N.Y., 1935,

Browing, G.M., Parish, C.L. and Glass, J.A., "A
Method for Determining the Use and Limitation of Ro-
tation and Conservation Practices in Control of Soil
Erosion in Jowa", Soil Science Society of America
Proceedings, 23: 246-249, 1947.

Bruce, R.R., et al., "A Model for Runoff of Pesti-
cides from Small Upland Watersheds", Journal of En-
vironmental Quality, 4(4): 541-548, 1975.

Brune, G.M., "Trap Efficiency of Reservoirs", Trans
of American Geophysical Union, Vol. 34, No. 3, 1953.

Chamberlin, T.C., "Soil Wastage", Proceeding of a
Conference of Governors in the White House,
Washington, D.C., 1908, U.S. Congress 60th, 2nd Ses-
sion, House Document 1425, pp. 75-85, 1909,

Chow, Ven Te, "Open-Channel Hydraulics", McGraw-Hill
Book Co., Inc., N.Y., 1959,

Cox, M.R., "A Study of Agricultural Non-Point Pol-
lution and Available Best Management Practices for
Control in Oklahoma", Ph.D. Dissertation, University
of Oklahoma, Norman, Oklahoma, 1978.

Crawford, N.H. and Donigian, A.S., "Pesticide Trans-
port and Runoff Model for Agricultural Lands",

124



11.

12.

13,

14,

15,

16.

17.

18,

19.

20,

21.

125

EPA-660/2-72-013, December 1973.

Crawford, N.H. and Linsley, R.K., "The Snythesis of
Continuous Streamflow Hydrographs on a Digital Com-
puter", Stanford University, Department of Civil En-
gineering, Technical Report No. 12, Stanford,
California, 1962.

Dendy, F.E., "Sediment Trap Efficiency of Small Res-
ervoirs", Trans ASAE, 17(5), Sept.-Oct., 1974.

Donigian, A.S. and Crawford, N.H., "Modeling Pesti-
cides and Nutrients on Agricultural Lands",
Hydrocomp Inc., EPA-600/2-76-G43, February 1976.

Eckenrode, R.T., "Weighting Multiple Criteria", Man-
agement Science, Vql..lz; No. 3, November 1965.

Frere, M.H., Onstad, C.A. and Heltan, N.H., "An Ag-
ricultural Chemical Transport Model", Soil Conserva-
tion Service, Durant, Oklahoma, 1975,

Glymph, L.M. and Holtan, H.N., "Land Treatment in
Agricultural Watershed Hydrology Research", Effects
of watershed Changes on Stream Flow, Water Resources
Symposium No. 2, University of Texas, Austin, Texas,
1979.

Gottschalk, L.C., "Trap-Efficiency of Small Flood-
water Retarding Structure”, ASCE, Water Resources

Engineering Conference, Mobile, Alabama, Conference
Print No. 147, 1967.

Griffin, J.D., "Predicting Soil Loss on Constructicn
and Other Similar Non~Vegetative Areas", Proceed-
ings, Storm-Water Management Workshop, Gainsville,
Florida, February 1975.

Harly, B.M. et al., "A Modulator Distribution of
Catchment Dynamics", MIT, Report No. 133, December,
1970.

Heinemann, H.G. and Reynolds, L.E., "Interim Find-
ings on Trap Efficiency of Small Flood~Retarding
Reservoirs", Unpublished paper presented at the
ARS-SCS Sedimentation Workshop, Panguitch, UT.,
1962.

Holtan, H.N. and Lopez, N.C., "USDAHL-70 Model of
Watershed Hydrology", U.S. Department of Agricul-
tural, Technical Bulletin No. 1435, Washington,



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

126

D.C., 1971.

Huffine, W.W. and Reed, L.W., "Continued Evaluation
of Road Side Development and Erosion Control Experi-
ments”, Oklahoma HPR-1(5), Research Project No.
68-07-3.

Hydrocomp International Inc., “Hydrocomp Simulation
Programming-Operations Manual®, Palo Alto,
California, February 1972 with updates.

Iowa State University Cooperative Extension Service,
"Background Information for Use with CROP-OPT Sys-
tem", FM 1628, Ames, Iowa, 1977.

Iowa State University quperative Extension Service,
"Estimating Farm Machinery Costs", PM~710, Ames,
Iowa, 1976. :

Iowa State University Cooperative Extension Service,
"Fuel Required for Field Operations", PM-709, Ames,
Iowa, 1976.

James, C.D., "An Evaluation of Relationships between
Streamflow Patterns and Watershed Characteristics
Through the Use of OPSET: A Self-Calibrating Ver-
sion of the Stanford Watershed Model", University of
Kentucky, Lexington, Kentucky, 1970.

James, S.C., "Midwest Farm Planning Manual", 3rd
Ed., The Iowa State University Press, South State
St., Ames, Iowa 50010, 1975.

Jennings, V.M. and Facett, R.S., "Weed Control Guide
for 1978", PM-601, Iowa State University Cooperative
Extension Service, Ames, .Iowa, 1978.

Lake, J.E., "An Institutional Approach to Implement-
ing Best Management Practices", Best Management
Practices for Non-Point Source Pollution Control
Seminar, EPA 905/9~76-005, November 1976.

Lamb, T.W. and Whiteman, R.V., "Soil Mechanics",
MIT, 1969.

Lanyon, R.F. and Jackson, J.P., "A Stream Flow Model
for Metropolitan Planning and Design", ASCE, Urban
Water Resources Research Program, Tech Memo No. 20,
January 1974.

Metcalf and Eddy, et al., "Storm Water Management



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

127

July 1971.

Musgrave, G.W., "The Quantitative Evaluation of Fac-
tors in Water Erosion, A First Approximation", Jour-
nal of Soil and Water Conservation, 2(3): 133-138,
1947.

Neal, Larry, Oklahoma State Archeologist, University
of Oklahoma, Telephone interview, June 13, 1983.

Negev, M.A., "Sediment Model on a Digital Computer",
Department of Civil Engineering, Stanford Universi-
ty, Technical Report No. 76, Stanford, California,

Oklahoma State Departmeni of Highway, "Drainage Or-
dinances and Procedures", Unpublished documents of
workshop, 1971.

Oklahoma State Department of Pollution Control,
"Areawide Waste Treatment Management Planning-208
for Oklahoma", 1981.

Oklahoma State Water Resources Board, "Oklahoma Com-
prehensive Water Plan", Oklahoma City, April 1,
1980.

Renfro, G.W., "Use of Erosion Equations and Sediment
Delivery Ratios for Predicting Sediment Yield", Pro-
ceeding of Sediment Yield Workshop, Oxford, MS,
1972.

Roach, W.R., "Methodology for the Estimation and
Evaluation of Nonpoint Pollution Loading from
Watersheds in Oklahoma". -

Ross, G.A., "The Stanford Watershed Model, the Cor-
relation of Parameter Values Selected by a Compu-
terized Procedure with Measurable Physical Charac-
teristics of the Watershed", Water Resources Insti-
tute Research Report No. 35, University of Kentucky,
Lexington, Kentucky, 1970.

Sartor, F.D. and Boyd, G.B., "Water Pollution As-
pects of Street Surface Contaminants", Office of Re-
search and Monitoring, Environmental Protection
Agency, Washington, D.C., EPA-R2-72-081, November
1972.

Shubinski, R.P. and Roesner, L.A., "Linked Process



45.

46.

47.

48.

49.

50,

51.

52.

53.

54.

55.

128

Routing Models", AGU Annual Spring Meeting,
Washington, D.C., April 1973.

Smith, D.D., "Interpretation of Soil Conservation
Data for Field Use", Agricultural Engineering 22:
173-175, 1941.

Smith, R.M. and Stamey, W.L., "Determining the Range
of Tolerable Erosion”, Soil Science, Vol. 100, No.
6, December 1964.

Smith, D.D. and Whitt, D.D., "Estimating Soil Losses
from Field Areas of Claypan Soils", Soil Science So-
ciety of America Proceedings,_lZ: 486~490, 1947.

Smith, D.D. and Wischmeier, W.W., "Rainfall Ero-~
sion", Advances in Agronomic, 14: 109-148, 1962.

Stamey, W.L. and Smith, R.M., "A Conservation Defi-
nition of Erosion Tolerance", Soil Science, 97:
183~-186, 1964.

Stiltner, G.J., Henson, W.H. and Lopez, N.C.,
"USDAHL-74 Revised Model of Watershed Hydrology, A
United States Contribution to the International
Hydrological Decade", U.S. Department of Agricul-
tural, Technical Bulletin No. 1518, Washington,
D.C., 1975.

Stockdale, H.J., DeWitt, J., et al., "Insect Pest
Control®™, IC-328, Iowa State University Cooperative
Extension Service, Ames, Iowa, 1979.

Terstriep, M.L. and Stall, J.B., "Urban Runoff by
Road Research Laboratory Method", Journal of Hydrau-
lics Division, ASCE, Vol. 95, Hy4, pp. 1809-1834,
November 1969.

True, H.A., "Erosion, Sedimentation and Rural Run-
off, A Gross Assessment Process", EPA, July 17,
1974.

U.S. Army Corps of Engineers, "Urban Stormwater Run-
off-Storm", Computer Program 723-58-L2520, The
Hydrological Engineering Center, Corps of Engineers,
Davis, California, October 9, 1974.

U.S. Department of Agricultural, "CREAMS - A Field
Scale Model for Chemicals, Runoff, and Erosion from
Agricultural Management Systems", Conservation Re-
search Report, No. 26, May 1980.



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

129

U.S. Department of Agricultural, "Estimating Soil
Loss Resulting from Water and Wind Erosion", Soil
Conservation Service, Stillwater, Oklahoma, Septem-
ber 1976.

U.S. Department of Agriculture, "Predicting Rainfall
Erosion Losses - A Guide to Conservation Planning",
Agricultural Handbook No. 537, December 1978.

U.S. Department of Agriculture, "Procedure for Com-
puting Sheet and Rill Erosion of Projected Areas",
Soil Conservation Service, Technical Release No. 51
(rev) ., January 1975.

U.S. Department of Agriculture, "Erosion and Sedi-
ment Control Guidelines for Developing Areas in
Texas", Soil Conservation Service, Temple, Texas,
1976. _

U.S. Department of Agriculture, "Sediment Sources, .
Yields and Delivery Ratios", So0il Conservation Ser-
vice, National Engineering Handbook, Section 3,
Washington, D.C., 1971.

U.S. Department of Agriculture, "Engineering Field
Manual for Conservation Practice", Soil Conservation
Service, Washington, D.C., April 1975.

U.S. Department of Agriculture, "Soil Survey-Texas-
County, Oklahoma", Soil Conservation Service, July
1961,

U.S. Department of Agriculture, "Technical Bulle-
tin".

U.S. Department of the Army, "Drainage and Erosion-
Control Structures for Airfields and Heliports",
Headquarters, Office of the Chief of Engineers,
Washington, D.C., August 1964.

U.S. Department of the Army and the Air Force, "Sur-
face Drainage Facilities for Airfields and Heli-
ports", TM 5-820-1, AFM 88-5, Chapter 1, August
1965.

U.S. Environmental Protection Agency, "Environmental

Impact of Land Use on Water Quality", EPA-905/9-77-
007~B.

U.S. Environmental Protection Agency, "Methods for
Identifying and Evaluating the Nature and Extent of



68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

130

Non-Point Source of Pollutants®”, EPA-430/9/73-014,
Washington, D.C., October 1973.

U.S. Environmental Protection Agency, "Modeling
Non-Point Pollution from the Land Surface",
EPA-600/3-76-083, July 1976.

U.S. Environmental Protection Agency, "Modeling Pes-
ticides and Nutrients on Agricultural Lands",
EPA-600/2-76-043, February 1976.

U.S. Environmental Protection Agency, "Non-Point
Source Control Guidance Construction Activities",
Office of Water Planning and Standards, Washington,
D.C., December 1976.

Voss, R.D., "General Guide for Fertilizer Recommen-
dations in Iowa", AG-65, Iowa State University, Co-
operative Extension Service, Ames, Iowa, 1973.

Wanielista, M.P., "Non-Point Source Effects", Report
No. ESEI-76-1, Florida Technological University,
January 1976.

Water Pollution Control Federation, "Design and Con-
struction of Sanitary and Storm Sewers", WPCF Manual
of Practice No. 9, 1970.

Woolhiser, D.A., et al., "Control of Water Pollution
from Cropland, Vol. II: An Overview", U.S, Depart-~
ment of Agriculture, Agricultural Research Service
Headquarters, ARS-H-5-2, 1976.

Wischmeier, W.H., "A Rainfall Erosion Index for a
Universal Soil-Loss Equation", Soil Science Society
of America Proceedings, 23: 246-249, 1959.

Wischmeier, W.H., Johnson, C.B. and Cross, B.V., "A
Soil Erodibility Nomograph for Farmland and Con-
struction Sites", Journal of Soil and Water Conser-
vation, 26: 189-193, 1971.

Wischmeier, W.H. and Mannering, J.V., "Relation of
Soil Properties to Its Erodibility", Soil Science
Society of America Proceedings, 33: 131-137, 1969.

Wischmeier, W.H. and Smith, D.D., "Predicting Rain-
fall~-Erosion Losses from Cropland East of the Rocky
Mountains - Guide for Selection of Practices for
Soil and Water Conservation", Agricultural Handbook
No. 282, 1965.



79.

131

Z2ingg, R.W., "Degree and Length of Land Slope as It
Affects Soil Loss in Runoff", Agricultural Engineer-
ing, 21: 59-64, 1940.

-



APPENDIX A

PARAMETER EVALUATION OF USLE

Table 1 Cover Index Factor C on Construction Sites

Table 2 -C Values for Permanent Pasture, Rangeland, and
Idleland

Table 3 'C' Factors for Woodland

Table 4 P Values and Slope-Length Limits for
Contouring

Table 5 P Values, Maximum Strip Widths, and Slope-
Length Limits for Contour Stripcropping

Table 6 P Values for Contour-Farmed Terraced Fields.

Figure 1 Average Annual Values of The Rainfall
Erosion Index.

Figure 2 The Soil-Erodibility Nomograph
Figure 3 Slope-Effect Chart(Topographic Factor,LS)
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Table i

. COVER INDEX FACTOR C ON
CONSTRUCTION SITES (18)

Factor C
None (fallow ground) 1.0
Temporary Seedings (90% Stand)
Grasses (44) 0.01
Ryegrass (perennial type) , 0.05
Ryegrass (annulus) 0.1
Small grain 0.05
Millet or sudan grass 0.05
Bromegrass (44%) 0.05
Permanent Seedings (90% Stand ) 0.01
Sod (laid immediately) 0.01
Mulch:
Hay(rate of application tons per acre)_
1/2 0.25
1 0.13
11/2 0.07
2 0.02
Small grain straw 2 0.02
Wood chips 0.06
Wood cellulose fiber 1 3/h 0.1
Fiberglass 1/2 0.05
Asphalt Emulsion (1250 gals/acre) 0.02

Fiber matting, excelsior, gravel and stone may be used as
protective cover.

Percent soil loss reduction as compared with fallow ground.
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Table 2 "C" Values for Permanent Pasture, Rangeland, and
Idlelandl/ (56)

Vegetal Canopy Cover That Contacts The Surface
2/
Type and Height % ] Percent Ground Cover
of Raised Canopy covery L) T2 hp 60 B 93100
Column No.s U S, AU SO S AL SUNPES S
No appreciable canopy G .45 .20 .10 .042 ,013 .003
W 45 24 .15 .090 043 .011
Canopy of tall weeds 25 G .36 .17 .09 .038 .012 .003
or short brush W .36 «20 ~ .13 .082 0kl .011
(0.5m fall ht.) 50 G 26 .1 .07 035 012 .003
W .26 o1 .11 075 .039 011
75 G .17 - .10 .06 031 011 .003
w 17 .12 .09 .067 .038 011
Appreciable brush 25 ¢ .40 .18 .09 .040 .013 .003
or bushes W M0 .22 a4 .085 .042 .011
(2m. fall ht.) 50 G o34 .16 .085 .038 012 .003
w .34 .19 .18 .081 Ol1 .011
75 G .28 A4 .08 .036 .012 .003
w .28 .17 12 .077 040 011
Trees but no appre-~ 25 G .42 .19 .10 .04 .013 .003
ciable low brush W W42 .23 -1  .087 042  .011
(4m fall ht.) 50 G »39 .18 .09 040 .013 .003
w «39 .21 .14 .085 .042 .011
75 G «36 <17 .09 .039 .012 .003
w .36 +20 «13 .083 L0b1 .011

1/ All values shown assumes (1) random distribution of mulch or vegetation,
and (2) mulch of appreciable depth where it exists.

2/ Average fall height of waterdrops from canopy to soil surface.
m=meters.

3/ Portion of total-area surface that would be hidden from view by
canopy in a vertical projection (a bird's eye view).

4/ Gs cover at surface is grass or decaying, compacted duff or litter.
at least 2 inches deep.

W: cover at surface is weeds (plants with little lateral-root
network near the surface) or undecayed residue.

Should the need arise to use a "C" factor other than the one shown
above, contact the state resource conservationist.
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Table 3 "C" Factors for Woodland (56)

7 Treel/ Forestz/
Stand Canopy Litter 3/ "c"

Condition % of Area % of Area Undergrowth Factor

Well Stocked 100-75 100-90 Managed &/ 4/ .001
Unmanaged .003-.011

Medium 70-40 85-75 Managed .002-.,004

Stocked Unmanaged .01 -.04

Poorly 35-20 70-40 - Ménaged .003-.0095/

Stocked ‘ A Unmanaged .02 -.09

1/ When tree canopy is less than 20%. the area will be con-
sidered as grassland or cropland for estimating soil loss.

2/ Forest litter is assumed to be at least 2 inches deep
over the percent ground surface area covered.

3/ Undergrowth is defined as shrubs, weeds, grasses, vines,
etc., on the surface area not protected by forest litter.
- Usually found under canopy openings.

L/ Managed: grazing and fires are controlled.
Unmanaged: stands that are overgrazed or subjected to
repeated burning.

5/ For unmanaged woodland with litter cover of less than
75%, the "C" values should be derived by taking 0.7 of
the appropriate values in Table 19. The factor 0.7
adjusts for the much higher soil organic matter on
permanent woodland.

Should the need arise to use a "“C" factor other than the
one shown above, contact the state resource conservationist.



