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ABSTRACT

The objective of this study was to develop a model which would
allow the user, for planning purposes, to locate and evaluate
potential nonpoint source pollution (NPSP) problem areas in the
state of Oklahoma. This would allow a ranking to be made on which
to base state policies such as disposition of funds or effort to
control NPSP problems.

The model developed is based on the premise that specific
land uses have definable associated pollutants. The nonpoint
pollutant load resulting from runoff events from these land uses
can be determined and the load from other areas with similar con-
ditions can be predicted. The concentration of pollutants con-
tributed by a specific land use was sampled from areas of homo-
geneous land use to determine the quantities of pollutant load.

Several land use categories were selected for monitoring in
each quarter of the state. The monitoring program lasted fiom
January 1976 to August 1977. Local Conservation Districts collected
the samples, and the Oklahoma State Department of Health perform-
ed the chemical analyses. Data were then compiled by the Oklahoma
Conservation Commission, and pollutant loading rates determined.

The model is capable of identifying the extent of pollution
.at three levels of geographic aggregation. At the largest level,
the major basin having the greatest potential for NPSP problems
(based on the land use activities in that basin), and the estimated
NPSP load from those activities is identified. Next, the sub-basin
within that basin (based om the same criteria as above) is identified,
and finally, the watershed within the sub-basin. Each level affords
more detail than the previous one, so that once the watershed level

is reached, a much more detailed survey of the NPSP problems within

iii
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that watershed is possible. Computer programs were written to
handle the identification (ranking) and evaluation process. Input
requirements for these programs vary with the level of detail
desired.

Results show a good correlation between predicted and measured
NPSP pollutant loading rate values for similar watersheds having
the same land use. However, there has not been sufficient data
gathered to test correlation between loading rates from watersheds

of mixed land use.
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METHODOLOGY FOR THE ESTIMATION AND EVALUATION OF NONPOINT
POLLUTION LOADING FROM WATERSHEDS IN OKLAHOMA

CHAPTER I

INTRODUCTION

o General Background

The United States Congress decided in the late 1960s that the Fed-
eral Government should expand its role in the control of water pollution,
passing "The Federal Water Pollution Control Act of 1965." 1In October 1972
the 92nd Congress passed the "'Federal Water Pollution Control Act Amend-
ments of 1972," Public Law 92-500 to be administered through the Environ-
mental Protection Agency (EPA). A main objective of the act is to "restore
and maintain the chemical, physical, and biological integrity of the

nation's waters." Briefly, six goals have been set:

1) To eliminate the discharge of pollutants into navigable waters
by 1985;

2) An interim goal to be achieved by July 1, 1983 to protect fish,
shellfish, wildlife, and recreation (the goal of "fishable
swimable) ;

3) Prohibit the discharge of toxic pollutants;

4) Financially assist construction of publicly owned waste treat-
ment works;

5) Develop and implement an areawide waste treatment management
planning process;

6) Establish research and demonstration grants to develop the tech-
nology necessary to eliminate the discharge of pollutants.

1



The act is divided into five areas:

Title I - Research and Related Programs;

Title II - Grants for Construction of Treatment Works;

Title III - Standards and Enforcement;

Title IV - Permits and Licenses;

Title V - General Provisions. .

Each of these titles is explained in detail in the law (1). This thesis
focuses on Title II of PL 92-500 Section 208, items F through K. This

Title requires and provides assistance in the development and assessment

of waste treatment management plans to provide the basis for the control

or treatment of all point and nonpoint sources of pollution. Section 208

of Title II is the portion dealing with areawide (monpoint sources) waste
treatment management planning. The planning process involves several steps
including; 1) the selection of state agencies to carry out various facets

of the law for which each agency has jurisdiction or expertise, 2) the
establishment of criteria by which pollution problems may be identified,

3) development of alternative means of treating the problems, and 4) the
involvement of local citizenry--especially when it comes to problem iden-
tification, selection of alternative treatment measures, and the implementa-
tion of those measures. Items F through K of section 208 delineate specific
nonpoint sources of pollution which will be considered in the planning pro-
cess. Other portions of section 208 deal with the annual certification of
the areawide waste treatment management plan, establishment of the regional
operating agencies, setting up procedures for funding and setting appro-
priations, and providing for technical assistance to state agencies.

The first part of section 208 calls for each state to set up
planning agencies and jurisdictional boundaries. For Oklahoma, Governor
David Boren designated two agencies to develop areawide waste treatment
management plans for large metropolitan areas: the Association of Central
Oklahoma Governments (ACOG), in the Oklahoma City area; and the Indian
Nations Council of Govermments (INCOG), in the Tulsa area. Later, under
item (3) of section 208 (a), the Arkoma (Arkansas and Oklahoma) area around
Fort Smith was included. These associations of govermment are responsible
for developing their own areawide waste treatment management plans.

Governor David Boren designated the Oklahoma Department of Pollution
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Control (ODPC) as the state agency responsible for 208 planning in the
remaining portion of the state. Under section 208 (b) (1), the ODPC is to
develop a "continuing areawide waste treatment management plan" for areas
not designated in section 208 (2). The ODPC developed a list of items
covering the state's water quality problems and presented this to other
state agencies with water quality interests. The state agencles divided
planning responsibilities based on a particular agency's expertise and legal
authority. In most cases a "lead" agency was named along with several
"support" agencies. The lead agency was to have the primary responsibility
for a given program while the support agency was to provide information
and other resources as necessary.

The Oklahoma Conservation Commission (OCC) was selected as the lead
state agency responsible for that portion of the law (Section 208, Items
F-K) dealing specifically with nonpoint sources of pollution. This was based
on the Commission's involvement during the past 30 years with the

Conservation Districts and their work in soil and water conservation.

Explanation of the Problem

Nonpoint sources of pollution are widely dispersed. The distinction

is made between point and nonpoint sources primarily on the basis of trans-
port mechanisms by which pollutants enter a stream, river, lake, or any
other body of water. In the case of point sources, an industry or munici-
pality, for example, discharges waste water to the receiving stream. The
point at which it is returned (discharged) is called a "point source of
pollution.”" The other mechanism by which pollutants reach the stream sys-
tem-.is runoff, As rainfall begins to run off the land it may carry with
it any of a variety of pollutants such as sediment, nutrients, or pesticides.
Since this occurs over a large and varied area, this is called dispersed
or "nonpoint sources of pollution" (NPSP).

Public Law 92-500 initially emphasized cleaning the nation's waters
of pollution from point sources such as industrial or municipal outfalls.
As the control of point sources has progressed, the Environmental Protection
Agency has placed an emphasis on Section 208 as required by law.

Oklahoma's seven major river drainage basins are shown in Figure

1-1. These basins can serve as planning areas in the state's areawide
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water quality management planning efforts. Each basin is further divided
into sub-basins, and the sub-basins into watersheds. The objective of this
study arises from the need to develop a model for planning to locate and
obtain an estimate of the amounts of NPSP being produced in Oklahoma.

This will allow a ranking to be made on which to base the disposition of
state and federal efforts which may be made to aid in the reduction of

NPSP problems. Those basins and sub-basins identified as having potential
problems will be studied in more detail and more specific NPSP problems

would then be located on the watershed level.

Approach to the Problem
Since the reduction of NPSP has been established as a national geal,

guidelines to achieve this goal have been developed by EPA. However, since
few states have identified NPSP problems, much of the information is dif-
ficult to apply and is untested. This emphasizes the need for a gemeral
model which will estimate relative NPSP loads from large areas thereby
delineating where future effort can be concentrated. One method to identify
NPSP planning problems may be through the use of predictive technology.
Land use categories have pollutants associated with each and through a run-
off monitoring program, pollutants for each category can be quantified
under a variety of conditions. This information can be the basis for a
model to predict pollutants from similar land uses. Concentration of pol-
lutants from a specific land use can be estimated by sampling the runoff
from homogeneous land use to determine the quantities of pollutant.

The final breakdown of categories of land use for the NPSP monitor-

ing program in this report are as follows: (Also see Chapter II)

Agriculture
1. Irrigated and/or row crops
2. Small grain crops such as wheat, oats, rye, etc.
3. Pasture - areas where predominately introduced species of
grasses occur with moderate to heavy grazing

4. Rangeland - areas of natural grasses with light grazing

Silviculture



1. Mature stand

2. 3-4 year old clear cut area

Mining
1. Active site-where the mining of coal is still in progress
2. Inactive site - area where an opeu pit mining operation has
been discontinued
Urban

1. Mixed - an area where a variety of land uses occur, such as
commercial, residential, and parks

2. Construction

Conservation Districts in each quarter of the state were consulted
to select sites that were typical of these land uses. These district offices
gathered background information on soils, drainage patterns, etc., and did
the monitoring and data collecting. Final site selection was based on how
close the site reflected the land use for that area, e.g., was it typical
pasture or was it in poor condition while other pasture in the area was in
good condition. Also considered was the accessibility of the monitoring
site. A wide range of weather variability across the state made it neces-
sary to monitor the water quality from several land uses common to major
quadrants of the state (using Interstate Highway 35 running North and South,
and Interstate 40 running East and West as rough boundaries). Following
selection of the final site and a collection of background information the
monitoring program was established. Monitoring consisted of collecting
runoff flowing across representative homogeneous land use at each site.
(Details of this monitoring program are given in Chapter III).

The monitoring program emphasized determination of loading rates of
selected pollutants. Pollutant build-up occurs as a result of several
factors including: man's activities, the normal deposition of waste by
animals, and naturally occuring breakdown of matter by microbes in the
soil (3). This build-up of potential pollution occurs between runoff events.
As rain begins to fall it tends to loosen and dissolve (as a function of

rainfall intensity) the accumulated particles in the top layers of the
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soil. As the water collects and starts to run off, these particles and
dissolved components are transported eventually to streams, rivers, lakes,
and finally the ocean. The questions that need to be answered by a monitor-
ing program are: 1) what is the rate of accumulation between runoff events,
2) how can this rate be measured, 3) is this rate similar among different
land uses and areas, and 4) how does geography, topography, and land use
affect these rates. Since more information could be gained by collecting
from a variety of events over a longer period of time (through all seasons)
than by thoroughly sampling three or four events, fewer samples were taken
at each event but every event was sampled.

The total load of pollutant delivered to a waterway during each
event was estimated from concentration and the total volume of runoff. The
concentrations of the various pollutants were determined analytically in
the Oklahoma State Department of Health (0OSDH) Water Quality Laboratory.
Several models are currently available to estimate the volume of runoff or
"water yield." Both the models and runoff water analysis are described in
Chapter 1V.

Once the amount (in pounds per acre per event) of pollutant each
land use produces has been estimated, an estimate of the total weight of
pollutant contributed per event can be made. In a watershed, if the land
uses and their areas are multiplied by their corresponding "pollutant load-
ihg factor ,"" and then summed to provide a total for the watershed, the
result is the total load (of a given pollutant) contributed by that water-

shed. This is expressed by the following formula:

LT = AlL1 + ...+ Ath (1.1)

Where: LT = Total load in pounds of a particular pollutant
An = Area in acres of each land use in the drainage basin
Ln = Pollutant loading factor for each land use (1lbs./acre)

Once pollutant loads were estimated for all basins comparisons were

made to determine which basin had the greatest potential for NPSP problems.
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This basin was then divided into sub-basins and the same ranking procedure
applied. Once the sub-basin with the greatest potential for NPSP problems
was identified the watersheds in that sub-basin were modeled to estimate
relative sediment, nutrient, and organic loading rates imposed by individual
watersheds. Once the watersheds were ranked, data gathered for the water-
shed didentified as having the greatest potential for NPSP problems were
analyzed in order to establish a system of treatment alternatives designed

to control a specific problem.



CHAPTER II

RELATIONSHIPS BETWEEN NONPOINT POLLUTION AND LAND USE

General Background

Runoff is the transport mechanism by which NPSP reaches the water-
ways. During a rainfall event the intensity of the event acts to loosen and
dissolve surface materials. As the event continues the ground eventually
reaches a level of saturation (depending on antecedent soil moisture,
ground cover, etc.) at which point the waéer begins to run off, carrying
with it various pollutants.

The hydrologic cycle (Figure 2-1) determines the timing, volume,
frequency, and quality of nonpoint source loadings (4). The watershed
responds to this cycle as a system which yields outputs (including nonpoint
source pollutants) in response to a series of inputs. Yevjevich (5) de-
scribed this concept. ''Continental surfaces, underground aquifers, inland
bodies of water, plants and soils are environments with complex water
inputs, environmental compositions, responses, and outputs. This
environmental trinity, input-reponse-output, in combinations,; mutual

1

dependences, and feedbacks is defined as the hydrologic system.” A systems
description of agricultural watersheds given by Stewart, et.al. (6) which
can be generalized to describe nonurban systems as shown in Figure 2-2
demonstrates the idea (7).

The inputs and outputs in Figure 2-2 have important characteristics
that must be understood before an zssessment of nonpoint loadings can be
made. NPSP control requires knowing the system inputs, properties, and out-

9
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INPUTS DIFFICULT TO CONTROL
Precipitation
(a) Rain
(b) Snow
Solar Radiation
Pollutant Rainout

CONTROLLABLE INPUTS
Agricultural Chemicals
Waste Residuals

Land Use Management
Structures

SYSTEM PROPERTIES
Parent Material
Large Scale Topography
Vegetation
Drainage Network

PARTIALLY CONTROLLABLE OUTPUTS
Str?am Fiow

{
Surface Runoff Subsurface Flow

Sediment Nitrates
Organic-N Salts
Ammonia-N

Phosphorus

Pesticides

Organics

Metals

FIGURE 2-2
WATERSHED NPSP LOADING RESPONSE TO HYDROLOGY AND LAND USE
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puts. Monitoring to determine the magnitude of NPSP problems or the effec-
tiveness of controcls is also keyed to these factors.

Precipitation inputs drive the system and determine the total vol-
ume and time distribution of runoff. Precipitation and solar radiation are
stochastic and spatially variable. Precipitation measurement with raingage
networks is available for many areas of the state.

System inputs classified in Figure 2-2 as controllable are largely
those substances or activites introduced by man. Land use activities are
some of these inputs. Location of imputs are variable but can be part of
the controls introduced to reduce nonpoint source loads.

Most system outputs are partially controllable. Quantification of
the degree of controllability possible is not a trivial task and is related
to the uncontrollable and stochastic nature of the system inputs. Some
absolute standards or goals may be impossible to achieve without violations
for certain time periods, however small.

An important feature of the system outputs of Figure 2-2 is the
division between surface runoff and subsurface flow. The relative distribu-
tion of these flow components varies as a function of surface conditionms,
watershed size, and geological formations. Estimates of relative magnitudes
are important to the correct interpretation of measured water quality data
and the allocation of measured loads to their sources. Some of the NPSP
models described in a later section are capable 6f predicting this relative
distribution (8,9). Empirical hydrograph analyses for this purpose are
available as described by Chow (4), and may also be found in the SCS Engi-
neering Handbook for Hydrology (10).

Division of watershed drainage into surface runoff and/or subsurface
flow is important because most pollutants are transported in much greater
quantities in one component of flow. The outputs shown in Figure 2-2 clas-
sify the major pollutants by their major modes of tramsport. There are,
as always, exceptions to these rules as in those areas where extremely
permeable (e.g., sandy) soil profiles exist or where large areas are imper-
meable. NPSP controls also must be planned in recognition of flow distri-
bution because many candidate practices (e.g., soil comservation practices)
result in a shift in the relative distribution of flows and subsequently, a

new set of NPSP loads must be analyzed. Interaction of surface and subsur-
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face processes is a major consideration in the selection of agricultural
nonpoint source controls developed by Stewart et. al. (11).

The hydrologic system is important in estimating the nature and
extent of NPSP loads through field sampling. Intensive, continuous sam-
pling over short periods of time may measure little of the source or extent
of the pollution problem. Runoff itself is stochastic as is the time be-
tween runoff events. Grab sampling over longer periods may have limited

usefulness as peak loads may be missed entirely.
Land Uses

Agriculture

It is extremely difficult to reduce NPSP problems resulting from
agricultural activities to a specific set of sources, loads, and potential
controls. Pollution can arise due to: 1) pervasiveness of human activities
within watersheds; 2) the wide array of activities and practices possible;
and 3) the diversity of chemicals, application rates, and farming methods
available to individuval farmers and ranchers.

Certain activities are common to most crops and can be considered
collectively. Most notable among these is the application of fertilizers
and pesticides. References are available that give detailed descriptiomns
of pesticide properties, intended use, toxicity data, persistance and
relative mobility in soils (9).

Fertilizer technology and envirommental behavior have been reviewed
in recent publications (11,12). Some of these references are production
oriented, but the basic data give useful insights to potential problems
and their control. A two-volume report jointly prepared by USDA and EPA
gives comprehensive information on control options (11,6). This manual
describes controls available for erosion, runoff, nutrients, and pesticides.
A methodology for selection of control practices, complete with flow charts
and a detailed interpretive review of existing literature is given. These
volumes have been designed for use in development of NPSP control planms,
and represent the state-of-the-art for agricultural sources. This topic
is further discussed in a later section of this chapter under "Management

Practices."
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Silviculture

For the purposes of this paper silviculture may be defined as the

theory and practice of controlling forest establishment, composition, and
growth (13). The major types of pollutants from forestlands are sediment,
organic matter, applied forest chemicals (pesticides, fertilizers, fire
retardants) and plant nutrients. Thermal effects on streams from solar
radiation associated with the reduction of shade from streamside vegeta-
tion are in some cases detrimental.

The harvesting methods recognized by the forestry profession in
the United States are the clearcut, seed tree, shelterwood, and selection
systems (14). All of these methods are practiced to some degree in Ckla-
homa; however, for large commercial operations the two most wide spread
methods are the seed tree method, and to a larger extent, clearcutting (14).

Fires can remove protective ground cover and promote erosion.
Three major erosion processes which are of concern in forestlands are sur-
face erosion, mass soil movement and channel erosion. This subject has been
reviewed in detail by Brown (15). Road construction, logging, fire, and
grazing are four factors which affect surface erosion. Soil which is unpro-
tected by vegetation or litter can be detached by the impact of raindrops.
The detaching ability of rainfall depends on rain drop size and velocity,
and on rainfall intensity. Mechanical compacting of surface soil by machines
or animals may reduce infiltration and produce surface runoff. When com—
bined with vegetation removal, mechanical compaction may result in extremely
high erosion rates on certain soils and slopes for a short period of time.

In addition to sediment being a NPSP problem in silviculture, other

problems exist including:

(1) Nutrient elements: Phosphorus, nitrogen, and other mineral
elements which occur naturally in growing or decaying vegetation,
and to some extent in soils (phosphorus, for example, attaches
readily to clay particles). Other sources include fertilizers
(usually nitrogen only), fire retardants and waste from animals.

(2) Pesticides: Here application techniques are most important.
Tree by tree ground application is probably the most effective

in the control of pests but not the most economical for larger
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areas. Aerial application is an often practiced technique but
is more apt to contaminate streams directly or as the result
of drift.
(3) Thermal pollution: This is the result of the removal of shade

cover which exposes waterways and the ground to direct sunlight.

Methods to control these pollution problems which result from silvi-
cultural activities are presented in EPA's publication "Processes, Proce-
dures, and Methods to Control Pollution Resulting from Silvicultural
Activities" (13).

Mining

The effects of mining include pollution of water supplies with mine
drainage and sediment. Pollution from mining operations arises because the
hydrology of surface and subsurface waters is altered when the earth's
crust is disturbed to gain access to mineral vaiues held within the crust.
The quality of these waters very often deteriorates, and the quantity is
often redistributed as a result of mining operations. The degree to which
the environment is altered depends upon the size and depth of the disturb-
ance, the method of the disturbance, and the nature of the disturbed mater-
ials.

One serious pollutant arising from mining activities is the
mine drainage generated by oxidation of pyritic materials with air in the
presence of water; this drainage 1s an acidic mixture of iron salts, other
salts and sulfuric acid. The acid can react with clays to yield aluminum
concentrations sufficient for fish kills, and with limestone to yield very
hard waters. The acid can also selectively extract heavy metals present
in trace quantities in mineral and soil formations resulting in toxic
conditions in lakes and streams (16).

Mining refuse (waste materials left near the mining site after raw
minerals have been cleaned or concentrated) contains pyritic material which
can be oxidized to acidic substances. Mining operations also generate wastes,
commonly called spoil, in the form of disturbed rock and soil. If this spoil
is left in piles, erosion and runoff will carry sediment into streams.

Mining activities can have a pronounced effect on groundwater
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supplies. Aquifers containing good water can become contaminated because
some mining may disturb bedrock formations which permits mixing of contam-
inated water with good water. Any opening in the earth which causes pyritic
materials to be exposed to air and moisture is a potential source of acid
mine drainage. Pyritic waste materials in "gob" piles, spoil banks, or
tailings ponds will react with air and water to produce acid mine drainage.

Acid mine drainage from pyrite oxidation is generally shown as
occurring in three steps: (1) oxidation of pyrite to ferrous sulfate and
sulfuric acid, (2) oxidation of ferrous sulfate to ferric sulfate, and (3)
hydrolysis of ferric sulfate. The oxidation of pyrite to ferrous sulfate
and sulfuric acid, step 1, is rapid if the pyrite is exposed to moist air
(16). Moisture condensation, flooding, and natural drainage processes flush
the ferrous sulfate-acid mixtures into watercourses where dissolved oxygen
in the water will slowly oxidize the ferrous iron to ferric iron, step 2.
This oxidation may be catalyzed by other metals (manganese, copper, or
aluminum) or by bacteria (Ferrobacillus ferroxidans). In the final step,

as the ferric sulfate is diluted by a receiving stream it will be hydrolyzed
to form colloidal ferric hydroxide and sulfuric acid, step 3.

Surface mining of coal and other sedimentary minerals, e.g., phos-
phate and iron ore, create large areas of disturbed land. This disturbed
land is highly erodible and can contribute large quantities of sediment
to surface waters if the land is not properly reclaimed after mining or
if proper techniques for sediment control are not employed in the mining
operation.

Mining operations often involve processes which disrupt the flow
of groundwater. Blasting operations can fracture local rock strata. These
fissures in the bed rock provide entries for mine drainage or saline water
to aquifers containing good groundwater. The sinking mine shafts or the
digging of deep open pit mines can create depressions which are lower than
normal groundwater levels. In this event, groundwater will drain into the
depressions.

Leachate, the discharge of polluted water arising from water per-
colation in waste rock piles, is another serious source of pollution. It
occurs in coal mining regions where coal, refuse, gob piles, and mine spoil

are exposed to weathering.
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Drilling for oil and gas can be considered a form of mining
The abandoned oil and gas wells are often contributors of salinity to
water supplies. The discharges often arise from inadequate sealing, or from
seal deterioration over the years (17).

Land reclaimed from mining operations remains a potential source
of pollution even though the reclaimed land may be used for other activities
such as agriculture, silviculture, or recreation. Materials potentially
capable of creating pollution are still present in the area, and indiscrim-
inate use of the reclaimed land may undo the reclamation operation. It has
been noted in some cases that the premature plowing of reclaimed land has
exposed buried toxic material. This exposure resulted in plant toxicity
together with renewed acid and sediment production (16). Thus, time is
required to reestablish an equilibrium in the environment.

The reclamation of land usually requires extensive use of fertili-
zers to create soil conditions to establish vegetation. This acts to min-
imize sediment transport. Thus some pollution from reclaimed lands will be

similar to agricultural operations.

Construction

Construction operations can generate many types of water pollutants.
The amount and type of pollutants generated during construction depends upon
the type and time duration of construction practices, location and size of
the construction site, rainfall distribution and frequency, pest control
measures, resistance of soil or land surface to erosion by water and wind,
chemical properties and geology of subsurface soils, the number of people
and machines linked with each construction site, and the location of
construction activities (18, 19).

Clearing and pest control are operations which may appear initially
on any construction site, singly or in combination. Their extent will be
greatest in the construction of transportation and energy networks,
particularly superhighways, electric transmission lines, and pipelines for
0il and natural gas. Vegetation such as trees, shrubs, or tall grasses
that constitute a hindrance to the development of the site will be cleared
from the right-of-way or the construction site. 1In some instances, the
surface soil may be stripped and stockpiled for use during site restoration.

Unwanted buildings or other man-made structures may be demolished or moved
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to new locationms.

Rough grading is characteristic of most construction activities.
Heavy construction equipment used in this practice (bulldozers and trucks)
becomes both a direct and indirect source of water pollutants. Diesel fuel,
0il, and lubricants from vehicles used in construction are direct sources,
while the equipment itself is an indirect source, in that it causes severe
compaction of clayey soils, thereby curtailing the rate of water infiltration
and lowering the rate of soil aeration.

Grading results in the exposure of extensive subsoil areas which
characteristically possess soll aggregates that are more easily dispersed
by the impact of raindrops and wind than of unexposed soils. Sediment par-
ticles (fine sand, silt, clay, and organic particles) caused by the erosion
of soil exposed during grading is one of the most serious water pollutants.
For example, up to 706 hectares of soil per kilometer of superhighway (30
acres per mile) may be exposed during construction (20). Under heavy
rainfall and the lack of proper erosion control measures up to 1,696 metric
tons of sediment per kilometer (3,000 tons per mile) can be produced (20).
Much of this sediment (fine sand and silt) can be deposited on adjacent
properties, in the smaller water bodies, and ultimately in major water
bodies. Sediment deposited on the bottom of streams, lakes, and reservoirs
threatens the survival of bottom dwelling aquatic species (21, 22). Clay
particles of colloidal dimension that remain in suspension, creating water
turbidity for long periods of time,can decrease the amount of light in the
water column of lakes, and as result, decrease the rate of photosynthesis
and the productivity of aquatic species located therein. The turbidity
of lakes and reservoirs can increase the absorption of heat, thereby
increasing the surface water temperature relative to clear water (21).

The warmer surface water is less dense than the cold bottom water and re-
mains confined to the surface strata. If a reservoir discharges only from
the surface, this warmer water may have far reaching effects on stream
ecology below the damsite (21). Finally, pesticides and other chemicals
adsorbed on sediment may be transported to lakes and streams in runoff
water where they accumulate in bottom deposits. These chemicals can be
released slowly to overlying lake waters and thereby become concentrated at

successive levels of the food chain (21). Sediments may serve to transport
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nutrients, primarily calcium, magnesium, and trace elements such as iron
and manganese (23). Trace metals such as copper, cobalt, and chromium
are transported in rivers largely by fixation within sediment crystalline
structures (23).