Table 4 "P" Values and Slope-Length Limits for Contouring (57)

’

AY

L;ggcgégpe "P" Value Max%g:z Length2 ,
1 to 2 0.60 400

3 to 5 .50 300

6 to 8 .50 200

9 to 12 .60 120
13 to 16 .70 80
17 to 20 .80 o 60
21 to 25 - .90 ’ 50

1 Limit may be increased by 25 percent if residue cover after
crop seedings will regularly exceed 50 percent.
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Table 5 "P" Values, Maximum Strip Widths, and Slope-Length Limits
for Contour Stripcropping (57)

Laggrgégge ” i ;al“esz Strigeg%dthz Maxir;:rgtleﬁgth
1 +to 2 0.30 0.45 0.60 130 800

3 to 5 25 .38 «50 100 600

6 to 8 .25 .38 .50 100 Loo

9 to 12 «30 A5 .60 80 240

13 to 16 '35 52 .70 80 : 160

17 to 20 40 .60 .80 60 ) 120
21 to 25 45 .68 .90 50 : 100

1“P" values:

A for 4-year rotation of row crop, small grain with meadow seeding,
and 2 years of meadow. A second row crop can replace the small
grain if meadow is established in it.

B for 4-year rotation of 2 years row crop, winter grain with meadow seeding,
and l1-year meadow.

C for alternate strips of row crop and small grain.

2Adjust strip-width limit, generally downward, to accommodate widths
of farm equipment.

LET



Table 6 "P" Values for Contour-Farmed Terraced Fields1 (57)

Land slope Farm planning Computing sediment yield3
percent Contour, Stripcrop Graded channels Steep backslope
factor factor sod outlets underground
outlets
1 +o 2 0.60 0.30 ' 0.12 0.05
3 to 8 + 50 25 .10 .05
9 to 12 .60 «30 .12 .05
13 to 16 70 «35 14 .05
17 +to 20 .80 L0 .16 .06
21 to 25 .90 45 .18 .06

1Slope length is the horizontal terrace interval. ‘The listed values
are for contour farming. No additional contouring factor is used in
the computation.

2Use these values for control of interterrace erosion within specified
soil loss tolerances.

3These values include entrapmént efficiency and are used for control of
offsite sediment within limits and for estimating the field's contri-
bution to watershed sediment yield.

81
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Topographic Factor, LS
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*The dashed lines represent estimates for slope dimensions
beyond the range of lengths and steepnesses for which data
are available. The curves were derived by the formula:

LS=(_ng)m(430X2+30X+0.43) wherel=field slope length in feet

72, 6.574%415 and m=0.5 if s=5% or greater, 0.4
if s=4%, and 0.3 if s=3% or less;
and X=SIN®, © is the angle of slope
in degrees.

Figure 3 Slope-Effect Chart (Topographic Factor, LS)* (56)




APPENDEX B

USER MANUAL OF BMPl COST ANALYSIS

Table 1 Estimated Machinery~Invéstment and Ownership
Costs. :

Table 2 Estimated On-Farm Remaining Value of Farm
Machines as A Percentage of List Price

Table 3 Expected Service Life for Various Farm Machines
by Use Categories

Table 4 Suggested Variable Cost and Time Requirements

Table 5 Approximate Fuel Required for Field Operations,
in Gallons Per Acre

Figure 1 X Values in HI = X + —% 51;00

Figure 2 Accumulated Repair Costs for Tractors and
Feeding Equipment

Figure 3 Accumulated Repair Costs for Tillage Tools

Figure 4 Accumulated Repair Costs for Forage Har-
vesting Equipment

Figure 5 Accumulated Repair Costs for Grain Harvesting
Equipment
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"Detailed explanation concerning Model BEMPl cost

analysis is provided as follows:

Terrace Cost
The maximum horizontal spacing (TRSP) is

derived by the following formula(28):
Y (100)
TRSP = X(100) .+

S

where X a variakle with values from 0.4 to 0.8 for

graded terrace (X = 0.8 for level terraces)

S = land slope in feet/per 100 feet

L
[

a variable with values from 1.0 to 2.0 as
influenced by so0il erodibility, cropping
systems, and crop management practices.

The X value in the equation is largely dependent
upon the quantity and intensity of precipitation in the
general area. The map in Figure 1 gives recommended
values for gradient terraces in any specific location.

The value of Y is generally determined as
follows:

Y = 1.0 for soils with telow average intake rates
and cropping systems that provide little

cover during intense rainfall periods.
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Y = 2.0 for soils with average or aktove intake

- ~rates and cropping systems that provide

good cover during periods of intense rainfall.

Y = 1.5 where one of the above factors is favorable

and the other unfavoratle.

After the spacing of the terrace is obtained, the

number of terraces can be calculated-by dividing the

length of the area slope by terrace spacing. Therefore,

the feet

Feet terrace/acre

terrace per acre can be calculated as follows:

1l acre Number of
= . X .terraces per
.Slope Length in ft Slope
2
= 43569;@% X Number of
Slope Length in ft terraces per
slope

The acquired figure is multiplied by the current

estimated construction cost per foot terrace to.obtazin the

construction cost per acre. The yearly prorated

construction cost can then ke calculated as follows:

Yearly prorated construction cost

where I
n

GS

I
construction cost X X(100 - GS)%

1
n_

= Interest rate, %

Life of terrace, year.

The ratio of government subsidy to construction cost.

If the government suksidizes a percentage of the

construction cost, this percentage of the cost will ke
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deducted to leave only the portion paid bty farmers in the
program to process.

By the same method, the yearly maintenance cost
per acre can be calculated ky knowing the yearly
maintenance cost per foot terrace. The sum of construction
and maintenance costs is the yearly terrace charge per

acre which derives the total yearly terrace charge.

Machinery Fixed Cost
The machinery initial cost, salvage value and
economic life are listed separately from Takles 1

to 3. From these parameters, the yearly depreciation

can be calculated as:
Initial Cost - Salvage value

Yearly depreciation =
Economic life

It is noteworthy that the initial cost here is adjusted
according to the percentage use of this crop area to the
total area belonging to the same owner.

The taxes, insurance and housing can ke evaluated
bty lumping them together as 2.8% of the average machinery

investment(25) as follows:
TIH = 0.028 x Skiginal cost -; Salvage valu

After the interest rate is determined, the

average interest cost can ke computed as:
Interest = Interest rate X Original cost ; Salv value
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Table 1 Estimated Machinery Investment and Ownership

Costs.

Includes depreciation, interest (at 9%),
taxes, insurance, and housing.

List Annual
Price Ownership
Tractors Per Unit Costs
55 PTO Hp Gas $11,300 $1,480
65 " " 13,500 1,770
75 " " Diesel 16,000 2,100
gg = » ”(cab, AC, duals)21,000 2,750
105 " * " " 23,900 3,130
125 " (] L L L " 25 600 3'350
1“5 [ " " " " " 27 .600 3'62
160 * v " o" " " 30,200 3,960
180 " " " 4_wheel drive 39,200 5,130
Sta%k Choppers
ft. rotary $ 1,050 $ 170
10 ft. flail 3,200 520
iscs (tandem
14 1t. $ 3,810 $ 610
17 ft. 5,530 890
21 f¢t. 6,250 1,000
24 f£t. 7,230 1,160
Discs (offset, heavy duty)
10 ft. $ 3,990 $ 640
13 ft. 6,300 1,010
15 £t. 7,100 1,140
18 ft. ?,400 1,190
Plows !mold board)
-16" mounted $ 1,900 $ 300
~-16" 2,650 420
5-16" semi-mounted 3,760 600
6-16" » " 4,400 710
7-16" trailing 7,120 1,140
8-16" " 7,980 1,280
Plows (chisel-2 rows spring-
trip shanks
9 ft. $ 1,150 $ 190
11 ft. 1,350 220
15 f+t. 1,960 310
Harrows_(spiketooth)
21 f£t. $ gao $ 100
31 ft. 0 150
a
20 ft. tractor mounted $ 850 $ 140
4o ft. trailing 2,530 Lio
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Table 1 (continued). Estimated Machinery Investment and

Ownership Costs

List Annual
. Price Ownership
- Per Unit Costs
Fertilizer Applicators
7 knife, NH, applicator $ 1,900 $ 300
Chisel plow3with NH3 applicator 2,500 00
Bulk spreader 12 ft 1,800 290
Field Cultivators :
21 £t. $ 3,600 $ 580
34 ft. 5,750 920
Planters (plateless or air flow,.
no attac t :
L-row $ 3,600 $ 580
6-row 5,000 800
8-row 6,570 1,050
12-row 10,100 1,620
L-row minimum tillage 4,000 640
Seeders and Drills
Endgate or broadcast $ 240 $ 4o
Packer seeder 2,260 360
Grain drill, 9 ft., 7X15 2,360 380
Grain drill, 12 ft., 7X20 2,920 470
Rotary Hoes
L-row $ 1,300 $ 210
6-row 1,690 270
8-row 2,210 350
12-row 3,200 510
Cultivators, Row Crop
L-row $ 1,500 $ 240
6-row 1,990 20
8-row 2,620 20
12-row 4,240 $ 680
Combines (self-propelled)
Economy, gas, 70-80 hp. $19,000 $2,570
Small, diesel, 95-110 hp. 25,800 Z. 90
Medium, diesel, 110-125 hp. 31,400 ,250
Large, diesel, 140-150 hp. 36,200 4,900
Corn Heads for Combine
2-row $ 3,350 $ 450
g-row 5,530 750
~row 7,250 980
6-row 9, 540 1,290
8-row 12,500 1,690
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Table 1(continued). Estimated Machinery Investment and

Ownership Costs

. List Annual
Price Ownership
Per Unit Costs
Grain Heads for Combine
10 ft. $ 3,050 $ 410
13 ft. 3,670 500
15 ft. 3,920 530
20 ft. 4,620 620
Windrowers
18 ft. self-propelled $ 3,000 $ 480
12 ft. self-propelled 11,500 1,560
Picker (2 row)
Mounted $ 8,310 $1,120
Mounted with sheller 9,440 1,280
Wagons
200 bu. grain $ 1,380 $ 190
300 bu. grain 2,260 310
7 ton forage 4,170 570
Dryers
Bin 3,000 bu. $ 6,850 930
Bin 6,000 bu. 9,100 1,240
Batch 100 bu./hr. 8,000 1,090
Batch 150 bu./hr. 12,000 1,630
Cont. flow 200 bu./hr. 14,000 1,900
Cont. flow 375 bu./hr. 18,500 2,510
Cont. flow 500 bu./hr. 23,000 3,120
Forage Harvesters
l-row $ 6,050 $ 980
2-row 7,750 1,250
3-row self-propelled 38,900 5,300
Haylage, 7 ft. 7,980 1,090
Self-propelled with 10' mower 31,620 4,310
Mowers and Rakes
7 ft. mower $ 1,230 $ 200
7 ft. mower-conditioner 3,720 600
7 ft. rake 1,100 180
Square $ 4,580 740
Large round 6,480 1,050
3 ton stacker 11,200 1,820




Table 2 Estimated On-Farm Remaining Value of Farm Machines as a
Percentage of List Price. (25)

At the end Combines, Forage harvesters, All

of year Tractors S.P.windrowers balers, blowers others
1 62.6 56.6 49.6 53.1
2 57.6 50.1 k3.9 53.1
3 53.0 L4 38.8 1.6
L Lg,7 39.3 344 36.8
5 44,8 34,7 ©30.4 32.6
6 k1.2 30.7 ' 26.9 28.8
7 37.9 27.2 23.8 25.5
8 3.9 24,1 21.1 22.6
9 32.1 21.3 18.6 20.0
10 29.5 18.9 16.5 17.7
11 27.2 16.7 14.6 15.7

12 25.0 14.8 12.9 13.9

0ST
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Table 3 Expected Service Life for Various Farm Machines
by Use Categories. (25)

Useful : Useful
Machine Annual use life Machine Annual use life
(years) (years)
A. Powered machines D. Cultivators, weeders sprayers
Automobile 6,000~ 8,000 mi 10 Cultivator
8,000~10,000 mi 9 Y4-row 100-200 A 12
10,000-12,000 mi 8 200-400 A 10
Field LN ) 1“
Truck Rotary hoe “ou 12
pickup 4,000- 6,000 mi 13 . Sprayer,
6 .000- 8'000 mi 12 . t!‘actol‘ mtd. LR X 10
8,000-10,000 mi 11
1 ' E. Harvest machines
15-2 ton 2,000- 4,000 mi 15 - Corn picker, mounted and pull
4,000- 6,000 mi 13 2-row 85 A ave. 10
6,000- 8,000 mi 12 SP 140 A ave. 10
Combine
Tractor pull-type 150-200 hrs 10
wheel 200-400 hrs 14 SP 12-ft 200-250 hrs 10
400-600 hrs 12 250-300 hrs 8
600-800 hrs 11 Mower
800'1 .000 hrs 10 rotary e s 12
sickle bar coe 12
crawler 400-600 hrs 14 Side rake ees 12
600-800 hrs - 13 Hay baler cee 8
Field chopper ... 8
B. Seedbed preparation machines Ensilage blower ... 10
Plow, one-way :
3-bottom 100-150 A 12 P. Other farm machines
150-200 A 10 Wagons and
4-bottom 150-200 A 12 trailers eve 12
200-300 A 10 Commercial fertilizer
Disk harrow 100-200 A 12 spreader cee 8
8-10 £t 200-300 A 11 Manure spreader ... 14
300 00 A 10 Post-hole diueto o0 10
Tractor scoops and
Spike harrow cee 12 . blades coe 12
Ligter eoe 12 Grinder and
Roller ves 15 hammer mill ces 10
Deep tillage
machinery 0os 12
C. Planters
Grain drill 50-100 A 14
8-10 £¢ 100-150 A 12
150-200 A 10
Corn planter
L-row 100-200 A 12
200-300 A 10

Sources Summarized from various studies conducted by agricultural experiment
stations between 1960 and 1970.
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Finally, the sum of yearly depreciation, taxes, insurance,
housing and interest becomes the yearly machinery fixed

-

cost. .
Machinery Repair Cost
This cost is the sum of machinery fixed cost
and machinery repair cost. The machinery fixed cost
has been obtained from the previous section. The repair
cost of each machine can ke Calculatéd from the following

equation:

hours per acre) (acre of use) (Time Over
100

Total Repair Cost =
X (Repair cost per 100 hours).

where: "Hours per acre" of each machine can ke cobtained
from Table 4.
"acres of use" means the acreage on which the
implement is used each year.
"Times over" means the numker of trips through
field with the implement.
"Repair cost per 100 hours" of each machine can ke
estimated from the curve slopes shown from
Figures .2 to:5.
Tractor Cost
The tractor is the kasic mobile equipment used

in each practice along with several implements. The total

machinery cost of a tractor for each practice needs to ke

calculated separately. The initial tractor cost, as the
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Table 4 Su§§ested Variable Cost and Time Requirements
2

(

o

Suggested fuel

Pield time & tractor time

Size of oll, repair, & uirements
Equipment set equipment misc. variable req
og ogzration tnit costs $/acre 1/ Hours/acre Acres/hour
Chop stalks 6* rotary $1.27 .38 hrs. 2.6 A.
P 10 f1ail 188 "32 s
-offset 10° 72 .22 hrs. 4.6 A.
Disk-offse 14 $ % "16 6.2
18* .68 .13 7.8
Disk-tandem 14-17° $ . go ' .12 hrs. 8.6 A.
21° 48 .09 11.2
24° 48 .08 12.8
Plow-moldboard bottom $1.8 «56 hrs. 1.8 A.
bottom 1,7 40 2.5
S bottom 1.72 .33 3.0
6 bottom 1.63 .36 3.5
7 bottom 1.29 .25 4.0
—Chisel 9' . 9 -20 409
11° .72 .17 . 5.8
15° .72 .13 7.4
NH., Application 7 knife $1.03 .17 hrs. 5.7 A.
3 PP 9 knife 1.03 .13 7.4
Planting-corn 4-38" rows $ .83 .17 hrs. 5.8 a.
6-30" 091 015 6-?
8-30" .85 .11 8.7
12-30" 75 .08 12.7
S er 40° . .06 hrs. 15. .
pray 20' $ .2& .13 rs ;.% A
Bulk fertilizer 12° $ .77 .16 hrs. 10,2 A.
Grain drill 9° $1.00 .26 hrs. - 3.9 A.
12° <93 .18 5.5
Endgate seeder 20° $ .27 .11 hrs. 9.1 4.
Harrow-gpike tooth gi' $ .27 .02 hrs. 12,2 A.
¢ .2 . .
-spring tooth 14° .u? .gs 12,2
21 45 +10 10.2
Rotary hoe 4-38" rows $ .35 +10 hrs. 10.1 a.
6-30" .33 09 11.7
8-30* .31 .07 15.2
12-30" .20 .05 22.
Pield cultivator 15° $ .45 .13 hrs. 7.6 A.
21 41 <10 10.2
27. 037 -08 13-1

1/ Add 10% to costs for gasoline power instead of diesel.
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Table 4 continues.

) Pield time & tractor time
Suggested fuel
: Size of oil, repair, & ﬁlﬁq&g?ﬂigh_
Equipment set equipment misc. variable ours/Acre  Acres/hour
or operation unit costs $/acre 1/
Cultivation 4-38" rows $ .60 .18 hrs. 5.7 A.
6-30" 63 .15 6.6
8-30" . .12 8.5
12-30" 45 .08 12.4
Combine-corn 2-38" rows $3.88 .67 hrs. 1.5 A.
3-38" .59 47 2.2
3-30" b.43 .28 1.8
‘30- : 3067 . 5 2.3
6-30. 3‘07 -32 3-2
Combine-small 13* platform $2.20 «30 hrs. 3.3 A.
grain & soybean 15° 2.04 .27 3.7
20° 1.84 «21 4.8
Pick-corn 2-38" rows $2.89 .67 hrs. 1.5 A.
Picker-shell-corn 2-38" 2.98 .67 1.5
Silage-com 1-38" rows $6.93 1.37 hrs. 0.7 A.
2-38* 4.07 .71 1.4
2-30" 5.15 .90 1.1
3-30" 5.38 .62 1.6
haylage 7' (1 cutting) 2.37 37 2.7
Bale-hay Square bales $3.08 or 6¢/bale © .21 hr. 4.8 A.
(per cutting) Large round
bales 1.54 or .69/bale .18 5.6
3 ton stacks 1.52 or 3.41/stk. .21 4,9
straw Square bales 2.55 or 6¢/bale .21 7.2
Mow 7° bar $1.34 +30 hrs. 3.4 A.
Condition 7 $1.06 .30 hrs. 3.4 A,
Mow~condition 7* bar $1.74 .30 hrs. 3.6 A,
Rake 7 $ .84 +27 hrs. 3.7 A,
SP Windrower 10°' $ .67 .16 hrs. 6.2 A.
14 .73 12 8.4

per bushel, bale or ton )
Hauling grain zto farm atorageg §:.01/bu. Use harvest time as guide
0

Hauling bales (to farm storage .01/bale Use bal time as guide
Hauling silage .15/ton Use chopping time as guide
Drying corn 0.009 per 1% moisture per bu.

1/ Adad 10% to costs for gasoline power instead of diesel.
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Figure 2 Accumulated Repair Costs for Tractors and Feeding Equipment. (25)
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Figure 3 Accumulated Repair Costs for Tillage Tools. (25)
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other machinery initial costs, is sukjected to change in
accordance with the percentage of this crop area to the
total area of the same owner. The calculation procedure
is referenced in the previous two sections -~ "Machinery
Fixed Cost" and "Machinery Repair Cost". It is noteworthy that
the total hours of tractor has keen increased by 10% to
cover the time for idling, travel to field, etec.
Fuel Cost
The fuel cost is the sum of fuel costs for
tractor, comkine, and other fuél powered engines and
vehicles. Each of these two costs c¢an be calculated Ly
multiplying the total hours for either tractor or combine
by the fuel cost per tractor hour or comkine hour.
The fuel cost per tractor hour can ke computed
as follows:
Fuel Cost ($/Tractor kr.)
= Fuel Unit Cost ($/gal) x Fuel Consumption
+ Lubrication Cost
where: Fuel consumption = 0.044 x PTO hp (25)

Lukrication cost is assumed to be 15% of total
fuel cost.

The fuel cost per combine hour can ke computed
as follows:

Fuel Cost ($/Comtine hr)

= Fuel Unit Cost ($/gal) X 8gggtg§t§§n%§giﬁi§)Gas°11"e

Comkine or vehicile working

. . Hours per Acre
+ Lubkrication cost.
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here Comkine (or vehicle) Gasoline Consumption can be
selected from Takle 35,

\L;brication cost is assumed to be 15% of total
fuel cost.

Seed Cost

The following equation is suggested for calculating

the seed cost per acre:
Seed Cost per acre = Seed Amount pef Acre X Seed Unit Cost
where seed amount per acre can be referred to in Taktle ‘1,20
in Reference (28) in which the seeding rate is recommended
according to the soil condition.

The seed unit cost can ke ottained from the
Oklahoma State Department of Agriculture's annual report
"Oklahoma Agricultural Statistics". The total seed cost
is calculated ky multiplying the unit seed cost per acre

by the acreage.
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Table 5 Approximate Fuel Required for Field Operations,
in Gallons Per Acre. (26)

Fuel Type

Field Operation Gasoline Diesel
FERTILIZATION
Spreading dry fertilizer bulk cart 0.20 0.16
Anhydrous ammonia(30-inch spacing) 0.80 0.60
TILLAGE
Shredding cornstalks 0.70 0.50
Moldboard plow 2.70 1.90
Chisel plow 1.70 1.20
Offset disk 1.35 0.95
Powered rotary tiller A 2.30 1.60
Tandem disk, plowed field 1.00 0.70
Tandem disk, tilled field 0.85 0.60
Tandem disk, cornstalks 0.70 0.50
Field cultivate, plowed field 1.15 0.80
Field cultivate, tilled field 1.00 0.70
Spring-tooth harrow, plowed field 1.00 0.70
Spring-tooth harrow, tilled field 0.85 0.60
Peg-tooth harrow, tilled field 0.45 0.30
PLANTING(30-Inch rows)
Planter, seed only, tilled seedbed 0.65 0.45
Planter with fertilizer and pesticide attachments,
tilled seedbed 0.85 0.60
Till-planter (sweep) 0.85 0.60
No-till planter(fluted coulter) 0.70 0.50
Harrow-Plant combination 1.30 0.90
Rotary strip till-plant 1.50 1.05
Grain drill 0.50 0.35
Broadcast seeder 0.20 0.15
WEED CONTROL(30-Inch rows)
Sprayer, trailer type 0.15 0.10
Rotary hoe 0.30 0.20
Sweep cultivator 0.65 0.45
Rolling cultivator 0.60 0.40
Cultivator with disk hillers 0.65 0.45
Powered rotary cultivator 1.00 0.70
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Approximate Fuel Required for Field Operations, In

Gallons Per Acre (Continued)

. - . Fuel Type
Field -Operatiocn Gasoline Diesel
HARVESTING
Cutterbar mower 0.55 0.35
Mower-conditioner, PTO 0.85 0.60
Self-propelled windrower 0.70 0.50
Rake 0.35 0.25
Baler 0.65 0.45
Stack-forming wagon 0.70 0.50
Forage harvester
Green forage 1.35 0.95
Haylage 1.80 1.25
Corn silage 5.20 3.60
High-moisture ground ear corn 2.75 1.90
Forage blower
Green forage 0.50 0.35
Haylage 0.35 0.25
Corn silage 2.00 1.40
High-moisture ground ear corn 0.65 0.45
Combine, soybeans 1.70 1.10
Combine, corn 2.35 1.60
Corn picker 1.75 1.15
Grain drying, corn 10.90 7.50
Hauling, field plus 1/2 mile on
graveled road
Green forage 0.55 0.35
Haylage 0.30 0.20
Corn silage 2.00 1.40
Corn grain 0.30 0.20
Soybeans 0.12 0.08
Hauling, add .following values to those
above
for each additional mile on gravel
Green forage 0.20 0.14
Haylage 0.30 0.20
Corn silage 1.30 0.90
Corn grain 0.20 0.15
Soybeans 0.07 0.05
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Fertilizer Cost

N ﬁ.-ons, and xzo are the most common fertilizers
and they are used in this program. The recommended amount
for application are located in Reference(71). The average
amount of each fertilizer for each practice will be
calculated by dividing the total amount of each fertilizer
Ey the numker of crops. The cost 6f fertilizer per acre
can ke calculated as follows:

Cost of Fertilizer per acre
= (Unit Price of N) x (Average Amount of N)
+ (Unit Price of P205) X (Average Amount of PZOS)
+ (Unit Price of KZ) x (Average Amount of Kzo)
The total cost of fertilizer will ke determined
as the product of the cost of fertilizer per acre and the
total acreage the fertilizer is being applied. NH3 Knife
and 4~-ton bulk spreader are counted on the rental basis so
that this cost is also included in the total fertilizer
cost.
sticide C
Many interacting factors govern the effectiveness
of herbicides and the potential for crop injury. Included
are environmental conditions such as rainfall, temperature

and relative humidity; managerial factors, such as

depth of planting, time of planting, time of application,
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general tillage practices in seed ked preparation, weed
species in the field, rate and kind of chemicals needed to
provide~g;eétest economic return from the crop. (29)

The Federal Insecticide, Fungicide, and Rodenticide
Act (FIFRA) of 1972 provides for the classification of all
pesticides as being for restricted or general use. Pesti-
cides classified for restricted use may only be used by
certified pesticide applicators. or iﬁdividuals under the
direct supervision of a cértified pesticide applicator. (51)

From References (29)and (51) , the proper amount
of herticide and insecticide can ke determined and
applied on the field. Those amounts multiplied by the
market price determine the pesticide cost per acre which
determines the total pesticide cost for the whole field.
The pesticide cost for each crop can ke added to get the
total pesticide cost for each practice.

Labor Cost

The total direct labor hours is calculated as the
sum of total tractor hours and total comkine hours. A
30% overhead cost is also included in the total labor
hours. This figure multiplied with the local current
hourly lakor cost becomes the total labor cost.

Drying_ Cost

The total drying cost can be calculated as the

product of the grain harvested and the cost per kushel
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(or other proper unit). The grain harvested is computed
from thg later section "Revenue" and details can be
sought there.
Interest Cost
Interest is calculated based on operational
cost. A 10% interest rate is used to calculate operational
cost kased upon eight months of fertilizer, eight months
of seed, s8ix months of pesticide, three months of fuel
and three months of labor. The formula used is as follows:

Interest = Initial Cost x (l+I)n -~ Initial Cost

where: I Interest Rate

n number of years
The total interest is the sum of interests of all operational
costs.

Revenue

To determine the revenue, crop yield must ke
estimated accurately. Past yields should ke the starting
point for the estimates of future production. Where no
changes in the cropping pattern are anticipated, past
yield alone should form a good basis for making yield
estimates. Therefore, the best reference for past crop
yields in Oklahoma is "Oklahoma Agricultural Statistics"

putlished by the Oklahoma Department of Agriculture in

which the annual crop yield per harvested acre for each



166

county in Oklahoma is reported. From the same
source, the expected price for each crop can be extra-
polated from the curve of the past price records.
Therefo}e, the gross revenue can be calculated by the
following equation:
Gross Revenue
= (Expected Yield, bu/ac) x (Acre Cropped, acres)
x (Expected Price, $/bu)

If the practice is for'fangeland or pasture and

used for raising cattle, the crcp yield is the meat pro-

duction in terms of lbs/acre/year.
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BMP1 Program

DEMENSION NABMPL 11 )«CPCLL) oRENEFF(LL)sNAMACHILL 016)+SI2ELLL016)

PULUN™ SULUN= »WN~

P UN-

1
2

ECONLFC(11+10)sTMOVER(11010)eINCS(12616):5AVA(L1416),
HRPACCLL +16) sACUSE(L1+16)+RPCSCL1016).YRDEPRILLL16),
TXINHOC2101600INSULLLL6)eFXCSEL11016)TUMRILIL16),
TOCSAP(11e20)eTOCS(11016)eTOCSMALLIL)TRHRACILY)

DIMENSICN TRECLF(11)+TRSAVALLL) o TUHRTR(L11)YROPTRIIL )« TXTR(LL) o

YRINTR(L2) o FXCSTRIL1IsRPCSTRII 1) o TOCSTRI 1) o TUNRCMILL) o
TRFYCS(21) oCMFUCSILI1),TOCSFULL1)CODCI1), AMSDIL1e1L),
USSDC11)eNSODEL1)+CSSDUI11e11)eTOCSACI21)eAVCSSOLLL)
TOCSSD(11) eNACPS(11;+SOMENT(11)+55(11),800(11)

ODIMENSION AMNFRIL1¢11)0AdPFRIL1L1e21)sANKFRILL 011)eNCROPILL)0

TOAMPC11)oTOAMKI 1100AVAMNILL) sAVARP(L1) sAVAMK{LL),
CSFRACILI1) oTOCSFR(11)I+REEQ(11)eTOFRCS(11)eCSHIACIILs11),
CSINAC{L11411)oTOCSHBILL) »TOCSINCIL) oAVCSHB(11),

TOCSPS (11)eTOPSCS(11)eTOAMNCIL)oAVCSINILL)oINY(L1,10)

OIHAENSION TODTLBC11) »OVHO(12)eTCLEB(11) oTOCSLBLL1)4EPYD(LL011),

ACCP{11+s11)eUTCPYDLL1)eCSOYILL)eCPHVILE,11),0YCS{LL0tLL),
TOCSOY L11)eFRIN(RLDeSDINIRLDIePSINTIIIFUINCLILD)oLBIN(LL),
EPPRUL1)sGRRNC 12211 ) e TCRNIL1D+TOCOST(21) +NTRN(L1 ),
IDENTRE11)eTACS(11)e YRPLAN(L11)+TOPLCS(11)

DIMENSION NACPF(11)eNACPP(11)sNACPD{11)eNACPRIL1L),UTSD(L12)

OIMENSION WGTFAC(16)+ENVTAGI11010)¢ENUTAGILL ¢16) oTOENAG(LL)

INTEGER ECONLFoTMOVER s ACUSEs TRECLF o #GTFACENVTAG.ENBTAGe TOENAG

REAL INJNTRNoL2:INCSTReK2oINToLBINILS2 sM2

OATA TOENAG/LL1 #0/7+TOCSAC/1180e/.TOCHMAZLLS 00/ TOAMN/LLIS0L/
TOAMP/1180, /¢ TOAMK/11804.7 oTCCSHB/ 1180/ ¢ TUHRTRZ116047 ¢
TOCSIN/L1180e/+TOCSOY/1180e7+TORN/1180e/

CHARACTER®20 NABMP ¢NAMACH: NACPS, S1ZE«NACPF oNACPP ¢ NACPD o NACPHR

RAINFALL FACTOR IN EROSION INDEX UNITS PER ACRE
SOIL ERODIBILITY FACTOR

LENGTH OF SLOPE

GROUND SLOPE

CROPP ING-MANAGEMENT FACTOR

CUNSERVATIUN PRACTICE FACTWR

DEPLETICN TIME OF SURFACE SCIL LAYER

NUMBER OF BEST MANAGEMENT PRACTICE

NUMBER GF CROPS FUR SEEODING

NUMBER OF CROPS NEED FERTILIZER

NUMBER OF CROPS NEED PEST ICIDE

NUMBER CF CROPS NEED DRYING

NUMBER OF CROPS AND CATTLES FOR REVENUE
TOLERANCE LIMIT LF SOIL

POTENCY FACTUR OF SUSPENDED SOLID TO SEDIMENT
PCTENCY FACTOR OF B0OD TO SEDIMENT

PUTENCY FACTOR OF CCD TC SEDIMENTY

PERCENT OF CROPLAND TO THE TOTAL CROPLAND OWNED
DEPTH OF SURFACE SOIL LAYERe INCH

NAME GF EACH BEST MANAGEMENT PRACTICE

CROPP ING~MANAGEMENT AND CUNSERVATION PRACTICE FACTOR
VARJABLE FRUM O+4 TG 0.8

VARIABLE FROM 1.0 TO 2.0

CONSTRUCT [ON COST PER FOOT TERRACE

INTEREST RATE

MAINTENANCE COST/FOOT

ACREAGE OF COVERED LANO

CLST OF LABOR PER HCUR

PERCENT OF GUVERNMENT 5SuBSIDYeX

NUMBER OF FINANCE YEAR

NUMBER OF MACHINE USED
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136

137
130

169

NAMACH NAME OF MACHINE USED

>12€ SI1ZE OF MACHINE USED

"ECONLF ECONOMIC LIFE IN YEAR

TMOVER TIMES OVER OF MACHINE wGRK
INCS INITIAL COST OF MACHINE

SAVA  SALVAGE MALUE OF MACHINE IN %
MRPAC MHOURS PER ACRE UF MACHINE WORK
ACUSE ACRES USED BY MNACHINE

RPCS REPAIR COST PER 100 MCURS
INCSTR TRACTOR INITIAL COST

TRECLF TRACTCR ECOMOMIC LIFE IN YEAR
TRSAVA TRACTOR SALVAGE VALUE IN X
FUCSHR FUEL COST PER TRACTUR MOUR
FUCSCH FUEL COST PER CUMBINE HCUR
TOMRCM TOTAL COMBINE HOURS A
HACPS NAKE OF CROPS FOk SEEDING INVOLVED
AMSD AMGUNT OF SEED USEU FOR EACH BMP
US30 UNIT COST UF SEED FOR EACH BMP

NSD NUMBER OF SEEDS USED FGR EACH BMP
NACPF NAMES OF CROPS NEED FERTILIZER

AMNFR AMOUNT OF NITROGEN APPLIEDs IN L3IS/AC
AMPFR AMOUNT OF P205 APPLIEDs IM LBS/AC
AMKFR AMOUNT OF K20 APPLIED., IN LBS/AC
CSFRN CUST OF NITROGEN PER ACRE

CSFRP CUST OF P20% PER ACRE

CSFRK CCST OF k20 PER ACRE

RNNFN  RENTAL FCR NH3 KnIFE

RNSP  RENTAL FOR 4-TON 3ULK SPREADER

NCROP NUMBER OF CRUPS FuUR EACH PRACTICE
NACPP NAMES OF CRCPS NcED PESTICIDE

ConBAC COST OF HERBICIDE PER ACRE

CSINAC COST OF INSECTICIDE PER ACRE

NACPD NAMES GF CROPS NEEU DRYING R
NACPR NAMES OF CRUPS AND CATTLES FUR REVENUE
EPYD EXPECTED CRUP YIELD PER ACRE

ACCP  ACRES FOR EACH CRUP

UTCPYD UNIT FOR EACH CROP YIELD

CSDY DRYING COST FOR EACH CRCP

EPPR EXPECTED PRICE PER UNIT OF CROP

IDENTR : 1DENTIFING IF TERRACE CCST INCLUDED. O = NOT NEEOEDS

1 = NEEDED.
YRPLAN PLANNING YEARS FuR EACH PRACTICE
wGTFAT 3 wEIGHMTING FACTCOR FuR ElA
ENVTAG ¢ ELIA EVALUATION FOR BMPS

SCIL LOSS

READ (5¢4801) R2eK2¢L2¢S2¢C2¢P240SSL
THETA=ATAN(S2)

X2=SIN(THETA)

IF (S2eGE«0+0%5) GO TO 136

IF (S2LE«0.03) GO TO 137

M2=0e8

GG TO 138

M2%0.95

GG TG 138

M2m0e3
LS2((L2/72.6)28M2 )0 (((430.8X28X2)¢(30¢8X2)40,483)/70657415)
SLLS25R28K28L528C20P2
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READ (5+403) NBMPoNMACHs NCPSsNCPF¢NCPP ¢NCP Do NCPR
READ (S¢401) TRLTACRR P TSS5:PTBGDsPTCCDIPERCRP

‘READ (5,405) (NABMP(I)elLl=m] JNBNP)

1S5

101

139

140

141

142

143

144

145
146

147

READ (54401) (CP(L)eI=l oNBNP)
IF (SLLS2.LETRLY) GU TO 155
SOY2DSSL/((SLLS2-TRLT)/7201.)

CALCULATE REMOVAL EFFICIENCY
DU 101 1=} ,NOMP

CTP=C28p2
REKEFF(IL)={CTP-CP(1))/CTP#*100.