Quantification methods for pollution from construction activities
are available only for soil erosion and suspended sediment yield. In a
U.S.G.S. study of the Scott Run Basin near Washington, D.C., 857% of the
sediment transported into the basin came from highway construction which
covered only 11% of the 11.6 km2 (4.5 milesz) basin (31). Under conditions
of normal precipitation, sediment yield in the construction area would be
about 16,800 metric tons/km2 (48,000 tons/milez) annually. This amount
is about ten times that normally expected from cultivated land, 200 times
that expected from grassland, and 2,000 times that expected from forestland
24).

Construction usually exposes soil to rainfall on slopes steeper than
those found in agricultural applications which result in greater quantities
of runoff at higher velocities. 1In the case of highway comstruction, for
example, significant increases in suspended sediment yield may occur in
adjacent streams. Younkin(25) developed an equation to compute suspended
sediment load of a stream during periods of rainfall induced erosion. The
prediction equation based on a graphical multiple regression analysis of
86 sets of data from the White Deer Creek Valley drainage basin in

Pennsylvania is:

0.00928 "7 (1og A + 0.392)%°%(3.32)P

QS in metric tons

PO L] 72
(2.1
Q, in toms = 0.034R "> (log 4)°*°3.0)°
0.72
P
Where: QS = the suspended sediment yield at a stream station in metric
tons.
A = the area of the exposed surface affected by the rainfall in
hectares (acres).
R = a rainfall factor in the Universal Soil Loss Equation in

hectare/year (tons/acre/year).
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P = a dimensionless proximity factor
D = the average depth, in meters (yards).

Information required for quantification of soil erosion and sedi-
ment production from construct.on sites include the location and area of
construction, soil and geologic ground cover condition, as well as suspended
sediment level of the surface water.

Streams contribute substantially to the sediment load through channel
degradation and bank erosion, and these factors must be taken into consid-
eration in interpreting sediment concentration data as well as in calculat-
ing sediment yields from construction sites. Several factors contribute
to channel degradations and stream bank erosion: the slope of the stream
bed, the characteristics of soil and rock formations, restrictions in the
channel, the magnitude of slug flow during rainfall or snowmelt, and veg-

etative cover on stream banks.

,Salt Water Intrusion of Surface Water

Effects of changing land use and soil and water conservation
practices on the quantity and quality of downstream flow are being evaluated
in Western Oklahoma. In the Washita River Basin in Oklahoma, for example,
conservation practices and land uses have enhanced water loss and
concentrated salts by evaporation and evapotranspiration or dissolution by
causing more water to infiltrate soils and saline geologic deposits.

These processes increase stream salinity (26),

Floodwater retarding structures and ponds potentially affect the
salinity of downstream waters in two ways. First, water loss by evapora-
tion increases the salinity of water remaining in an impoundment. Second,
impounded waters provide greater opportunity for dissolving salts in the
saline geologic deposits that comprise much of the surface geology in
Western Oklahoma. However, as Mr. Roland Willis, State Conservationist
with the Soil Conservation Service pointed out in personal correspondence

with the author (27):

"It should be noted that while evaporation and evapotranspiration
tend to produce minor increases in stream salinity, floodwater
retarding structures have two very positive influences on reducing
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stream salinity. First, floodwater retarding structures are located
in areas where they can control the sediment with their attached
pollutants, and in some cases, precipitate a portion of the soluble
salts (particularly gypsum) from high natural salt producing areas.
Part of the rise in reservoir salinity is offset by the fact that
the surface area of the reservoir gets a 1007 contribution from
rainfall which is essentially mineral free. The second major im-
pact of floodwater retarding structures in reducing stream salinity
is in the reduction of overbank flows where salts and other forms

of stream pollution are contacted."

Continued study is needed to determine the major qualitative and
quantitative changes in stream salinity. Whether the salinity increase in
impounded or drainage waters from acontrolled watershed is economically
significant depends on the present or proposed use of this water. The
resultant salinity increase will have little effect on usage if the intended
use tolerances are-great, or if the salinity indigenous to the uncontrolled
stream already exceeds tolerances for any high value use. One way to deter-
mine the qualitative and quantitative relationships is through modeling.
Because the dominant factors influencing the normal salinity are geologic
and climatic, the model must incorporate both. The geology controls the
potential maximum salinity generally corresponding to the observed salinity
of low base flows. The geology also controls the specific salts, which may
have to be considered with the total salinity. For instance, sodium and
chloride are more destructive to soil structure and plants when applied in
irrigation water and more corrosive to metals than are many of the other
major salinity constituents. Also, carbonate rich water associated with high
sodium or potassium concentrations produces high pgs thus greatly decreas-
ing the value of the water for most uses.

Figure 2-3 illustrates low-flow stream salinity limitations for
potential impoundment of streams in the Great Plains (26). Because of the
poor resolution created by use of a map of this scale and imposed by the
broad definition of these salinity classes, the map boundaries should be
interpreted generally. The mapping units reflect geology modified by cli-
mate, but does not include the effect of climatic components, i.e.,
evaporation and runoff.

A model incorporating the effect of both characteristics has been

successfully tested on several streams (26). It establishes the normal
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stream salinity on a monthly basis by use of base flow, surface runoff, and

base flow salinity as follows:

Ins=1InK- In Q - Qs/Qb (2.2)
Where: s = the monthly salinity expressed in micromhos.
= a coefficient that can be interpreted as a maximum concentration.
Qs& Qb = mean daily surface and base flow in cfs averaged for each month.

An equation of this form is of value because it requires that the
base salinity be established and include surface runoff and base flow
characteristics. The rate of salinization can be excessive when moderately
saline watersheds are characterized by: (1) low water or surface runoff
yields, (2) high evaporation rates, and (3) high seepage rates associated
with saline geologic deposits.

Under high evaporation rates, the effect of impoundment, and par-
ticularly impoundment design, can be critical (28). Obviously, designs
that emphasize large reservoir surface areas associated with small volumes
enhance this loss. The design should maximize the volume in relation to the
surface area of the reservoir. The management option of drawing down the
stored waters during periods of maximum evaporative loss may be a useful
tool in managing larger reservoirs.

In addition to evaporation losses, evapotranspiration losses from
phreatophytes located adjacent to the reservoir or below the dam can be
considerable and have been observed to be equivalent to 4 to 7 feet of water
during one year (29), In areas where phreatophytes are a problem, control
of plants by chemical and/or cultural means or by altering the reservoir

level should be considered.

Other Sources
a) Livestock Feedlots
In the case of livestock feedlots EPA declared these operations

(within certain guidelines set forth in the federal register for Thursday,
March 18, 1976 on "Concentrated Animal Feeding Operations") (30) to be con-

sidered as point sources of pollution and are licensed under the National
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Pollutant Discharge Elimination System (NPDES) as such.
b) Urban Stormwater

During the past two decades many researchers have shown that storm-
water can contain a considerable pollutant loading (31, 32, 33). Representa-
tive values for several quality parameters are shown in Table 2-1. It is
apparent that the concentration of pollutants in storm sewers usually exceeds
the levels found in the effluent from municipal sewage treatment plants (30).
The problem of pollution from urban runoff is compounded by the large,
irregular quantities of runoff. The amount of domestic sewage from an acre
of residential land will be about 1,000 gpd (gallons per day), but one inch
of rain falling on the same acre can easily cause 7,000 gallons of runoff.
If all rainfall events for the year are figured, this can amount to more
than one hundred times the volume of the domestic sewage during the same
period. The runoff pollutional loading (flow times concentration) can
likewise exceed that of the municipal effluent by a factor of one hundred
or more during the period of runoff (31).

Precipitation on urban areas entrains a variety of poilutants
before it is finally discharged from the storm sewer system. Air pollutants
are washed from the atmosphere. Dust, dirt, and litter are carried from
roofs, sidewalks, parking lots, streets, and other impervious surfaces.
Chemical pesticides, herbicides, fertilizers, and de-icers are picked up
from streets and lawns. Soil is eroded from barren land and construction
sites. The impact of stormwater runoff depends on the nature of the receiv-
ing water and the relative magnitude of urban runoff when compared with
point sources and nonurban runoff. However, the pollution potential is
present and urban runoff cannot be ignored when considering water quality.

The understanding of the potential sources of stormwater rumoff
contaminants is important when considering which basins are potential prob-
lem areas and when evaluating source controls. Source controls are methods
used to keep pollutants from entering the stormwater system.

The quantities of pollutants that accumulate are a function of the
natural physical conditions and development by man. It is very difficult
to project the intensity of poliutant loadings from urban sources since
they can seldom be isolated for individual study, thus, none of the many

studies of stormwater runoff (over the past two decades) have reliably re-
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TABLE 2-1
COMPARISON OF QUALITY OF STORM
SEWER DISCHARGES (29)

Total Total
BOD coD Nitrogen Phosphorus  SS
Type of Wastewater, mg/l mg/l mg/l as N mg/l as P mg/1
Location and Year Avg. Avg. Avg. Avg. Avg.
Typical untreated mumicipal 200 500 40 10 200
Typical treated municipal
Primary effluent 135 330 35 7.5 80
Secondary effluent 25 55 30 5.0 15
Storm sewer discharges
Ann Arbor, Mich. (1965) 28 n/a 3.6 1.7 2080
Castro Valley, Calif. (1971) 14 n/a 1.9 n/a n/a
Des Moines, Iowa {1969) 36 n/a 2.2 0.87 505
Durham, N.C. (1968) 31 224 n/a 0.18 n/a
Los Angeles, Calif. (1967) 9.4 n/a n/a n/a 1013
Madison, Wis. (1970) n/a n/a 4.8 1.1 81
New Orleans, La. (1967) 12 n/a n/a n/a 26
Roanoke, Va. (1969) 7 n/a n/a n/a 30
Sacramento, Calif. (1968) 106 58 n/a n/a 71
Tulsa, Okla. (1968) 11 85 0.3-1.5 -0.2-1.2 247
Washington, D.C. (1969) 19 335 2.1 0.4 1697

n/a Information Not Available
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lated stormwater characteristics to these sources in a quantitative manner.
In the development of basin scale pollutant loading factors one must consid-
er the loading in terms of general land use categories such as residential,
commercial, industrial, and open land. The reason these general categories
are acceptable is because they are related to specific sources. For example,
there is less fallout in residential, commercial areas than in industrial
areas; and commercial, industrial areas have more traffic than residential
neighborhoods.

c) Hazardous and Solid Waste Disposal

The Oklahoma 208 program has evaluated the pollution potential from
sanitary land fills and solid waste disposal needs. The average solid waste
collected is 5.3 1bs. solid waste per person per day (33). The most
commonly used method of disposal of this waste is the sanitary landfill
where waste is covered at least at the end of each day by a layer of earth.
This method can still be a potential source of bacteriological and chemical
pollutants to ground waters by diffusion and convection of gases produced
during decomposition. The leachate produced moves through the soil to the
ground water and the contaminants eventually reach surface waters which may
be used as water supplies.

Pollution from sanitary land fills can be minimized by correct
planning and site selection (34). Sanitary land fills should be located at
a safe distance from potable water supplies and areas where conditions allow
the leachate from the land £ill to come jinto contact with other water sources.
Uses of proper drainage to carry surface waters away from the site is also
necegsary. The Solid Waste Management Division of the State Health Depart-
ment provides a permitting system for sanitary land fill operatioms.

As stated in the Oklahoma Solid Waste Management act of 1970 no
hazardous waste is deposited in a solid waste disposal site which is
permitted by the State Health Department unless the site is approved by
the State Health Department for disposal of hazardous waste (33).

Management Practices
The preceding sections have dealt with the effects land use can
have on water quality. "Best Management Practices' are measures which are

designed to reduce these effects. The term "best management practice"
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refers to a practice, or combination of practices, that is determined by
a state ( or designated areawide planning agency) after problem assessment,
examination of alternative practices, and appropriate public participation
to be the most effective, practicable (including technological, economic,
and institutional considerations) means of preventing or reducing the
amount of pollution generated by nonpoint sources to a level compatible
with water quality goals (35). A best management practice may consist

of agronomic practices or structural measures and more frequently, a
combination of each. Agronomic practices are conservation measures

which improve crop residue management, cropping sequences, seeding
methods, soil treatments, tillage methods, and timing of field operationms.
Structural practices include contour farming, terraces, diversionms,
waterways and other control structures. When the land properties such

as excessive slope length or slope gradient, very erodible soil, poor
drainage, etc. are present, agronomic practices alone are not adequate

in controlling nonpoint pollution and other supportive practices such

as the structural practices mentioned may be required. A good treatise

on the selection of best management practices may be found in an EPA

joint publication with the National Association of Conservation Districts
entitled "Conservation Districts and 208 Water Quality Management' (35).

In November 1975, a. joint publication from the USDA Agricultural
Research Service and EPA Office of Research and Development was made
available to the states to serve as a guideline for the development
of land management strategies which would control pollution resulting
from agricultural activities (11). Section four of Volume I deals
specifically with pollution control practices and their applicability
to different types of nonpoint pollution resulting from agricultural
land use. Management practices have likewise been written for different
construction, mining and silvicultural activities.

It should be recognized that an important interrelationship exists
between these practices. For example, the introduction of an erosion
control practice, such as minimal tillage to control sediment loss,
may also reduce the amount of runoff as a result of the increase in
ground cover and greater absorption capacity of the soil. Nutrient

and pesticide loss may also be reduced due to the fact that most



28

nutrient forms and many pesticides adhere to the sediment (11). The
loss of soluble forms of nutrients and pesticides may also be reduced
as a result of the decreased amount of surface runoff. These might
represent some of the positive aspects of the application of a pollution
control measure directed toward the control of sediment. Some of the
negative aspects which may result from the above sediment control
practice might be the increased need for more nutrients or the ap-
plication of larger amounts of pesticides to control weeds which may
cecur with minimal tillage. Also, reduced amounts of runoff may
result in the leaching of soluble nutrients and pesticides resulting
in ground water pollution. Other important factors should be consider-
ed. For example, will the pollution control practice affect the
farmer's crop yield? Does the fa}mer have the appropriate implements
to accomodate the changes resulting from implementation of the control
practices? These are questions which must be answered during the
public participation phase of 208.

Information concerning the effectiveness of best management practices
are limited since the effectiveness of any type of practice depends
on its specific form and on the cropping system and general management
level with which it is used.

In the future, the OCC may have the responsibility for seeing
that agricultural, silvicultural, mining and construction management
practices are implemented, while the OSDH implements practices to
control NPSP problems from urban stormwater runoff. However, present
state legislation does not provide the necessary authority for either

agency to properly regulate these activities.



CHAPTER III

MODELS AVAILABLE IN NONPOINT SOURCE LOAD ESTIMATION

The hydrologic cycle provides the pathways and energy to transport
pollutants to surface or groundwater. Pollutants will be transported with
the sediment carried by overland fiow or dissolved in both overland and
sub-surface flow. The physical-chemical .processes that determine the
relative distribution of pollutants between particulate and dissolved forms
are poorly understood and even more difficult to describe mathematically to
the point where the theory can be incorporated into NPSP loading models. A
recognition of the partitioning phenomenon must be made, however, in both
interpreting measured data and predicting loads via models. Models
have been designed that assume all pollutants are attached to (or behave as)
sediment while others attempt to partition pollutants between the two

transporting media (7).
This chapter describes these two major model components, and then

reviews input requirements, output, and accuracy of some of the NPSP models
presently available. A discussion of ongoing research in this field is

included in the final section.

Techniques for the Estimation of Runoff Volume
Because runoff is the transport mechanism for most nonpoint pollutants,

the estimation of volumes of runoff becomes important. Many formulas have
been developed specifically for this purpose (4,10.36,37,38). However,
only those models which deal with the "Water Budget" by considering the

29
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effects of such input variables as soil moisture, conservation practices,
soil-type, land use and ground cover in addition to the common variables
such as meterological and topographical factors, are reviewed.

The "Williams Water Yield Model" developed by the Agricultural Research
Service (ARS) (36). is designed to produce a "curve number"l based on
conservation practices, soil type, land use, ground cover, and slope. Then
along with precipitation, evaporation rates, and antecedent soil moisture
conditions, an estimated value for water yield is obtained.

This model uses a one day time interval, has easily measurable
inputs, and only outputs runoff volume. The model is calibrated on a
gaged watershed and can be used to predict water yield on nearby ungaged
watersheds. Input requirements are: (1) an estimate of the SCS runoff
curve number for the watershed;1 (2) measured monthly runoff; (3) daily
rainfall; and (4) average monthly lake evaporation. The model computes
a soil moisture index depletion parameter that forces agreement between
measured and predicted average annual runoff. Other optimization schemes,
like optimizing on monthly or annual runoff, do not consistently predict
the proper average annual runoff and thus, do not provide a good estimate
of average curve number. When used on nearby ungaged watersheds, the SCS
curve number is adjusted for the ungaged watershed in proportion to the
ratio of the estimated curve number to the average predicted curve number
for the calibrated watershed.

Test results on about 50 Texas watersheds with areas ranging from
.2 to 860 square miles show that the model simulates runoff fairly
accurately (36).

The "Sacramento Model," was developed by Robert J.C. Burnash of
the United States Department of Commerce, National Oceanic and Atmospheric
Administration (NOAA) as a generalized streamflow simulation system (39),
This model is much more complicated than the Williams model due to its

1. Curve Numbers (CN)} are determined based on effect of soil conditions,

vegetative cover (land use) and whether or not comservation practices are
utilized, to represent a relationship between rainfall and runoff. (A
CN of 100 represents an impervious surface where all rainfall runs off).

Also see page 34.
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increased comprehensiveness in describing the "Water Budget" of the stream
or river system. Figure 3-1 illustrates the components of a generalized
hydrologic model (39). Of primary importance here is that portion of the
model labeled "Upper Zone" since this is where surface runoff occurs.
However, its interrelationship with the "Lower Zone" must also be considered.

In the Sacramento Model, rainfall occurring over the basin is
considered as falling on two basic areas, 1) a permeable portion of the
soil mantle, and 2) a portion of the soil mantle covered by streams, lake
surfaces, marshes, or other impervious material directly linked to the
streamflow network. The permeable area produces runoff when rainfall
rates are sufficiently heavy, while the second area produces direct
runoff from any rain.

In the permeable portion of the basin, the model presents an
initial soil-moisture storage identified as Upper Zone Tension which
must be totally filled before moisture becomes available to enter other
storages. Tension water is considered as that water which is closely
bound to soil particles. Upper Zone Tension represents that volume of
precipitation which would be required under dry conditions to meet all
interception requirements and to provide sufficient moisture to the upper
soil mantle so that percolation to deeper zones and sometimes horizontal
drainage can begin. When the Upper Zone Tension volume has been filled,
excess moisture above the Upper Zone Tension Water capacity is temporarily
accumulated in Upper Zone Free Water. Free Water is that water which is
not bound to soil particles. It is free to descend to deeper portions
of the soil mantle or to move laterally through the soil in response
to gravitational and pressure forces. The upper zone free water storage
supplies water for percolation to lower zones and for interflow. Upper
Zone Free Water is that volume of moisture in the upper level soil from
which lateral drainge, appearing as streamflow, is observable. This
lateral drainage is identified as interflow. Upper Zone Free Water not
only has the horizontal potential to generate interflow, but more sig-
nificantly, has a vertical potential. The demands imposed upon the Upper
Zone Free Water vary with the amount of water available in the upper
zone. Interflow is proportional to the available free water volume after

percolation.
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The rate of vertical drainage, the percolation to deep-
er soils, is controlled by the contents of the Upper Zone Free
Water and the deficiency of lower zone moisture wolumes. The
preferred path for moisture in Upper Zone Free Water is consider-
ed to be downward as percolation. Horizontal flow in the form
of interflow occurs only when the rate of precipitation exceeds
the rate at which downward motion can occur from the Upper Zone
Free Water. When the precipitation rate exceeds the percolation
rate and the maximum interflow drainage capacity, then the Upper
Zone Free Water capacity is filled completely and the excess
precipitation will result in surface runoff. Under this system,
surface runoff is a highly rate-dependant volume with the rate
of runoff being determined by the rate of precipitation appli-
cation (intensity) and the degree of dryness of the different
zones.

Lower Zone Tension Water capacity is that depth of water
held by the lower zone soil after wetting and drainage which
is generally available for evapotranspiration. The lower zone
free water storage represents the volume which is available
for drainage as baseflow or subsurface outflow not appearing
in the channel.

So, in the Sacramento Model, the runoff characteristics
of the watershed are considered to be essentially a function
of the soil moisture condition and the rate of precipitation.
The model expresses the basin as a set of storages of determinable
capacities which hold water temporarily and which gradually
recede as their contents are diminished by vertical percolation,
evapotranspiration and/or lateral drainage.

The last model for estimating runoff volume is known
as the Soil Conservation Service (SCS) "Runoff Curve Number
Technique" (6). This model makes use of available soil and
land use information which makes it possible to identify soils

which have high runoff potentials. Since accurate soil and
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geological maps are now available for the state, areas which contain
given soil types and land uses may be identified and the runoff po-
tential calculated through the use of the Soil Conservation Service
Curve Number Model (40). Figure 3-2 and Table 3-1 illustrate the
use of this information for the six areas of the state where NPSP mon-

itoring sites are located. The SCS runoff equation is:

2
= (P-Ia) (3 3)
(P-Ia) + S
Where: Q = accumulated volume of runoff inches depth over the

drainage area.

P = accumulated rainfall in inches depth over the drainage
area.

Ia = initial abstraction including surface storage, interception
by vegetation, and infiltration prior to runoff in
inches depth over the drainage area.

S = potential maximum retention of water by soil in equiv-

alent inches depth over the drainage area.

Since the potential maximum water retention can range from
zero on a smooth impervious service to infinity in a deep gravel,
the ""S-values' were converted to runoff curve numbers, CN's, for

greater convenience by the following transformation:

oy = 1000 . o _ 1000 _

10 + s CN

10 (3.4)

This narrows the range of CN's between 100, when a smooth impervious
surface is present, such as a road or highway when S would equal
zero, to near zero as Ia approaches infinity for deep sandy soils.

One limitation of the SCS curve number technique is the procedure
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TABLE 3-1
MAJOR SOIL COMPLEX AREAS FOR OKLAHOMA (40)

1

SOIL COMPLEX MEDIAN SLOPE LAND USE CURVE NUMBER SOILS
NUMBER A B C INDEX ''s"
2 5.5 35 65 0 73.2 3.66
2c 3.0 60 40 0 69.9 4.31
9A 5.0 10 60 30 77.5 2.90
9B 6.0 10 30 60 75.7 3.21
108 2.0 10 60 30 80.1 2.48
11 10.0 10 25 65 63.7 5.70

1A, B and C identifies the Land Use as "A" percent cropland; "B" percent

pasture, range and miscellaneous; and "C" percent forest

9t
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for antecedent moisture estimations. The antecedent moisture condition

(AMC) is grouped into three broad classes wet, dry or average when in reality
many intermediate values exist. The William's model utilizes the SCS curve
number technique but accounts more accurately for the antecedent moisture
condition. This model is therefore more desirable for detailed runoff

estimation on the watershed level (36).

Techniques for the Estimation of Soil Erosion

Most nonpoint source models estimate pollutant loads by relating
pollutants to sediment. The problem is thus reduced to calculating erosion
and sedimentation. The Universal Soil Loss Equation (USLE) is an entrenched
analytical tool used for the purpose of soil conservation planning. Because
of its wide-spread use and successful testing over the years, many NPSP loading
models have been built around it. Both desk-top analyses like the MRI loading
functions and computer simulation models like STORM, AGRUN, and ACTMO, make
use of the equation in one way or another (these models are described in the
next section). Future development of NPSP loading models will likely
continue inclusion of USLE variations. For these reasons, a discussion of
the basic equation, its limitations, extensions, and associated data bases
are included. The descriptions are somewhat abbreviated to avoid needless
repetition of excellent references on the subject (6, 11, 41, 42).

The equation is:
A = RKLSCP (3.5)

Where: A = average annual soil loss in tons/acre
R = rainfall and runoff erosivity index
K = soil erodability factor
LS = dimensionless topographic factor representing the combined
effects of slope length and steepness
C = the cover and management factor
P = factor for supporting practices
Note that Equation (3.5) includes factors for precipitation (and
to a lesser extent, runoff), soil type. topography, vegetative cover. and

structural controls. Although the form of Equation (3.5) is often argued
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most of the erosion processes are included. The influence of runoff on
erosion is only partially implicit in R because of the way in which the data
were correlated. That is, R is calculated directly from rainfall but
field data against which R was correlated included the lumped effects of
rainfall and runoff. A major weakmess still prevails if the size of the
area expands beyond a field of a few acres. The influence of runoff in chan-
nels on erosion and deposition is not included. When the equation is used
for calculating annual average loads at a given location R, K, and LS are
fixed, areal properties and yearly variations in sediment loads result
solely from changes in management or structural controls.

Perhaps the most attractive feature of the USLE, in addition to its
ease of use, is the data base available to aid the user in estimating the
equation factors. The U.S. Department of Agriculture's Soil Conservation
Service uses the equation on a nation -wide basis and considerable effort has
been devoted to determination of factors for a wide array of geographical
locations, soil types, cropping systems, topographical configurations, and
tillage operations. Detailed guidance on selection of the most appropriate
numerical values for each factor is included in several of the references
given in the list of references for this paper (for example: (6, 41,43 )).

The data base for the USLE has been reduced to a series of maps,
nomographs, and tables. These data are reproduced for easy reference. A
more detailed description of each factor is given below to aid in parameter
selection.

R - The rainfall factor is included in Equation (3.5) to represent
the influence of precipitation on erosion. R is numerically defined as the
number of EI units (erosivity index) for the specified time period. EI is
calculated as the product of two rainstorm parameters: kinetic energy of the
storm in hundreds of foot-tons per acre times its maximum 30 minute intensity
in inches per hours. Data from weather stations having 22 years or longer of
recording raingage records were analyzed to determine the long-term, annual
average R values for various locations (42). Results for Oklahoma are
shown in Figure 3-3. The R value can be estimated by analysis of local
rainfall data. For local data, the kinetic energy can be estimated by the

following equation (42):
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E = 916 + 331 log X (3.6)
Where: E = kinetic energy, foot-tons/acre
X = rainfall intensity, inches/hour

The product EI is then determined by multiplication of E by the maximum 30
minute rainfall intensity observed for each storm from which X was
abstracted.

K - The soil erodability factor reflects soil properties and is a
measure of the susceptibility to erosion. Numerical estimates for certain
soils were determined by measurements of soil loss per unit of R for a
standard set of conditions established on small plots. A generalized
procedure for factor estimation was then developed as a function of standard,
measurable soil properties. Results are included in Table 3-2 and the
nomograph of Figure 3-4. State and local offices of the Soil Conservation
Service also have K values tabulated for specific soils.

LS - The steepness and length of slope for a given area impact on
erosion rates. The LS factor represents the combined effect of these
two variables and numerical estimates have been determined by analysis
of experimental data (41) . Results are shown by the solid lines in
Figure 3-5. Two important features of these data should be noted. First,
the data were taken from studies involving slopes with a specific range of
steepness and length.

Second, the factors apply to uniform slopes only. Although procedures
to correct for the effects of nonuniform slopes have been developed (42), the
impact of slope concavity or convexity is not reflected here. The dashed
lines of Figure 3-5 represent the extrapolation of the relationship beyond
the data base. Validity of this extension is currently unknown.

C - Crop cover and management factors act to mitigate erosion rates.
While annual average C value is often used in the USLE, estimated values
reflecting crop growth stages can also be used. Values range from 0.001 for
undisturbed forests to 1.0 for tilled continuous fallow (open, continuously
plowed areas). Tables 3-3 and 3-4 summarize appropriate C values for agri-
cultural and silvicultural systems. In cases where the USLE is applied to

other land use activities, the C value is approximated by a comparison of
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TABLE 3-2
INDICATIONS OF THE: GENERAL MAGNTTUDE OF THE
SOIL-ERODIBILLETY FACTOR, K (42)

Suil Lrodibility Factor, K
Organic Matter Content

Texture Class 0.05% 2% 4%
Sand 0.05 0.03 0.02
Fine sand 0.16 0.14 0.10
Very fine sand 0.42 0.36 0.28
Loamy sand 0.12 0.10 0.08
Loamy fine sand 0.24 0.20 0.16
Loamy very fine sand 0.44 0.38 0.30
Sandy loam 0.27 0.24 0.19
Fine sandy loam 0.35 0.30 0.24
Very fine sandy loam 0.47 0.41 0.33
Loam : 0.38 0.34 0.29
Silt loam 0.48 0.42 0.33
Silt 0.60 0.52 0.42
Sandy clay loam 0.27 0.25 0.21
Clay loanm 0.28 0.25 0.21
Silty clay loam 0.37 0.32 0.26
Sandy clay 0.14 0.13 0.12
Silty clay 0.25 0.23 0.19
Clay 0.13-0.29

The values shown are estimated averages of broad
ranges of specific-soil values. When a texture is
near the borderline of two texture classes, the
average of the two K values is used. For specific
so0ils, Soil Conservation Service K-value tables
will provide much greater accuracy.
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TABLE 3-3

C FACTORS FOR PASTURE, RANGELAND, AND IDLE LANDl (42)

Type and Height of Percent Percent Ground Cover
Canopy2 Cover3 Type4 0 40 80 95-100
No appreciable canopy G 0.45 0.10 0.013 0.003
W 0.45 0.15 0.043 0.011
Canopy of tall weeds 25 G 0.36 0.09 0.012 0.003
or short brush (0.5 m W 0.36 0.13 0.041 0.011
fall height) 50 G 0.26 0.07 0.012 0.003
W 0.26 0.11 0.039 0.011
75 G 0.17 0.06 0.011 0.003
W 0.17 0.09 0.038 0.011
Appreciable Brush or 25 G 0.40 0.09 0.013 0.003
bushes (2 m fall W 0.04 0.14 0.042 0.011
height) 50 G 0.34 0.085 0.012 0.003
W 0.34 0.13 0.041 0.011
75 G 0.28 0.08 0.012 0.003
W 0.28 0.12 0.040 0.011
Trees but appreci- 25 G 0.42 0.10 0.013 0.003
able low brush (4 m W 0.42 0.14 0.042 0.011
fall height) 50 G 0.39 0.09 0.013 0.003
W 0.39 0.14 0.042 0.011
75 G 0.36 0.09 0.012 0.003
W 0.36 0.13 0.041 0.011
1

All values shown assume: 1) random distribution of mulch or vegetation,
20 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).

G = Cover at surface is grass, grass-like plants, decaying compacted
duff, or litter at least 5 cm (2 in.) deep.
W = Cover at surface is mostly broadleaf herbaceous plants (as weeds)

with little lateral root network near the surface and/or undecayed
residue.
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TABLE 3-4

C FACTORS FOR WOODLAND (42)

Forest
Tree Canopy1 Litter?
Percent. of |Percent of 3
Stand Condition Area Area Undergrowth C Factor
Well stocked 100-75 100-90 Managed4 0.001
Unmanaged4 0.003-0.011
Medium stocked 70-40 85-75 Managed 0.002-0.004
Unmanaged .01-0.04
Poorly stocked 35-20 70-40 Managed 0.003-0.009
Unmanaged5 0.02-0.09

1W'hen tree canopy is less than 20%, the area will be considered as grass-
land or cropland for estimating soil loss.

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

3

surface area not protected by forest litter,

canopy openings.

4Managed
Unmanaged

grazing and fires are controlled.
stands that are overgrazed or subjected to repeated burning.

Undergrowth is defined as shrubs, weeds, grasses, vines, etc., on the

Usually found under

5For unmanaged woodland with litter cover of less than 75%, C values
should be derived by taking 0.7 of the appropriate values in Table 4-19
The factor of 0.7 adjusts for the much higher soil organic matter on
permanent woodland.
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the cover conditions to similar cover conditions for agricultural situations.
For example, construction activities result in bare, exposed, and disturbed
soil surfaces and a C value of 1.0 should be used.

P - Certain other structural or management options related to the
landscape serve to mitigate erosion. Such practices are collectively known
as supporting practices and include contouring, terracing, strip cropping,
etc. The impact of these practices on erosion are estimated through P, with
values ranging from 0.25 to 1.0. Table 3-5 summarizes the various P
values appropriate for each supporting practice.

Statistical analyses of the USLE's predictive capability were
performed in 1965, and a paper by the equation's developer summarized the
results along with important words of caution for users (43).

The accuracy of the equation was determined by comparing its average
annual prediction with measured data from 189 field plots scattered across
the country. The overall measured mean soil loss was 11,3 tons per acre.
The average prediction error was 1.4 tons with 847 of the predictions within
2 tons of the measured losses. Further analyses also showed that larger
errors were associated with measured data collected over shorter periods
than the 22-year cycle chosen for the R data base.

Considerable error can result if the equation factors are estimated
incorrectly for large areas where watershed sediment yield is the objective.
The author states : "Applying the equation to a complex watershed by
using overall averages of slope length and gradient with estimated watershed
average value for factors K and C would be incorrect. To use the equation
correctly, the combination of selected factor values must reflect the manner
in which the parameters are associated in each sub-area...Perhaps the
greatest potential source of prediction error is superficiality in selecting
factor values...If the selected values do not truly represent the conditions
to be evaluated, neither will the computed soil loss."

Gross erosion as predicted by the USLE suffers the same limitation
as pollutant loss data collected at the outlet of plots or small fields -
the load to the stream is significantly less than these values because
other components of the hydrologic system act to attenuate their magnitude,
For sediment, this attenuation is a function of many variables including

soil characteristics, watershed area, slopes, slope length, relief/length



TABLE 3-5

P VALUES FOR EROSION CONTROL PRACTICES ON CROPLANDS (42)

Erosion Control Practice

Cross-Slope Cross-Slope Contour

Range of Up and Farming Contour Farming Strip-
Slope Down Hill Without Strips Farming  With Strips Cropping

2.0-7 1.0 0.75 0.50 0.37 0.25

7.1-12 1.0 0.80 0.60 0.45 0.30

12.1-18 1.0 0.90 0.80 0.60 0.40

18.1-24 1.0 0.95 0.90 0.67 *0.45

LY
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ratio, and drainage density. Erosion from gullies or the stream channel
itself is a contributor to downstream sediment load but is not included in
the USLE predictions,

Correction for the efficiency of a watershed system to yield
eroded sediments to a point downstream is made by application of a sediment
delivery ratio (SDR). The SDR is defined as the ratio of sediment delivered
at a location in the stream system to the gross erosion from the drainage
area above that point.

Ideally, one could structure a model using sediment transport theory
and route both water and sediment through the system. Failing that, most
investigators have chosen to develop empirical relationships (based on data)
for sediment delivery including one or more of the variables listed above.
The results of a recent development for use with NPSP loading functions are
given in Figure 3-6. Drainage density in Figure 3-6 is defined as the ratio
of total channel segment lengths to the basin area. Note also the different
relationship for each soil particle size class. This distinction is made
to accommodate the greater ease with which finer materials are transported.

Application of the SDR to the USLE enables the analyst to estimate
loads to a specific point in the stream. A sediment yield equation is

thus given by:

Y(S)E = A(RKLSCP)Sd (3.9)

Where: Y(S) sediment loading to stream, tons/yr.
E

A = area,ac
RKLSCP = factors of USLE
Sd = sediment delivery ratio

If data are available for the area of interest, S, should be
validated, if possible, by analysis of the data. Usually, reservoir
sedimentation rates are the most commonly available data sources.

The USLE does not estimate erosion from gullies, stream banks, or
head cuts. Delivery ratios based on locally measured data may include the

lumped effects of these sources as well as the sources estimated by the
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USLE. The most appropriate value is given by:

SY

d“SETGUFCH (3.10)

S

Where: SY = sediment yield at point of interest
SH = USLE related erosion
GU = gully erosion
CH = channel erosion

Note that if Sd is determined from measured data that accounts for
only SH in the denominator of Equation 3.10, the resulting ratio will be

too high when applied to new values of SH for prediction of SY.

Sediment-Based Transport

Sediment-based transport models assume pollutant loads are propor-
tional to sediment loads. Loads are calgu;ated by predicting sediment loss
and applying the proportionality relationships for each pollutant. Because
sediment is transported by direct surface runoff, sediment-based models
are more useful in predicting pollutants associated with soil surface
conditions. Dissolved constituents are not necessarily ignored, however,
Sediment transport is also proportional to runoff volumes and if the
relative distribution between water and sediment does not change, total
pollutant losses can be estimated. That is, if the relationship between
pollutants and sediment is determined by measurements taken for the total
runoff (water and sediment) it may be possible to estimate total loads by
only predicting sediment losses.

Two problems arise from the sediment-transport assumption. First,
much larger quantities of water than sediment appear in the drainage from
watersheds. If dissolved constituents are ignored, significant NPSP loads
will also be ignored. The fact that subsurface flow accounts for a higher
percentage of the total runoff as the watershed size increases further
highlights this problem. Nitrate loading estimates are not included in
sediment-based models. The second problem arises from the interaction of

pollutants and sediment particles. Sorption is a function of surface area
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which in turn is determined by the particle size. Relationships of surface
area to textural classes have been developed by Frere, et.al. (8). Using

a three-level distribution, the specific surface area can be calculated by:

SS = 200 (%Cl) + 40 (%Zsi) + 0.5 (%Sa) (3.11)
Where: SS = specific surface

Cl = clay

Si = silt

Sa = sand

Equation 3.11 shows that the clay content of soil largely determines the
surface area available for interaction with pollutants.

The impact of Equation 3.11 on sediment based loading models results
from the mechanics of the erosion process. Analysis of eroded and
in situ soil samples for a given area show that erosion is a selective
process resulting in a greater percentage of finer material (clays, silts)
in the eroded soil than in the original mgterial. The net result is a
different relationship between pollutants aﬁd sediment in runoff than in
the soil profile. Most erosion models predict only gross soil movement;
that is, no distinction is made among soil particle size. To accomodate
this problem, an "enrichment ratio" is often applied to predicted loads to
increase the concentration of pollutants in or on eroded soil.

Sediment-based transport models can also estimate loadings for
pollutants that behave like inorganic sediment during transport. Organic
matter (plant residues, animal wastes, etc.) and crystalline or precipitated
chemicals may not be sorbed to soil particles but may be part of the total
suspended solids measured in runoff water. 1If such materials have specific
gravities less than inorganic sediments, their presence will increase the

measured enrichment ratio because of preferential movement by runoff water.

Partitioned-Based Transport
Land use activities combined with environmental conditions within a

watershed determine the type, form and distribution of pollutants. A
whole series of complex processes combine to determine for any given pollutant

the relative distribution between dissolved and particulate forms. 1In
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some cases the distribution is a simple one-way shift from particulate to
dissolved as a result of decay or leaching, Usually, however, equilibrium
is reached with shifts dependent on pollutant concentration and
environmental conditions.

If partitioning processes are included in loading models, the
dissolved and particulate loads can be calculated. For example, ammonium
(NHé) is transported in both runoff water and adsorbed on sediment. If
partitioning constants for NH4 are known for a given soil, loads in water

and sediment can be estimated.

, Classification of NPSP Models
Nonpoint source models should be evaluated in the same manner that

measured runoff data are analyzed. Namely, how do model properties and
capabilities compare with the behavior of the watershed system. A complete
analysis of each available model along with sample rumns, etc., is beyond the
scope of this study but it is possible to classify the key models or
techniques to the fundamental properties (spatial, temporal, and transport)
of importance. Table 3-6 shows the claséification of selected NPSP loading
models.

NPS: The Nonpoint Source Pollutant Loading Model (NPS) was developed
by Hydrocomp, Inc. for EPA. The model was specifically designed for use
in planning studies and is compatible with existing water quality impact
models. The model is comprised of subprograms to represent the hydrologic
processes in a watershed, including snow accumulation and melt, and the
processes of pollutant accumulation, generation, and washoff from the land
surface. The hydrologic components, derived from the Stanford Watershed
Model, have been previously tested and verified on numerous watersheds
across the country. The sediment and pollutant transport components have
been tested on several urban and rural watersheds for selected pollutants
and are currently undergoing additional testing. The simulation of
pollutants is based on sediment as an indicator. Erosion processes are
simulated and the resulting loads are converted to pollutant loads by
user-specified "potency factors" that indicate the pollutant strength of

the sediment for each pollutant simulated.
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TABLE 3-6

SELECTED CHARACTERISTICS OF NONURBAN
NONPOINT SOURCE MODELS

Characteristic Model

NPS AGRUN ACTMO ARM MRI

Spatial Resolution

Field scale X X X X
First—-order watershed X X X X X
Basin X X
Temporal Resolution

Runoff event X X X X
Annual average X X X X
Continuous X X X

Transport Assumption

Sediment X X X
Partitioned X X
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The NPS model can simulate loads from a maximum of five different
land uses in a single production run, In addition to runoff, water
temperature, dissolved oxygen, and sediment, the NPS model can simulate
up to five user-specified pollutants from each land use category.

Documentation of the model, complete with a user manual and program
listing, is available from EPA in a report entitled '"Modeling Nonpoint
Pollution from the Land Surface,” (45).

ACTMO: The Agricultural Chemical and Transport Model (ACIMO) was
developed by the Agricultural Research Service, U.S. Department of
Agriculture. The model consists of three components simulating hydrology,
erosion and sedimentation, and interactions of agricultural chemicals
(fertilizers and pesticides) with the soil-water-plant system. The
USDAHL-~74 model was used for the hydrologic component and the universal
soil loss equation was modified to generate erosion/sedimentation (46).
ACTMO is one of two models (ARM is the other) that simulates the partitioning
of pollutants between water and sediment. The hydrologic model has been
tested on several watersheds, the sediment model has been tested in two
locations and the chemical transport model is essentially untested.

Documentation of the model is available from ARS~USDA in a report
entitled, "ACTMO - An Agricultural Chemical Transport Model," 47).

MRI: The Midwest Research Institute (MRI) developed for EPA a
series of loading functions for assessment of water pollution from nonpoint
sources. These loading functions assume the form of algebraic equations
that can be solved analytically without the aid of computers. Functions for
essentially all nonpoint sources and pollutants are included. For most
cases, modifications of the USLE are used. Daily loads are calculated from
annual average estimates. In addition, a methodology is proposed for
estimating the maximum and minimum thirty-day loads.

Documentation of each loading function complete with supporting
data and references is included in the EPA report entitled "Loading
Functions for Assessment of Water Pollution from Nonpoint Sources,” (48).

ARM: The Agricultural Runoff Management (ARM) Model simulates
runoff (including snow accumulation and melt), sediment, pesticides, and
nutrient contributions to stream channels from both surface and subsurface

sources. No channel routing procedures are included. Thus, the model is
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applicable to watersheds that are small enough for channel processes and
transformations to be assumed negligible. Although the limiting area
will vary with climatic and topographic characteristics, watersheds greater
than one to two square miles are approaching the upper limit of applicability
of the ARM Model. Channel processes will significantly affect the water
quality in larger watersheds.

The major components of the model individually simulate the hydrologic
response of the watershed, sediment production, pesticide adsorption/
desorption, pesticide degradation, and nutrient transformations. The execu-
tive routing controls the overall execution of the program; calling
subroutines at proper intervals, transferring information between routines,
and performing the necessary input and output functions. Additional
information on this model may be obtained from, "Modeling Pesticides and
Nutrients on Agricultural Lands," (49). and from "Agricultural Runoff
Management (ARM) Model - Version II -~ Refinement and Testing.' (50).

AGRUN: (Water Resources Engineers). AGRUN is a revised version
of the RUNOFF block of the Stormwater Management Model (SWMM) which can be
used to estimate runoff quantity and qualit& from agricultural lands. It
is included in this list as an example of a model that is useful in rural
or semi~rural portions of the 208 area. AGRUN has not been extensively
tested, and potential users should be cautioned accordingly. This model,
though relatively untested, should prove useful for detailed examination of
rural or semi-rural runoff. It may be linked to the SWMM to evaluate such
things as storage-treatment options or impacts on receiving water quality.
The computer program is written in Fortran IV. The program and associated

documentation are available from EPA (51).

Nonpoint Source Pollutant Loading Input Variables
In both the sediment and partition-based transport models discussed

in the preceding section, it is necessary to obtain a pollutant loading
factor as an input variable. Much work has been accomplished in this area.
However, loading values determined for a particular land use in one area are
not always applicable to conditions in another. Therefore, it was necessary
to establish a nonpoint pollution monitoring program in Oklahoma in order to

obtain data reflective of conditions in this area. The details of this
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monitoring program and a comparison between the values obtained and the
values presented in the following tables will be given in the next chapter.

Tables 3-7 through 3-9 represents a comprehensive search of the
literature for published results from monitoring programs conducted to
study nonpoint pollution and its effects on water quality. Table 3-7
presents the types of loading rates (in pounds per acre per year) which
have been measured from a variety of land uses and from a wide range of
studies conducted to measure these loading rates. Table 3-8 provides data
regarding loading (in 1bs./acre/yr.) of nitrogen and phosphorus from
geologic formations underlying silvicultural and agricultural land uses.
Table 3-9 illustrates the contribution (in pounds per acre) of various
pesticides from a variety of application techniques and cropping patterns.
Finally, Table 3-10 shows the loading rates (in 1lbs./acre/yr.) of total
nitrogen and total phosphorus from various mixes of different land uses.
This information comes from data collected from June, 1972 to December,
1975 in the EPA "National Eutrophication Survey" (75). This survey was
conducted nationwide on 928 nonpoint source watersheds (watersheds
devoid of all point sources) to study'the relationships between land
use and nutrient levels in streams. Only total and inorganic forms of
phosphorus and nitrogen concentrations and loads were considered. Good
correlations were reported between general land use and nutrient
concentrations in streams (75).

The loading rates from the above tables are necessary as input
variables primarily for the partitioned-based NPSP models. However, the
various sediment-based transport models require "Potency Factors" for
different pollutants expressed in terms of a percentage of the sediment

load to the stream.

Ongoing Research and Data Collection
Tables 3-7 through 3-9 are representative of published work to date.
However, it should be noted that here in Oklahoma, there are four ongoing
programs which will make significant contributions to these tables, and will
hopefully fill in some of the gaps in the data, and narrow the wide range
of some of the values. One of these programs is the NPSP monitoring program

being conducted by the Oklahoma Conservation Commission. This program is



TABLE 3-7

RESULTS OF MONITORING PROGRAMS CONDUCTED TO STUDY EFFECTS OF NPSP ON WATER QUALITY

LOADING POLLUTANT BY PARAMETER AND LOADING RATE {LB/AC/YR)
SOURCE TOTAL-N N02+N03 NH& TOTAL 904 O-POA BOD COD TSS SsS
1 )
Cropland 0.3-98""  0.35-2.19¢5% 0.12-0.8853 01.05-6.9¢7)  0.04-0.4464) 12-43(%) 4-255G%
13.06-80. 5157 13 6-60.9357)  2,94-10.5(57)
0.1-138) 0.06-2.9€58)  0.09-0,13¢55)
6.31-9.8255) 0.3
7 (52) (52) %)) (52) N 11-753(7) 11059
Pastureland 2-22-706 0-4 ( 1.0 0~23-0.57 0-43 5.36-1504
0.36(3%)
Rangeland  13.06-55.49°) 0,7¢(5® 6.91-25.0007) 1 47057
_0.08(58)
Woodland 4.5(1317) 0.7-8.8(8 0.01—0.8223) 0.04-0.07(%)
0. b 019a02 (55) 3.59-6.27¢7) 41-3547
Urban 7.89(55) 0,303 0.15(55)  33(56)  950_310(58) g00¢31) 7356
8.9(36) 2.5¢58) 30-50¢58) 24056
6.033) <(30)
79 (58) 1.1-5.6(58) 938("
Precipitation 4.4-8.9¢%8) 1 5.4,1(58) 0.045-0.055 (48) 12468)
5.6-10¢58) 0.05~0.06(58)

1

Numbers in parentheses denote the referenced source of information

LG



TABLE 3-8
CONTRIBUTION OF NPSP FROM GEOLOGIC SOURCES

Number of . 2
Geologic classification subdrainage Concentrations, mg/1 Export, kg/lm"/yr
Land use and grouping code(s) areas T-P 0P TN I-N T-P. 0-P  T-N I-N
Farest 53
R Sedimentary; some or all limestone ) 0.011 0.006 0.860 0.287 6.4 3.6 498.7 159.6
Sedimentary; without limestone 11 0.014 0.007 0.766 0.337 9.0 4.5 467.6 192.2
Sedimentary; all 30 0.012 0,006 0.825 0.306 7.4 3.9 487.3 171.5
Predominantly sedimentary 31 0.012 0.006 0.818 0,302 7.3 3.9 482.3 169.1
Igneous; volcanic origin 0 - - - - - . - -
Metamorphic 16 0.017 0.007 0.520 0.103 10.3 4.6 337.4 65.2
Igneous; plutonic origin 0 - - - - - - - -
[gneous and metamorphic ) 18 0.017 0.007 0.533 0.119 10.3 4.6 342.1 74.6
Predominantly igreous and metamorphic 22 0.016 0.007 0.625 0.135 9.7 4.3 380.7 80.7
Mostlv Fsrest 170
Sedimentary; some or all limestone 55 0.037 0.015 1.056 0.488 16.3 6.3 472.1 233.2
Sedimentary; without limestone 48 0.035 0.014 0,817 0.288 18.0 6.9 441.8 161.2
Sedimentary; all _ 103 0.036 0.014 0.945 0.395 17.1 6.6 458.0 194.3
Predoninantly sedimentary 118 0.03 0.014 0.930 0.374 17.1 6.5 456.5 186.7
Igneous; volcanic origin 0 - - - - - - - -
feneous; volcanic origin (Present but not 4 0.038 0.018 0.97S 0.328 13.1 6.2 332.2 115.5
ominant)
\fetamorphic 32 0.035 0.014 0.762 0.277 20.7 8.2 452.0 166.0
Ignecus; plutonic origin 1 0.026 0.010 0.951 0.138 7.4 2.8 269.5 39.1
Predominantly igneous; plutonic origin 6 0.032 0.013 1.049 0.317 13.6 9.1 476.2 134.6
[gnecus and metamorphic 10 0.036 0.014 0,798 0.269 19.2 8.2 427.7 149.8
Predominantly igneous and metamorphic 52 0.035 0.014 0.827 0.284 18.2 8.1 433.1 152.3
igriculture 91
Sedimentary; some or all limestone L) 0.136 0.059 4.315 3,296 30.5 12,4 996,8 T48.3
Sedimentary; without limestone 11 0.123 0.055 3.497 2,335 23.6 10.3 865.4 660.1
Sedimentary; all 91 0.135 0.058 4.225 3.100 29.7 12,2 982,35 "38.6

Abbreviations: T-P = Total Phosphorus; O-P = Orthophosphorus; T-N = Total Mitrogen; I-N = Inorganic Nitrogen
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TABLE 3-9

TYPICAL PESTICIDE LOADINGS MEASURED ON SMALL PLOTS (44-5700 FTz)

Tvpe of Pesticide loss | Range of pesticide
Pesticide . '11i:*azion Crop in runoff loss in runoff
app (1b/ac) increments
Aldrin SR Cultivated . 008
Atrazine Inc. SR Fallow 0.074]1 sediment | 5-138 up/g
0,278 water 500-11,000 ug/l
1.5 Inc. SR Fallow 0.031 sediment | 4-1S up/g
0.111 water 50-600
2.7 SR Fullow 0.176 100-10,340 pg/1 water
2.0 3 Corn 0.1 100-200 ug/1
0.5-10 up/g
0N s Corn 0.19 100-3800 up/1
0.5-4 mg/g
SR Com 0.05 50-2000 ug/l
Dic:unba SR Fallow Sl 0.013 0-4800 ug/1
Pichlobenil Inc. SR Fallow 0.117 sediment 4-37 up/g
0.270 water 100-900 ug/1
Dieldrin 1.3 SR Cultivated 0,061 1.6-14 ug/g sediment
Njuron 0.75 1S Ponded Cotton 0.0004 1-4 pg/3
2,4-D-Amine 2.0 SR Cultivated 0.047
2,4-D-Butylcther 2.0 SR Cultivated 0.7 640 ug/1
2,4-D- fanct v 2.0 SR Cultivated 0.8 1380 ug/1
Fndosulfan 0.9 S Cont. Potataes 0.003 1.0-19 ug/1
0.4 S Rot. Potatoes 0.002 Trace-18 up/1
0.65 S Nats 0.0000? Trace-3 ug/l
Indrin 1.3 S Cont. Potatoes 0.012 1.0-49 ug/1
1.3 S Rot. Potatoes 0.008 Trace-48 ug/1
0.27 S Sugarcane 0,003 <0,01-2.07 g/l
0.36 S Sugarcane 0.001 0.15-5.0 pg/1
Fenac 3.0 S Sugarcane 0.086 1-310 ug/1
£S 13254 2.0 S Alfalfa 0.0004 100-3800 ug/1
0.5-10 wg/g
4.0 S Alfalfa 0.0012 100-2000 ug/1
0,75-10 ug/1
l.inuron 2.0 F Ponded Cotton 0.0006 2-124 ug/1
Methoxychlor 22.0 SR Grass 0.09 0.1-8.8 g/l
Picloram 0.5 F (irass 349-838 ppb
0.25 S Range 17 ppb
0.9-1.8 SR Fallow Sod 0.053 15-560 ug/1
I'rometryne 2.5 S Cotton 0.013%
Toxaphene 24.6 F Cotton 0.082 ~60 pg/l
Trifluralin 1.28 Inc. Cotton & 0.000S 0.2-1.9 pp/1
Sovbeans
3,4,571 0.5 F Grass 495-769 ppb
10.0 SR Grass 0.005 1-380 ug/1
0.9-1.8 SR Fallow Sod 0.03 7-3300 ug/1

S Surtuce; s lacorporated; Fa¥oliar; SR=Simulated Rainfall
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TARLE 3-10

LOADING RATES OF TOTAL P AND TOTAL N FROM VARIOUS MIXES OF
LAND USE IN THE CENTRAL UNITED STATES (75)

LAND USE PERCENT MIX LOADING RATE (LB/AC/YR)
TOTAL P TOTAL N
WOODLAND 2901 0.8011 3.090
2175 0.115 3.158
=50 0.148 3.590
AGRICULTURE 290 0.237 8.503
>75 0.227 4.944
=50 0.189 4.778
RANGE >75 0.058 0.923
>50 0.037 1.065
URBAN 40 0.309 6.508

1
At least 90 percent of the land use in the watersheds sampled was woodland.
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discussed in Chapter IV. The other three programs are being conducted by
the Agricultural Research Service, by Oklahoma State University, and by
the Forestry Division of the Oklahoma Department of Agriculture.