BRITE(Ge701) R2eK2:L2¢52eC2+P2eLS2e5LL S2eTRLTeDSSL ¢SDY

WRITE (6+702) (NABMP(L ), 1=1,Nunp)
#RITE (6+799) (CP{L1)el=1 NBNP)
WRITE (6.800) (REMEFF(I)el=1.NBMP)
WRITE (6.792) . h

WATER QUALITY

IF (ACRR2+LE«320.) GO ¥C 139

IF (ACR2.LE.640+) GO TO 140

IF [ACR24LE«3200¢) GO Tu 141

IF (ACR2.LE«564004) GU TU 142

IF (ACR2.LEe32000¢) GO TU 143

IF (ACR2.LE.04000s) GO TG 144

GG TO 143

SOJER2=20443

GJ Tu 146

SDCER2%20.,3

GO TU le6

SDOER2=0.22

G0 TO 140

SODERZ2320.18

GG TO 1406

SODER2%0.12

GO TO 146

SDOERR2=0,13

GU TC 1406

SDOER2%0.08

WRITE (64797) SDDER2.PTSS.PTBOD(PTCOD
DO 147 [=] +N3MP

SOAENT (L )=SLLS 28CP (T ) /CTPSSODER2
SS(1)=PTSSSSOMENT (1) 92000,
300(1) =P TBOD®SOMENT(L)¢2000.
COD(1)=PTCODS®SDMENT( 1) #2000,
WRITE (64798) (NABMP(I)eIxm) NBMP)
WRITE (6+801) (SOMENT(L) oI=].NONMP)
WRITE (6+6802) (SS(1)eiwi NBNP)
WRITE (6+803) (BCO(I)eI=] sNEMNP)
WRITE (00804) (COO(I)eli=l.NBNP)

TEKRACE COSTS

READ (5¢408) XJIoVeCSCNFToINICSUNFT oCSLBGS
READ (S+403) NYR

TRSP2X38100+{Y/52)

NUTR2L 2/ TR SP

FTTRAC=43560 «*NOTR/L 2
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81
82
83
8a
B85S

a7
38
a9
90
91

93
Qs
5
90
97
98~ .
99
100
101
102
103
104
105
106
107

108
109

110
11
112
113
11e
118

116
117

[aNa N a Nl

nnano

anoOn

103
102

105
10s

107
10¢

71

CSCNAC=CSCMF TSFTTRAC
PRCSCN=CSCNACSIN/(1o=( 1o/l {14+ IN)SENYR)))
CSHNACECSMNFTSACR2

- CSTRYR=PRCSCN*CSMMAC

TACSTR=CSTRYRSACR2

FRSR=({100,=GS5)7100,)¢TACSTR

BRITE(G6eT03) TRIPeL2INOTRsFTTRACCSCNFToCSCNAC + PRCSCNICSHNFT
1CSMNACCSTRYRsTACSTR»GS» FRSR

MACHINERY FIXED COSTS

DO 102 I=1,NBMP

READ (5+008) (NAMACH(I+J)eJ=1oNMACH)
READ (5+408) (SIZE(1eJd)eJ=2sNMACH)
READ (5+403) (ECONLF(leJ)eJd=1oNMACH)
READ (5+003) (TMOVER(1,J)¢J=] sNNACH)
READ (S¢403) (INCS(2eJd) eJ=ml s NMACH)
READ (50402) (SAVA(LeJ)eJumleNMACH)
READ (508402) (HRPAC(I ¢Jd) oJ=] oNMACH)
HEAD (S5¢603) (ACUSE(I+J) e =1 NMACH)
READ (5+¢802) (RPCS(leJd)eJd=1oNMACH)
D0 103 J=miosNMACH

IF (ECUNLF({I¢J) +EQ. 0) GO TO 102
YRIEPRIZ ¢ IS INCS{L ¢ J)8(100=SAVA(L+J)IZECONLF(14J)/7100.

TXINHI(L ¢ J)® 000288 CINCS(SoJ)e(100+SAVALILJ)DI/100e)720
INTULoJ)SEINCSU1eJ)%(100e¢SAVALIeJ) )/2.¢IN/7100.

FXCSII oJ)=(YRDEPRILI s JISTXINHUC Lo J)¢INT(10J))SPERCRP/ 100

TOHR(1 ¢ J)IsHRPAC(I+ JISACUSE (L ¢ J)STMOVER( 1 +J)

TUHRTR (I )=TUHRTR(I )+ TOHR(LeJ)

TOCSRP (1 o JISRPCS(LoJISTIHR(I 2 J) 7100,

TOGCS(L+JIZFXCSCTed )*TACSKP(1,J)

TOCSMACE)=TCCSMALLI+TOCS (I o)

COUNTINVE

WRITE (6+,708) PERCRP

DO 108 I=].NEBMP

WRITE (6.705) NABMP(I)

00 105 J=1 sNMACH

IF (ECCNLF(l+J) +EQe V) GL TO 105

WRITE (6+s706) NAMACHU LI 4J)oSIZE(LeJ)oINCS(] oJ) e SAVAITL¢J)+ECUNLF (] 0J
1) o YRDEPREL 0J) o TXINHO(L 0J) o ENT (1o JIeFXCS(1vJ)

CONT INVE

CUNTINVE

MACHINERY COST

WRITE(64707)

DO 106 I=ml.NBMP

WRITE (6.7035) MABMP(I)

DO 107 J=miNMACH

IF (HRPAC(1+J) +EQe O0e) GO FO 107

WRITE (6¢708) MMACHIT ¢J) sHRPAC(I o J)sACUSE(Te¢JIsTMUOVER(L¢J)e TCHR(L
103)eRPCS(80J)e TOCSRPULeJ)eFXCSIL1eJ)eTOCS(L 0J)

CONTINUE

aRITE (6709) TOCSMA(L)

TRACTOR COST



118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
I3

142
143
184
145
146
147
1ed
1849
150
151
152
153

1S5e
1585
156
157
158
159
160
161
162
163
106
165
166
167
168
169

[aKsX2Xa)

[aNaNal3l

108

110

112

172

READ (54402) IMNSTR
READ (S+403) (TRECLF(l)elIs1,NBMP)
READ (5+402) (TRSAVA(I).1=31sNBMP)

. PRCSTR=INCSTRSPERCRP/1Q0.

DO 108 I=l.NBMP
TRHRAC (1 )=TOHRTR(1)Z7ACR240.2
TOMRTR(1)=1.10TRHRAC(1)%ACR2

VRDPIR(K)IPRCSYR.(l.-tRSAVA(l)llOO-)l?RECLF(l)

TXTR(I )=, 053PRCSTR
YRINTR{I I=PRCSTRS( 1o ¢TRSAVA(LI) Z7100e)7281IN
FXCSTRITISYROPTREIDICTXTRIL)IGYRINTR(L)
RPCSTR(1)=PRCSTR®2 0087100+ FTCHRIR( L)
TOCSTRII)=FXCSTR(1)+RPCSTRIL)

SRITE 16+710) (NABMPUI) l=]1l.NBMP)
BRITE (6+711) (TRHRAC(I} +1=3eNEMP)
CRITE (6+712) (TOHRTR(1), I=1,NBMP)

SRITE (04713) PRCSTRIPERCRP(TRECLF(I)oI=]10eNINP)

WRITE (0e714) (TRSAVA(L),1=1,NBMP)
WRITE (6+715) (YROPTR(I)s1Im]  NBMP)
SRITE (6+716) (TXTR(1) o1=1 sNBMP)

ARITE (6+717) (YRINTR(I)oI=]NBMP)
WRITE (6+718) (FXCSTR(L)eInm] .NBNP)
MRITE (6e719) (RPCSTR(L) oI =] ¢NOMP)
WRITE (6,720) (TOCSTR{1)six=1,NBMP)

FUEL CO5TS

READ (5+401) FUCSHRFUCSCM

READ (5+802) (TOHRCM(1),1=1.NBNP)
D0 109 I=1,NoMP

TRFUCS (1 )= TOHRTR( 1 )sFUCSHR
CMFUCSLI)=FUCSCMSTUNMRCM(L)
FCCSFULT I=TRFUCS(L J+CHFUCS(I)

L HREITE (6e721) (NABMPLL),l=1NONP)

WRITE (6+722) (TOHRTR(1) s1x) o NBMFP)
WRITE (06+723) FUCSHR(TRFUCS(1)si=) o NDMP)
WRITE (6+724) (TOHRCM{L). Im]1+NBMP)
ORITE (6+¢725) FUCSCHG(CHFUCS(I)oI=]l sNBMP)
SRITE (6.7206) (TOCSFUlL)esl=m)NDNP)

SEED COSTY

READ (5,4048) (NACPS(J) vuml oNCPS)
READ (5,8073 (UTSD(J)edmleNCPS)
00 110 J=] +NCPS

READ (50402) (AMSO(I+J) el=loeNBNP)
READ (5:402) (USSDtJ)Ie =1 oNCPS)
READ (54403) (NSO(1)ei=lNBNP)
DO 111 I=3.NBMP

D0 112 J=]1oNCPS
CSSO(1eJ)=USSD(JI)SAMSD(L4J)
TOCSACL1)=aTOCSAC(L)+CS5S0(1ed)
AVCSSOU1)=TOCSACII)/NSD(L)
TICSSUL L )=AVCSSD( T )sACR2

AVCSSO(3)8(CSSO(Ie1INNSDII)IeCSSOI3,2)+CSSV(3:I))/Se

TOCSSO(3)=AVCSSD(3)®ACR2
WRITE (6+727) (NABMP(L)oi=1,NDBNP)
DO 113 Jm]1.NCPS



170
171
172
173
174
175

170
177
178
179
180
1812

182
183
184
188
186
187
138
189
190
191

192
193
194
195
196
197
198
199
200
201

202
203
204
205
206
207
208
209
210
211

212
213
214
2195

216
217
218
219
220
221

noOOON

[a N aNaNal

113

1l e

116

173

WRITE (65.728) NACPS(J)

WRITE (6791 ) UTSD(JIe(AMSDI{IsJ)sImiNBMP)
SRITE (6,729) USSO(J)

“4RITE (6+730) (CSSO(LeJ)elsl NBNP)

WRITE (6+731) (AVCSSD(I)eIm1l.NONP)

WRITE (6.732) (TOCSSD(1) ol =) ¢NBMF)

FERTILIZER COST .

READ (5:404) (NACPF(J)eJd=]l +NCPF)
DO 114 J=1.NCPF

READ (S,402) (AMNFR(1.J),1I=).NBMP)
READ (5.,402) (AMPFRIIeJ) o1=1 +NBMP)
READ (5+402) (AMKFRI1+J)el=]lNEBMP)
READ (5+402) CSFRNCSFRP+CSFRK ¢ RNNFNRNSP
HEAD (S+403) (NCROP(I)s1m1l .NBMP)
DO 115 [I=1l.NBMP . -

DG 116 J=1 +NCPF

TOAMNC 1)=TOAMNCL )*AMNFR(L ¢ J)
TOAMP(I)=TOAMP (L ) ¢ANPFR(1+J)
TUAMK( 1) sTOAMK(I)*AMKFR(I+J)
AVARNE 1)=TUAMNCL ) /NCROP( L)

AVAMPL I)=TCAMP (L )/ NCROP(I)

.. AVAMK{ 1) =TOAMK{]I)/NCROP(L)

150
115

11?7

118

CSFRAC(I )= (AVAMN( I )SCSFRN)*(AVAMPII1)SCSFRP )¢ (AVANK(L)SCSFRK)
TOCSFR(1)=CSFRAC(1 )®ACR2

IF (JOCSFRI1)+EQe0e) GC TG 150

HEEQ(I )= (RNNFN+RNSP)®ACK2

GG TO 115

REEQ(L)=0.

TOFRCS(L)=TCGCSFR(TID)¢REEQ(])

AVANNI 3)=(AMNFR{3+1)INCROPIII*AMNFRII2))I/Se
AVAMP(I ) {AMPFK( 30 1 )ENCHROP (3 )¢ AMPFR( 3¢2) ) /5.
AVAMK(3) = AMKFR{3 1 )SNCROP(I )¢ AMKFR(3,2) )/ 5.
CSFRAC(I IS (AVAMNII)ISCSFRNIC(AVANP(IISCSFRP )¢ (AVANK (3 )SLHERK)
TOCSFR (3 )=CSFRACII)SACR2

WRITE (0733) (NAUMP(l)el=]1+NBMP)

DO 117 J=1«NCPF

WRITE (0,728) NACPFLJ)

SRITE (6e735) (AMNFR(I¢J)olm]l JNOMP)

WRITE (66730) (AMPFR(1sJ)eIB1eNBNHP)

WRITE (0¢737) (AMKFR(I+J)eIn] sNBNP)

SRITE (6e738) (AVAMNII ) olx=]losNBNMP)

WRITE (6¢739) (AVANP()elisl NEBNP)

SRITE (6¢740) (AVANK(]) 1=l oNBMP)

WRITE (6Ge741) (CSFRAC(L) (I=mlNOBMP)

WRITE (6.742) (YOCSFR(I)eI=1,NBMP)

MRITE (6+743) (REEQ(I) oI=l o NBMP)

WRITE (6.748) (TOFRCSL1)elIm]leNBMP)

PESTICIDE COST

READ (50404) (NACPPLJ) oJul ¢+ NCPP)

DO 118 J=1.NCPP

READ (5+402) (CSHBAC(IeJ)ei=1,.NDNMP)
READ (5+402) (CSINAC(L +J)oi=]sNINP)
DO 152 [I=lel}

TOCSHB(1)=0.0



174

222 TOCSIN(I)=0.0
223 152 CONTINUE
224 D0 119 I=1.NBMNP
225 S 00 120 Jml.NCPP
226 TOCSHB (] ) =TOCSHB I ) +CSHBAC(L v J)
227 120 TOCSIN(I)=TOCSINCID¢CSINAC(L 42
228 AVCSHB(1)=TOCSHBEI )/NCRUP( 1)
229 AVCSINCLI=TOCSINCI I /NCRCPL L) .
230 TOCSPS(1)=AVCSHB( I )eAVCSINII)
231 119 TOPSCSLI)=TOCSPS(1)SACR2
232 AVCSHB(3)a(CSHBACI 3¢1 J8NCRCP(3) ) /S,
233 AVCSINE3 I=(CSINACI 341 )SNCROP( 3 ) )/Se
23e TOCSPS(3)=SAVCSHBLII D ¢AVCSINI3)
235 TCLPSCS(3)aTOCSPS{3)ISACR2
236 WRITE (6+745) (NABMP(1)e IZ1,NBMP)
237 0D 121 J=1.NCPP .
238 WRITE (64728) NACPP(J) -
239 WRITE (6e7406) (CSHBAC(I+J)ol=] 4NBMP)
240 121 WRITE (64747) (CSINAC(I4J) sl =1 +NBMP)
241 WRITE (6¢748) (AVCSHB(1l),I=1,NBMP)
242 SRITE (6+749) (AVCSIN(I)ol=t JNEMP)
243 4RITE (6¢750) (TOCSPS(I) I=]NBMP)
244 WRITE (6751) ACR2+(TOPSCS(I)e I=14sNBMP )
C -
c * LABOR COSTY
c
c
245 DO 122 I=1,NBMP
246 TOOTLB (I )E=TOHRTR(I I+ TUMRCM( )
27 OVHD(L})=TOOTLE(I)*0.3
248 _ TOLB(I }=2TODPTLB(I)+GVHDI L)
249 122 TOCSLB(I)=TOLB(1)eCSLE
2s0 . WRITE (66752) (NAGMP(L)oI=1.NIMP)
2s1 WRITE (6¢753) (FOOTLB(L)elzi,nOMP)
252 WRITE (6¢754) (UVHD(1) ol=L ¢NBMP)
253 WRITE (6+755) (TOLBII),1=1,NBMP)
254 WnITE (64756) CSLB
255 WRITE (6+757) (TOCSLEB(I) 1=l JNUMF)
c
c DRYING CCST
c
<
256 IF (NCPDJEQ+O) GO TO 149
287 READ (5.808) (NACPD( J) ¢ =1 «NCPD)
2s8 149 00 123 J=}NCPR
259 READ (5+402) (EPYD(Ie¢J)eI=1oNaMP)
260 123 READ (5,402) (ACCP(I1+.J) In1,NBMP)
261 READ (5:407) (UTCPYD(J)eJ=1+NCPR)
262 IF (NCPD.EG.0) GO TO 151
263 READ (5,402) (CSDY(J)eJm14NCPD)
264 00 124 1=l NBMP
265 DO 125 J=i.NCPD
266 CPHV(LeJ ImERPYOD(L+J)SACCP(1,+J)
267 OYCS(L o JISCPHV(L ¢ J)®CSDY(J)
208 125 TOCSDV(1)xTGCSOV(L)+DVCSCL o)
269 126 CONTINUE
270 BRITE (6¢758) (NABMP(I)inl sNBMP)
271 D0 133 J=14NCPD
272 SRITE (6+759) NACPOCJ) oUTCPYDC JD o CPMV (L v )e I 14 NEBNP)

273 BRITE (6.760) CSOV(J)



27a
27%

276
277

289

290
291
292
293
294

296
297
298
299
300
301
302
303
304
305
306
307

308
309
310
318
312
13
31a
313

316
nz
318
319
320

nonn

annn

onon
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133 WRITE (6,761) (DYCS(LeJ)ol=]l NDBNP)
ARITE (64762) (TOCSOV(I)eI=),NBMP)

INTEREST COST

~

151 DD 126 I=1,NBMP
FRIN(I)}=TOFRCS(T)SINS 667
SOIN(LI)=TOCSSD(L)®EINS 667 .
PSIN(IISTOPSCS(I)SING,S
FUINI(L)=TOCSFU(TI)®INS .25
<BIN(1)=TOCSA.BULI)SINS. 25

125 TOCSINUIISFRIN(IISSDINIIISPSINCIISFUINIII+LOIN(I)
WRITE (6+763) (NABMP(I)+Im1 NEBMP)
WRITE (6:764) (FRIN(I),I=1,NBNP)
WRITE (6.765) (SDIN(1)e [2] NBNP)
WRETE (6,766) (PSIN(I).1=] NBNP)
WRITE (64767) (FUIN(L)e IR NBNP)
WRITE (6,768) (LBIN(I),Ix] (NBMP)
WRITE (6+769) (TOCSINCI) o1=1.NBMP)

REVENUE '

READ (5,408) (NACPR(J)sJ=1 ¢NCPR)
--READ (S5,402) (EPPR(J)sJ=1+NCPR)