On July 1, 1976, eight 4 acre watersheds were instrumented and put
rainfall, runoff, sediment loss, and N and P discharge. In addition, soil
physical properties, i.e., texture, bulk density, moisture content as
field capacity and wilt point will be determined. As of the first
reporting period, July 1 to December 31, 1976, there had been no runoff (59).

The OSU study is being conducted by the Agronomy Department in
cooperation with several other departments. The objectives of this project

are briefly stated (60):

(1) To determine the source, transfer and transformation of
potential pollutants on a rangeland watershed grazed by beef
covs.

(2) To determine and monitor the hydrologic and meteorologic
parameters necessary to establish the water budget and movement
of potential pollutants from a rangeland watershed in Central
Oklahoma.

(3) To determine effects of environmental conditions on the rate
of degradation of grazing cattle feces on rangeland.

(4) To determine effects of cattle waste concentration, chemical
composition and distribution on levels of potential pollutants

in rangeland soils.

As of progress report number five, dated May 23, 1977 and covering
the period 9-1-76 to 11-30-76, only two runoff events had occurred. The
runoff water quality data was therefore not reported for this period (61).

The Forestry Division of the Oklahoma Department of Agriculture was
directed by Governor Boren to conduct an independent study of Nompeint
Sources of Pollution Stemming from Silvicultural Activities in the Southeast
portion of the State. The project has been in operaticn almost one year.

However, as of October 1, 1977 no data had been published (62).
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The model presented in the following chapter differs from the models
described here in that in addition to estimating NPSP loading rates, it
also includes a ranking process whereby the various nonpoint sources may
be evaluated and compared to determine what areas of the state have the

greatest potential for NPSP problems.



CHAPTER 1V
DEVELOPMENT OF THE NONPOINT SOURCE RANKING MODEL

The preceding chapter reviewed various nonpoint pollution models,
and discussed the components of each. These are sophisticated models which
have detailed input requirements. Because these input data are often
expensive and difficult to obtain, there exists a need for a more general
model which will identify potential NPSP problem areas based on existing
information and NPSP loading rate data collected locally. The development
of such a model is outlined in this chapter, including formulation of the

equations, input requirements, and the sources of input data.
Model Methodology

General Background

This section explains the methodology to rank each of the state's
seven major river basins according to their potential NPSP load. The basin
with the highest potential load is then further divided into sub-basins which
are ranked in the same manner. The sub-basins thus identified as having the
highest potential NPSP load are futher divided into "Conservation Needs
Inventory"1 (CNI) watersheds (63). and each watershed ranked as to its
potential for nonpoint pollution. By use of this model it is possible to

1. This publication provides an inventory of "Kinds and Amount of Land and

Water in Oklahoma, Their Possible Uses, and Their Needs for Management
and Improvement" (63).
63
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"converge" on a particular problem area. More sophisticated models (see

Chapter III) can then be employed to explore the problem in greater detail.

Major Basins

Problems involved in ranking basins include identifying land use,
and determining the hydrological characteristics of each basin. To determine
the relative pollutant load from a given basin, the land use areas (acres)
are multiplied by the loading factors (pounds/acre/yr.) which are determined
through a monitoring program to give pounds/year of a given pollutant. The
pounds of each pollutant from all sources (each land use) are then summed and
divided by the total land use (acres)which gives the estimated load of that
pollutant in pounds per acre per year. The same is done for each pollutant

in each basin. This process may be reduced to the following equation:

— (L) (Apy) + Mg} BApgy) + oo+ (L) (A4 .1

pn TAB

Where: TL Total load of each pollutant (lbs/acre/year)

Pn

Lpy
ALUl.anrea of each land use (acres)

Thy

After the total load of each pollutant has been calculated for

= Loading rate of pollutant one (lbs/acre/year)

Total area of basin (acres)

every basin, the values are ranked from largest to smallest. After each
pollutant parameter has been ranked (1 to 7 for each of the seven basins),
the assigned ranking numbers are summed. The basin having the lowest
ranking number total is then considered as having the greatest potential for

NPSP problems. The other basins are ranked in the same manner.

Sub-basins

Essentially the same process is used to rank the sub-basins within
the major basin identified as having the highest potential for NPSP
problems. However, information on land use becomes slightly more accurate
since a smaller area is being dealt with. Equation 4.1 is still applicable

to sub-basins with one minor alteration; the denominator "TAB" now becomes
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"TASB" or, the total area of the sub-basin (acres). The ranking process

remains unchanged.

Watersheds
Once the sub-basins have been ranked, and the sub-basin having the

greatest potential for NPSP problems identified, the next step is to divide
that sub-basin into watersheds, and rank them according to the same
criteria as were used in the basin and sub-basin rankings. Since more
detailed information on land use, hydrological characteristics and
meteorological conditions is available for watersheds than for the larger
basins and sub-basins, a slightly different ranking technique was used
which allows increased precision.

Assuming the pollutant load from any watershed is a function of
several measurable variables, it is possible to take the loading rates
from a series of monitored watersheds and apply them to non-monitored

watersheds. This can be expressed by the relationship:

L /X, =1 /%X, (4.2)
Where: Lm = Measured pollutant load from the monitored watershed
(1bs/ac/yr.)
X1 = A measured constant for the monitored watershed (unitless)
Ln = The estimated pollutant load from the non-monitored watershed
(1bs/acre/yr.)
X, = A measured comstant for the non-monitored watershed (unitless)

Since Ln is the only unknown, the relationship can be rearranged

to the following equation which solves for Ln:

L = m2 (4.3)

The X values in Equation 4.2 and 4.3 represent a series of

variables which account for L (Load ), These variables have been
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reduced to:

Where:

X=RCKT (46.4)

R = The runoff factor. This factor is based on many variables
including rainfall, antecedent soil moisture conditions, evaporation
and transpiration rates, etc. However, it has been found that
generally, for conditions in Oklahoma, the runoff value for zny
given watershed (as percent of annual rainfall) may be estimated by
two simple formulas (64)., These formulas are:

R = ,0042 (X)z'318 For Annual Rainfall > 21 inches and,

R =3.80X 10_9 (X)6'884 For Annual Rainfall<21 inches

Where: R = Runoff as a percent of annual rainfall

X = Average annual rainfall in inches

Therefore, by attaining the average annual rainfall for

a given watershed from a nearby weather recording station,

and utilizing one of these equations, an estimate may be made

of the annual runoff from the watershed.
C = The cropping management or plant cover factor is the ratio of
soil loss from a field with a specified cropping and management
or plant cover to that from the fallow condition on which the
factor K is evaluated. This factor measures the combined effect
of all the interrelated cover, management variables plus the
growth stage and vegetal cover at the time of the rain. This
factor may be estimated from Table 3-3 and from tables provided
in SCS publications such as reference numbers 10 and 65.
K = The soil erodibility factor. It is the erosion rate per unit
of erosion index for a specific soil in cultivated continuous
fallow on a 97 slope 72.6 feet long. Soil properties that
influence erodibility by water are those that affect the infil-
tration rate, permeability and total water capacity, and those
that resist the dispersion, splashing, abrasion, and transport-
ing forces of the rainfall and runoff. Again, this factor may be
found in tables in references i0 and 65.

T = The topography factor. This variable is equivalent to the
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length-slope factor developed in the Universal Soil Loss Equation in
Chapter III. However, since a factor must be developed which
represents an average length~slope over an entire watershed, a
correlation of average slope to slope length was developed by

SCS perscnnel for Oklahoma (66). This correlation is as follows:

AVERAGE SLOPE (%) SLOPE LENGTH (FEET)
0-1 500
2 350
250
200
150
100
80
70
60

10 50

W 00 N & »nn W

The average slope may be determined from actual field measurements
or from SCS Soil Surveys of the given watershed. Knowing these two values
the T Factor may be estimated from Figure 3-9. The pollutant load from any
given watershed (monitored or nonmonitored) is assumed to be a function
of these four variables,

Solviﬁg for Equation 4.3, one obtains an estimate of the pollutant
load (1bs/ac/yr.) of a given pollutant for a given land use in a watershed.
If the same process is used for each land use in the watershed, a loading
rate of the pollutant for that watershed is obtained. This is done for
each pollutant on each land use for every watershed within the sub-basin.
The resulting loading rates are then ranked using the same process as that
for basins and sub-basins.

On the watershed level it also becomes possible to utilize the
Universal Soil Loss Equation (Equation 3.5) to establish sediment loading
rates. These rates may then be included in the ranking process, allowing
still further detailing of potential NPSP problems. The end result of

these procedures is the identification of a single watershed which has
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a high potential for problems associated with nonpoint pollution. This
watershed can then be studied in detail to determine what the specific
problems might be. Cont:ol measures in the form of "Best Management

Practices" (as discussed in Chapter III) could then be recommended.

" Model Input Requirements

General Background

The two primary model input requirements are land use information
and NPSP loading rate data. This section discusses each requirement,

emphasizes its importance, and illustrates its use in the model.

Land Use Information
The first step was to select those land use classifications which

best characterized the predominant land uses in Oklahoma. It was decided
in a meeting of various state agencies with interests in this field that
since roughly 95% of all land use in Oklahoma is devoted to some form of
agricultural endeavor, the following general classifications would

adequately reflect the land uses in Oklahoma (67):

1) Cropland

2) Pastureland
3) Rangeland
4) Woodland

5) Urban
6) Other
1 Cropland consists of all types of crops including small grains,

large grains, sorghums, cotton, alfalfa, etc. The land use information
available made no distinction between these various types. Monitoring

sites were established only on wheat cropland since this is the predominant

type (67).

2) Pastureland is usually characterized by an introduced species of

cover grass, such as bermuda, and has one or more animal units per ten acres.
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Land Use Information

The first step was to select those land use classifications which
best characterized the predominant land uses in Oklahoma. It was decided
in a meeting of various state agencies with interests in this field that
since roughly 95Z of all land use in Oklahoma is devoted to some form of
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cover grass, such as bermuda, and has one or more animal units per ten acres.
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3) Rangeland is similar to pasture, but usually consists of native
Oklahoma grasses, such as bluestem, and only has one or less animal units

per ten acres (67).

4) Woodland areas include forests of oak and pine, along with a variety
of other species. The primary characteristic is the presence of "overstory"
which acts to reduce the impact of raindrops which in turn reduces erosion.
Layers of forest litter also intercepts rainfall and reduces runoff. The
present land use information makes no distinction between the different
types of forest or between different silvicultural activities (harvesting,

logging, road building, etc) within a forest.

3) Urban areas are the cities and towns scattered across the state.
Many different land use activities are classified "urban" including

residential areas, industrial complexes, commercial zones, etc.

6) Included in the "other" category are land uses such as mining and
construction activities, solid waste disposal areas, unlicensed feedlot
operations, and roadside erosion. Also included in this category are all
remaining land uses such as lakes, ponds, rivers, etc. It was not possible
to monitor all of the activities in this category. However, monitoring was
conducted on an active, an inactive, and a reclaimed mining operation to
estimate loading rates from these sources.

These six general land use categories were used in Equation 4.1 to
estimate NPSP loading rates from major basins, sub-basins, and watersheds.
This equation illustrates the importance of obtaining good estimates of
the areas of each type of land use since the ranking process relies on &
comparison of the NPSP loading rates of each basin, sub-basin, and watershed
determined by estimates of the areas of each land use, and the NPSP loading

rate from that land use.

NPSP Loading Rate Data

Once general land use categories had been selected it was necessaty

to incate monitoring statioms hiy ) enough in a given watershed so that as s

runoff event occurred, the runcff water came strictly from a homogeneruis land
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use area. In this manner any synergistic or antagonistic effects by other
land use types were eliminated and NPSP loading rates from that particular
land use could be determined. The next criteria was to select a watershed
which was as representative of that particular land use as possible, Because
of funding and other limitations, it was impossible to establish monitoring
sites in every watershed. The sites which were selected and detailed
information about each site, is included in Appendix A.

The parameters selected for amalysis in this program were based on
an earlier study by the OSDH which characterized both urban and rural NPSP
(68). These parameters also correspond to the OCC contract requirements

with the Oklahoma Department of Pollution Control (ODPC). The parameters

are:
BOD (Biochemical Oxygen Demand of the water)
COD (Chemical Oxygen Demand of the water)
pH (A measure of the alkalinity or acidity)
Suspended Solids (The amount of matter remaining in suspension)
SO4 (Sulfate concentration)
NO3 + N02 (Nitrate and nitrite concentration)
NH4 (Ammonia concentration as nitrogen)
Organic N (Amount of nitrogen due to organics)
Total N (The amount of nitrogen from all sources)
Total PO (The amount of phosphate from all sources)

4

A discussion of these parameters may be found in Appendix B.

a) Sampling Procedures:

Grab sampling techniques established in "Standard Methods' were
utilized in all data collection (69). Local conservation district personnel
carried out the actual field work. When a runoff event began at a particular
monitoring site, a sample was collected to represent the "first flush" effect.
As the storm progressed, samples were collected at or near the peak of
the runoff event, and toward the end of the event as the flow receded, all
as determined by the field man and his knowledge of the watershed. These
three samples were then composited and the single sample assumed to represent

the average concentration of pollutant over the entire event. This process
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was repeated at every Site during every event for the eighteen month period
January 1976 to August 1977.

In addition to water samples, data on changes in cover on the
watershed (e.g., plowing, planting, fertilizer or pesticide applications,
etc.) and meteorological conditions were collected. (On-site observation
at the time of sample collection was used to note changes in cover, while
a common glass tube rain gauge located on each watershed was used to collect

rainfall information).

b) Sample Preparation and Tramsport:

The composite sample was thoroughly mixed, and then "split" into
equal portions and poured into two neoprene plastic half gallon containers.
One container was chilled with ice, and packed in a styrofoam ice chest.
Approximately three milliliters of sulfuric acid was added to the other
sample. In this way the samples were preserved for the chemical analyses.
All samples were shipped by bus to expedite their delivery. These
precautions are all as prescibed by EPA in their "Analytical Quality
Control Methods" (70).

c) Sample Analysis:

All analyses on the water samples were performed by the Water
Quality Laboratory at the Oklahoma State Department of Health. Procedures
for the analytical work were followed based on methods established in
"Standard Methods" and "Methods for Chemical Analysis of Water and Wastes"

(69, 73). A description of the parameters analyzed may be found in Appendix B,

d) Techniques for Data Analysis:

Since the purpose of the monitoring program was to collect data to
determine loading rates of NPSP from a variety of land uses, it was
necessary to convert the raw data as reported from the OSDH from a
concentration in mg/l to a loading value in pounds contributed per event.
This process is not very complex once the volume of runoff for each event
has been calculated.

To calculate runoff volume, the Williams Water Yield Model (as
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outlined in Chapter III) was selected, The selection of this method is

based primarily on the facts that:

1) It is a reliable procedure that has been used for many years in
the United States.

2) It is computationally efficient.

3) The required input information is readily available.

4) It relates runoff to soil type, land use, and management

practices.

Utilizing this model (Equations 3.3 and 3.4) and the information in
Figure 3- 2 and Table 3-1, runoff volume for every event at each monitoring
location was determined (see Appendix C). This information was then used
to estimate the loading rates of various pollutants.

By assuming that the concentrations of the pollutants in each
composite sample represent an average concentration for a particular runoff
event, and knowing the volume of runoff contribued during that event the

pollutant load in pounds per event may be calculated by:

L=CKV, (4.1)
Where: L = Pollutant load in pounds per event
C = Pollutant concentration in mg/1l
K = A conversion constant, 8.34
VR = Total volume of runoff in million gallens

The techniqes developed thus far may best be demonstrated through the
use of an example:

On March 8, 1976, a four inch rain fell over most of the Idabel area
in McCurtain County, in Southeastern Oklahoma. One of the monitoring
stations in that area was for the land use designated '"rangeland" (see
Appendix A). Runoff samples were collected at the beginning, peak, and
end of the rainfall/runoff event,

The volume of runoff from that event was calculated using the

William's Water Yield Model (36). Recall that Equation 3.3 is used to
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calculate the accumulated volume of runoff (in inches of depth) over the
drainage area. The drainage area is determined by planimetering USGS maps
in the 7.5 minute series or 1:24,000 scale, This provides the information

necessary to calculate the total volume in cubic feet of runoff from the

given watershed.

In using this technique the SCS area in which the sample was taken
must be determined from Figure 3- 2. This map has been compiled for the
areas of interest using the extensive soils, topographic, geologic, and
geographic information available from SCS general soils maps from each
area (41). Note that for the area near Idabel in McCurtain county, the
soil complex designation is 9A. Then, from Table 3-1 (41) the remaining
pertinent information and the information necessary to calculate the runoff

volume is obtained:

Median Slope - 5.0%

Land Use - 10, 60, 30
Curve Number - 77.5

Soil Index -2.90

In Equation 3.3 because the variable "Ia" (the initial abstraction
including surface storage interception by vegetation, and infiltratiom) is
so difficult to calculate, and because it is directly linked to the hydrologic
soil classification and the soil index 'S'", Equation 3.3 has been reduced

here to a version which is easier to calculate. It is:

(P - 0.25)2

Q="5370.88 (4.2)

Where: Q = Accumulated volume of runoff in inches of depth over the
drainage area
= Accumulated rainfall (measured in the field).
S = Soils index, i.e., potential maximum rention of water by soil

(from Table 3-1)

Therefore, since 4 inches of rain fell over the experimental watershed,
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and knowing from Table 3-6 that the S factor is 2.90, the volume of runoff,

Vr’ may be calculated as follows:

_ 4.0 - (0.2 X 2,90)°
r™ T 4.0 + 0.8(2.90)

= 1.85 inches

\'j
(4.3)

Then from Table A-1 in the Appendix, (calculated drainage areas for
each monitoring station) the drainage area for station number 1 (rangeland)
in McCurtain county is 95 acres or 4.13 X 106 square feet, The runoff was
calculated to be 1.85 inches or 0.1542 feet. The following equation
calculates the total volume of runoff in million gallonms.

_ 4,13 x 10° £:2 x 0.1542 ft. X 7.48052

v (4.5)
t 10°

= 4,764 million gallons

This figure, 4.764 million gallons,represents an estimate of the

volume of water that ran off the rangeland area during the 4 inch rainfall
event of March 8, 1976. By analysis, the concentration of organic nitrogen
was found to be 1.1 mg/l. The conversion factor 8.345 (from Equation 3.1)
is used to convert mg/l to pounds per million gallons, then multiplying
this by the calculated volume an estimate of the pounds contributed was

obtained, or the potential load:

1.1 mg/1 X 8,345 X 4.764 million gallons

= 44 1bs of organic nitrogen

This figure, 44 pounds is for one event under the stated conditioms.
The other parameters are calculated the same way and the results of eighteen
months of data collection is recorded in Appendix C.

These values and the concentrations from which they were derived
were statistically analyzed for the maximum and minimum values, mean and

standard deviation, following procedures set out in Statistical Methods (77).

These results appear along the bottom of the tables in Appendix C,
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From these figures (total pounds contributed per event) one can
obtain the total yearly contribution of pollutants by summing the values for
the sampling period, and dividing by 1.5 (for 18 months of data). This is
possible because every runoff event during that eighteen month period was
sampled. By dividing this figure by the number of acres for that monitoring
site, one obtains the pounds contributed per acre. (The results of this

procedure may be found in Table 4-1).

e) Results of Data Analysis:

A comparison of the land uses monitored (Table 4~1) with similar
land uses monitored during other studies (Table 3-7,10) indicates that most
parameters measured in this study fall within the ranges found in the litera-
ture. Table 4-2 illustrates a comparison .of the range of values for concentra-
tions of five parameters from three land uses in the eastern and western areas
of the state (as divided by Interstate Highway 35). Table 4-3 shows a similar
comparison between the loading rates. As can be seen from these tables, con-
centrations are significantly higher in the west than in the east, with the ex~
ception of cropland, where the range of concentrations of nutrients was higher
in the east. This could be due to differences in crops, cropping patterns, and
management practices. Loading rates (Table 4-3) were also significantly higher
in the west than in the east, again with the exception of nutrients from crop-
land. In this case, total P loading was nearly the same in the east as in the
west. However, total N and NOp + NO3 were much higher in the east.

Table 4-4 compares these findings to a similar nationwide study conducted
by EPA. In this study, the National Eutrophication Survey, maps were developed
which illustrate various levels of concentrations of total N and P. As can be
seen by Table 4-4 a considerably wider range of values was obtained. This
could be accounted for by the fact that the Oklahoma study monitored homo-
geneous land use types on small watersheds, while the EPA study monitored much
larger watersheds of mixed land use, thereby averaging their effects.

For this study, it was only necessary to estimate the nonpoint loading
rates for a variety of land uses, and determine whether or not these loading
rates could be applied to the same land use in different watersheds. The data
collected thus far generally indicates that this is possible.

As more detailed land use information becomes available, and as the

corresponding loading rates are determined, greater accuracy in predicting



TABLE 4-1
LOADING RATES OF POLLUTANTS BY LAND USE

LOADING RATES OF VARIOUS POLLUTANTS BY LAND USE (LB/AC/YR) ©

LOCATION LAND USE BOD CaoD SS S0, NO2 + NOj NH 4 ORG-N TOT-N TOT-P
Idabel Rangeland 14.25 34.52 74.89  20.55 .33 .51 1.74 2.45 .22
Pasture 16.52 56.23  34.31 8.68 71 .82 1.93 1.80 .68

Cropland 20.19 57.14 269 13.49 5.04 1.39 2,72 11.64 .26

Woodland(cc) 16,68 52.22 81.9 9.97 .31 .62 1.18 1.91 .14

Woodland 14.16 56.38 60.95 13.36 1.06 .58 1.71 .23 .12

Mangum Cropland 6.49 25,03 392 7.40 .07 .07 1.56 .96 .67
Rangeland 7.25 21.71  74.85 6.22 .24 .05 .59 1.05 .24

Pasture .61 4.13 34,91 2.92 .02 .01 .05 .04 .10

Heavy Agri. .57 14.84 282 7.39 .08 .01 .18 .27 .20

Freedom Cropland 6.23 40,75 666 24.08 «31 .11 1.88 1.67 .23
Rangeland 4,63 16.07 140 3.99 .23 .09 .89 1.23 .53

Ungrazed Pange 4.51 14.90 59.34 21.02 .14 .09 .72 «97 .12

. Pasture 1.81 12.43 65.16 -1.81 .10 .04 .68 «55 14

Tahlequah Urban 1.74 5.39 40.54 1.10 .06 .05 .11 .09 .05
Cropland .01 .04 .30 .02 .0004 .0005 .001 .002 .001

Pasture .21 2.18 3.58 .80 .03 .06 .09 .09 .01

Rangeland 1.69 5.44  29.1 .95 .02 .08 .06 .06 .02

Muskogee Active Mine 14.96 42.16 236 1446 54.15 2.03 1.58 32.98 .33
Inactive Mine 10.37 32.00 44.09 642 16.26 1.20 1.46 2.03 .34
__Reclaimed Mine 4,18 _21.12 109.6 1566 46.55 2.87 1.06 41.48 .15

9¢L

Average Values



A COMPARISON OF THE RANGE OF CONCENTRATIONS (MG/L) OF FIVE POLLUTANTS BETWEEN THREE

TABLE 4-2

DIFFERENT LAND USES IN THE EASTERN HALF OF OKLAHOMA TO THE SAME LAND USES
AND POLLUTANTS IN THE WESTERN HALF OF THE STATE

PARAMETER RANGE CROP PASTURE

EAST WEST EAST WEST EAST WEST
TOT P .07 - .33 14 - 1.3 .16 - 2.1 A2 - 1.8 .02 - 1.4 .34 - 4.1
TOT N 90 - 2.1 1.3 - 4.4 {3 - 1590 .32 - 4.6 1.1 - 3.5 .75 = 9.3
NO2 + NO3 .10 - .70 .20 ~ 1.3 .20 - 12.1 .10 - 1.9 .10 - 2.2 .10 - 2.3
coD 14.0 - 68.0 4.0 - 88.0{ 21.0 ~-.171.0 (1.6 - 340.0 |14,0 - 71.0 | 35.0 - 402.0
Ss .30 - 455.0 1.0 - 1942,0 | 17.0 - 958.0 | 1.0 - 10000.0 .10 - 695.0 1.0 - 2197.0

LL



TABLE 4-3

A COMPARISON OF THE RANGE OF LOADING RATES (LB/AC/YR) OF FIVE POLLUTANTS BETWEEN THREE

DIFFERENT LAND USES IN THE EASTERN HALF OF OKLAHOMA TO THE SAME LAND USES AND

POLLUTANTS IN THE WESTERN HALF OF THE STATE

PARAMETER RANGE CROP PASTURE
EAST WEST EAST WEST EAST WEST
TOT P .0016 - 8| .080- 38 |.00019 - 120 | .0021 - 150 .0048 - 27 044 ~ 440
TOT N .018 - 56 .22 - 180 |.00062 ~ 2200 .017 - 300 .10 - 81 .40 - 720
N02+ NO3 .0022 - 16 .024- 56 |.00026 - 1900 .0028 - 14 .0087 - 42 .030 - 320
coD .58 - 1192/ 3.0 - 3200 |.014 - 5700 .18 - 15000 1.3 -1800 | 8.1 - 15000
SS .54 - 3551|29.0 -15000 |.17 -77000 |2.4 -110000 .30 -1500 | 4.9 - 620000

8L
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TABLE 4-4

COMPARISON OF THEIRANGE OF CONCENTRATIONS OF TOTAL N AND P FROM NONPOINT
WATERSHEDS "IN AN OKLAHOMA STUDY AND IN THE EPA NATIONAL
EUTROPHICATION SURVEY (75)

EAST ST
OKLA. STUDY EPA-NES OKLA. STUDY EPA-NES
RANGE OF TOTAL N
(MG/L) .9 - 15.0 .501 - 1.70 .32 - 9.3 .901 - 3.0
RANGE OF TOTAL P
(MG/L) .02 ~ 2.1 .011 - .70 A4 - 4.1 .71 - 2.0

1
Watersheds devoid of point sources.



CHAPTER V

APPLICATION AND VERIFICATION OF THE MODEL

The methodology for the model to estimate and evaluate NPSF
loading from Oklahoma watersheds was presented in Chapter IV. Chapter V
applies this model to three levels of geographic aggregation, then
verifies the results by comparing loading estimates of various gauged

watersheds.

Application of the Model

Major Basin Ranking

The ranking procedure described in Chapter IV is the basis for the
computer program presented in Appendix D. This program requires the data
presented in the following tables and ranks each of the major basins.
Equation 4.1 and the computer program requires the following input:

a) Land use in the basin

b) Area of each land use

c) Total area of the basin

d) Loading rate of each pollutant

Table 5-1 provides information for the first three input require-
ments from the Conservation Needs Inventorv (63) and Table 4-1 provides
the fourth input requirement. (The information for Table 4-1 is condensed

data from the tables of Appendix C).

80



TABLE 5-1
LAND USE AND AREAS IN ‘EACH OF THE
SEVEN MAJOR RIVER BASINS IN OKLAHOMA (63)

BASIN BASIN ESTIMATED TOTAL AREAS OF EACH LAND USE (ACRES)

NUMBER NAME CROPLAND PASTURE RANGE WOODLAND URBAN OTHER TOTAL
1 Middle Arkansad 537,649 | 1,941,273 | 1,531,993 1,143,388 | 338,330 } 90,331}5,582,964
2 | Lower Arkansas 112,654 635,259 267,209 | 1,166,430 69,853 | 72,625}2,324,030
3 | Upper Red 3,723,591 | 1,105,400 | 3,938,335 848,414 | 258,682 {538,572]10,412,974
4 Lower Red 322,314 661,172 |} 1,531,038} 2,300,786 | 85,884 [124,535|5,025,729
5 | Canadian 1,360,851 | 1,252,767 | 1,013,927 3,153,001 246,508 44,930f 7,071,984
6 Upper Arkansas | 2,787,393 533,439 462,772 | 2,520,160 {369,732 82,815} 6,756,311
7 Panhandle 1,696,326 3,171 | 1,770,336 3,743 | 25,918 3,191 3,502,685

18
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Table 5~2a is an example of the computer output for ranking the
seven major river basins (from Appendix D). This table is for Basin 3 which
was identified as having the highest potential for nonpoint pollution
problems. The first row identifies each land use in the basin (LD USE).

The second row delineates the area in acres of each land use (AOLAUS).

These values are summed and the final figure appears under the column heading
"SUM". This figure represents the area in acres of Basin 3. The next row
is the pollutant loading factor for that pollutant from that land use, as
determined from the monitoring sites closest to the basin and reported in
Table 4~1. For example, the contribution (CONT) of Pollutant 1 (POL 1)

is 6.49 pounds per acre per year of BOD from the monitoring watershed crop-
land near Mangum, Oklahoma (Table 4-1). By multiplying this figure times
the area of land use (according to Equation 4.1) the pounds of "POL 1" (BOD)
from cropland is determined and expressed in exponential form as 0.24E08
which is equivalent to 0.24 X 108 or 24,000,000 pounds per year. The same
procedure is applied to each of the other land uses, and then the pounds
contributed by each is summed. This figure appears in the gyM column as
0.10E09. From this figure the total contribution in pounds per acre per
year is calculated by dividing 0.10E09 by 104,412,974 acres, the total land
area in the basin. This figure appears in the total column (for POL 1 it
is 9.613) for each pollutant, and represents the total contribution of each
pollutant in pounds per acre per year from all sources. This value is

then ranked 1 to 7 or largest to smallest. In this case, the pollutant

BOD (POL 1) is ranked second out of seven.

After loading rates of each of the nine pollutants (a listing of
what each pollutant is appears at the beginning of each program) have been
estimated and each pollutant ranked, the "RANK" column is summed and compared
to the sums of the same column of each of the other basins. At this point,
the basins are ranked 1 to 7 based on this figure (the lowest rank column
sum representing the basin with the greatest potential for NPSP as determined
by this methodology), The overall rank appears at the bottom of each table.

A summary of the findings appears in Table 5-2b.

Sub~basin Ranking

In the ranking of sub-basins the same procedures are used as were
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TABLE 5-2b
SUMMARY OF RESULTS OF COMPUTER PROGRAM TO RANK BASINS
BASIN NUMBER BASIN NAME OVERALL RANK;
Upper Red
Lower Red
Panhandle
Upper Arkansas
Canadian
Lower Arkansas
Middle Arkansas

NGO &S W
NOUTES LW

lFrom Highest Potential for NPSP Problems to the Lowest
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outlined for ranking major basins in the preceding section. However, the
input requirements for land use data are different. Table 5-3 provides the
necessary land use data, and the computer program in Appendix E provides
the tool to rank the sub-basins within Basin 3, (the Upper Red River).
Table 5-4a is taken from Appendix E, and is an example of the computer
output for ranking sub-basins.

In Basin 3, there are 5 sub-basins. Table 5-4a is for sub-basin
3 B (2). The information in this table follows the same format as that
described for basin ranking. The only difference is in land use areas, and
in some of the loading rates (which may vary to reflect the proximity to
one or another of the monitoring sites -- the closer site to the sub-basin
was used to more closely approximate the loading rates from the sub-basin).
Table 5-4b summarizes the results of the computer program in Appendix E.
Sub-basin 3 B (2) was identified as having the greatest potential for NPSP

problems.

Watershed Ranking
The final step in the potential NPSP ranking process is to rank the

watersheds in the sub-basin identified as having the highest potential for
NPSP problems (sub-basin 3 B (2) from Table 5-4b). This sub-basin has

seven CNI watersheds (see Figures 5-la and b). Much work has been completed
in the area of soil erosion from these watersheds by the Soil Comnservation
Service. The information in Table 5-5 was calculated using Equation 3.5,
the tables and figures in the section of Chapter III entitled Techniques

for the gstimation of Soil Erosion,and information 6btained from on-site

investigations of the seven watersheds by SCS personnel.

Ranking of the seven watersheds based on the other loading para-
meters has again been written in the form of a computer program utilizing
Equation 4.3, the land use information in Table 5-6, and the pollutant
loading rates from Table 4-1. Information on the R C K and T values used
in Equation 4.3 was obtained from field investigations. and is presented in
Table 5~7 for the monitored watershed (near the city of Mangum) and Table
5-8 for the test watersheds in sub-basin 3 B (2), The computer program list-
ing and results are presented in Appendix F. Table 5-9a is from the com-

puter printout of the program run in Appendix F. This table gives estimates



TABLE 5-3

LAND USE AND AREAS(in acres) OF BACH OF

THE SUB-BASINS IN BASIN 3

SUB-BASIN NUMBER OF ACRES OF EACH LAND USE

NUMBER CROPLAND PASTURE RANGE WOODLAND URBAN OTHER TOTAL
3-A 1,508,124 564,686 465,842 1,810,087 81,159 369,975 4,799,873
3-B 647,674 97,677 40,400 521,047 66,322 45,248 1,418,368
3-B(1) 99,298 54,836 78,558 210,005 26,296 23,504 492,497
3-B(2) | 206,394 170,348 248,893 420,832 51,146 29,171 1,126,784
3-C 865,260 125,528 9,710 716,966 30,319 42,131 1,789,914
3-D 396,841 92,325 5,011 259, 398 3,440 28,543 785,558
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TABLE 5~4b

SUMMARY OF RESULTS OF COMPUTER PROGRAM TO RANK
SUB-BASINS IN BASIN 3

SUB-BASIN OVERALL RANK

3B(2)
3B(1)
3A
3B
3D
3C

AUV WN e

lFrom highest potential for NPSP, problems to lowest
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TABLE 5-5

SEDIMENT YIELD FROM EACH LAND USE IN EACH
WATERSHED IN “UB-BASIN 3-B(2)

SEDI1I ﬁ:E NT YITIELD BY LAND USE

CNI WATERSHED CROPLAND CROPLAND RANGE RANGE PASTURE PASTURE  WOODLAND  WOODLAND

NUMBER NAME TOTAL TONS TONS/AC TOTAL TONS TONS/AC  TOTAL TONS  TONS/AC _TOTAL TONS TONS/AC
3-10 Fleetwood 338,889 6.16 83,092 1.57 83,092 1.10 13,875 0.97
3-11 Lower Mud 335,514 7.26 294,818 1.73 37,838 1.31 48,091 1.11
3-11A Upper Mud 141,974 5.22 199,450 2.00 39,364 1.67 55,483 1.80
3-12 Upper Bayou 119,532 12.00 278.084 5.41 6,007 2.40 143,766 3.00
3-13 Lower Bayou 90,170 7.01 96,292 2.70 15,951 1.70 53,367 1.50
3-14 Hickory 304,315 8.69 181,864 1.90 88,876 1.41 54,372 1.37
3-16 Texoma Lateral 164,802 7.44 164,802 1.86 54,453 1.18 31,841 1.15
TOTALS 1,495,197 6.96 1,498,402 2.18 258,223 1.37 400,795 1.66

T6
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TABLE 3-6
LAND USE AND AREAS OF EACH
WATERSHED IN SUB-BASIN 3-B(2)

CNI WATERSHED DRﬁ;gﬁFE LAND USE (ACRES)
NUMBER NAME (ACRES) [CROPLAND RANGE PASTURE WOODLAND
3-10 Fleetwood 143,040 61,508 52,925 14,304 14,304
3-11 Lower Mud 288,840 46,214 170,415 25,884 43,325
3-11A Upper Mud 181,318 27,198 99,725 23,571 30,824
3-12 Upper Bayou 119,680 9,961 51,379 2,503 47,922
3-13 Lower Bayou 95,488 12,863 35,664 9,383 37,578
3-14 Hickory 233,459 35,019 95,718 63,033 39,688
3-16 Texoma Lateral 184,589 22,151 88,603 46,147 27,688

TOTALS 1,246,414 (214,914 594,429 187,825 241,329
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TABLE 5-7
RCK AND T VALUES FOR THE FOUR HOMOGENEOUS LAND USE
WATERSHEDS MONITORED NEAR MANGUM

LAND USE R - C K T X1
Cropland 1.33 0.38 0.24 0.29 0.04
Range 1.33 0.08 0.35 1.30 0.05
Pasture 1.33 0.13 0.20 0.46 0.02
Woodland 2.26 __0.02 0.28 0.38 0.01

TABLE 5-8

RCK AND T VALUES FOR THE SEVEN CNI TEST WATERSHEDS

IN SUB-BASIN 3-B(2)

WATERSHED

2
Fleetwood 4,31 0.11 0.33 0.38 0.06
Lower Mud 4.31 0.14 0.32 0.29 0.06
Upper Mud 4.31 0.14 0.30 0.63 0.1l1
Upper Bayou 7.09 0.14 0.43 0.38 0.16
Lower Bayou 7.09 0.20 0.26 0.46 0.17
Hickory 8.25 0.20 0.27 0.46 0.20
Texoma Lateral; 9.57 0.17 0.22 0.38 0.14




TABLE S5-9a
RESULTS OF PROGRAM TO ESTIMA?E AND RANK POLLUTANT LOADS
IN THE UPPER BA'O') WATERSHED

WATEFSHED 3-12 Upper Bayou

LAND USE CROP RANGE PASTURE WOODLAND SUM TOTAL R ANK
b3 0404 0405 Q.02 0.0t

ACLAUS 9961, 51379 £503 479226 111765,
POL 1 06265 0& 0e12E 07 0e12E 05 O0el11E 08 0612 08 1104231 |
POL 2 0¢10E 07 0e36E O7 0e83E 05 0e43E 08 0+48E 08 428.388 1
POL 3 Oe16E 08 0Qol12E 08 OQe70E 06 O0Qe87E 08 QO 7SE 08 674,251 2
POL o 0s2GE 06 D0e1)E D7 J¢58E 05 JeldE 98 Je18E 08 138,268 1
ML S5 0628E G4 0Qe39E 05 Jad0FE 03 DJeBLE 06 DJEEE 06 7¢654 3
FOL 6 0¢28E 04 QeB2E 04 0020F 03 Je84E Q6 D46E 06 40279 1
POL 7 0e52E 05 0e97E 05 O0.10F 04 0e13E 07 06155 07 13.164 1
POL 8 0e33C 0S OWITE 06 O0.B0E 03 04182 06 UG39E Q¢ 3472 1
POL 9 0627E 0S5 Qe3SE 0S5 0e20E 04 0052 05 O0.16E 06 16433 3

X VALUE OF wATERSHED IS 016
TOTAL RANK= 1 * (Information is from Appendix F)

%6
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of pollutant loading rates for nine pollutants from four different land
uses.

The first line of Table 5~9a identifies the land use while the third
line gives the area of the land use in acres (AOLAUS). The line between
(line two) gives the calculated "Xl"uvalue (used in Equation 3.4) for
the monitored watersheds (0.04 for cropland from Table 5-7). The corres-

ponding "X," value for the test watershed is provided on the next to the

last line gf Table 5-9a (0.16 from Table 5-8). The fourth through twelfth
lines are the loads in pounds of each pollutant from each land use. Loading
rates from Table 4-1 were utilized in Equation 4.3 to arrive at these values.
For example, "POL 1" is BOD (Biochemical Oxygen Demand). The loading rate
from cropland (near Mangum, since this is the monitoring site closest to

the watershed) is 6.49. Equation 4.3 is:

a2

LN Xl (4.3)

By substituting in the known variables:

{6.49) (0.16
Ly = > 3.54 ) - 25.96 1bs/ac/yr

Multiplying 25.96 by the number of acres of cropland (9961 acres
from Table 5-6) gives the estimated contribution in pounds per year of BOD
from cropland. This figure is 258,588 1lbs/yr. The remaining contributions
are calculated the same way. Totals are obtained by summing the pounds
of each pollutant from all sources (the "SUM" column) then dividing by
the total area of land use. This figure is then used as the basis for
ranking. The ranking procedure is the same as that outlined for basins and
sub-basins. A summary of the results of this program is provided in
Table 5-9b. Also, in Table 5-9b are the results of ranking each watershed
based on its sediment load from all sources to the receiving stream at the
mouth of the watershed (Table 5-12). This allows more detail in the ranking
process on the watershed level, which increases the accuracy of the results.

As can be seen from Table 5-9b, the Upper Bayou watershed has been
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TABLE 5-9b
SUMMARY OF RESULTS OF COMPUTER PROGRAM TO RANK WATERSHEDS

RANK BY TOTAL OF RANKING BYl GRAND | OVERALL
WATERSHED NAME SEDIMENT CONT. ALL OTHER POLLUTANTS | TOTAL RANK
Fleetwood 2 61 63 7
Lower Mud 6 56 62 6
Upper Mud 4 45 49 5
Upper Bayou 1 13 14 1
Lower Bayou 3 17 20 2
Hickory 7 24 31 3
Texoma Lateral 5 36 41 4

1From sum of "Rank" column of each table in the computer printout in Appendix F
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identified as haying the greatest potential for NPSP problems. Because
loading rates are used in the ranking process, rather than comparing total
pounds of pollutant from each watershed, specific problems within large
watersheds may be discriminated against in the ranking process because they
are masked by the total area of the watershed. Larger watersheds may
actually be contributing greater amounts of pollution in total pounds but
are ranked lower than smaller watersheds which contribute less pollution
overall, but have a greater concentration per acre. This idea may be tested
by taking the total contribution of each pollutant (from the "SUM" column of
the tables in Appendix F) and ranking the watersheds based on these figures.
Table 5-10 compares the results of ranking the seven watersheds by 1) loading
rates; 2) total contribution; and 3) total area. Results show that the
Hickory Creek watershed has the greatest total pollutant contribution, and
is second in overall size. However, the Upper Bayou watershed has the
highest pollutant loading rate, but is sixth in overall size. The value of
this information depends on how it is to be used. 1If the primary concern is
protecting the water quality in a downstream reservoir, then effort should
be made to control NPSP from the Hickory Creek watershed., But, if protection
of instream water quality for the stream segment below each watershed is the
objective, as it is here, then the Upper Bayou watershed should receive

the treatment. Another point to consider is that it might be less expensive
and more effective to implement NPSP control measures on small areas
contributing large amounts of pollutants per acre, than to try and treat
NPSP problems dispersed over much larger areas, though they may have a
greater contribution in total pounds.

The next step is to specify what the problems are, delineate their
sources taking into consideration the effects of point source, and recommend
treatment alternatives. It is beyond the scope of this paper to do a detailed
study of the watershed, but by considering the information made available
by the ranking process, it was possible to roughly estimate the source of
NPSP problems and thereby prescribe alternative management practices.

Table 5-11 utilizes information in Table 5-5 for the Upper Bayou
watershed to illustrate the relative contributions of sediment from each
of the identified land uses. From this table it can be seen that cropland

is the major sediment contributing land use in the watershed (in tons/acre).
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TABLE 5-10

RANKING OF WATERSHEDS BY LOADING RATE, TOTAL CONTRIBUTION AND SIZE

WATERSHED RANKINGS

"ATI?:}S{EED BY CONTRIBUTION BY TOTAL BY SIZE
(LB/AC/YR) CONTRIBUTION

Fleetwood

Lower Mud

Upper Mud

Jpper Bayou
Lower Bayou

Hickory

& W N H U O
W M &S N U O N
W RN O Db

Texoma Lateral
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TABLE 5-11

RELATIVE CONTRIBUTIONS OF SEDIMENT FROM SHEET EROSION FROM
: EACH LAND USE IN THE UPPER BAYOU WATERSHED

‘TOTAL TONS OF SEDIMENT FROM
SHEET EROSION ON THE UPPER
: BAYOU

EONTRIBUTION : FROM_EACH SOURGCE (TON/

CROPLAND

RANGE

PASTURE

ACRE) ..
WOODLAND

547,389

12.00

5.41

2.4

3.0
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Information for Table 5-12 comes from Table 5-9a. Each estimate of the
pounds of pollutant is divided by the area of the corresponding land use
to get the loading value in Table 5-9a. 0.26 E 06, is divided by the

area of land use for cropland, 9961 acres, to yield 26.1 1lbs/ac/yr which
is the first wvalue in Table 5-12.

Decisions such as how and what NPSP problems are to be controlled
would in reality be made only after a detailed study to determine what
water quality standards below the Upper Bayou watershed were being violated,
the immediate effect on instream water quality, downstream conditions
(reservoir water quality), and what proportion of this violation could be
attributed to nonpoint sources. Again, this is beyond the scope of this
paper. However, for illustration purposes, if total nitrogen were
determined to be the instream standard being violated and instream water
quality below the watershed is of primary concern, it would then be
necessary to provide alternative measures to try to contain the source of
this pollutant. These alternatives would be based on a variety of variables
such as 1) effectiveness of the measure, 2) cost benefit relationships,

3) social and political acceptance, and 4) the effect of the measure on
the environment.

Disregarding consideration for numbers 2,3, and 4 from the above
list, and assuming that there are no point sources which contribute total
N to the watershed (i.e., the burden of correcting the total N problem lies
solely with nonpoint sources) then a combination of management practices
might be as follows: From Table 5-12 it is known that cropland has the
greatest relative contribution of total N, and that, at least theoretically,
by completely controlling this source, 3.81 1lbs/ac/yr. could be eliminated
from downstream waterways. Likewise, from Table 5-11, it was shown that
cropland is also relatively the greatest contributor of sediment in terms
of tons contributed per acre. This is not surprising as it has been
demonstrated in numerous publications that total N is associated with
soil particles (9, 10, 11). Therefore, by controlling sheet erosion from
cropland in the Upper Bayou watershed the contribution of total N from this

land use will be reduced or eliminated.



TABLE 5-12

RELATIVE POLLUTANT CONTRTBUTION BY LAND USE AND PARAMETER
- -FROM: THE" UPPER- BAYOU WATERSHED

LAND USE RELATIVE CONTRIBUTION OF EACH POLLUTANT (LB/AC/YR)

BOD coD SS SO4 N02+ NO3 NH3 ORG-N |TOT-N | TOT-P
Cropland 26.10 }100.39 | 1606.26 29.11 .28 .28 6.22 | 3.81 | 2.71
Range 23.20 69.47 239.52 19.90 .77 .16 1.89 | 3.36 .77
Pasture 4.79 33.16 279.66 23.17 .16 .08 .40 .32 .80

Woodland 229.54 |}897.29 980.76 | 292.14} 16.9019.18 }27.13 | 3.76 | 1.92

101
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Several management practices are available to control nonpoint
pollution, Some are institutional, such as limiting fertilizer avplication
rates, controlling actual application methods to prevent spray drift,
spills, etc.,, and fertilizing only during periods of low rainfall/runoff.
Other practices may be structural, and these are covered in more detail.

Structural nonpoint pollution controls which reduce sediment yields
and sediment adsorbed pollutants such as nitrogen basically involve:

1) Correcting or adapting to excessive slope and slope length, e.g.,

contour farming, terraces, and field shaping.

2) Providing avenues for proper drainage of excess water, e.g.,

diversions, waterways, and tile drainms.
3) Maintenance of proper vegetative cover during months in which
large quantities of precipitation occur (April, May, June,
September, and October are considered critical months for the
control of runoff «(72)). Examples of best management practices
directed toward pruper cover are: residue management such as
no till planting or conservation tillage, winter cover crops,
sod-based rotations, meadowless rotations, improved soil fertility,
and timing of field operations (11).

4) When the above measures do not adequately control the pollutants,
a change in land use is indicated; e.g., a change from row
crops to small grain crops, or a change from small grain crops
to pasture.

These practices or a combination thereof should be sufficient
to reduce the amount of sed;ment, and thereby the amount of total N
reaching the stream fed by the Upper Bayou watershed. For example,
by instituting one of these practices, a lower "C" value used in Equation
5.4 is obtained which reduces "X" in the same equation. 1If, in Table
5-9a, the X value for the test watershed (0.16) is reduced to 0.10, the
result is a reduction in total N loading from 3.81 1bs /ac/yr to 2.4 lbs/ac/yr

This would result in a corresponding decrease in the other pollutant

parameters ,
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Model Verificatfion

Discussion

Verification of this model was difficult due to the lack of suf-
ficient data on land use, loading rates, effects of point sources, and
background information on instream and watershed conditions, Infor-
mation on land use, for example, varies from one source to the next
because of simple differences in definitions. "Gray areas' exist between
definitions of pasture and range, or range and woodland. These problems
will hopefully be overcome in future 208 programs which will be designed to
update current land use information, and standardize it via data from
LANDSAT satellite imagery.

Another problem was the insufficient amount of data on loading
rates. At the present time, only a few broad classifications of land use
have been monitored. This means that the effects of certain nonpoint sources
of pollution such as roadside erosion, roadside dumps, sanitary landfills,
unlicensed feedlot operations, etc., as well as seasonal differences are not
accounted for in the watershed ranking process. Likewise, there is no
consideration for point sources and their. effects. The model demonstrated
only deals with the ranking of problem areas based on measured loading rates
from a limited variety of nonpoint sources.

Yet another problem is the lack of detailed background information
cn existing watershed conditions. Factors such as in-place conservation
practices, small farm ponds, upstream flood control structures, etc.,
are not accounted for. Likewise, neither is the "straining" effect which
one land use next to the receiving stream may have on another land use
higher up in the watershed. For example, the effects on the water quality
of a receiving stream that a large area of heavily grazed rangeland may have,
may be completely negated by a few acres of good pasture or woodland which
lies between the rangeland and the receiving stream. This is because any
pollutants such as sediment are filtered or "strained" out before they reach
the stream. Similarly, there is no accounting for any pollutant degradation
or intensification during the time it takes to actually reach the stream.

Finally, information on instream conditions is often inadequate

to allow judgements on what parameter or set of parameters ought to be

controlled. As an illustration of this problem, many of tbe sediment
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based transport models simply state that total N and P may be estimated

as a given percent of the sediment transported from the land. However,

it is difficult to differentiate in the stream between sediment from sheet
erosion, gully erosion, roadside erosion, and sediment from streambank
erosion, and scour. The problem is further illustrated by presenting the
estimated total tons of sediment yield from the above sources (Table 5-13)
and the percent contribution of each source (Table 5-14) (74) . As can be
seen from these tables, sheet erosion accounts roughly for 75%&of the sediment
delivered to the mouth of these watersheds (74), Therefore, if only instream
sediment figures were used to estimate total N and P, these values would
probably be unrealistically high, since these parameters are more closely
associated with sheet erosion than with the other sources.

One of the greatest attributes of the model is that it is highly
flexible so that as more detailed information becomes available, it may
easily be incorporated into the ranking process. But for the present, it
is important to bear in mind that the three levels of detail of this model
(basin, sub-basin, and watershed) are to be used primarily as a process to
converge on a specific nonpoint source problem area. Then at that point,
it can be determined whether or not a more detailed study involving the

consideration of all the problems discussed is actually warranted.

The Verification Process

Because data on nonpoint pollution loading rates only exist for
those areas of the state selected for study to develop those same rates,
it is difficult to estimate the effectiveness of the model to predict a given
pollutant load level. However, it was possible to take the monitored land
uses in one area of the state, and by the process outlined in the preceeding
sections, estimate the load of various pollutants from monitored watersheds
in another area of the state.