DO 153 I=1,11

153 TORN(I)=0.0
DD 127 1l=1.NBMP
D0 128 J=1 +NCPR
COMVIL e JISEPYD(I ¢ JISACCP(L 4 J)
GRAIN(I JIZEPPR(IISCPHV( v J)

129 TORN(IDVSTOAN(ID)*GRRN(1+J)

127 CONTINVE
WRITE (64770) (NABMP (1) Ix1.N3MP)
DO 129 J=] «NCPR

YRITE (6+771) NACPREJ)IoUTCPYDI J) o (EPYD(14+J4) s I=] 4NBMP)

WRITE (6.772) (ACCP(IsJ)el=1 NBMP)
WRITE (6+773) UTCPYD( D) +(CPHV(LsJ) olml NOVP)
dRITE (64778) UTCPYD(J)EPPR(J)
129 WRITE (6¢775) (GRRN{I.J)eInlNBMP)
WRITE (6¢776) (TORN(I)o1x1 oNBMP)

SUMMARY

READ (S5+406) (IDENTR(1).Ix1.NBMP)
READ (5¢402) (YRPLANCL) oI=1l «NBMP)
DO 130 I=1.NBMP
1€ (IDENTR(I)«.EQsl) GO TO 138
TACS( 1)=FRSR
GC TO 1a8

135 TACSI1)=0,

148 TOCOST(1)=sTOCSTR(II*TOCSHALI)+TOCSFU(LI)+TOCSSI(1)¢TOFRCS(I)+TOPSCS

1(I)¢TOCSLB(II+TOCSOY (LD STOCSINCIICTACSLE)
YOOLCS(E)sTOCOSTCI)/VRPLAN(I)
130 NTAN(I)ISTORN(I)-TOPLCS(I)
WRITE (6e777) (NABMP(1)+1x=] NDMP)
WRITE (6+778) (TORN(I)el=nl NOKP)
WRITE (6+779) (TOCSTR(I)eImlosNBNP)



321
322
323
324
325
326
327
328
329
330
a
332
333

33s
335
336
337
338
339
340
341
382
343
344
345
340

347

348
389
350
3s1
352
353
354
3ss
3ase

357
358

359

noon

156

132
131

te

176

WRITE (6.780) (TOCSMA(L)el=).NBNP)
BRITE (67810 (TOCSFU(I) +l=1 ¢NEBMP)
YRITE (6.782) (TOCSSO(X)el=) NEBMP)
WRETE (6.783) (TOFRCSC1) eIt «NBNP)

" WRITE (64784) (TOPSCS(L) ol=)enNBNUP)

WRITE (64785) (TOCSLBII)e =] NBMP)

WREITE (6e786) (TOCSDY(I) elml +NBNP)

WRITE (6+787) (TOCSINILI) oI=m)oNBMP)

WRITE (6+788) (TACS(I)elI=) ¢NBNP) *
SRITE (64789) (TOCOSTLI) oiml oNBKP)

WRITE (6+80S)(YRPLANCL e In]oNSMP)

WRITE (60.8063 (TOPLCS(1)¢Inl NBMP)

WRITE (66790) (NTRNII)eI=] NBNP)

ENVIRONMENTAL 1IMPACT STATEMEMY

READ (50406) (WGTFAC(Iw)elu=mio e}
DO 156 I=1,11 . o
TOENAG( L )=0

00 131 1=l .NBMP . .

READ (5¢406) (ENVTAG(lslW) eslanlela)
D0 132 jw=miels

ENNTAGL I ol W)SENVTAGI L1+ 18 )owGIFAC (Iw)
TCENAG( I )= TOENAG(L )¢ENWTAG(L oI W)
CONT INUVE

WRITE (6¢793)

SRITE (6¢794) (WGTFAC(IW)einmxnlels)
DO 138 (=] .NBMP

134 BRITE (Ge795) NAGMPLID o (ENVTAG(LIslw)olumlolads (ENRTAG(Lo18)0 Iu=1,41l

401
402
403
404

14).TUENAG( L)
WRITE (6¢790)

FOKMAT (BF10.4)
FURMAT(8F§0,2)
FORMAT(8110)

FORMAT (4 (A20))

405 FURMAT(B(AL0))
406 FORMAT (1413)
407 FORMAT(B(A3.7X))
408 FURMATIBF10.5)

703

FORMAT (1 M1 e 50X ¢ * ANNUAL. SOIL LOSS ESTIMATE® /77 e35Xe "R® ¢ 9Xe*K* e 9X,
LOL® e9X o S® 09K CP oOXo*P? eOXNe'LS? 077031 Xe7(1XeFBe301X)s//7¢50X,
2°ANNUAL SOLL LOSS = *oFl0e2¢® T/AC/YR® ¢/7/77/+50X o* TOLERANCE LIMIT= o
JoF1042¢° T/AC/YR® o//7/+30X*0DEPTH OF SURFACE SJOIL LAYER=®,
4F8els® INCH®o4Xe*SOIL DEPLETVION YEARS ° oFbaule® YRY)

TO02 FORMAT (S (/) e S3Xe *REMOVAL EFFICIENCY® o/ //+20Xe8(A10))
703 FORMAT (1M1 +45X +* TERRACE CONSTRUCTION AND MAINTENANCE COSTS*e///,

1SBXCITEM® e 25X ¢ *AMOUNT® 4/ /035X ¢® TERRACE SPACINGs FT® 431XeFl10424¢/70
235Xe*SLOPE LENGTHe FT®434XF10+20770¢ 38Xe *"NUMBER OF TERRACES PER SL
JOPE® ¢22Xe [100/7e¢35XKe*FEET TERRACEZACRE® ¢33XeF10+2¢/7+35%X¢ *CONSTR
QUCTION COST/FOOT TERRACEe 8%¢17XF10.2¢//7¢35Xe*CONSTRUCTION COST/A
SCREs $°e29XeF10e29//¢35Xe * PRORATED CONSTRJICTION COST» $°:21X.Fl0.2
©e//035Ke *HAINTENANCE COSTe FTe 8%020XeF 1065077 ¢35X+*MAINTENANCE €O
75T o ACREes $3°¢25XsF10¢2¢/7¢35Xs *YEARLY TERRACE CHARGE/ZACRE. $°+21Xe
8F10620/7¢35Xe? TOTAL YEARLY TERRACE CHARGEe 8$°¢20XeF10e2»

97/ 035X ¢ P GOVERNMENT SUBSLIOY e X°® ¢29XeF 1002077435 Xe*FARMER SHAREs 8%,
135X+£10.2)

704 FORMAT(IH] +SOX o MACHINERY FIXED COST®e//¢ 6Xs®*MACHINE® ¢ 15Xe*S1ZE%,

T13Xe*INIT COST 01X *SAL VALUE®¢1Xe ECON LIFE®¢2Xs* YR DEPR® 92X o* TX
2INS NMOU® 31 Xe*INTEREST® oI Xo*YR FIX CS5% /70105Xe* (X*eFSele®X)%e/0



360
361
362

363
Jos
365
366
307
368

369
370
371
372
r3
374
375
376
317
318

are
380

381
382
82
38
385
386
a7
3ge
389
390
39l
392
393
394
398
396
397
398
399
400
401
402

403
404
4038

406
407
408
409
410

177

384X *3°%°, 10Ke "X % 10Xe*YR®o9Xe8(°*°S%,10X))

705 FORMAT (/755X A10)

706 FORMAT(/Ze2X020A20) o1 Xe [0e2XsFBel 02Xek3+4(2XeF8e2))

707 FGRMAT {1M1eS55Xe *MACHINERY COSTS'e///0e13Ke* INPLEMENT ¢ 9X s HR/AC® o3
1Xv®AC OF USE®+1Xe®*TIMES GVER? o2Xes* TOTAL® e 2X o *REPAIR COST*e2X, *TQTA
2L +5Xe "YEARLY*o8Xs *TOTAL ¢ 7068 X MR e IX*"PER 100 HR® 41X+ *REPAIR €O
3STO oA Xe*FIXED COST* 92X COST o /e74Xe%8°,3(10Xy*8%))

708 FORMAT(/e10XeA2002 XeF8e2:2Xe I8e2R¢18:2XesFBol 28(2XeFBe2))

709 FORMAT(/210X+s*TOTAL® e95XsF8.2)

710 FGRMAT (1M1 60X 4° TRACTOR COSTS® ¢//7 98X * ITEM® ¢10X411{A10))

711 FORMAT(//7¢1Xe " TRACTOR HKS/Z/ACRE® ¢3X 41 1C(1XeFBe201X))

712 FORMAT(Z+1Xo*TOTAL TRACTOR HRS*s 2Xs L 1{1XeFBe2,1X))

713 FORMATI/91Xe®* TR INITIAL COSTo $°e23Ke%~ oF842,° =%o/olXe*(X*,
I1FSe1e%X)%e//7¢1Xe YECONOMEIC LIFEe YR®¢2Xol11{ 1Xe1801X))

716 FURMAT(/+1Xs® SALVAGE VALUE s X® ¢e3Xo11(1XeF8elelX))

715 FORMAT(/91Xe*YR DEPRECIATIONs $%elXell(1XeFBe20¢1X))

716 FORMATI/ ¢1Xo°TX, INSR & HOUSE, 8% 11(1X,F8,2.1X))

717 FURMAT(/ ¢1 Xo®AVG YR INTEREST e $%elRell (1XeFBe2¢1X))

718 FORMAT(/¢1Xe°TOT FIXED COSTe $%e2Xell1(1XeFlea201X))

719 FORMAT (/o1 Xe*REPAIR COSTe 8%e5Xel1(1XeFB8e2:1X))

720 FORMAT(/+1Xe?TOT TRACTOR CULSTe $3%:11(1X4FBa201X))

72% FORMAT (L H1 ¢60Xe *FUEL COSTS®e// 710X *ITEN® ,8Xe21(AL0))

722 FORMATL/Z7:1Xe* TOT TRACTOUR HRS® s8Xell{1XeFBe201X))

723 FORMAT( /93 Xe *FUEL COST/TRACe MRe $% 423 N7~ *oFBe3¢® ~74701Xs'TRAC,
L FUEL COSTe $%0lXell(iXeFBe2s11))

726 FURNAT(/7:1Xe°T0T CCMUINE HRS® s4Xel L (1X FB8e3,1X))

725 FORMAT (/e 1Xe *FUEL CS/COMB HRe 3%e25Xe %~ *oFB8e30°% =%0/0l1Xe*CCOMBINE
IFUEL CSe $°o1Xel2{1XeFB8e2e1X))

726 FORMAT(/Z7¢1X:?TOT FUEL CUSTe 8% +3Xell{1XeF3e2¢1X))

727 FORMATIIN] 060X o *SEED COSTS® /778X LITENM® 12K 11(ALO))

728 FURMAT(/7741XeA20)

729 FORMAT(/e1X,*SEED UNIT COSTe $%¢21Xe%~ ?4FBe2¢* ~*)

730 FOMMAT(/Z o1 X *SEED CUSTs S/AC*saXoll(LtXeF3e241X))

731 FURMAT(//7¢1Xe*AVE SD COSTe S/AC° 32X 011 (1 XsF84201X))

732 FORMAT (Z7e3Xe °TOT SD COSTe 8°¢5Xel1(1XeFBeloelXx))

733 FURMAT (1N]1 +58X o* FERT ILIZ2ER COSTS e /7/e8Xs *ITEN® 31 LiXe11(AL20))

73S FORMAT(//7+2Xe* NelB/AC® o1 1Xol1(EXeFBelelx))

736 FORMAT (/7 +2X 9 *P205¢LB/7AC%¢8Xe 11(1XeFBaleiX))

737 FORMAT (/22X *K20sLB7ACY «9Xo1 1 (I XsFB8elelX))

738 FORMAT(//7¢1Xe " AVERAGE AMOUNT® /792X e " NoLU/AC 11Xl 1(1XoFBelelX))

739 FORMAT(/ 42Xe"P20S¢LB/7ACY s 9Xe 11 (1XeFBeloeliX))

740 FORMAT(/e2X0*'K20eLB/7ACY o IXe22{LXeF8elolX))

783 FORMAT (/7/7¢1%¢°COST DF FERT «/AC8%°42Xe11{ 2XesFBslsiX))

742 FORMAT (/1 X" TOTe COSY GF FERTos3%e80(LXeFB8s2s1X))

743 FORMAT(/ o1Xe 'RENTAL OF EQUIPe¢8? 42Xel1(1XeFBe241X))

748 FORMAT(/Z¢1Xo*'TOTAL FERT W COSTe8%e2Xel1(1XeFB8e21X))

748 FORMATLIML ¢ //7e88Xe*PESTICIDES CUSTS® o/7+8X s ITEN®e11Xe11(A20))

7486 FORMAT (//+8Xe*HERBICIDE ¢83° ¢S5Xe11( 1 XeFB8e2+1X))

TAT7 FORMAT(/ o3 Xe* INSECTICIDE o8 48X o11(1XeFB8.2,1X))

P48 FORMAT( /79 X" AVERAGE AMOUNT? ¢ //e2XK e *MERUBICIDE o820 KXo 13 (21X oFBe201X
1}

749 FORMAT(/2Xe® INSECTICIDE o8°¢7Xo11(1XsFBe201X)})

750 FORMAT(//7¢1Xe°TOTe PESTe COSTe S/AC? 31 1(1XeF8e2,1X))

751 FORMAT(/1%e*TAT e PESTe COSTe 8%/ elXe % (X *9F8e00* AC)*eOXoillLIXoF
18201X))

752 FOGRNAT (1H]0/7¢60X, *LABOR COSTS®e//e8Xe*LTEM® o1 1Xe11LALO)D)

753 FORMAT(//¢1X+* YOTe DIRECT LABORIHR 911 (1X,FBe2,1X))

758 FORMAT(/Z¢1Xe*OVERMEAD(3I0X) ¢ MROe3IXo11LAXFBe241X) D

759 FORMAT(/¢1X+°TOTAL LABORe HR?eSXe 2 1XF8s241X))

756 FORMAT(/¢1Xe®COST PER HMOURe 8* 437X %2 oF4¢420%=7)
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FORMAT (/¢ 1Xe *TOTAL LABOR COSTe S$'e1Xel1(1XeF8e2,1X))
FORMAT(LIH]L /734X e°DRYING CUSTS®e//¢8X+*ITEMN®410Xe11(ALD))
FORHAI(I/-lx-l?OoI-Zlo'GRAN HARVes * sA3e2Xe13(1XeFBe2eL1X))
FORMAT (/7 +2X¢°COST PER UNIT,s $°,2GX3%=%,F8.2¢°-%)
FURMAT(/¢2Xe* TOTAL COST s $* eSXel1(1XeFBe2+1X))

FCRMAT(/7¢ 1Xe*TOTe DRYe COSTe 3% 3Xel1{1XeFBe241X))

FORMAT (1M1 ¢//7¢50X ¢ * INTERESTY ON OPERATING CAPITAL®//98Xe*ITEM® 48X,
111(A0))

FORMAT (/e2Xe *FERTILIZER(E MO)®e2Xe11(1XeFBs2¢1X))

FORMAT(/¢2Xe* SEED(B MO)2,8Xe11(1XeFBa2¢1X))

FORMAT( 7e2X+*PESTICIDE(S MC)®eIXsi (11X oFB241X))
FORMAT(/¢2X s *FUELL 3 MO)®*,8Xe11(1XeFBa201X))

FORMAT(/+2X e LABOR(3 MO)® o 7Xel1({1XeFBe2+1X))

FORMAT(/¢1Xe *TOTAL INTEREST® ¢6Xsl1(1XeFBe2+1X))

FORMAT({1H1 ¢// +SSXe*REVENUE®¢//7+8Xe *ITEM®¢12X+11(A10))

FORMAT( /701 XeA20¢/ 2K s EXPECT YIELCo®oA3e ' 7AC%e2Xo11(1XeFBe2¢1X))
FORMAT (/e 2X e *AREA CROPPED¢ACRES® +2Xo11( 1XeF8e241X))
FCRMAT(/¢2X+® TCTAL CUTRPUT® s A3+5Xs 1 1(IXFB.201X))

FCRMAT(/Z7e2Xs *EXPECTED PRICE 9379 0A3 427X ¢ = oFl el 4*=*)

FORMAT(/¢2X +*GR0OSS REVENUEsS*s5Xe11( 1XFBslel1X))
FORMAT(Z7¢1Xe*TOTAL GROSS REVeS® ¢3X e11(1XeFBelstX))

FORVMAT (1M1 4//7: 60Xy *SUMMARY® 4 /7 ¢BXs "L TEM? ¢ JOXs11(AL0))

FORMAT (//0¢1Xe°*GROSS REVENUE 3% e8Xe 11 (1XeF3eletlX))

FURMAT(//701Xe *COSTSe8® 97¢2Xe* TRACTCR(EXCL e FUEL)? o111 (FBele2X))
FORMAT (/92X e *MACHINE(EXCL FUEL)"211( 1XeFBelolX))
FORMAT(/e2Xo*FUEL® ¢14X 411 ({1XeFBelelX))
FORMAT(/¢2X9 *SEED® e 14X 11 (1 XeFB8e1e1X))

FORMAT (/7 ¢2X ¢ *FERTILIZER® 4 8Xo1L{ IXeFBel0elX))
FORMAT(/¢2X ¢* PESTICIDES® o8Xe11 (1XsFB ol olX))

FORVMAT (/72X 'LABOR® o 1 3Xe1181XeFBelelX))
FCRMAT(/e2X ¢?DRYING® 012X el (1XeFSele1X))
FORMAT(/e2X e *INTEREST?® g 10Xe11{1XeF8elelX))

FORMAT (/7 e2X o *TERRACING®* 4 10Xe 11{ 1XsFBelo1X))

FURMAT(/Z¢2X o TOTAL CUSY* oUXel1 (I XeFBLOe1X))

FORMAT (/41 Xe *NET RETURN® e 9Xel L(1XFUe0odX))

FORMAT(/ ¢1 Xo® SEED AMOUNT ¢ ® sA3¢°/AC %, 1X o 11(1XeFB8e241X))
FORMAT(/7/7/7¢7X¢°C CCNV= CCRNe RESIDUE LEFTs SPRING TURN=PLUWRe CUNVE
INTIONAL ® /74 7Xe *C NO=-T=CORNe FALL SHHRED, NO-TILL PLANT, 50~79% RESI

30UE COVER® ¢/¢7X+*°CCCWM NO-T® CORN=-CORN-CURAN=WHEAT-MEADOw., RESIDUE

793

794
795

ALEFT,s NO-TILL PLANT 2ND AND 34D CCRN?®* ¢/+7X+°CORN NO-T TR=CORNes FAL
SL. SHRED STALKSe NO-TILL PLANY, 30-40X% RESIOUE COVERes TERKACED?®,
6/7¢7TXe*C STP TR= CORNe STRIP=TILL RCW ZCNES®e/e7Xe*CHB TR= CLRN-SCYB
T7EANS e TERRACED®¢/¢ 7Xe *CH= CORN=HAY RGTATIONe CONTOUR® o/ +7X,

B8'R LANO= RANGE LAND?)