The procedure used was to take the values and loading rates already
determined for the test watersheds around Mangum (see Appendix A), and the
R C K T values for the monitored watersheds near Freedom and Idabel, and
apply Equation 5.3 to predict the load of various pollutants from these

six homogeneous watersheds. These predicted values were then compared to



TABLE 5-13
SEDIMENT YIELD (TONS) FROM ALL SOURCES IN EACH WATERSHED

IN SUB-BASIN 3-B (2) (74)

S0t

EROSION EROSION EROSION EROSION SCOUR TOTALS TONS/ACRE RANK
Fleetwood 451,590 41,825 28,207 28,207 12,309 562,138 3.93 2
Lower Mud 716,261 53,810 65,768 79,719 44,296 959,854 3.32 6
Upper Mud 436,271 46,671 60,814 33,943 38,678 616,377 3.40 4
Upper Bayou 547,389 8,898 133,476 17,797 32,288 739,848 6.18 1
Lower Bayou 255,781 6,820 40,925 10,231 27,283 341,040 3.57 3
Hickory 629,427 13,354 48,559 59,486 10,236 761,062 3.26 7
Texoma Lateral 415,899 55,401 89,037 53,422 1,313 615,072 3.33 5
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TABLE 5-14

PERCENT CONTRIBUTION OF SEDIMENT FROM

EACH SOURCE BY WATERSHED

WATERSHED

PERCENT CONTRIBUTION FROM EACH SOURCE

NAME SHEET STREAMBANK GULLY ROADSIDE
EROSION EROSION EROSION EROSION SCOUR
Fleetwood 80 8 5 5 2
Lower Mud 75 5 7 8 5
Upper Mud 70 8 10 6 6
Upper Bayou 75 1 18 2 4
Lower Bayou 75 2 - 12 3 8
Hickory 83 2 6 8 1
Texoma Lateral 68 9 14 9 1




TABLE 5-15
PREDICTED (P) AND MEASURED (M) POLLUIANT LOADS (LB /AC/YR)

ARD THE RESULTING CORRELATION COEFFICIENTS

{01

Pollutant Parameter )
AREA LAND USE BOD o> Ss S0, No#NO, NH, ORG. N Torn Torp I OVERALL
Mangum | Cropiand P| 6.23  40.75 666 24,08 .31 .11  1.88  1.67 .23 .99
vs. M| 6.49  25.03 392 7.4 07 .07 1.56 26 .67
Freedom | Pasture P | 1.81 12,43 65.16 1.81 .10 .04 .68 55 .14 .99 .93
M{ .61 4.3 34,91 2.92 .02 .01 .05 04 .10
Range P | 4.63  16.07 140 3.99 .23 .09 .89  1.23 .53 .97
M| 7.25 _21.71 74.85 6.22 _ .24 .05 .05  1.05 .10
Mangum Cropland P | 20.19 57.14 269 13.49 5.04 1.39 2.72 11.64 .26 .98
vs. M| 6.49 25,03 392 7.4 .07 .07  1.56 .26 .67
ldabel | Pasture P|16.52  56.23 34.31 8.68 .7l .82 1.93  1.80 .68 .25 .89
M| 2.46  16.52 139.64 1168 .08 .04 .20 16 .40
Range P [14.25  34.52  74.89 2055 .33 .51 174  2.45 .22 .95
M| 7.25 2171 74.85 6.72 .24 .05 .59 1.05 .2
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measured values (obtained from the monitoring program, and recorded in
Appendix C), and the correlation coefficients of the predicted and
measured values determined. (Procedures for determining correlation

coefficients were followed as outlined in Statistical Methods (77)).

Results of Model Verification

Results of correlating predicted values with measured values
(Table 5-15) for six different watersheds was very good. An overall
correlation coefficient of r2 = .93 for the watersheds near Freedom was
obtained. This was to be expected since very similar land uses were
correlated. The cropland watersheds had an r2 = .99 as did the pasture
watersheds. The rangeland watersheds had an r2 value of .97 which is
also significant.

With the exception of the pasture watershed, there was excep-
tionally good correlation between predicted and measured pollutant
parameters on watersheds in the Idabel area. Pasture only had an
r2 = .25. This was probably due to large differences in RCK T
values between the Mangum and Idabel watersheds (see Tables 5-7 and 5-8).
The predicted values from the other two watersheds, cropland and range-
land, were much closer to measured values, having r2 values of .98
and .95 respectively. This gave an overall r2 value for the Idabel
watersheds (predicted ana measured values for all parameters, and
all three watersheds) of .89.

The SCS information -- obtained independently of this study --
on sediment load contributions from varicus sources, reflects a con-
currence with data collected in this study. The watershed having
the greatest amount of sediment load was identified as the watershed
having the highest potential for other nonpoint pollution problems.

The land use cropland, which had the greatest amount of sediment
contributed in terms of tons per acre, was also identified in the
previous example as the land use in that watershed (Upper Bayou) with
the greatest loading rate (1lbs /ac/yr) of total N. Likewise, com-
paring results of the EPA National Eutrophication Survey to data
gathered in this study, the general area where possible NPSP problems
might occur was identified as the southwest portion of the state in
both studies. This indicates that the methodology presented, based
on initial investigations, is a viable tool for locating and evaluat-

ing nonpoint sources of pollution.



CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

The objective of this paper was to develop a model which would allow
the user, for planning purposes, to locate and evaluate potential NPSP
problem areas. This was accomplished through a ranking process where NPSP
loading rates from a variety of land uses within basins, sub-basins, and
watersheds were compared. A more sophisticated model could then be applied
to these areas identified as having the greatest potential for NPSP problems

to determine ways the problem might be handled.

Conclusions

In the development of the methodology, many assumptions were made
dealing with the information which was available. The state of the art of
nonpoint pollution modeling has not been developed to the point that any one
model will apply without alterations to any given set of conditions. This
may never be fully achieved but all models developed thus far have enough
variables in common that at least a more sufficient data base should be
developed.

Of primary importance in any model designed to estimate nonpoint
pollution is the hydrology factor. Since runoff is the transport mechanism
of NPSP, the amounts, distribution, and flow of water are highly significant
in determining when, where, and in what quantities pollution from nonpoint
sources occurs. In the model developed in this paper, techniques for

estimating runoff or "water yield" from small watersheds developed by the
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Soil Conservation Service were used with good results (36). The techniques
are simple, straight forward, and have been field tested and shown to be
effective in estimating volumes of runoff (36). These techniques were used
in determing the loading rates of various pollutants from different land
uses.

Land use information is only available, for large areas such as
basins and sub-basins, on a limited basis since every area of the state has
not yet been mapped. (Future plans call for LANDSAT satellite imagery to be
employed in order to complete and update existing landuse data files).
Other information on soil types, and meterological and topographical
conditions is fairly complete and accurate.

By the methodology presented in this paper, and based on the
available data, Basin 3, the Upper Red River, was identified as the basin
exhibiting the greatest potential for NPSP problems. Likewise, within that
basin, sub-basin 3-B(2) was estimated to be the sub-basin which contributed
more pounds of pellutants per acre than any of the other five sub-basins.
After increasing the level of detail to rank the watersheds in sub-basin
3-B (2), it was found that the Upper Bayou Watershed ranked highest in
terms of pollutant contribution to the stream below that watershed. At
this point, a hypothetical situation was presented where, for water quality
reasons, it was desireable to reduce the amount of total nitrogen reaching
the stream. It was shown that since the major source of total N, im 1bs./ac.,
came from cropland in the Upper Bayou Watershed, a combination of management
practices here could do the most good in reducing the quantities of this
pollutant reaching the stream.

The process of verifying the methodology consisted of predicting the
loading rates from a monitored watershed based on Equation 4.3 utilizing
the loading rates established at another monitored watershed. Results
showed a good correlation between predicted and measured values. When
predictions based on loading rates of monitored watersheds near Mangum
were made for three watersheds near Freedom, and three watersheds near
Idabel, the resulting correlation coefficients, rz, were .93 and .89
respectively,

As further verification, in an independent study conducted by the
Soil Conservation Service to estimate sediment yield from the same Upper
Bayou Watershed, it was found that cropland in the Upper Bayou Watershed

contributed the most sediment in lbs./acre of any of the land uses mounitored(74).
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Since other studies indicate a good correlation between sediment and
nitrogen loading (9, 10, 11), it was apparent that the model had correctly
identified the major source of total nitrogen as being cropland in the
Upper Bayou watershed.

This study has-shown that it is possible to utilize existing
information on land use types and areas, meteorologicial conditions, and
geographic factors, along with NPSP loading rate data obtained through a
statewide monitoring program, to estimate and evaluate nonpoint pollution

loading from Oklahoma watersheds.

Recommendations

Several areas of the methodology should be refined to improve the
accuracy of the model. The following recommendations are listed in order of

importance in terms of where additional work is needed to achieve refinement.

1. Loading rate information should receive highest priority since
ranking, and possibly future pollutant load allocations will be
based on this data. Techniqués for estimating runoff from
various watersheds are fairly accurate. However, pollutant
concentrations fluctuate a great deal, and more monitoring data
is needed to study the effects of seasonal variations and
antecedent conditions on runoff water quality.

2. Additional monitoring should be conducted on more specific land
use categories, i.e., different kinds of forest, or grades of
pasture, or conditions of rangeland. It will be desirable in
the future to include divisions of "urban" (residential, commer-
cial, industrial, etc.), and to examine the effects these
sources have on water quality in combination with point source
dischargers and rural nonpoint pollution.

3. More specific land use classifications should be made, and better
methods of estimating the areas of each identified land use
established. (This may eventually be possible through LANDSAT
satellite imagery).

4. The effects of various management practices on water quality

should be studied in more detail to determine - their effectiveness in
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controlling NPSP.

5) The model projects the source and quantities of a pollutant load.
The fate of these pollutants in the streams and reservoirs will
also be needed. Likewise, it will be necessary to know what
effects changes in land use activities have on water quality.

6) Further verification of the model should be conducted for
larger watersheds with mixed land uses to test the accuracy

of the pollutant load predictioms.

Eventually, detailed models such as those described in Chapter III1
will be utilized to predict NPSP loading rates for every watershed in the
state. However, until the time and funding are available for this, the
methodology developed in this study shall be used to locate and evaluate
potential NPSP problem areas to determine where future funding should be
disbursed to control to the extent feasible pollution resulting from

nonpoint sources.
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LIST OF ABBREVIATIONS

ACOG, Association of Central Oklahoma Governments
ARS, Agricultural Research Service

BMP, Best Management Practice

CN, Curve Number

CNI, Conservation Needs Inventory

EI, Soil Erosivity Index

EPA, Environmental Protection Agency

gpd, Gallons per day

INCOG, Indian Nation Council of Governments

mg/l, Milligrams per liter

NOAA, National Oceanic and Atmospheric Administration
NPDES, National Pollutant Discharge Elimination System
NPSP, Non-point sources of pollution

0CC, Oklahoma Conservation Commissioq

ODPC, Oklahoma Department of Pollution‘Control
OSDH, Oklahoma State Department of Health

PL 92-500, Public Law 92-500

SCS, Soil Comservation Service

SDR, Sediment Delivery Ratio

USDA,United States Department of Agriculture
USLE, Universal Soil Loss Equation
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APPENDIX A
Calcualted Areas of Drainage

for Each Station

Chapter III described how the various monitoring sites were selected
for this study. The following Table A-1 lists the calculated areas of
drainage for each station. This was determined by planimetering USGS
topographic maps of each area. The section of these maps, and the
corresponding legal description of each sampling point follow Table A-1.

From the illustrations it can be seen that each drainage area is
homogeneous for a particular land use. This ensures that as a sample
is collected, it represents the runoff water quality for that particular

land use.
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Calculated Areas of Drainage for Each

LOCATION STA. #

Idabel

(McCurtain Co) 1
2
3
4
5

Mangum

(Greer Co) 1
2
3
4

Freedom

(Woods Co) 1
2
3
4

Tahlequah

(Cherokee Co) 1
2
3
4

Muskogee

{(Muskogee Co) 1
2

w
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TABLE A-1

NPSP Monitoring Location

6.91
.086
<1453
.043

0.04
0.09
0.06

ACRES

94.89

94.89
376.49
120

93

224.98

82.64
211.20
137.74

88
320
365
138

4420
55.0
92.0
28.0

25
60
40

G

4.13x10
4,13x10
16.4x10
5.23x10
4.05x10

(o 3K W« \ Wa  Ww )}

9.8x10
3.6x10
9.2x10
5.9x10

[= W)W« \We )

3.83x10
13.94x10
15.90x10
6.01x10

(=23 =20« 00}

192.5x10
.024x10
4.0%10
1.22x%10

[= 23K e )0« B )

1.1x106
2.6x10
1.7x10

SCS AREA

9A
9A
9A
9B
9B

2C
2C
2C
2C

NN

11
11
11

10B
10B
10B

S

FACTOR
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IDABEL STATION 1 RANGE
T7S R23E SEC. 24
SE SW NW
IDABEL 7.5' QUAD
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IDABEL STATION 2 PASTURE
T7S R24E SEC 35
SE SE SE
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APPENDIX B

A Description of the Parameters Studied

This Appendix briefly describes the various parameters, including
the different tests and what they measure. All parameters in this
study were selected based on information obtained from past studies
in the area of NPSP. The actual chemical analyses were performed by
the Oklahoma State Department of Health Water Quality Laboratory fol-

lowing procedures outlined in Standard Methods for the Examination of

Water and Wastewater, and various EPA guidelines.
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BIOCHEMICAL OXYGEN DEMAND (BOD)

The BOD of a water is the amount of oxygen required by
bacteria while stabilizing decomposable organic matter under
aerobic conditions. The term ''decomposable" means that the organic
matter can serve as food and energy for the bacteria. The test is
important in the evaluation of the purification capacity of receiving
bodies of water. The test is difficult to run in that it takes time
and several steps to produce results, and even then in many instances
the results are not reproduceable. Many interferences from toxic
substances can affect the results. However, the test is valuable

as a reference point for the COD test which will be discussed next.

CHEMICAL OXYGEN DEMAND (COD)

The COD test is used extensively in the measurement of the
pollutional strength of dovestic and industrial wastes. It was used
in this study to provide a means of comparing NPSP to other forms
of pollution. The COD test allows the measurement of a waste in terms
of the total guantity of oxygen required for oxidation to carbon dioxide
and water. The test is based on the fact that all organic compounds,
with a few exceptions, can be oxidized by the action of strong oxi-
dizing agents under acid conditions. This test is more reliable than
the BOD, and results are much more readily reproduceable. It is also
an easier test to perform since it can usually be completed in about

three hours rather than the five davs required for the ROD test.
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pH AND ALKALINITY

The alkalinity of water is a measure of its capacity to
neutralize acids. In natural waters, alkalinity is due primarily
to the salts of weak acids. Generally, if the alkalinity is high,
the pH of the water is basic or neutral, which is a good condition.
Throughout this study, the pH of the water seldom varied by more than
one unit from the neutral condition of 7.0. This is good in that

the water is non-corrosive.

SOLIDS

The amount and nature of dissolved matter occuring in liquid
materials varies greatly. In potable water, most of the matter is
in dissolved form and consists mainly of inorganic salts,small amounts
of organic matter, and dissolved gases. The total solids content
of potable waters usually ranges from 20 to 1,000 mg/l. As a rule,
hardness increases with total solids. The undissolved substances
are usually referred to as suspended solids. The term settleable
solids is applied to solids is suspension that will settle, under
quiescent conditions, because of the influence of gravity. Only the
courser suspended solids with a specific gravity greater then that

of water will settle.

SULFATE

The sulfate ion is one of the major anions occurring in natural

waters. It is of importance in public water supplies because of its
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cathartic effect on humans when present in excessive amounts. Sulfate
is also important in public and industrial water supplies because

of its tendency to form hard "scales" in boilers and heat exchangers.
The U.S. Public Health Service recommends an upper limit of 250 mg/1
in waters intended for human comnsumption. However, concentrations

of about 500 mg/l are recognized as safe for stock watering.

NITROGEN (NOZ,NO NH&’ and ORG-N)

3°
Nitrogen is one of the fertilizing elements essential to the
growth of algae. Such growth is often stimulated to an undesireable
extent in bodies of water that receive sewage or treatment plant ef-
fluents, because of the nitrogen and other fertilizing matter contri-
buted by them. Runoff from stockyards and feedlots is another source
of these elements. Nitrogen analyses are an important means of furn-
ishing information on these problems. Nitrogen exists in nature in
four basic forms -- ammonia (NHA), organic nitrogen (ORG-N), nitrite
(NOZ)’ and nitrate (NO3). By knowing the relative concentration of
these various forms in a body of water, the degree of pollution can
often be determined. The autotrophic conversion of ammonia to nitrites
and nitrates requires oxygen. The discharge of ammonia nitrogen and
its subsequent oxidation impact can seriously reduce the dissolved-
oxygen levels in rivers and estuaries, especially where long residence
time74equired for the growth of the slow-growing nitrifying bacteria

are available.



140

PHOSPHATE (P04)

The greatest sources of phosphate in natural bodies of water
are from detergents, fertilizers from agriculture and animal and plant
processing wastes. Phosphate is found in most fertilizers, and be-
comes a problem in lakes and streams when excessive amounts are ap-
plied then washed away with a large rainfall/runoff event. Phosphate
is a parameter of interest in water quality considerations because
of (1) its role in plant productivity such as algal blooms (2) its
interference in coagulation (3) the difficulty of removing it from
water, and (4) its characteristic of converting to other forms.
Phosphate is considered to be the limiting factor in algal production,

which may be detrimental to fish if too much algae is produced, result-

ing in oxygen depletion.



APPENDIX C
Analysis of Data Collected Through

the Nompoint Source Pollution Monitoring Program

Each tabie contains the background information on the location (City
and County), the station number, the land use, the area in square feet, and
acres of that land use, and the testing period. 1In the colummns of each
table are the date on which the sample was collected (with the number of
antecedent days appearing between dates), the total rainfall amount in
inches for that event on that date, the volume of runoff in million gallonms,
and then the concentrations of various pollutants in the runoff. Each
parameter, with the exception of pH, has two rows. The first row is
the concentration of the pollutant in milligrams per liter. This represents
the raw data from the water sample analysis performed by the OSDH Water
Quality l.aboratory. Notice that many values under the parameters NOZ and
NO3 are around 0.1 mg/1. This is the detection limit for these parameters,
and in some cases, the actual value may have been something less. This

holds true for the various detection limits on the other parameters as

well.  (For a discussion of the parameters sce Appendix R).
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The second row 1is the estimated total pounds of pollutant contri-
buted by that land use for that particular event. This calculation is made
following the steps and formulas outlined in Chapter IV. Notice that these
values are often very small. In these cases it should not be taken to
imply that the test is actually that accurate. The values are presented
merely to demonstrate the technique and to provide an idea of the total
pollutant contribution.

Appearing near the bottom of the table are some statistical calculations
which demonstrate the variability of the pollutant concentration and load
between events. Caution should be taken in viewing the statistical informa-
tion since the number values, n, varies with some parameters, and because

n may be small for some monitoring statioms.

In those instances where inadequate samples were provided, only a
portion of the parameters were analyzed. This created gaps in the data.
Where these gaps occurred, the mean value of all previous samples was

used rather than report zero.
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STANDARD DEVIATION Oe? 1066858 18,3486 145,1C75 06274C S04,50S0 749415 041609 0e3380 02773 0526651 0+0621

158495 393438 727¢415 4,01 112026 196460 4033 €e273 17.5) 22427 2+6)
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LOCATION:TDABEL{MCCURTAIN CO) STATICNS2 LAND USEIPASTURE AREA24413E 06 SO FT TESTING PERIODIJAN T6-JUNE 77

DATE FRF AMT RO vOL PH 80D coo C1SS sOLD SETT SOLD SS sCa NO2¢NO3 NHa ORG N TOT N T0T POAS
(IN) (GAL2EG)

3008 4400 4,76 7.0 50000 144000 118,000 0.100 37000 54000 0es400 0300 00800 1100 0,190
20 0e20F 03 0e56E 03 Ue&TE 04 0e¢40E 01 Oe1SE 04 0+20E 03 0+36E 02 0¢12E 02 0oT2E 02 0¢A4AE 02 07SE 01}
3,28 1.2% 0e32 6eb A4,000 65000 12000 0e800 400000 3,000 1100 00€00 1«900 2500 0,270
9 00¢12E 03 06187 03 0¢32E 02 0e¢22E 01 0e11E 03 0,€81C 01 0¢30E 01 0+316F O1 0e5S1E 01 0494E O 0¢73E 0)
4.06 Je20 3420 607 17.000 464000 102,000 Oe40C 15000 7000 06200 0500 1600 14700 0e830
13 O0¢ASE 03 0¢12E 04 0¢27FE U8 0el1FE 02 0¢51E 03 06195 03 0e53E 01 0¢13E 02 0433F 02 04SE 22 0O.11E I2
4,15 150 0e57 649 40000 54000 203,000 06100 33,000 3000 0200 1000 1900 24040 00211
38 0010 02 0026E 03 0e97€ 03 0,A8E 00 061 6E 03 041AE 02 0495E 00 Ve¢48E 0 2¢93€E Il Je97€E 91 Jel12IE I
527 125 0e32 68 0¢0 650000 134000 0e400 134000 G000 24100 0200 Cel00 24000 0s140
9 0.0 0e18E 03 0035E 02 0e11E 01 O0e3%E 02 0e24E 02 0eS57E 3% J¢13E 21 0¢27E 29 IeSSE 21 2¢38F )
6425 2490 2665 605 10000 60000 984000 04200 184000 S¢000 0¢200 043200 1600 24020 0e 290
to2 0e22E O3 Oel3E 08 0e22F 04 0+44E 01 0440E 03 0031E 23 9e66E 01 2¢66E I1 DeIZE 92 Q,45E I2 02.44E N
1005 4000 .4-76 6e7? 84000 364000 5254000 04100 2000 34000 0200 0¢100 1600 24040 0e620
62 0e32E 03 Qe10E 04 0e¢21E 05 0¢40E 03 QeT79E 02 04s12F 03 0eTOE 05 00¢40E 21 Je84E IZ2 JI¢BLIE 92 02SE 2
12406 tel3 0e22 Gob 114000 724000 117,000 00100 €¢000 8,000 06200 0100 1900 2000 0630
39 0e21F 02 0¢13% 03 0e22E 33 0019E 3D I¢13E 02 0,3SE 02 3¢38F 00 0e¢19E 09 3¢26E 01 2¢38E 01 0s12€ 11
1eld 120 028 Gob6 000 524,000 92000 0.100 234000 10.,000 00200 0+,100 1900 1900 00390
20 00 00128 I3 04622E 03 0623E 20 I4S4E 02 0623E 22 0.A7E 03 0623E )9 Ge4%ZE 01 UeASE 21 J.91F 20
2003 125 0¢32 607 11,900 460000 137,000 0e250 22.000 64400 0650 0,100 1500 20040 0430
28 ’ 0e32F 32 06128 33 J436E 23 3.67E 30 0¢5S0F 02 I 17E 32 0018E 01 062TE 29 2¢4I3E 31 2.5%E 01 0.82F O1
3,02 372 4420 Te0 12000 34,000 75000 0e200 38,00¢C 7000 0300 06500 1500 20040 0e 260
26 3042E 03 D¢12E 34 3¢2BE J& I.70F 01 0¢13E O& 0025E I3 0635F 08 2432E 32 0+452E 02 0471E 02 0,91E O}
3426 2070 2430 6e8 200000 464000 101,000 0,300 17000 104000 20200 2+.100 1¢700 24040 1400
3 03B 33 0e¢BBE I3 Ue1GF 04 T¢58F Il Je32E 07 36197 I3 J¢82E 02 O04A0E 02 0437 02 0639 02 0427€E 02
PINIMUN Goh Y 14.930 124239 00130 2¢290 %2 D 00122 2133 Q129 1.190 Oe140
0e0 0el12F U3 0032E 02 0e¢19E OU 008 1€ 02 0¢RIE 01 0.38F 00 0¢19% 00 0,27 00 0436E 01 0«3BE 00
MAXIMUM Ted 44,309 71639) 525%,0)) 3o 800 43030 19¢9) 26230 2100 14900 3500 1400

0e45E 03 0+18E 08 0021FE 05 0el1E 02 Oe1SE 08 00252 03 0«42E 02 0,40F 02 0,64F 02 0+81E 02 0027€ 02

MELN 607 11.620 454917 13264030 Je 254 220332 €e 367 0e654 0+%30 1500 2,040 004231
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17514 G00e 1T S78211 3e¢26 503,81 89679 1168 t3.17 22403 27470 Q¢34
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LOCATION: I CABEL{MCCURTALIN COY STATION:3 LAND USELTe AGP1 AREA:164E 06 SQ T TESTING PERIODIJAN T6-JUNE 77

DATE FRF AMT RO VOL PH aoo coo DISS SOLD SETVT SOLO SSs sQa NO24NO3 NH4& ORG N TOY N TOY POA
tIN) { GAL®*E6)

3.8 24)) 18e92 645 1033 3202300 232400) Je.190 620000 $¢000 12.100 0,200 1.700 13.700 Qe 740
20 Os16E 048 0eS0F 0N QeITE 0S5 QeI6E 02 0,98F 04 0¢79E 03 0¢19F 04 O0eA7E 02 0¢27€E 03 022E 04 0e12F 03
3.2 1e28 1629 65 436200 1714212 13.000 000 17.000 3.000 0.700 0,200 1600 2000 06500
9 0ed43E 03 Oel1BE OA 0014E 03 0.0 01 8E 03 0032 02 0e75E 08 0s86E 01 0s17F 02 0432E 02 0454€ 01
4026 32) 12471 71 204320 84,000 137,000 0,800 S1.00C 2.000 0+ 300 0+700 1e500 20400 1.090
13 00 21E 08 0,575 08 0e15SE 05 0¢83E 02 04SAE 04 0e21€ 03 043I2E 02 0¢7AFE 02 O,16E 03 0+25€ 03 0412E 03
4019 152 227 Te0 3000 424000 1224000 0e800 141,000 224000 1100 1000 1500 2500 04157
38 DeSTE OZ 00795 03 0e23F 08 0094E 01 0627E 04 0482E 03 0421FE 02 0+19% 02 0028E 02 0¢47E 02 0¢30E 01
Se27 100 0e54 740 000 884000 104,000 2400C: 654000 €¢000 Ge 400 0+S00 1.000 14300 0e660
3s 00 DeAOE 03 0eATE O3 0¢91F 01 0e¢31€ 03 0627 02 0el1B8E 0% 0423E 01 0, 4%E 01 0e59E 01 0430E 01
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10405 2,00 18692 7e2 S54000 316000 5814000 00200 820000 30000 00200 003100 1800 Se 300 0e410
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39 0e6TE 02 0043E U3 0410F 04 0022E Ot 0¢73E 03 0¢15E 02 De3I7E 01 0¢75F 00 0¢1%E 02 J18E 32 9¢7(E I1
felt 120 1012 649 Oe0 784000 167,000 04200 60,000 4,000 00200 Oe.100 i.900 20000 1.100
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MINIMUN 6eS 040 214000 124000 0e0 17,000 20320 2239 de120 1¢02) 133 24187
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LST



LOCATION:1DABFL{MCCURTAIN CO) STATION:A LAND USESSILVI AREA:5423E 06 SO FT TESTING PERIOD:JAN TG6—-JUNE 77

DATE RF AMY RO VOL. PH ean Ccao NISS SNLD SETT SOLD SS S04 NO24#ND3 NHA ORG N TOT N T0T P0a
LIN) (GAL *EG)

3008 3¢50 4439 6e2 364,000 46,000 1544000 0e100 214000 S¢000 04300 04200 1100 1.300 0,080
20 0e14E 34 Jo1TE )4 JeS€F 04 Ja3TE O0f J¢T7E 03 0018 03 0,11E 02 Je11E 22 2e80E 92 I e848E 22 De29E O1
3o 28 125 0a32 6Geo 3,000 120000 640000 0.0 3,000 3.000 0e 200 043200 0,600 1420 0,020
9 F¢79E 31 Qe 3I2E 22 JeiTE I3 04 3¢TGE 08 Go73F 01 0eS3IE G0 0e79E 23 Je1€E 31 2¢37E 038 0+53E-0%
4406 3e¢00 3e2€E 603 17000 460000 934000 06200 £24000 4,000 06200 0e¢700 1200 2000 00084
11 Je86E 03 Je32E I8 2025€ & 0¢5S4E I J660E 03 0011€E 33 0¢SAE 01 0e19E 22 0e33E 02 0e54E 02 0e23E O1
417 2400 1632 606 4000 384200 834000 Oe0 88,000 34000 06200 1 ¢ COO 14000 fe420 0e100
4) DeQ4E 02 JA2E 93 Je91E 2 26 3e97E 03 0e33E 62 2¢22E 01 0411E 02 O0.11E 02 0.16E 02 Oel11E O1
Se 27 2,50 4039 6.8 00 27.000 $3+000 0,100 0200 5000 04 250 00200 0100 1.420 00283
29 Te O 3099E I3 0e19E )4 243TE 31 0eT2E 01 O¢18E 03 0692E 08 O0¢18E 02 063I7TE 01 0052E 02 0,29E 01
6028 2090 3404 6Gob 94000 34,000 T7E4,000 0.100 12,000 34000 00200 0e¢€00 Q0e700 10429 003820
192 De23E 03 J486E I3 G¢19E 34 3¢25E UL 0430E 03 Q0476E 02 0¢S1E 01 Oe1SE 02 0¢30E 02 043IGE 02 0420€ 01
10408 4,00 860 569 84000 842,000 6674000 0.100 25000 34000 0« 200 0e¢122 1,002 1.420 04289
&2 2¢3T7E 93 Je22E 04 303l£ U5 DedTE 01 O0¢18E 04 0414E 03 0093E 01 OeATE 01 0,47E 02 0¢66E 02 0+437E 01
$200¢€ 1400 O0el2 Se8 A, 000 364000 494000 0e¢100 404000 €¢000 0500 0s199 0el12) 16502 %.187
39 Q¢J9E 01 O0¢3ISE 02 0s48E 02 0.98E~01 0+39E 02 0¢78E 01 0s49E 00 0.98E-01 098E-~01 Oe15E 01 0+18E 00
1el4 1e¢20 0627 8547 Vo0 $2¢000 250000 04100 3000 3.020 0¢ 2093 Jel00 1109 1¢130 0370
2) 00 0e12E 03 0665 02 0022E 00 0eB7E 01 0,ETE 01 O¢ASE 00 0022F 00 0¢25€ 01 042%E 01 0.16E 00
2003 1e25 0e22 €ol 8,330 33,000 $4¢g.000 de129 84,500 8e¢530 0¢230 0109 0.830 1429 0elt)
28 0622E 02 0687 02 0¢39E 03 0+32E 00 0e22E 02 0¢22E 02 0¢61E 00 0+26E 00 0622E 01 0e37TE UL 0¢29F 00
3,03 2070 2e€2 566 50000 394000 98,030 9200 640000 10020 0e 100 1.999 00200 10299 Qe12)
26 Ocfil 03 0,85E 03 04Z1E 04 0edAC O Vel AF 04 0226 03 0022F 0] D0¢22E 02 0044E O] 0.26E N2 0426 01
327 2¢50 222 846 O 0 306330 56,000 06100 1€.000 11032 0e100 0e00) 1399 1423 01580
81 000 0eB6FE 03 Del13E 0A 0¢19E 01 OCe3IO0E 03 0620E 03 0419E Of Oc74E 01 0,19F 02 0,26 02 0,28E 01
€e26 2,00 132 6,1 13,923 814530 3854000 00330 71€.,9G60 440000 3330 %100 %820 1420 0,231
o 0e32C 03 OeSTE 03 0¢39E 08 0a33E O0f 0e7GE 04 0648E 03 0433F 01 O11EF 01 0.,91E 01 0,16E 02 0.2AF 01
FVINTMUN Se6 00 ‘124000 PSe000 0¢0 €200 3000 04100 0100 04100 1100 0020
000 0e32E 02 0¢ABE 02 060 0s6TE O1 046TE 01 0,A5E 00 0¢98E~01 0+9CE-01 0e¢I5E 01 0eS3E-O1

MAXIMUM .7y} 394000 52000 6670000 0e¢300 7166000 444000 04500 1000 1200 24000 04251

Ov3AE 08 0e20E 08 O0¢3IE 0S 0eS4E 01 0079 04 CeAOF 03 0¢11E 02 0¢22E€ 02 0047E 02 IeSBE I2 0¢37E 21

MZAN 6ol B¢ 228 37423 147,000 Oetl? 84,585 €e 500 0e 229 O0.408 00751 1¢420 0108
0022E 03 0eT72E 03 O0¢40E 084 0623E 03 04115 04 O0el13E 03 0040F 01 0eB5E OV 3.1%E 02 Je27€ 02 Je16E O

STANDARD DEVIATIOM Oeb 1064409 1048969 176478¢2 0e0799 192,0424 11,0491 0.1010 003229 02895 0.205¢# Ce 0821
394,64 62€¢430 8217487 2,01 2100.85 133,22 3e73 8436 18,77 22439 1.3
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de32E-I1
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Je13E It
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Jelle O1
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46030
Oel1tF 04

40105
0edHE 02

122379
20150

24123
0e27E 0O

1e100
0.10E 02

00100
Oe16E 00

1 +000
039F 01

14500
0s85E 02

0s052
0e2RE-01

0e100
06738 00

0el150
Oe1RE 01

0100
0e57E-~02

04100
0e¢53E 00

0eEN0
Ve21E 01

14400
0e24€E 02

00260
JeBIE-N

0,050
Je81E I

Oe 0% 0
J¢89E )
24362
0487E~05

1€
Ne55S 02

Jdedla
0¢35F 01

Je&1RY
1058

Je9)
0e24% 01}

Te200
0e 1 2F 02

1100
Ne1RY 01

14220
Ne 4RE 01

16220
0e 42¢ 02

0500
0.27F 00

1¢220
0e40= 01!

tetl20
Oelzs 02

0784
Oe 44E-Q2

1e45C
Oe77F 01}

1220
0¢22E 01

te220
Je2'F J2

Ce?92
Je2FE )

14050
Je11F 2

Oe570
Je €4E )}
J+2))

0e265-04

7423
de82K 02

1e¢219
O« LOE 01

11606
Qe2?

1el100
Q429E 01

1e2730
020F 01

1¢20¢C
0+18F 01

1e2360
0«48E 01

1¢220
Oe&2E 02

1230
CeSEE 00

1e272C
Oe4CT 01

1e2130
Oe) 2E 02

1270
0e705-01

1450
Ve?7?¢ 01

1e230
033 M1

te270
Je21E J2

14050
Je328 I

1956
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0e750
JeB4E I}
Je 7S
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1e6))
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14229
006E 01
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0e220
Ve 76 0OV

Ce 0RO
Ne36F-01
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0046
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0e027
0e18E 0
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Je12F )
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0e71FE~05S

Je 272
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00392
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LOCATIONIMUSKAGEE{MUSKODGEE CO)

OATE
916
1

9417
19

10406
25

10631
12

11e12
26

12.08
48

125
19

2413
10

2023

629
28

Te27
17

RF AMT
(IN)
0450
140
2e10
4050
1¢30
130
1e¢10
110
150
4¢60
1.40
2430
0e60
1470
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3400

RO viOL
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0400
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0e081

0600
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8e1
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3.8
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6e9
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6 000
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5000
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2000
0e3SE 01

20 000
0e¢3SE 01

150000
Jel6E 22

060
Jde 9

0s 0
de 9

19,800
Jel13E I3

164900
Je¢63E 20

44800
0s17E 02

Se110
0«89E 01

Sell19
0¢S57E 02

STATINN

coo

7000

0e40E-03

50000
Osl11E 02

Se900
0e28F 02

6000
0e13E 03

6000
O0ei0E 02

20000
Je 358 1

10000
Je 1)) 32

84000

2¢88% )1

82000
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84000
Je18E 33

80000
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484000
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34300
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DISS SOLD SETT 30LD

33€44000
Ve19E 00
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Qe G4E 0o

30004000
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3664000
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24506000
Qe 4 3E o

264 G¢000
Je AGE )&

14094000
Je 15E Do

25644000
de27E 24

264 T 4000
Je 58E )Ja

13824000
de31E 35

4068,000
Je B7E )4

34974000
Je¢22E 05

S76Ce000
0e21E 03

28034000
0 97E 04

3554433
Ue E2E 04

573002
0ebHAE 04

LAND USTIOPEN MIME

Gel0NO
0e57FE-0%

0100
0e21C 0O

O0elVO
0e56F 120

Uel00
Le22F 01!

0es00
JelTE JV

0e100
dJel7E I

0s200
Je1)E )

0200
Je1JE )

06100
de26E I

04100
0e23E 21

0500
J:11E )1

04100
Ve67E 0O

00100
O¢ 37E~-02

1.4
Qe 49E 0N}

Jeldd
Oel7E VO

3¢9
0+10E 02

74000
Vel7E-~-02

11.00¢C
Oe?23E 02

414000
Qe23f 03

15000
Jed 2 I3

. 2400C
JeS2F D1

16000
Jel JE D2

6Ce000
de72€E 22

5000
Je B2 01

374000
JeOS5E 32

42,000
Je97E 3

10,000
0e¢21E 02

234000
O¢1EE 03

344,000
O0¢1E Of

377239
Ot 2E 04

12432)
Q0e21E 02

1424292
0e¢14F 04

AFFALL o 7F OC

oG
924000
0e20Z-07?

10500000
OeZ?2F 04

25504000
Oe2)J)F )T

120000
Je2AE DA

12214000
Jecle 4

11¢2.000
Je2IE 6

11,000
Je12€E D2

1365000

Qel14F )&

1317.,000
Je34E )4

706,000
Jel16E OS

22400000
Oe4RE 04

18$3.009
0¢13F 05

2347.000
Oe12€ 03

14€7,00)
0eS1E 04

187349
0e 228 04
23342)
Oe 225 0A

HC2+NO3
364 200
Ve21E-02

214800
QebBE 02

274000
70 21F 23

0 200
dedas 1

254200
JeGIE 02

32600
JeS57E J2

13.800
Jelag I2

20.000
Je3NE D2

294 200
JeTHE 32

a0, 8U0
0e02% 02

514500
Oe11lE 03

574000
Oe38E 02

63630
0e¢22% 01}

6)e5))
Oe21t 03

6F43))
De11E 03

Je 83D
Qe BOUY 01

5Q FT TESTING
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Ne100
VeS575-05

04100
Je21E )

00100
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Q200
JedAFE )
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Jel7F D
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0eGVO
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20200
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44000
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00100
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0¢1092
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0e37FE-02
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Ue3QT 02
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Ce200
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0e¢10E 04
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MEAN

STANDARD DEVIATION
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Sell)
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Se11)
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- 0«27E 04
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. 00

19800
0+13E 03

Se¢108
0s17€ 02

5.914
32.28

29¢ 320
O0e61E 01
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0el12E 03

8¢
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20000
0e40E~03

820000
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Muskogee Station 3 Continued

31424)))
Ce&EE 023

1653620
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23006739
Jel 7F 05
3664000

0019€ 00

S7604000
0e31F 0S5

26406105
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QelOE 02
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Oel1SF 04

22¢97)
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e 000
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377.00¢C
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©6zen21
Nel2EF 023

934277
502466

11193
Oe 23C 03

96629
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12794022
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0e¢Z0F~02

35504000
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IN MILLIGFRANE PER LITERIABSDETERMINED IN THE OSDH LABOPATCRY).
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4,000
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1e262
2243
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2ed’8)
0e48BE 00
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0e 78% 01

06210
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Qe REX-04

24280
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Qe ASFE )]

04509
Gelad

&%et00
Oe6'E Q1

324200
Ve22€ 02

Atel100
0e34€f V3
25400
0e2€6E=-)2

644300
del)E DA

Q40975
Je2uf 2

Q9elln
3J2+ 64

3+ SECONC LINE ISVTOTAL POUNDS OF POLLUTANT PER FVENT(SEE TEXT FOR EXPLANATION OF CALCULSTICA TECHNIQUL ).
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0el&8F 00
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Je29% N

0074
deA9E )
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991



APPENDIX D
Computer Program for Ranking Oklahoma's Seven Major

River Basins by Estimated Pollutant Loading Rates

This computer program is written in Basic Fortran for the IBM 360/
370 computer. Loading rates of nine different pollutants (as determined
from a monitoring program) from six different land uses, and based
on the areas of these six land uses within each basin are used to
estimate the pollutant load from the basin. The estimate is then
compared to the loading rates of the other basins in a ranking routine
to determine which basin has the greatest potential for problems due
to nonpoint sources of pollution. Step by step procedures, and an
explanation of the formulas used may be found in Chapter V of the

text. (Comment cards within the program listing provide a guide).
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29 MAIN DATE = 773¢€2 08/29/51

~TAL LCaD
CIMENMSION ACLAUS(6e7T ) e CONT( o5 e7)eSCALU(T)IWLIAD(EIS 7)), 1IRANK(7),S
UMLOG (G 7 ) o TOTLO9 7)o IRANK{I o7 ) » ITRANK(7 ) IPOL(S)

INPUT ARTA OF LAND USZ [N ACRE
READ(Es7TI((LACLAUS(143)e1=1+106)4J=1,7)
FORMAT(10Xs £F106 )

INPUT CCNTRIBUTICN IN LBS/ACKE/YR

READC(Ss12) (({CONT (T sNs J) +I=1:6)4N=1,9),J4=1,7)
FORMAT(10XeEFL10e4)

OC 14 J=1,7

SOALU(J)I=De

00 9 I=1.&

COMPUTE SUM OF AREA OF LAND USE
SOALU(J)I=SCALU(J)+ATLAUSI(TI,J4)
29 14 N=1,9

SUNMLCDINsJ)=De

DO 14 I=1,6

COMPUTE POLLUTION LOAD IN LBS/ZYR
LOADCIoNeJI=AOLAUS{I s J)RCCNT{1I,NsJ)

COMPUTE SUM OF PCLLUTION LOAD
SUMLOD{N+J)=SUMLOD{(N+J)+LCAD(I oNsJ)

COMPUTE TOTAL CONTRIBUTICN IN LBS/ACRE/ZYP
TOT(N+JI=SUMLODIN,J)/SOALULJ)Y

Ji=J

TOT(NSJII=TOT(NsJ)

RANK POLLUTION CONTRIBUTED TO EACH SASIN BY EACH POLLUTANT
DC 18 N=1,9

DC 18 J=1,7

19K=)

DS 17 Ju=1,7
IF(TOT{(NsJ)-TOUTI(NLJJI)) 15,16,1€
IRK=IFK+0

GO TO 17

IRK=IRK+}

GO TC 17

CCNTINUE

IRANK(N,J)=8-1IRK

RANK TOTAL POLLUTION CONTRIBUTED TO EACH BASIN
D0 19 uU=1,7

ITRANK(J)=0

DC 91 N=1,90

ITRANKEJ) =TI RANKIN,J)+ITRANK(Y)

JJI=J

ITRANK(JJ)I=ITFANK(J)
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h
N

IV G LEVEL 21 MAIN DATE = 7?73 08729751
DO 23 Ju=1,7
IFK=0
DO 22 J4JI=1,7
IF(ITRANK(J)~-ITRANKI(JJ))I20+21+ 21
20 IRK=IRK+0
GO TO 22
21 IRK=IRK+}1
GO TO 22
22 CCNTINUE
23 IIRANK(J)=IRK

C
C ARRANGE THE ORDER OF POLLUTANT
DC 32 N=2,9
IPCL(1)=1
32 IPOL(N)I=IPOL(N-1)+1
C
C OUTPUT

WRITE(6+200)

200 FORMAT( 30X+ *DEFINITION®s//4Xs 'LD=LAND,s ADLAUS=ALEA OF LAND USE(AC
IRE)s SOALU=SUM OF AREA OF LAND USEs CONT=CONTRIBUTIONs®s/¢4X,*POL
21=B0Ds POL 2=C0Ds POL3=SSs POL 4=SC4, POLS5=NQD2+NC3, PCL 6=NH4, POL
2 7=0RG=Ns POL 8=TOT—N, POL 9=PC4a")

DC 30 J=1.+7
WRITE(6.3)

3 FORMAT(1HL o/ /77777 ¢6Xs* BASIN®//7 43X+ 'LD USE® 44X+ 'CROP?44X.'PAS
ITURE® 94X o *RANGE?® 45X+ *FOREST "+ 4 Xy "URBANT® ¢ SXe *DTHER® 46X +*SUM?® 45X, *TO
2TAL® sEX o *RANK?®) ,

WRITE(6+8) (ADLAUS(I+J)sI1=1,6), (SOALU(J))
8 FORMAT(2Xe*ACLAUS?® 42X+6{1XsF84031X)s1XeF960)
DO 31 N=1,9
WRITE(6+24)(CONT(IsNsJ)s1I=1,+6)
24 FORMATI{//7+3X+CONT®* +3X9+5{F9e441X))
WPITE(6+25)IPOLIN)Y, (LOADCIeNeJ)sI=1+€)sSUMLOD(N,J) o TCT(NJ) ¢ IPANK(
INeJ)
25 FORMAT(2X o *POL Y9 1X0I202XsE(1X1EBec291X) eIXsEEa292X9FBeT95X,12)
31 CONTINUE
WRITE{6,26) IIRANK(J)
26 FORMAT(//+:5X+*TOTAL RANK= ¢,12)
30 CONTINUE
END
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DEFINITION

AOLAUS........... cesecas ceeeon cecsassenes AREA OF LAND USE (ACRE)
SOALU.....cctwe. N eteecnssecaas eesses.SUM OF AREA OF LAND USE
CONT....cvcave. cesevacsans cesescessessss.CONCENTRATION

POL 4. ieentiiienninnennnn. ..............804
POL 5.......... ..........................NO2 + NO3



LD JUSFE
ACLAUS

CONT
PCL 1

CONT
pOL 2

CONT
PoL 3

CONT
POL &

CONT
POL S

CONT
POL €

CONT
POL 7

CONT
PO 8

CONT
POL 9

TOTAL

gaciN 1 Middle Arkansas

CROP
S53764Ce

00106C
OeS545 04

060400
O0e22E CS

e 3123
Qe 1 6F 0¢

00200
OCel1E 05

Ve 0004
Je22E 033

023235
0e27E 02

00010
De54€ 03

040020
JJ11E Da

J¢3210
0s54€ 03

RANK= 7 |

PASTURE
1941273,

062100
JedlE )16

21800
Qed2E 07

Je5E&23)
0e6SE 07

0e8000
DeV6E Q7

0e 0300
deSBE 3%

JeId6ID
Oe12E 06

0¢0900
Ce17E 06

00900
Jel 7€ D6

Je?13)
0e19E 05

RANGE
1521993,

146500
o 26E I7

S5¢4400
0835 07

2941000
Qe45E 08

Ce 9500
De1SE 07

060200
3¢ 31E 035

36382
Oe12E 06

00600
0e92E 0S5

00600
Be92E 35

243229
0e¢31E 05

FOREST
1:43383,

10.2000
Jel28 )8

120600
Oeld4= 08

840100
0e32E 07

41000
Qed7E8 07

0¢0S00
0e57E 05

Ve6520
Oe74E 06

00300
0e34E 0S5

00300
Je34E 0S5

Jde¢573)
0665SE 06

URBAN
238330,

1¢7400
JeEGE J6

€£e3G))
Oel18% 07

4065400
Qel4E 08

11000

"063TE 6

Ce 0600
06 20E 05

0ed529
De17€ 05

Cell00
0e37E 0S5

GCe 0900
Je30E 0S

32539
04317 0S5

OTHER
S0331e.

17400
dJelEE )6

Se39)
Q0e49E 0E

4005400
D¢ 37€E Q7

11000
JeG9E 5

0e 0600
0e¢eS4E 04

0ed529
0¢45E 04

001100
Ve 99E 04

060900
0+81E 04

JeId502
Ce45E 04

SULM
£5822664,

Jel €E )#

De229F 08

Qe 78E (8

deB2% 37

O+1 7€ Q€

Oe¢10E 07

0e3SE 06

Qe 34E O0€

Ce72E 06

TCTAL

2¢76)

HYel 3R

14,012

16465

003}

O0el160

0e0€2

0e06€}

Oe¢l130

RANK

L1



LD vusE
ACL AUS

CONT
oL 1

CONTY
FOL 2

CONT
PO. 3

CONT
POL &

CONT
POL 5

CONT
POL €

CONT
PCL 7

CONT
POL 7 8

CONT
POL 9

TOTAL

BASIN 2 TLower Arkansas

CcCrRQOP
112A854,

040100
Je11E Q246

Jeda I
O0e 45F% 04

03000
0e¢345 0S5

00200
223 04

e J)I0G
0e45E 02

040008
0eS56E 02

00010
Jel1lE I3

00020
0s23% 03

060010
O:11E 02

RANK= 6

PASTURE
62E2856,

0e2100
O0el 2= 06

01832
Oel4E 07

3¢5800
O0e23E 07

0¢8000
JeH1E B

¢330

~0Del19E 05

00600
0¢38E 0S5

0.0S00
JeST7E 5

00902
OeS7E 05

00100
0.64E 04

RANGE
267209

1,6G600
0+45E 06

Se44))
Oe1SE 07

2961000
O¢78E 07

0e9€00
Je25E J6

Je 22
0e¢53E 04

00800
O0e21E 0S5

e 0600
Del16E IS

0eJ602
Oe16E 0S

00200
0e¢S3E 04

FOREST
1164439,

102000
Qel2E ¢8

120363)
Oel4E 08

83,0100
Ue93E 07

4¢1000
Jed8BE 27

Je )53
0e¢S8E 05

066500
O0e¢ 76E 06

00300
Je3S5E 2S5

Jed320
0e35E 05

045700
De66E 06

URBAN
€9853.

167400
Qel12E 06

€¢3900
O0e38c 0O

4Ge5400
0e28= 07

141000

Bde77E 0S5

062602
Ded42E 04

0e 0500
0e35E 04

Ge1100
e 778 24

042920
0«63E 04

Ce 0800
0¢35E 04

OTHER
72625,

17400
041 3E 06

S5¢3500
Ge39E 06

4065400
00 29E Q7

11000
0«80E 05

Je 363D
OCe%4E 04

Qe 0500
0e35E 04

0+,1100
J¢8BIE 04

J¢09I)
0 +65E 04

00500
Qe 36E 04

sSuwv
232233 ).

0el12E QF

Oel BE OR

Qe 252 8

0857 07

0eGLlE 0S5

0e82E 0E€

Jel2E 36

Oel12E 06

Qe6ERE 06

TOTAL

Sels74

T €023

1J.847

20453

Qe 030

0355

00053

0052

00294

R ANK

[

CLT



LD USE
ACL AUS

CONT
FOL 1

CINT
PCL 2

CONT
PCL

ol

CONT
PO. a4

CONTY
POL S

CONT
PCL €

CONT
POL 7

CONT
POL 8

CONT
POL 9

TOTAL

EASIN 3 Upper Red

CROP
372357 1.

Ge&YJ
Qe 24E 08

25¢0300C
JeQ3IF OPF

3G2,0000
Jel8% 1

7¢4000
Oe28E 08

0+070C

Oe26F 06

060700
Ve26E 06

15600
9¢58E 07

39600
0e36F 07

0e67CO
0.25E 07

RANK= 1

PASTURE
11235422

Je612)
Qeb67E 00

4e¢1300
OedFE 07

I4491CO
Je39F I8

2e92))
06 32E 07

060200
O0e22E OS5

000100
Oe¢l11E 05

040500
JeSSE 05

22400
0e 44E 05

001000
Uel11E 06

RANGE
39382335,

1€.5€))
Oe 6SE 08

10Ge¢ 7000
Qe 43 09

17¢3, 0000
Je71E 1)

15642322)
O0e61E 09

02889V
OellE 07

201000
0+ 8B3E 07

10600
0642E 07

201900
0686E 07

17000
Oe67E 07

FOREST
848314,

13.2)30)
Ved?7E Q7

1240500
VUelOE (8

840100
Je68E 27

40100
0e35% 07

00500
Ded42E 0S5

066500
JYe5SE 06

000300
0e25E 05

040300
0¢25E 0S5

05700
O0+48BE 06

URBAN
258682,

1¢7420
Qe4SE 06

S¢3900
Oeléds 07

4Ge 5400
JelIE )8

141002
0285 06

C. 0600
Oel16E 0S

Ge 0500
Jel132E 0I5

Cel1100
Qe BE 0S5

040900
0+23E 0S

Ce 0500
O013E 38

OTHER
5388572

1¢7423)
OeQAF (6

Se 3902
0.29E 07

405400
Je22t 18

1¢1202)
0¢S3E @6

0+0600
0432E 0S5

0e¢0S00
De27E 935

Ce1100
0e5S9E (S

00900
0e¢48E 0S5

040500
Je 27TE IS

SuwV
10412574,

0108 09

0e54F% 04

Je8EF 1)

Qe6<T 06

0es15E 07

Je91E 27

06010€ 08

0e¢12E OF€

Jde S8E 2J7

TIOTAL

QebH1?

S2e274

8254775

620376

0el4S

Jde8T77

0e97E

1185

Je943

&2 NK

r

eLT



LD USFE
ADLAUS

CONT
POL 1

CONT
FCL 2

CONT
POL 3

CONT
POL 4

CONT
FOL S

CONT
POL 6

CONT
POL 7

CONT
POL 8

CONTY
POL 9

TOTAL

BASIN 4 Lower Red

CROP
32231 4.