FORMAT( 1H] o SIX ¢ *ENVIRONMENTAL IMPACT ASSESMENT® o/// o1 X 8X e *BMP®eBX
1e°SeRe OEM LeDe WeCe NOIS PeDe WeQo FEF FEG Noleo HeSe AeSe RECR
2 PeAe "ol11Xe*TOTAL")

FGRMAT(//7¢3Xe *uEIGHING FACTOR® ¢2Xe 14 {1 Xel3e1X) o11XoI5)

FORMAT (/75X o A10eSXe18(1XeI301X)e/e20XKo1a4(1Xel0)e11Xe15)

796 FORMAT(//+1Xe® SeRemSYSTEM RELIABILITY; COM=CPERATION AND MAINTENAN

797

798
799

1CE; LeDe=mLAND DISTURBED; WeCosWATER CONSERVATION; NOI S=NOISE ANNOY
2ANCE:® 4 /791X PeDe =POTENTIAL FUR DEVELOPMENT weUe=wATER QUALILITYS
3FEFaFLORA AND FAUNA FLGaFISHING AND GAME; AEST=AESTHETIC33%e/7,
A1X e*HeSeSHISTORIC SITE; AeSesARCHEOLOGICAL SITE; RECR=RECREATIONAL
§; PeAesPESTICIDE APPLICATION')

FCRMAT (//77/7¢80Xe *SEDIMENT DELIVERY RATIO = ¢ 4F10e3e//040Xe
1°POYTENCY FACTOR 2 SS= ¢ ,F10e3s * GF SEDIMENT®4/¢37Xe *2002 *,F12.3
20 ® OF SEDIMENT® ¢/ ¢37Xe?CCO= * Fl0e3e * OF SEDIMENT®)

FORMAT (/77 +55X ¢ *WATER QUALITY®*¢///422%¢8(A10})

FCRMAT(//e9Xe?CP® 9BX+B8{LIXesFBe3el X))
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800 FORMAT (//e7Xe'ReEe X*e0X093(1XeFBe2e1X))

801 FORMAT (/701X * SEDIMENT(T/AC/YR)® 42Xe8(FBe3,2X))

802 FORMAT(//7a4Xe® SS(LB/ACVYR)* 94X e8(FBe2+2X))

803 FORMAT(//63Xe*BODILB/ZAC/YR)® 08X 8(FB8,2+2X))

808 FORMAT(//e3Xs°COD(LBZACZYR)® o8 XeB(F8.2¢2X))

805 FURMAT(/Ze2Xe *PLAN YR®e11Xs11{1XeFBel o3 X))

806 FURMAT(/ o2Xe*TOTAL PLAN COST+8%41Xe13(3XeFB8.0014))
STOP .
END



APPENDIX ' b

PROGRAM PRINTOUT OF "BMP2"

180



10

11

12

13

14

15

17

18

+J30

~

1
2
3
4
1
2
3
1

2

3

1
2

N »

Pun -

1

S uhe- U~ O WN - wi

N

OIMENSICN

-

DIMENS ICN

DI YMENS ION

DIAENSICN

OIHENSION

O} MENSION

181

BMP2 Program

NALNOV(10) oREEFOV{1J )eSLLS(10)e NNOV{10)emwPDV(1IU),
NDVE 10)+0GLEOVILI0) s CHSPOVI1C0) +»B3DV(10)sVELOV(10) e
LENGOV(10)+20V(10)UCLNOV(10)+LLDV(10)+OVTOVL10),
CHTOV(I0) e TCOVI10)01250V(10)ed0VI10)4L5(10)s ALVLILIO0),
YOV(10)+B0VI10)e TOVI10)+LNADV(10)+TOEXDV(10) ¢CSEXDV(10)
CSHADV(10) o CSLNOVELI0 J o TOCSUVILIO) oENNTOV(10,16)
TOENDV(10) ¢UCHADV{10)+CFAADV(10) +RPCODOVI10)eMROVILID) .

KDV(10)oUVLEDV( 10)s0VSPDV(10) +CFASDVI10)eRKOV(LID)} s
POV(10) ACREDV(10)TCLTDV(10)ePSSOVIL0)+P3LOOVI D)
CAPASB(10)¢50LSS58(10) oNNSBILI0)+LLSB(10)e0VTSB(L10),
CHTISB(L0)eTCSB(L0)sYOOKSBIL10IoLENGSB(10) +b633(120),
CHSPSB(10)+1255B8(10) «N33(10)C50KS58(10), LS53(10).
TOCSSB(10)+058(10)e5VS3(10)eVOLSA(10)+LFSB(10)
LEDKSU(10) o ANINSB(10)+UCHASBI10)sUCFLSB(10)eAKREASD(10),
DEPSBI 10)eVLOKIB(13)+CISBI10)+TESR(10) oCSEXS3(10),
CSHASB(10).CSFLSA(10)

KS3(10) s UVLESB(10):0VaPSB(10).CFADDB(10)sR53(10),
PS3(10)+ACRESB(10) o TOLTSB(10) +P5559d(10) +PBOOSB{1I)»
CFAASB(10),PC3DS5u(10)
SOLSRT(10) s NAPPRT(1D) o NNRT(10)oLLRT(2I)I«OVIRT(10),

CCHTRT(10)eTCRTE1J) o+ YIDKRT(10)+LENGRTI10) «BBRT(13).

DIAENSIGH
O I1MENS ION

DIMENS ION

DIMENSION

CUMMCN

COMMCN

CUMMCN

CUMMCN

CIMMON
CCAMLN

CHSPRT(10) oI25RT(10) s uRT(10) s CSOKKRT(L10), LSnT(10)e
SVRT(10) s VOLRTEL10) ¢LFRTL10)+sLEOKRT(10) sANENRT(10),
NRT (10}
UCHARTILO) s UCKFLRT(L10) oUCPPRT(10) ¢ AREARTC 1D ) DEPRT(13)
CAPART(10) o VLOKRTI10)¢CIRT(10) ¢TERT(10) oCSEXRT(1I) 0
CSHART (L0 ) oCSFLRTI 10 )eCOPPRT(10) 2 TICSHTL10)

KRT{10" sLVLERT(10)s0UVSPRYI(10) oCFABRT(10)sRaT(10),
PRY(10)¢AZRERTCLIUI ¢ TULTRT(1G) «PI3SRT(1D) 4PIDORT(10) 0
CFAART(10, +PCLOKT(10)
QADTE 20) - ADT( 20) o KMIT(29) oKPOTL20) + SLPPOT(20) »
LDT(20 o aDT(20)e HaDT(20)eLuDT(20) 4 VRCDTL(20) o SRCOT(20),
VOT(21) o ADT(20) ¢DDT(20) s UCCMDT (2I) oCSCMOT(20) ¢ LPROT(20) s
UCPROT(20)+ZDT(2J)+SSPROT(20) s TOCSDT(20) 50T (20)
NABMP(11)+CP(11)+sRCAMECFFILL)IeNAMACH{11016)eSIZE(L1Ls1€)0
ECONLF(11e16) e TMOVEREL1010)oINC3(21416)eSAVA(LLW16),
HRPACI{LIL916) o ACUSE(L11016)oRPCS(1L036)+YROEPR(LL0106)
TXINHOCL12016) o INSULLL1416)eFXC3(11+16)+eTOHR(1140136),
TOCSRP(11e35)eTOCS(11016)+TUCSMALLL) +TRHRAC(LIL)
TRECLF(11)+sTRSAVA[LI1)-TCHRTR(11)sYROPTRILLIGTXTR(IL)
YRINTREL1)sFXCSTRIL11)eRPCOTRELL) o TOCSTRELIL1 o TOMRCH(L L)
TRFUCS(11)+CMFUCSI11),TOCSFULL1)eCOD(LL)e AMSD(LL o110
USSOC11)eNSO(21) eCSSV(12e11)+TOGCSACILL)LAVCSSO(11),
TOCSSD(11)eNACPS(11) oSOMENT(L11)+53¢11)otsGD(LL)
AMNER(11 031 )eAMPFR{11012)eAMKFRI11011)sNCRGP(L1),
TCAMP(1L)« TOAMKILIL) sAVAMN(]IL ) oAVAMP(LL)eAVAMK(L]),
CSFRAC(11)eTOCSFRC11)sREEQ(I1)eTOFRCSI1L)eCSMBAC(LI1011),
CSINAC(12+11)oTOCSHB(13)eTOCSEINCLIL)eAVCSHEB(12),
TOCSPS(11)+TOPSCSEL11)+TOAMNILL)sAVCSINCLL ) INT(2Ls10)
TODTLB(12)eQVHOCLIL) e TOLOCL122 e TOCSL.BILL)EPYDIL11l)
ACCP (11011 )eUTCPYDI11)+CSOY(11)eCPMV L1411 ),DYCS(LRell)y
TOCSOY(LL) oFRINCLL) ¢ SDINCLL) oPSINCLIL) +FUINLLL) oLB8INILL),
EPPR(11VIeGRRNCEIL o121 ) TURNII1DoeTUCOSTILLD) o NTRNC(AL)
IDENTR(11)DsTACS(11) s YRPLANI(L1)TOPLLS(2L)
NACPF(11)eNACPPI 11 )4 NACPDI11)NACPRILL1) +UTSDI(LD)
WGTFAC(16) vENVTAGI11010) oENnTAGIL146)e TCENASI(LL)

INTEGEK ENVIDV{104s17)+ENwTOV.TOENDV.TOENRT(10) onGTFAT(10),
LENVTSD(10e17)eENWTSB(10417 ) TOENSB(L10)oENVIRT(10017) ENSTRT(10,17)
DATA TCENDV/1080/+TOENSB/1089/TCENRT/Z13%0/
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CHARACTER®20 NALNMNOV¢NAPPRT
REAL KDV
JREAL NODV s LENGDV +LLOV ¢ 1250V ¢« NNDV,LNADY

REAL NSBoLENGSBeLLSBoI255HeNNSBeKSBLSSB8.LFSBILEDKSS
REAL NRYJLENGRToLLAT s I2SRT oNNRToKRT+LSRT+LFRTJLEDKRT»
1LOT o KMDT o KPDT o LHOT oL WOT

44

L

MM

NN
WGTFATY
UCEXC
ucec
UCRC
ucL8
ucsopP
uCse
NALNODV
aov
NOV
VELDV
SCv
LENGOV
20V
ROV
KOV
CFABDV
CFAADYV
POV
TULTOV
PSSOV
PBOCOV
PCIDDV
UCLNDY
ENVTOV
UCHADV
Bov
OVLEDY
NNOV
OGLEOV
ovVSsSPDV
sspv
CHSPOV
use
SvVsd
voLse
LFse
LEOKS3
ANINSS
UCHASH
UCFLSB

ENVTSSE
OVLESd
NNSB
avsess
88s8
CHSPSB
RSO
KS8

00 90 00 00 B0 40 50 90 G0 S0 00 e 0 00 % 00 00 U0 04 90 00 o0 0 00 06 B0 00 20 Be ¢ 05 00 00 00 o0 05 68 60 %0 00 40 ¢ 02 os @0

0 00 90 50 90 % 0 W

NUMBER OF DIVERSICM .

NUMBER OF SEUMENT BASIMN

NUMBER OF FLOOD wATER RETARDING STRUCTURE
NUMBER OF CKOPLAND

WEIGHTING FACTOR FUR EIA

UNIT COST OF EXCAVATICON

UNIT COST OF PLAIN CONCRETE

UNIT COST OF KREINFURCED CUNCRETE

UNIT CUST GF LABGR

UNIT COST OF SEED BED PREPARATION

COST GF SPRIGGING PER SC YD

NAME OF THE LINING MATERIAL OF DI VERSIUN

FLOW RATE IN DIVERSIONs IN CFS

MANNING®S CCEFFICIENT FCR THC OIVERSICLN

FLOwW VELOCITY [N DIVERSION I[N FPS

SLUP CF DIVERSIGN

LENGTH OF DIVERSICM IN FY

HORIZCNTAL OISTANCE VS ONE UNILIT OF VERTICAL DISTANCE UN
RAINFALL FACTOR (OIVERSION)

EROSION FACTOR (DIVERSION)

GRUUNDO COVER FACTUR BEFORE BMP (ODIVERSIUN)
GROUND COVER FACTCR AFTER OMP (DIVERSIUN)
MANAGEMENT PRACTICE FACTOR (DIVERSION)

TOLERANCE LINIT (OIVERSION)

PUTENCY FACTUGR UF 55 TC SEUIMENT (DIVERSION)
PCTENCY FACTOR OF 80D TO SEDIMENT (DIVERSIUN)
PUTENCY FACTUR UF COD TC SEDIMENT (DIVERSIGN)
UNIT COST OF DIVERSIUN LINING MATERIALe (N $/50 FT
EIA EVALUATION FOR DIVERSION

UNIT COST GF HAULING DINRT FOR DIVERSIUN

BOTTOM wWIDTH UF OIVERSION IN FOOT

THE FURTHEREST RUNCFF QVERLAND LENGTH TO DIVERSIUN
MANNINGeS CIEFFICIENT OF OVERLAND SURFACE
ORIGINAL SLOPE LENGTH WITHOUT OIVERSION IN FOOT
SLOPE OF OVERLAND SURFACE

FACTOR OF DIVERSION CHARACTERISTICS

SLOPE OF DIVERSIONMN

FLOW RATE IN SEOIMENT BASIN IN CFS

SETTLING VELOCITY IN SEDIMENT 3ASINe IN FPS
ANNUAL SEDIMENT INFLUW VOLUMEs IN CF/YR
EXPECTED LIFE GF SEOIMENT BASINe IN YR

LENGTH OF DIKE OF SEODIMENT BASINe IN FT

ANNUAL RUNOFF INFLOW VOLUME INTO SEDIMENT BASINe IN CY
UNIT COST OF HAW.ING DIRT FOR SEDIMENT BASIN
UNIT COSY OF FILLING ANDO COMPACYING DIRTYT FOR SEDIMENT
BASIN

EIA EVALUAT ION FOR SEDIMENT BASIN

THE FURTHEREST RUNGCFF OVERLAND LENGTH TO CHANNEL
MANNINGsS COEFFICIENT OF OVERLANO SURFACE

SLOPE OF OVERLAND SURFACE

FACTOR OF CHANNEL CHARACTERISTICS

SLOPE OF CMANNEL

RAINFALL FACTOR OF USLE

SULL ERODIBILITY FACTCR OF USLE
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L5568
CFABSB
CFAASD
[23-1-]

‘TOLTSB

PSSSH
P300Sa
PCO0sS8
SOLSs8
NAPPRT
QRY
SVRT
VOLRT
LFRY
LEOXRT
ANINRT
UCHART

UCFLRT

ENVTRY
UCPPRT
OVLERT
NNRT
OVSPRTY
BORTY
CHSPRT
RRT
XRT

CF ABRY
CFAART
PRT
TOLYRY
PSSRY
PBODRT
PCIDRT
SOLSRKT
uccuos
uceme2
ucen s
uccuis
[Vl FJ
[Vdd +73
UCCM30
UCCM36
UCCMe2
UCCMal
UCCmse
UCCM60
Qov
HOT
KMOT
KPOT
[Wed g

a0 00 0 36 00 g0 0 00 3% 00 g0 5 %0 00 0% 00 0e

6 4% Be 020 g0 0 00 00 0% 4o s 00

09 00 00 g9 50 20 20 00 g 00 90 00 40 00 00 20 a0 96 90 0¢ 40 0

GENERAL
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SLOPE LENGITM & 3TEEPNESS FACTOR OF USLE

CROPPING & CONSERVATICN FACTOR OF USLE

GHOUND COVER FACGTOR AFTER onP [SEDIMENT BASIN)
MANAGEMENT PRACTICE FACTOR (SEDIMENT BASIN)
TOLERANCE LIMIT (SEDIMENT BASIN)

POTENCY FACTOR OF SS TO SEDIMENT (SEDIMENY BASIN)
POTENCY FACTOR OF BOD TO SEDIMENT (SEDIMENT BASIN)
POTENCY FACTOR OF COD TO SEDIMENT (SEDIMENT DASIN)
SOIL LOSS IN TUNS/ZAC/YR

SIZE AND MATERIAL (F PERFURATED PIPE IN OIKE

FILLOW RATE INTO FLOODWATER RETARODING STRUCTURE
SETYLING VELGCITY IN RESERVOIR

ANNUAL SEDIMENT INLOW VOLUME., IN CF/YR

EXPECYED LIFE FOR FLUGDWATER RETARDING STRUCTUREs IN YR
LENGTH OF DIKE OF FLCCDWATER RETARDING STRUCTUREs IN FT

ANNUL RUNUFF INFLOW VOLUME INTU RESERVOIR. IN CY
UNIT COST OF HAULING DIRY FGR FLOLOWATER RETAKDING
STRUC TURE v

UNIT COST OF FILLING AND CUMPACTING DIRT FOR FLOODEATER
‘RETARDING STRUCTURE

EIA EVALUATIUN FOR FLOGCD wATER RETARDING STRUCTUNE
UNIT COST OF PERFURATED PIPE

THE FURTHEREST RUNCLFF CVERLAND LENGTH TO DIVERSICN
MANNING*S COEFFICIENT OF OVERLAND SURFACE

SLOPE OF OVERLAND SURFACE

FACTOR OF CHANNMEL CHARACTERISTICS

SLOPE OF CHANNEL

RAINFALL FACTOR UF USLE

SOIL EROOIBILITY FACTGR OF USLE

CROPPING & CONSERVATION FACTGR OF JSLE

GRULUND COVER FACTUR AFTER BMP (FLOGD STRUCTURE)
MANAGEMENT PRACTICE FACTOR (FLOJO STRUCTURE)
TOLERANCE LIMIT (FLOGD STRJUCTURE)

POTENCY FACTOR UF 5SS TC SEDIMENT (FLULCD STRUCTURE)
PUTENCY FACTUR OF BOD TO SEDIMENT (FLGOD STRUCTURE)
POTENCY FACTULR WF COD TC SEDIMENT (FLCCD STRUCTURE)
SJOIL LOSS IN TUNS/AC/YR

UNIT CuST OF 8 INCH CORRUGATED METAL PIPE

UNIT COST CF 12 INCH CCRRUGATED HMETAL PIPE

UNIT COST OF 15 INCH CORRUGATED METAL PIPE

UNIT CUST OF 18 INCH CORRUGATED METAL PIPE

UNIT COST OF 21 INCM CORRUGATED METAL PIPE

UNIT COST OF 24 INCH CORRUGATED METAL PIPE

UNIT COST OF 30 INCH CCRRUGATED METAL PIPE

UNLIT COST OF 36 INCH CORRUGATED METAL PIPE

UNIT COST OF 42 INCH CCRRUGATED METAL PIPE

UNIT COSY OF 48 INCH CORRUGATED METAL PIPE

UNEIT COST UF 58 INCH CORRUGATED METAL PIPE

UNITY CUST GF 60 INCH CCLRRUGATED METAL PIPE

FLOW RATE THROUGH ST UCTURE., IN CFS

ELEVATION DROP HEAD BETWEEN INLET AND QUTLET. IN FT
COEFFICIENT UF MINOR LCSSES

PIPE FRICTION COEFFICIENT

LENGTH OF STRUCTURE. IN FT

READ (5+501) JJeLLeMMNN
READ (5¢502) UCEXC sUCPCIUCRCJCLBIUCSOP



26

27

28
29
30

3t
32
33
s
35
36
37

39

40
a1
42
a3
a8
45
40
a7

63
64
(-1

NN

nOhno

(a2 N s}

NnaoO

[N N3]

non
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184 -

READ (5¢502) UCCMOB,UCCMI2,UCCHIS,UCCMIBoUCCM2]LsUCCH24,UCCHN30,
TUCCHM35 sUCCHA2 s UCCMAB 4UCCMS S wUCCHE0 ,UCS P
READ (5¢506) (WGTFAY(Im) olum=l,148)

- CRCP LAND

DO S8 Ns=1.NN
CALL BMP1 .
CONTINUE

DIVERSION

IF (JJ+EQeQ) GO TU &8

SRITE (6+606) JJ

oq'z JxledJ

READ (5¢507) NALNDV(J) o ACREOV(J) +OVLEDV(J)SLENGOV(J)

READ (S¢508) NNOVEJ)oNDVII)4OVSPOV(J) s CHSPDVIJ) +300VIJ)

READ (5e502) ROV(IJ)IeKDVIJI) +CFABDVII)ICFAADVII) POV S)

KEAD (S5¢S513) TOLTOVEJ) +PSSOVLJIIFBLOOV(J) «PCCODV(JS) ¢+ UGLEDY LJ)
READ(S5¢502) VELOVIJ)IeZOVIJIeUCLNOVLJ) e LHADVI L) »BOVI V)

READ (S5+5006) (ENVIOV(Jelu)ela=1,14)

CALCULATE FLOWRATE

 LLOV(J )50 +258NNOV( J) SOVILEDV( J) $(OVSPOV(J)$8(=eS) )

50

5$

60
[ 3%

OVIDVIJ)=1+4%(LLDV(J)®e.5)

CHTIDVI J)=BBOV(I) S (LENGDV( J)I®S077)3(CHSPOVIJISS(~0335))
TCOV(J )=OVTDV(J)eCHTDVI(I)

IF (TCDOV(J)eGE20+) GO TO SO

TCOVIJ )=20.

1250V(J)I=134.95({TCOV(S)®18Be5)08(~0843))

QD v{ J)=ACREDV( J)®.58]1250V(J)

CALCULATE REMOVAL EFFICIENCY

IF (OVSPOVI(J)eGE«005) GO TO 59

IF (OVSPOV{(J)eLE+0.03) GO 7O o0

DVM=0. 4

G0 TO 61

oOVM=0. S

GG TO 61

OVM=0e3

REEFDV{JI=(OGLEDV(J)*SDVM-0OVLEOV(J)*POVMN)/(OG EDV(J)SeOVM)S100.

CALCUL.ATE HYDRAULIEC RADIUS. CROSS SECTION AND SIZING

HROVIJIS(VELOV(J)ISNOV(JI)I/Z14806)881.5/7(CHSPDV(IIS®0,75)
ADV(J)=QOV(J)I/VELDV(J)

sPOV(J)SADV( J) /HROV( J)

YOVEJIIs(MPDV( (I )=B0VIJI))IZ(28(( 1.4ZDV(I)®82,)880,5))
TOVEJ)=BOVIJS)e(ZDVIJ) @) 250YDV (I )E2,)

LNADVI JIZS( (1402D0V{4)882,)88,582,8YDV(J)+BIV(J)IISLENGOV(JII/ e
TOEXDV{J)I)SLENGODV(J)SADV(JI)I/27.

COST ESTIMATE
CSEXDV( J)=TCEXDV(J)IP®UCEXC

CHMAOV (J )=UCHADVL I )OTOEXDV(J)
CSLNDV(J)=UCLNOV( J)ISLNADV( J)



66
67
68
69
70

71
72

73

74

7%
76
77
78
79
8o
31

83

84
85
86
97
Y]
89
90
91

107

108
109

laNaNals}

[aXa Nl

NnonN

[aNaXs}

33

2

38
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TCCSOVIJ)I=CSEXDV(J)I+CSHADV L J)¢CSLNDVLY)

00 33 lw=l,.14a

ENRTOV(JoIWIZENVTIOVLIJo 1) AGTFAT (fe)
TOENDV(J)=TGENDV(JI+ENWTOV(Jel W)

WRITE (64607) JeNALNDVIIIoQOVIJ) oNOV(JI I VELDV( J) o+ CHSPDOVIJ) »
ILENGDV(J) +MRDV (J)

WRITE (64608) ADV{J) ¢ZDVIJI)eYOVIJI) eBDV(JI) e TOV( D)

CALL SOLNTQ(RDVXKDVeUVLEDV ¢OVSPOV,CFABOV ¢ REEFOVe POV ACREDV o TLLTDV S
1PS3DV.PBODOV+PCODDVe J) °

WRITE (64609) TOEXDVIJ) e TGEXDV(J)eLNADV(J) eUCEXC oUCHADVIJ) »
FUCLNDVJ) o CSEXDV(J) sCSHADV I S) o CSLNOVIJ) «TOCSDV (J)

CUNT INVE

SEDIMENTY BASIN

IF (LL.EQ.0) GT TO &5

WRITE (6+615) LL

00 & L=1.LL :

READ (5¢512) ACKRESB(L) +GVLESO(L) ¢LENGSHIL) +SVSB(LILFSLIL)
READ (5+508) NNSB(L)eNSBIL) s IVSPSUIL ) CHSPSI (L) BESBIL)
READ (5.508) RSB(L)I«KSBIL) «CFABSB(L)PSA(L) ’

READ (5¢502) TOLTSBIL) +PSSSE(L ) eP3LISBIL) +PCOVSA(L)

READ (5¢508) LEOKSBILIANINSSIL) UCHASHIL ) +UCFL3IB(L)

READ (S¢506) (ENVTSB(Lelw) os1e=1,14)

51

82

Se

CALCULATE FLOWRATE

LLSHIL )= «258NNSBIL J*IVLESB(L ) # (GVSPASE(L)®8(~e5))
CVISBIL)ZLl o83 (LLSB(L)BS,S5)

CHTISBIL)=B8SBIL)SILENLSS(L )®#8.77)9(CHSP3IB(L)*S(~,383))
TCSHILIZUVTSIIL)+CHTSI(L)

IF (TCSB(L)eGEW20.) GO TU 51

TCSB(L)I=20.

125SHILI=EL IR« ((TCSHILI+1b «S)e%(-e843))
QSH(L)=ACRESB(L)®.5¢12553(L)

SIZING OF 8ASIN

AREASB(L)I=QSBILI/SVSBIL)

THETA=ATAN(OVSPSB(L))

XsSIN(THETA)

IF(OVSPSO(LY2«GE.Q0.05) GC TC S2

IF{OVSPSBIL)LEL0,03) GO TO 53

Ful.0

GC TG Sa

F20.9

GO Y0 Sa

F=0,3
LSSBIL)IS((OVLESBIL)/72:.6088F )2 (((430.8X8X)+(30.9X)¢0.43)/6.57415)
SOLSSB(L)=RSBIL)SKSB(LIZLSSA(L )*CFaBsSB(L )sPSB(L)

DEPSBIL )=LFSO(L )*SOLSSBIL)SACRESB(L)*2C00./785,/7AREASB(L)
CAPASB(L )SAREASB(L)SDEPSB(L)/27.
VLOKSBIL)={(3.0(DEPSBIL)*1.)96.)8(DEPSBIL)I®LI e )/2.0LEDKSBIL)I/Z27.
YOOKSB(L)I=LEDKSB(L ) (DEPSB(L 18J.46.) /9.

TRAP EFFICIENCY

CISB(L )SDEPSB(L)SAREASH(L ) 8.6T7T/7ANINSS(L) /3.
TESB(L)=®100e8(,9788(,1908ALLGIBICISBIL))))



186

110 DO 35 lezl.14
1t ENNTSI({L+Iw)ENVTISBIL. I8 )SsaGTFAT(IW)
uz 35 TCENSA(L)=TOENSB(L )JeENCTSE(LIw)
< - '
c CCST ESTIMATE
c
113 : CSEXSBIL )IZUCEXCSVLOKSHIL)
11e CSHAS3 (L)=UCHASS (L) eVLOKSB (L)
118 CSFLSB (L J=UCFLSO(L )*VLIKSBILY .
110 CSOKSB (L )=UCSP*YDOKSB(L)
117 TOCS58 (L I=CSEXSB (L )+CSHASE (L) +CSFLSBIL ) +CSDKSa (L)
118 WRITE (6+616) LeSVSBIL)eLFSEIL)+SOLSSBIL) +ASBIL) ¢AREASBIL) »
1DEPSB(L) +LEDKSBLL)
119 WHITE (6+617) CAPASB(LI¢ANINSBIL) +CISBIL)TESH (L)
120 CALL SOLWTA(RSB¢KSB)IVLESDB.GYSPS3eCFABSSs TESBePSBeACKESY+
17CLTSB +P5S58 +PBODSB +PCLOSB »L )
121 WRITE (6+618) VLOKSBIL)¢YDOKSSIL) s UCEXC,UCHASB (L) JUCFLSBIL)

LUCSP+CSEXSB(L) ¢ CSHASBIL)IsCSFLSBIL) ¢ CSDKSHIL)TOCISSBIL)
122 N=L

123 ADTIN)=QSBIL)
124 HOT(N)=DEPSBIL)
125 CALL DPLET(QDT +HOT sUCCHMOB s UCCML2oUCCML SoUCCMLIBIUCLN2L s uClia2u,

LUCCM30 s UCCM3I6,UCCHAZ 4UCTHABIUCC M58 UCCMOE0,NIUCRI)
126 & CONTINUE

C
c -
[ FLOGDOWATER RETARDING 5TRUCTURE
C
127 a5 IF(MM.EQ.O) GO TO a7
128 - BRITE (6+619) MM
129 D0 S5 Us]l .MM
lJDI READ (5¢511) NAPPRT (M) UCPPRT(M)
| J= ¥ S READ (5¢5%12) ACRERT(M)+OVLERT(M) LENGRT(M) e SYRTIM)sLFnT(M)
132 i READ (S5¢5008) NNRTIM) yNRTIM)»UVSPIRT(M) s CHIPRT(M) ¢ BBRT (M)
133 READ (5¢508) RRT(M) KRT(M) sCFABRT(M) e Pkl (M)
136 READ (5¢502) TOLTRT(M) ¢PSSRT(M) «PBLGORT (M) ¢ PCODRT (M)
135 READ (5¢510) LEOKRTIM)oANINRTIM) 4UCHART (M) sUCFLRTY(N)
136 READ (5¢506) (ENVIRT(Melw)oln=1418)
C
[ CALCULATE FLOWRATE
c
137 LLAT(M)Z (2SENNRTI(M)ISOVLERT(M)*(CVSPRTIM)ISE(=,5))
138 OVYRT(M) =] oS (LLRT (M)88,3)
139 CHTRT(M) SBARTIM) #{LENGRT(M)®S,77 )8 (CHSPRTIM) 08 (=4385))
180 TCAT(M}2OVTAT (M) +CHTRTIM)
141 IF (TCRTI(M)+GEX20+) GO TO A8
142 TCRTI(K)=20a
143 88 I29RT(M)=134.,2((TCRT(M)}*+18eD)0#(~e843))
184 QR T(M) =ACRERT (M) € S8 [25RT (M)
[
C SI1ZE OF RESERVIIR
¢
145 AREART(M)SQRTI(N) /SYRT(M)
146 THETASATANC(OVSPRT(N) )
147 XmSIN(THETA)
148 1F (OVSPRTIN) «GE<D.05) GO TO 5%
189 IF {OVSPRT(M).LE.0.03) GO TO 36
150 Fuleb
151 GO T0 37

152 S5 Fe0.S
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508 FORMAT(S(TX.FB8.,5))

S10 FORMAT U TXsFB8e2e7X9FBe0:2(TXsF8,2))

S51F FUORMAT(7X.A20:20XeF8e2)

S313 FOCRMAT(4(7XeFB8.,4) 9 7TXFBe2)

606 FORMAT (111 +S5X*0OIVERSION = *,12+° DITCHES")

607 FURMAT (4(/) 20X o*DIVERSION ?012¢//7/7e30Xe*NAME OF THE LINING MATER
1IAL 2 ®¢ A2007/7030Xe*GENERAL CHARACTERS® ¢/7 ¢82Xe®QeCFS® oTX o * N 47X,
2°VFPS® 4 SXe®*SLOPE?® o0 Xs *LENGeFT o IXs MY RADFT® 3/ /7, 390XeFB8e2y2X,

AF Bebe2XeFB802:2XeF8e8e2XeFBe22XeF8e95)

608 FORMAT (40/)¢30Xe*CROSS=SECTION ODIKENSION®9/7/7440X¢®°AREA+SQ FT? y4X,
1029 BXoe® VYoFTOe8Xe®?BoFTO o6X o ToFT /7 039KeFBe202XeFBole2XeF8e2,2X,
2FBe202XFL.2)

609 FORMAT (4(/7)e30Xe?CDST ESTIMATE® +//7eS6Xe*EXCe CY® 9 3Xe*HAULs CY*,
12Xe®LINe SY® 0//7080Xe* QUANTITY?® o2XoFB80202XoFB8u2e2XoFB8.207/7¢47X,
2°S/UNIT® g 3XoF8u202NeFB8e2:2XoF 862977088 %¢°COST 8% c4XFBe2e2XFB8420
32X oFB8e207/7+30X4*TCTAL CCOSTeS = *,F8,2)

615 FORMAT (1M1+S50X,*SEDIMENT BASIN = *¢12+° DASINS®)

616 FORMAT (A(/)e20Xe*BASIN %9 12¢//7/7¢30X¢*GENERAL CHARACTER® /711X,
1*SETTLING VELe CFS® o8 X *EXPECT, LIFE, YR*e3IXe°YR SEDTe T/AC/YR®s
23Xe°Q INs CFS®°e2Xe*AREAe SF®(2X'DEPT, FT? 4Xo*DIKE LENGe FT?,
377016 %KsFBeSe12XeFBe2012XoFB8e2e7Xe8(F8s142X))

617 FORMAT (7/77e30Xs* TRAP EFF JCIENCY®4//:31Xs*BASIN VOL. CY (C)®e3X,
1°YR INFLOW, CY (T)®%eSXe®C/ZLI%e6Xe'TRAP EFFe X%¢//7¢36XFB840+12X.F8.0
2e7XeF8e2:4XoFB.2)

618 FORMAT (/77/7030Xe*COST ESTIMATE? ¢//7¢S6Xs"EXCe CY® :3X¢"HAULS CY® 42X,
T1OFELle CY®e2Xe*°SPRIGe CY®o//7e86Xe*QUANTITY? ¢ 10Xo == 4F L0000 ?==",
20X eF 100207708 TXe S /7UNLT? ¢3IX o8 (FB 2 e2X) o//¢88Re*COST$%°44(F10.0)s
37/7¢30%,*TOTAL COSTeS = *,F10.0)

619 FORMAT (1M1 +40Xs*FLUOOWATER RETARDING STRUCTURE ~ *,12,° HRESERVOIR
15*)

620 FORMAT (4(/)+20Xs°RESERVOLIR *¢12¢/77¢30Xe*GENERAL CHARACTER®,//.
111 Xe* SETTLING VELe FPS® AXJ"EXPECT ¢ LIFEe YR®¢S5Xe*YR SEDTe T/YR®,
2 AXeo%Q INe CFSP,2X,"AREAs SFE®o2X°DEPTe FT® o8Xe*DIKE LENGy FT® o7/,
316X eF8:uSe12XeF8e2012XoF8e2eTXoFBe2e2XeFB8.002Xs 2(F8,2+2X))

628 FORMAT (//7/7¢30Xe°COST ESTIMATE® ¢// 286X +°EXCe CY® 43X s*HAULe CY? 92X,
A°FILLyY CY®1XoA200I1Xe*SPRIG CY®4// e36X e QUANTEITY® o2 0Xs =2 ,F8s1+
20mw® 12X eF802010XeF10020/7/s37Xe® S/UNIT®o3XeI(FB2¢2X)e6XeFB8e2¢TXe
IFBe20//¢38%e%°COST 8% e3(F1000) 46X eF1000¢6XsF10006/7 30X,

Q'TLTAL COSTeS$S = *,F10.0) ’

632 FORMATLIHT o SIX*ENVIRONMENTAL [MPACT ASSESMENT® o//77+1Xe8Xe *BMP* 8 X
1¢°SeRe OLM L eDs WeCoe NOIS PoDes ¥eQo FEF FLG AEST HeSe AeSe RECR
2 PelAe "ol1Xe®*TCTAL?)

633 FORMAT(//+3Xe*HEIGHING FACTOR® ¢2Xo18(1Xe13¢1X) e21X,1S5)

635 FORMAT (/78X *OIVERSION® 03 Xeo I303Xe 14(1XeI301X)e/020Xeta(1Xs18)
111Xe15)

637 FORMAT(//7:6Xe*BASIN® 01X o1305Xe18(1X0I3013X)0/020Xe14(1Xs142011X+15)

638 FORMAT (//7¢4Xe*RESERVOIR® o 1XoI3s3Xo 14 (1Xe1301X)0/+20Xe34(1X,14),
111Xe15)

639 FORMAT(//791%:%%«Re=SYSTEM RELIABILITY; CEMZOPERATICN AND MAINTENAN
L1CE: LeDesLAND DISTURBED: WeCumWATER CONSERVATIONS NOLIS=NOISE ANNOY
2ANCES® ¢//7e1%e%PeDesPOTENTI AL FOR DEVELCPMENT: WeQemWATER QUALILITY;
3FCF=FLCRA AND FAUNAS FULGEFISHING AND GAME? AEST=AESTHETICS:®.
Q773X HoSexHISTCRICAL SITE? AS.=ARCHMEQLOGICAL SIVE; RECR=RECREAT
SIONAL S P.A.PESTICIOE APPLICATICAN®)

svge
END

DRGP INLET AND QUTLET
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SUBROUTINE OPLET (QOT sHOT »UCCMOd s UCCM12,JCCMLSUCCHNLIB,UCCH2],

JTUCCKMR8 4 UCCM3I0e UCCHIO sUCCMA2 o UCCHA8 ¢ UCT NS4 « UCCHED s NoUCRC)

DIMENS ION QDT 20)+HDTI20)+KMDT(20) +KPDT( 202 ¢ SLPPDT(20)»
LOT(20)¢uDT(20)¢s HWOT(20)eLWDTL(20)+VRCOT(20)eCSRCDT(20)s

N
2 VOT( 20) +ADT( 20) ¢DOT( 200 s UCCMDT (20) ¢CSCMOT (20 ) ¢ DPRDT (20 )4
3

11

12

13

14

UCPROT (20)+20T(20)CSPRDOT(20),TOCSDT(20)+,SDTL 20)
REAL LOT+KMOT e KPOT oLHOT+LWOT
IF (HOT(N)JLEeB8.,) GO TO 7
IF C((HOT(N)LE+D0¢ ) ANDo(QDTIN)LEL150¢)) GO TO 8
IF ((HDTIN)sLE ¢12) ¢AND(QDT(N) «GTe1500)) GO TO 7
IF CCHOT(N)eGT o220 ) eAND{QDTE(N)L.Ec400e)) GU TO B
IF ((HDTIN)eGT0126)eAND(QDT (N)GT «4004)) GO TO N

OROP SPILLWAY

HEDT(N)IZ(( 1010400 18HOT(N} JSQDTIN} /7:75)880.25

LWOTIN)I=S o sHNOT {N) .

VRCDTIN) 20658 (3e8LWOTINIS(Se*HOT(NI¢HUDT(N) )= (LE&DT(NISHUDT(N)D )
105.8(S o+HDTIN) ¢HUDTIN)I 143.8( S5 ¢HOT(N)+HBDTINI* Qe SSHOTIN)+54 )
208e8({0e58MHDTIN)I+5.¢025¢HOT(N) +5)488(2.¢LWOT (N))28,8( 2,

3 WOTINDI*2oLWOT(N)* 1 68HDTIN) ) D /27

CSRACOTIN)IZUCRCSVRCDT (N)

BRITE (6:623) QOT (N) oMDT (N)

_WRITE (6¢624) LWDT(N)oHEDTIN) ¢ VRCOTEN) ¢UCKC ¢CSRCDTIN)

GO T0 6

HOODED INLEY SPILLBAY

LDY(N)S(HOTIN) 882, + (3¢ +3.8HDTI(N))I®*82,)880,.5
SLPPDTINI=EHDTINI/Z( 3.2rDTIN)+3.)
IF((HDTYIN) eGTe12¢) cANDeLQOTIN) «iTe150¢)) GO TO 29
VOTIN)IZL1 7268 (UDT(N)SS.25)8(SLPPOT(N)®$,375)
ADTI(N)=QDT (N)/7VOTIN)
DOTI(N)=(8.8ADT(N)/314106)88,5812,
IF (DDTIN)eGTe8e) GO TO 9

OD0T(N) =8,

UCCMDT(N)=UCCMOB

GO TO 18

IF (DDTEIN)«GTel20) GO TG 10O
DOTINI=12,

UCCHOT (N)sUCCMI2

GO YO 18

IF (DODYT(N)GTa15.) GO TO 11
DDT(N)=15.

UCCMOTI(N)=SUCCMLS

GO TO 18

IF (DDTIN)GTe184) GG TGO 12
DDT{N)=18,

UCCMDT (N )=UCCH1D

GO 70 18

IF (DOTIN)«GTe21e) GG TO 13
DOT(N)=21.

UCCHMDT(N)SUCCMN21

G0 Y0 18

IF (DOVIN)GT.26) GO TO 16
ODTINI=24,

UCCHMDT (N )sSUCCH 26

GO 10 18

IF (DDT(N)+GT+30) GU TO 15
ODTI(N)=30,



190 -

265 UCCMOT{N }=UCCM30
260 GO 10 18
267 15 IF (DDT(N)eGTe36e) GG TO 16
268 “ DOTI{N)=36.
2069 ~ UCCMOT (N)ZUCCMI6
270 GO TO 18
271 16 IF (DDTIN)«GT«82¢) GO YO 17
272 JOTI(NI=a 2, .
273 UCCMDTIN }=uCCHe2
27¢ GO TO 18
27s 17 DOT(N) =48,
276 UCCMOT (N)=UCCHMAa8
277 18 IF ((HDT(N)eGT o304) «URSIGDTIN)IGTA1000)) <O ¥O 39
278 CSCHMDF(N)=UCCHMDTINI®*LDT(N)
279 dRITE (6:625) QDT(N)+HOT(N)+»SLPPDT(N)+VOTIN)
280 WRITE (6¢026) OOTIN) +LOT (N) +UCCHOT (N) s CSCHDT (iv)
281 GU TO 6 .
C
c PIPE DROP INLET SPILLeAY
c
282 19 EIF (DOTIN)eGT12.) GO TU 20
283 DPRDT(N) =18,
2848 UCPRODT (N)=UCCM18
285 ZDTI(N)=4 .#1Be/12¢
286 .. GO Y0 28
287 20 IF (DDYIN}+GT15.) GO TO 21
288 DPROTIN) =21,
289 UCPRDTIN)I®UCCHM2]
290 . ZOTINI=G o921 o/ 120
291 GO TO 28
292 21 IF (ODT(N)+GT4t8e) GO TU 22
293 . OPRDT(N) 226,
298 . UCPRDT(N)=UCCM24
295 LOT(NImG 228 /12,
290 GO TG 28
297 22 IF (DDUNIGTe2le) GO Tc 23
298 DPRDT(N)=30.
299 UCPROT(N)SUCCM30
300 ZOT(N)®0,830e/12¢
301 GO TO 28
302 23 IF (DDT(N)eGTe24e) GC Tu 24
303 OPRDT(N)=30.
30s UCPROT (N)=UCCM30
30S ZIDT(N)I=8 307126
306 GO To 28
307 28 IF (DDT(N)<GT.30.) GO Tu 25
308 DPROTIN)I=3b.
309 UCPRDY (N)=UCCHM 36
310 ZDT(N) 2083060 /12¢
a1 GO Y0 28
Nz 25 IF (DDT(N)eGT<36.) GO TO 26
313 DPROTIN)=O8,
316 UCPROT (NISUCCMeS
318 ZDTIN) =8 .,848. /712,
316 GG TO 28
nv 26 IF (DOT(N)+GT.82.) GO 10 27
318 DPROT(N) =54,
319 UCPROT (N )aUCCHSe
320 ZOTE(N) 24,854 4/120

321 GO T0 28



322

324
325
320
27
328
329

330

331
332
333
334
335
336

337
338
339
340

381
342
34;
R Y 3
345
346
347
Ja8
349

350

3s1

352

3s3

3S5e

aonn

nnn

191

27 DPRDTIN) =60,

UCPRDOT(N)=UCCMED

. ZDT(N)I=Q 23607120

.28 CSPROT(N)=UCPROT(N)SZDT(N)

CSCMOT(N)=UCCHMOTIN)ISLDTI(N)
TOCSOTIN)=CSPROT (N )+CSCMOTIN)
BRITE (6+627) QDTIN) +HOT(N) +SLPPOT (N) o VOT(N)
WRITE (6¢628) OPROTINI +DOTIN) ZOTIN) JLOTINI ¢ UCPRDTIN) +UCCMDT (N},
L1CSPROT (N) + CSCHMDT (N) s TOCSOT (N)
GO T0 &

MOMUL I THEIC OROP INLET SPILLWAY

29 VDY(N)=16.5%(Q0T(NIS$,25)8(SLPPOT(N)*8.375)
ADTI(N)=QDT(N)/VDTIN)
SDTI(NI=ADT(N)®S,S
IF (SOT(N)+GTe3.) GO TO 30
SO TIN) =3, - ’

30 VRCOTINI®(42SOTIN)IS(2.8SOTIN)+LOTIN))I#2.8((Se *SODTINI®3.850TIN))
19(as8SDTIN)S3.8SOTIN)) I*(3e8SOT(NI$5.8SOT(N) 42,884,850 T(N)ss.
28SOTI(N)*3.8SOTIN}EIPSDTIN)II®0e5/276

CSRCDT (N )=UCRCSVRCDT(N)

WRITE (6+829) QOT(N) sHOT (N) +LOT(N) + SLPPOY (N) o VOTIN)
WRITE (6¢630) SDTLN) ¢ VRCOT(N) ¢ YVCRC +CSRCITIN)

GG TO &

CHUTE SPILLWAY

31 WOT(NI=(QOT(NI®S1o4L)/(Re088(5.8%]178))
LOT(N)=HOT (N)®3,
VRCOT(N) (7 3WDTINIIS o 3a0T (NI SLOT(NIS(10*aDT (NI I I*0e5727,
CSRCOT (N I=UCRCSVRCDTIN)
WRITE (6+631) QOTUN)IsLOTINDI+WOTI(ND s VRCDTIN) s UCRC +CHSRCOTIN)

623 FURMAT (8(/) 25X YORCP SPILLBAY®+///7e¢30Xe *FLO® RATE =
1%°FBe2e¢® CFS%4//¢30X¢*HEAD DOROP = *4FBe2+* FT*)

628 FUHMATY (//7/7¢30X4°S32E AND CUST®*¢//7e33Xe%L s FT®eSXe'He FT?43Xe'V UF
1 REIN CONCy CY? 2Xe'S/7CY RC® 03Xe%8 CF RCY3//7 031X oFBe202XeFBe20TXeF
280297%¢FB8e202XeFB842)

625 FORMAT (41/) 25X, *HGCOED INLET SPILLWAY®¢///¢35Xe%Q CF
1S°.6Xs "HEAD DROP ¢ FTO46Xe*PIPE SLCPE® ¢9Xe® Ve FPS® /733X eFB3e2¢TXe
2FB8e2¢TXeFB o8 s7TXFBea)

026 FURMATY (/777¢30Xe*SIZE AND COST ~ *oF3.00°* INCH CIRRUGATED METAL P1
IPE® /7S IR 'PIPEe FT'IXe*S/FT PIPE® o1 Xo®S OF PIPE® o//7 ¢51X4FBe2+2X
2:F8e202X+FB8.2)

627 FORMAT (40 /) 025X, *PIPE DROP INLET SPILLEAY® 4//7/e35Xe%U
1 CFS®¢6Xo*HEAD DROPy FT®,4Xo*PIPE SLOPE® ¢7Xe'Ve FP5%e//¢33XeFBe2,
27X FB8e2e¢TXFBeIe7Xe FB8.2)

628 FORMAT (/77/7¢30Xe°CLST ESTIMATE®e// 087X eF3.0¢° CHP RISERe FT®e2X,F3
1060e® CMPy FT®e// s3TX e LENGTH e BXoF 8429 TheF8e2e7//7938Ks*S/FTe9XoF B0
2207XoF 80 20//7¢37%e* COST ¢08° ¢BXsFBe2¢TXoFB8¢20¢/7/¢30X,°TCGTAL COSTes = *¢
3eFBe2)

629 FGRMAT (4(/7) 23K, SMONGLITHIC DROP INLET SPILLEAY®,///s
135Xe%Q CFSPe6Xs*HEAD DROPs FT! sl Xe®?PIPE LENGTHFT® 4IX*PIPE SLULPE®
208X 'FLOW VELIFPS? ¢//7030Xe2(3XeF0e2¢IX) 03X eF Fe893Xe2(3XeF9e2+3X))

030 FORMAT (777¢30X4°CCST ESTIMATE®+// 441X 0 2SI2EoFT®¢2Xe*V OF KEIN CON
1Ce CY®2Xe08/CY RCPe3Xe*8 OF RCOe//081KeFBe2e7XoFBe2e7TXoFd el e2XeFa
2¢0)

631 FCRMAT (4(/) +25Xse SCHUTE SPILLBAY® o/ //7¢32Xe°Q CFS® e4Xe 'L
IENGe FT®o1Xo*WIDTH, FT®,2Xe°VOL OF HCe CY? 42X9*8/CY RC®*42X,°COST O
2F RC? /7 eIIRoFB8e202X oFB80202XeFBe208KeFBa2¢5XeFBe2:2XeFB+0)
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© RETURN
END

SUBRUVTINE SOLBTQ(ReKL oL ¢SeCFABIREEF¢PIACREsTOLT oPSSePHIDPCODWN)

DIMENSION SDYS(10). S{10)sCFABLLO0) ¢REEF(10)ePL10),ACRE(10),
1TOLT(10).PSS(20).PBOD(L0)+PCOD(10), SLLS(10).R{10)

REAL K1{10)+L1€10)LS{20)

THETA=SATAN(SIND)}

X=SIN{THETA)

IF (SIN)eGE«DO+05) GO TQ 9
IF (SIN)LE0«03) GO TO 10
Fx0ea
GO Y0 1%

9 Fu0.5
GO TOo 11

10 Fr0.3

11 LSINIBLILLIINIZT2.6)88F )8(({Q4308XEX)4(3Je4X)%0e83)/76057415)
SLLS(N)ZRIN) SKLIN)SLS(NISCFAB(NI®P(N)
WRITE (6+642) RINIeKLIINIeLIIN) oSIN)«CFABIN) sPIN)LSIN) »SLLSIN) ¢
1 TOLTIN) +REEF (N)
IF (ACRE(N) LE320.) GO 70O 13

* IF (ACRE(N) LE<+640.) GO TO 2
IF (ACRE(N)+LE«3200.) GO TO 3
IF (ACRE(N)<LE«6400+) GD YD &
IF (ACRE(N)<LE«32000,) GU TU S
IF LACRE(N)<LE.64000.) GU TU &
GO TO0 7

I SDDERT=033
GG T0 8

2 SODCERT=0 3

GD 70 8

SDDERT=0.22

GO TG 8

SODDERT=0.18

GO 7O 8

SODERT=0.12

GO TO ®

SDOERT=0 61

60 Ta 8

SODERT=0.08

WPRITE (6+680) SDDERT+PSSI(NDIePBUDIN)+PCID(IN)

SOMTEBSSLLS(N)® SODERT

SOMTASREEF(N)Z100.

SSB=PSSIN)*SOMNTES2000.

8008sPBOO(N)*SDMTB #2000,

CO0B=PCODIN)*SOMTB #2000

SSARPSSIN) SSDMTA®2000.

BODA=PBOD(N)SSOMTA 2000,

CODA=PCODIN)®SONTAS2000,

WRITE(6e682) SOMTD¢SS8 ¢B0DB¢CUDB ¢ SOMNTAGSSABO0DALCODA

680 FORMAT(Z7/7/7¢00X+*SEDIMENT DELIVERY RATIO = *oFl10e3¢7/7+80X,
L'POTENCY FACTOR 3 SS5= *oF10e3¢ * OUF SEDIMENT® o/ +57X.°BOD= °*,
2F10e3s ' OF SEDIMENT?4/s5TXe®CODR *4F [0e3¢ * OF SEDIMENT?)

641 FORMAT(//7/77+5%%X¢* aATER QUALITY® o//7e51Xs *SEDIMENT®¢5Xe*55%+7Xe
L°B800%e 7Xe°COD® o7 +eSO0Xe® (TZAC/YR) ® o1 Xs® (LB/ZAC/Y ) 91 Xe® (LB/AC/Y )
21 X0 (LBZAC/Y)® 0//7 938X *BEFCORE HMP®* ¢ 2X9 8{L1XFBe3slX) o//¢3%X,
3AFTER dMP?® ¢2X o8 (1 XeFB8e3¢1X))

W

»

o~ 0
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642 FORMAT(////7+50Xe "ANNUAL SOIL LOSS ESTIMATE *e///0e35Xe"R? 49X 4?K®

~ .

.

S WUN -

19X o®L® 09XKe®?S? oK e? L% aMXN0"P? ¢IXe*LS® /7 e IR T (L XFBeIelX)e/77/0
2777:50X¢ "ANNUAL SOIL LOSS & *3F10e2¢® TZAC/YR® ¢/7+50X,

3* TOLERANCE LIMIT = *°,F10¢2¢° T/AC/YR®//7¢S0Xs*RENUVAL EFFICIENCY =
Q& *Fl0e2e" X°)

RETURN

END

SUBRUUTINE BMP)

COMAON NABMP(I1)eCPC11) sREMEFFI11) o NAMACH(11+16)eSIZE(L11,416),
ECONLF (110 10) e TMOVER(L110 1000 INCS(1116)eSAVA(L11010)
HRPACIL11 0106) o ACUSE(L11¢16)RPCS(11+16)eYRDEPR(11+16),
TXINHOCL110106)eINSUCLLe16)sFXCS(1110)+TOMRILL016)
TOCSRP(11516)¢TUCS(21¢16),TUCSMA(LL)TRHRAC(1])

CUMMGN TRECLF{(11) e TRSAVA(L11)+TOHRTR(11) +YROPTR(11)JeTXTR(1L)
YRINTR(L1 L) oFXCSTRI 11 IoRPCSTRE12) «TOCSTRERLD o TOMNRCM(L L) o
TRFUCS(11) +CMFUCS(L112eTLLSFUCLL)oCUD(LL)e AMSD(11e11)y
USSDIL1)eNSOCL1)oCSSOC2Le11)eTOCSACIL])AVCSSD(IL)
TOCSSOCL1) eNACPS(11)eSOMENT(11)¢S5(11)800(11)

CCMN