201900
0e65E 07

5701400
Je18E I8

2690000
0e87E 08

13644390
Oe43E 07

500400
Oel EE 07

13900
De&SE 0€

27200
Oe88BE 06

116400
0e¢38E 07

042600
Q48B4E 05

RANK= 2

PASTURE
661172,

165200
Oe¢l11E 08

56¢2300
J437€E 8

343100
0e23€E 08

Be6300
0eS7E 07

0e¢e7100

"0e47E 06

0e8200
J¢58E 06

19390
Oel 3E 07

148000
0612E 07

0e6800
J¢45E 06

RANGE
1521038,

14,2500
0e22F V8

3445200
JeS3E I8

74,8920
0s11E 09

2005500
0«31E 08

063300
O0eSYE 0OE€

05100
De78E 06

17430
0s627€ 07

204500
0¢38E 07

002200
De34E 06

FOREST
2300786,

102000
Je23E 08

120500
de28E 08

B8e¢3109
Q0e¢18E 08

41000
O0e94E 07

040500
0e12E 06

046500
0¢15E 07

Jed300
Ce69E 0S

000300
0¢69E 0S5

0e5700
Je13E 7

URBAN
85884

17400
Ve lSE 06

€e¢3900
0e46E )€

4345413
Oe35E 07

11000
O0eS4E 0S5

040600
Je S2E 4

00500
0043E 04

0.1100
OeS4E 04

Ce 0900
Oe¢77E 04

00500
Je43E 34

OTHER
124535,

17400
0e22F 06

563900
Je6TE I8

4045433
0e¢S0E Q7

1.1000
0014E 06

0¢ 0600
Je 75E J4

060500
0.62E 04

0,1100
ODe«14E 05

06 0900
O0e¢11E 05

000500
De62E 04

SUM
5025729

O0e63E 08

J¢14E )¢

Oe2ESE 06

0¢51E 08

JeZ7€ 7

0e33E 07

0e49E 07

0e88E 07

0e22E 07

TOTAL

12552

27e32€

42544

10190

Je542

0¢652

0977

1747

0436

R ANK

(M

LT



LD USE
AOL AUS

CONY
PCL 1

CONT
POL 2

CONT
PCL 3

CONT
POL 4

CONT
POL S

CONT
PaL. 6

CONT
POL 7

CONT
FOL 8

CONT
POL ¢

TOTAL

BASIN 5 Canadian River

CROP
1360851,

60490C
O+ 88E Q7

250300
Je34F 38

3922393
0e¢53E 09

7¢4000
0e10E (8

00700
Je 98E IS5

060700
0e9SE 05

15600
0e21E 07

02600
0¢35E 06

066700
Je9Q1lE 2€

RANK= €

PASTURE
12527617,

066100
Qe 7EE 06

401300
JeE2E 97

244910
Oed44E 08

209200
0437€ 07

00200
Je2SE 35

0¢2109
0e13E 0S5

00500
0+63E 0S

00400
0eS50E 05

01000
Q0«13 06

RANGE
3153002,

7¢2500
0e23E 03

2167100
Je6BE )8

T4,850)
0e624E 0S5

602200
0+20E 08

0e 2400
de 76E 26

(¢ PEe EoTe IV
Oel16E 06

05900
0.19E Q7

10500
O0e¢33E 07

002400
Qe 76E 06

FOREST
10813927

1062000
0410 08

12406060
O0el12E 08

8e¢J13)
0815 G7

441000

Ced2E 07

0e V500
JdeHIZ 35

de659)
0e56E 06

0e¢3300
0«30 0S

000300
Je 32 IS

065700
Oe58E 06

URBAN
246508,

17400
De43E JE

€¢3900
O0el12E 07

4365430
0,10 08

11000
De27E 06

Ge 0600
JelSE IS5

049522
Oe12E 0S5

0¢1100
e 27E 0S5

G0 0900
e 22E I35

Ce 0500
0e12E 05

OTHER
44930

17400
Jde78E J5

¢ 3900
Ue 24E (6

%4Je¢54))
OelBE 07

11000
Ue49E 05

0e¢0600
Je27E 94

Q0eJ52)
0Oe22E 04

Ce1100
O0¢49E 04

00900
JeQIE J4

0e¢ 0500
0+¢22E 00

SUWV

7071584,

de 4 2F

O0e¢12€

OeB 27

Oe¢ R4E

0e081%

Oe¢ 38E

Qe 24CS

Je

oe

3¢

0¢

07

7

07

TOTAL

€el22

17179

117806

5348

Oel 24

Ce 133

0+ 581

JeS33

0e237

FANK

LT



LD USE
#FOLAUS

CONT
FOL 1

CONT
FCL 2

CONT
POL 3

CONT
POL 4

CONT

CONT
POL ©

CONT
POL 7

CONT
POL O

CONT
POL. @

TOTAL

BASIN 6 Upper Arkansas

CceLP
2787393,

662300
Jel 7E 08

4)e7509)
CellF 09

€664,0000
Oe¢1GE 10

2440800
Js6TE D8

0e3100

O0e8BEE 06

Jel1130
Oe¢ 31E 0O€

168800
0.52€ 07

16700
0e4T7E J7

0e2309
CeOQE 06

RANK= 4

PASTURE
533436G,.

18100
Je97E 026

12,4330
Oe®66E 07

6541600
Oe3SE 08

18100
JeSTE 06

01000
0453 0S

Je 0400
00.21E 05

0¢6800
0e¢36E 06

005500
d¢29E 06

Ne1430
O« 75E OS

RANGE
2520160

446300
Jel2E O3

1663732
0¢40F 08

130,0000
0e35E 09

349900
0,10E 28

02300
0.58E 06

00900
0¢23E Qo

068900
0e22E 07

12300
0e31E 07

053290
0413 07

FORZST
462772

1042000
Je47E 7

1202603
0eS6E 07

840100
Qe 375 07

441000 .
Jde19E 97 -

¢35
0¢235 05

0¢6500
0e30E 06

060300
Oe¢ 14E 05

000300
Oel14E 05

Je5700
0e26E 06

URBAN
369732,

17400
Je€E4E 06

€¢3930
Ve 20E 07

4045400
O0¢1SE 08B

11000
Jed1E J6

003620
0422E 05

00500
0e18E 05

Ce1100
O0e4A1E 0S5

€¢ 0900
O0¢33E 0S

03509
0#18E 05

OTHER
828185,

167400
0e14E 06

£¢3909)
G« 4SE 06

40¢54C0
Oe34E 07

1.1000
JeSLlE 25

Je URTZD
DeSOE 04

00500
0+41E 04

Oel1100
DeS1E 34

0e¢ 0S00
0e75€ 04

Je 05390
Oe+41E 04

SUM
67S€311.,

0+3€E 08

Oe1 7E 09

0e23E 10

Je81lE 18

O0e¢15E 07

0488E 06

0e7SE J7

Oe81lE 07

Oe23E 07

TOTAL

56255

24975

3354396

11922

0e229

Oe1 30

1¢17%

1199

0e346

F ANK

91



L USE
AQL AUS

CONY
POL 1

CONT
POL -

CONT
POL 3

CONT
FOL 4

CONT
POL S

CONT
POL 6

CONT
PCL 7

CONT
POL 8

CONT
POL @9

TOTAL

EASIN 7 Panhandle

CrRQOP
1696326

€¢2300
JellE 08

4)e752)
0695 0°F

66640000
Oel11E 10

2440800
Jed1E 08

Je313)
0¢53E 0¢

061100
0e19E C6

18800
O0e32E 07

166700
2¢28E 07

Je2320
Qe 39E 06

RANK= 3

PASTURE
217

18100
Qe S7E 04

12439
Oe 39E 05

651600
Ve21E 06

1.8100
De57E 4

D100
Oe32E 03

040400
Oe¢l1 3£ 03

Ce6800
0e¢22E 04

05500
0¢17E 04

0614990
0e44FE 03

PANGE
1770336,

46700
0482E 07

166272
0e28E 08

14000000
0e25E 09

362900
Jde?71€ 37

Pe233)
Qe 41E 06

00900
0e¢16E 06

0e 83500
2.16E )37

12300
0e22E 07

e 53020
0 94E 06

FOREST
A743,

1062000
0e38E 05

12636))
ODe45€ 05

840100
0e¢30E 0S5

451000 .
JelSE 095 -

3¢2352)
Oel19E 03

066500
0e24E 04

040300
JellE I3

00,0300
Oel11E 03

JeB700
0s21E 04

URBAN
2918,

17400
0eAdSE 0¢&

€e¢3%00
OeldE 06

4Ge9400
UellE 07

11000
Jde29E )5

Qe )EDD
Vel6E 04

Ge 0500
O0+13E 04

Cel1100
06 2GE 4

Ce 0900
Oe23E 04

00500
Oel13iZ 04

CTHER
31S1.

27400
O0e56F C4

S5¢ 32900
0.17E 05

4065400
Oe13E 06

11000
O0e¢ 35E 04

Je J€D
Oe¢19E 03

000500
Oel16E 03

0el1100
J¢ ISE D3

¢ 39
0e¢29E 03

0¢ 0500
O0«16E 03

Suwm
2EJI2€85,

OelGE 08

O0eQRE (08

Qe 14E 1D

Oe4EE 08

Qe%4E 06

0e3€E 06

Je4BE J7

0eS0F 07

Oel13E 07

TOTAL

S5e384a

27 e9ZE

w
o)
"
°
~
v
]

12,694

Oe2o0O?7

0e100

1362

1432

0e380

R ANK

D

(V]

n
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APPENDIX E
Computer Program for Ranking of Sub-Basins

by Estimated Pollutant Loading Rates

This computer program is written in Basic Fortran for the IBM 360/
370 computer. Land use information on the sub-basin within the basin
identified by the program in Appendix D, and based on the loading
rates for each of the land uses (determined in a monitoring program)
are used to calculate the pollutant loading rate for each sub-basin
(in this case, the six sub-basins within Basin 3). The loading rates
from each sub-basin are then compared through a ranking routine to
determine which sub-basin has the greatest potential for nonpoint
pollution problems. Step by step procedures, and explanation of the
formulas used may be found in Chapter V of the text. (Comment cards

within the program listing provide a guide).
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vV G LEVEL 21 MAIN ODATE = 7?7362 03730756

REAL LOAC
DIMENSION ACLAUS(6+6)9CONT(O6:99E)cSODALU(E)+LCAD(6¢9¢6),1TRANK(6)4S
LUMLOC $9¢6) s TOTL9¢6) s IRANK(99¢6) » ITRANK(6) »IPCL(9D)

C
C INPUT AREA DF LAND USE IN ACRE
FEAD(S+7)I{LAQLAUS (I »J)eI=196) 44=1,6)
7 FORMAT{(10X+6F10.0)
C
C INPUT CONTRIBUTION IN LBS/ZACRE/YR'
READ(Se12V{({CCNT (I sNs J) oI=146)eN=1:9)sJ=1,6)
12 FORMATI{10X+£F1064)
DO 14 JU=t1,6
SOALU(J)I=0.
DO 9 1I=1+6
Cc
C COMPUTE SUM OF AREA OF LAND USE
9 SOALUCJI=SOALUIJI+ACLAUS (T, J)
D0 14 N=1,9
SUMLOD(Ne J)=0¢
DO 14 1I=1,6
Cc
C COMPUTE POLLUTION LOAD IN LBS/YER
LOAD(I«Ne J)=ADLAUS (I +JIRCCNT(TIeNoJ)
C
C COMPUTE SUM OF POLLUTICON LOAD
SUMLODI(Ns J)=SUMLOD(N+J)+LCAD(I sNoJ)
C . ..
C COMPUTE TOTAL CONTRIBUTION IN LES/ACRE/YR
TOTI{Ns J)=SUMLODE{N,J)/SOALULY)
JI=J
16 TOVT(N,JJ)I=TOTI(N,J)
c
o RANK POLLUTICN CONTRIBUTEC TO EACH SUB-BASIN 3Y EACH PCLLUTANT
DO 18 N=149
0O 18 J=1,6
IRK=0
DO 17 JJ=1,6
IFCTOTINI J)-TCTIN+JJ)) 1Ss16416€
15 IRK=IRK+0
GO TO 17
16 IRK=IRK+}1
GC 70 17
17 CONTINUE
18 IRANK(N43)=7—1IRK
C
c RANK TOTAL POLLUTICON CONTRIBUTELC TO EACH SUB-BASIN

DO 19 J=1,+6
ITRANK(J) =)
DD 91 N=1,6
QY ITRPANK( J)=IRANK(N,J)+ITRANK(J)
Jd=J
19 ITRANK(JJIDI=ITRANKC(J)
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DEFINTTION
1) A LAND
AOLAUS. .. vvvvveenennnenns e, AREA OF LAND USE (ACRE)
SOALU. s .vvevennnnneennnnenns e eeeeeeeann SUM OF AREA OF LAND USE
[0/0) s P e ereaneeen. CONCENTRATION
270) A BOD
POL 2........ e eeeeereceaeeriaeeaas COD
POL 3...c..... Ceeeeeeeaeeean. e SS
10 P S0,
170) T ce...NO, + NO,
POL 6....... ettt eeeeen, NH,
1:70) P B ceennn ORG-N
POL B.evveveenenrennnnsneenannns R TOT-N
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G LEVEL cl MAIN DATE = 773€2 C3/730/56

oro2

LR}

J=1
PK=)
DY 22 JJ=1 .6
IF{ITRANK{J)-TITRANK(JJI))I2CeZE sl
2) IHK=IRK+)
GO TC 22
21 IFK=IRK+!}
GO TG 22
22 CONTINUE
23 TIRANK(J)=IRK

(1 &

-

C
C AFQANGE THE CRCER JF POLLUTANT
DO 322 N=2.6
IPCLC(Y) =2
32 IPOL(N)=IPOLIN-3)+1
C
C CUTPUT

WRITE(£,200)

200 FORMAT(3OXs*DEFINITION® 3//7+4Xs 'LD=LANDs AOLAUS=AREA OF LAND USE(AC
1PE)s SCALU=SUM 0OF ARCA OF LAND USE, CONT=CONTRIBUTIONs® ¢/ +4Xs *POL
21=800s POL 2=CLD, POL3=SS, POL 4=S04+ POLS=NC2#NC3, POL 6=NH4, POL
2 7=0RG—-Ns POL 8=TUT—-Ns POL 9=PC4*)

DO 20 J=1+6€
WRITE(6,2)

3 FCRMAT{LHL o // 77777 6 Xe?*SUB—SASIN?3//e3Xe?LD USE® 84Xy '"CROFP®,4Xe?*PAS
LITURE® 44X s "RANGE?®  SX 3 *FOREST® 4@ X s *URBANT s SXs 'CTHER®  EX o *SUM? (6X+*TO
2TAL?® 9EX s *RANK?®)

WRITE(6+8)(ACLAUS(1+J)el=1+6) +(SCALU(Y))

A FORMAT(2Xs *ACLAUS ! 42X 6(1XeFBoJdelX)e1XeF9e))

DO 31 N=1,9

WEITE(E4,28)LCONT{IeNsJ) eI=1,6)
FORMATI(//7+3Xs"CONT? 4 3Xe6(F9e4+1X))
WRITE(6+2S)IPOLINIS(LOAD(ToNsJSI2I=106) eSUMLCDINGJ)eTCT(NSJI)+sIRANK(

INsJ)

29 FORMAT(2Xs *POL s I1XsI202X+E{1X0EBe2+1X) 01 X0EL02:e2XeF8e3eSXe12)

2y CONTINUE
WRITE(E,Z6)IIRANK(J]}

26 FORMAT(//+SXs"TOTAL RANK= 9 ,12)

30 CONTINUE
ENO

n
o

v
v



SUB—-BASIN 3A

LD USE
AOLAUS

CONT
POL 1

CONT
POL 2

CONT
FOL 3

CONT
POL 4

CONT
PCL S

CONT
POL 6

CONT
POL 7

CONT
PrOL 8

CONT
POL 9

TOTAL

CRGP
1508124,

046450
Je97E Jé&

27¢713)
Qe 42F 0B

345400C0
0e52F 06

263900
JeBLE 7

)el1)d

Oel SE 06.

062300
0e¢35E& 06

18800
0e28E 07

25800
0e39E 07

061900
0629E 06

FANK= 2

PASTURE
S64€£86.

0e€100
Oe 34E 06

46133
0e23E 07

3349100
0.20E 08

249200
Jel 6E 17

6223
Oe¢11E 0S

00100
GeS6E 04

040500
0¢28E 05

040400
0e23E 05

041000
0e S6E 05

RANGE
465842,

1€.5600
O0e77E 07

13S8¢732)
0e51E 08

179360000
0+84E 09

15€4,0000
Je 73E I8

Je¢288)
O0e1 3E 06

21000
0+98E 06

10600
Je 49E J6

201932
0e¢310E 07

167000
Os 7T9E 06

FORZET
1E1))87e

1062000
O0el18E 05

12¢)63)
00222 08

360100
Qelds 08

441000

Je?7aE 27

Je 15039
0e91Z 05

066500
Oel2E O7

060300
0e54E 05

Jed33)
0¢54E 05

05700
Vel O0E 07

LRBAN
€1159.

17400
Oel&E 06

€¢3900
0e44E 06

4045400
Oe33E 07

11000
Je8%E 2I5

02622
0e49E 04

00500
Oe41E 04

Ce1100
Qe 89 J4

Ce D93
0e¢732E 04

040500
Oe41E Q4

CTHER
369975,

167400
0Oeb64cE 0F¢

53900
0e20E 07

4065400
O0«15E 08

11000
Oead)E 06

Je d6 )
0e22E 05

00500
O0e18E 05

01300
J+41E 35S

3¢ 39
0¢33E 0S5

060500
0«18E 05

SuWV
4759873,

Qe2EZ OF

O0el12E 09

0e¢14% 1)

O0e8B7€ OF

044 1E 06

0e25E 07

Qe 3SE 2I7

0eS0FE 07

0e¢22E 07

TOTAL

Se8%2

244894

263438

(Y]

186138

Je D86

06527

Je721

1048

0e456

fANK

(u

‘N

("

281
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ANV

sgee*f€

tgecet

216°0

BEveC

840°0

S8L%¢L

2y 1%L12

L16%°0&

co9*y

aviod

€ 3¢Ss°C
40 381°0
L0 3£1°0
9¢ 38S°C
90 311°0
80 dJl1°0
5C sige(C
80 3I0&£°0
40 3L9°0
*89€s IVl
ANS

¥ 3ageg°0
00S0°0

v0 3iv*0
0060 °0

v0 30S°0
DIon 8 8d
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00S0°*0
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S€C 3s8°¢
00012
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00%0°0
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gc NIsSva-ans



SUB-BASIN
LD USFE CrOP
AOQLAUS GG2G8e
CONT Oebdc0
POL i Oeb&4F 05
CONT 27«710C
POL 2 Ve28F 07
CONT 3450000
PO. 3 JeI4E )8
CONT 263932
POL 4 Oe 24F. 0O
CCNT 061000
FOoL S 0e3CE 04
CONT 0e2300
POL € de23E IS
CONT 1.883)
eOL 7 Oe1GE C€
CONT 245300
POL 8 Oe26E 06
CONT 0e1200
POL 9 Je19E )Y

TCTAL

FANK= 2

3b(1)

PASTURE
54836

065100
CeT3€ 0S5

441300
0e23% Q€

34,9100
O«19E 07

25822
Q«1€E 06

040200
O«11E 04

060100
Je55E 03

02592
Oe27E 04

00400
0e22E 04

031000
Je5SE 4

SANGE
73558

1545¢00
Oe13€ 07

10Ge 7000
Q0e86F 07

179240000
Oel4ft 09

15602229
Os12E OB

0e28830
O0e23E 0S5

21000
Jel16E J6

162629
08B3E 05

201900
061 7E 06

1¢7000
Jel13E J6

FOREST
210005

1762000
0e24iE C7

1260600
Je25E 27

890100
Oel 7 O7

4¢123Y)
0eB6= 06

Ve 0500
Del1Z 05

046500
Jel4bZE I6

242339
0e63E 04

00300
Q.63 04

0e5700
Jel2E 36

URBAN
262%6 e

1.7400
O0e4€Z 05

€¢3900
Jel4E )E

4Ce5400
OellE 07

11000
Ce29% 05

CeQ600
Oe16E 04

Ce 0500
Je 13 )Da

041120
0e29E 04

Ce0900
Oe¢24E 04

Ge 0500
Jel2E D4

OTAHER
22504.

17400
Q0ea1E 0S

S6 39700
Jel13E D6

40e¢S4J0
0e¢GSE 06

11000
02065 0S5

0s V0600
Qe14% 04

Q0500
Je12E 04

31100
0+26E 04

Q0900
Q0e21E 04

2¢ 0500
Jel2E J4

Suv
432467,
VeZ€Z 07
Jelaz e
Oe18E 0C
0e14F 0OF
0e47E 05
0¢335 0F
0e2BE 06
0e84E 06
de28E 06

TCTLL

3660962

276752

Je )G

0e66E

0eS578

0e8BGE€E

0e566

£ ANK

1]

%81



SUS-EASIN

LD USE CROP
ACLAUS 20€63G4,
CONT 0e645¢C
POL 1 Oe13E (€
CONT 277100
POL 2 JeSTE 7
CONT 3484 3) 3
POL 3 0e¢71% 08
CONT 24350C
PCL 4 O« 70E OE€
CONT 0¢100C
POL S Je21E 06
CONT 0« 2300
POL 6 0e47E 0S5
CONT 1.8800
POL 7 0e«39E 06
CONT 2458300
POL.. 8 O0eS3E Q€
CONT 01900
POL 9 0439E 0F

TOTAL

FANK= 1

3B(2)

PASTURE
170348

066100
0410F 06

41300
Je 73 J6

34519
OeS5CE 07

209200
OeS0E 06

0e 0200
Je34E D4

0019
O«17E 04

00500
0+8SE 04

Ge 0400
Je6BE 04

01000
O0el17E 05

RANGE
2488G3.

1€45600
0e¢41E 07

10647000
Je27E )8

17934293
Qe 45F 09

15640000
0e39E 08

0.2880
Je 72E 0S5

201090
0e52EF 06

10600
0e26E 06

2¢1900
De55E 26

17000
Oe¢42E 0¢

FORZST
420832

1062300
0«43 Q7

12,0€00
0e31Z 07

8eJ1)
0e 345 07

401000 .

Oel 7z 07

0e 0500
Je21E 25

d¢65)
0e27E 06

020300
0e13E 0S5

0e¢ 0300
Jel3= 05

0e370)
0s24E 06

URBAN
S114¢€

167400
UeB9Z 25

£e¢3900
VechBE 0E€

435403
Oeclc 97

141000
Oe §&Z 05

Ce 0600
De¢321E D4

0e¢J533
OeZ2€E 04

Uel100
Qe S6E 04

Ce 0900
Ded6E )4

Ge )53
0e26E 04

CTHER
29171,

167400
deStE IS

Se 3800
OelHE 06

43054))
0.125 07

11000
O0e32€ 0S5

Ue 0600
Je18E 24

J¢ 0539
Vs 15E 04

0¢1100
0¢ 32E 04

00900
Je26E )4

22 352D
0«15E C4

Suv
112€784,

de&EE J7

O0e 3G 08

Q0e42E 08

Jel12E )€

0.8SE 06

0.68% 0&

JellE 27

Q0e72F 06

TCTAL

76802

34820

4704404

274131

0e108

Oe754

0.€05

Je98)

0+642

RANK

X

[T )

¢8I



3C

SUB-BASIN

LD USsE CRGR
ACLAUS RESR260a
CONT 0e€4S50
POL 1 Je S6E €
CONT 27671023
POL 2 0«24t 08
CONT 245,00C0
POL 2 0e30E 0S5
CONT 343900
FOL o Je29E J7
CONT 041000
PCL S5 0. 87E 05 .
CONT 02332
POL 6 0¢20E 0€
CONT 1.8800
POL 7 Oel 6E 07
CONT 225800
POL 8 De22E 07
CONT 01909
POL © De16E 06

TOTAL

FPANK= 6

PASYTURE
125528,

Ve6100
Je77E 25

461302
0eS2E 06

34,9100
Oe4adE 07

29200
Qe37E 026

0.0200
0+2SE 04

0«0100
Oel 3E 04

040500
063E 04

040400
D¢53E 04

910399
0e¢13E 0S5

RANGE
S7T10,

1€e5€00
Jel16E J6

12396790)
O¢11E 07

1763,0000
Oe17F 08

15640000
Je1S8E 37

02889
0e28E 04

21000
0e20E 0S5

10600
O0«10E 0S

201900
Pe21E 5

17309
Del7E 05

FORZST
73636€.

1062000
Je73E 7

12,06
Qe86E (7

8¢0100
OeS7E 07

441000
Je29% 7

Je IS
0.36E 0S

066500
0+47E 06

00300
0e22E 05

060300
0e22E 05

J2e5730
O«41iE 06

147400
JeE3E 0F

€e393)
Oe¢16E 06

40e5400
Oel32E 07

11000
Je 33E 0S5

0042630
0«18E 04

00500
Oe¢1SE 04

0«11090
Je 22E 4

€Ce 0900
CGe27E 04

0e 3539
O0615E 04

CTHER
4213%,

147400
Oe73E @S

Se350)
0e23E 06

4Ce5400
001 7F 07

11000
Jde46E 25

Je 96
0e25E 04

0. 0500
0e21E 04

0e1100
Je46E )34

0¢ 0900
0e¢38E 04

900539
0e21E O&

Suwv
1786914,

Q0e82€ Q7

o8

ua

Je78E I7

Oel 3E 0¢

0e6SE

06

Jel1 TE 37

0e22€

07

0e61E 06

TCTAL

44601

194329

183800

0e074

0386

Je935

1278

0e338

A NK

A

981



SUB-BASIN 3D

LD use
ACLAUS

CCNT
PCL 1

CONT
PO 2

CONT
F0L 2

CONY
POL 6

CONT
PCL S5

CONT
POL 6

CONT
POL 7

CONT
QL 8

CONT
POL 9

TOTAL

CROP
396641,

Je€4S50
O0e26E C&

2747100
OeltF (8

345,000¢C
Oel4E 09

263900
0Oe¢l 3E 07

21232
00 40F 0S

02300
0eQ1E 05

148300
Je75E 06

205809
Ge1 OE Q7

0e¢1900
Oe 75E 08

RANK= &

Je61D
Qe56E 05

441300
O0e3BE 06

3449100
Qe32€ 27

2¢9200
0e27= 06

Jed28)
Oe18BE 04

00100
Qe¢92E 03

00500
0e46E 34

040400
C«3T7E 04

041000
0e G2E 04

RANGE
SJtt.

1€¢563)
0e¢83E 0€

106,7000
0e55F 06

1793,0000
de9IE 2I7

15640000
0¢78E 06

De2880
Oel 4E 04

2¢1000
0e21E 0S5

140600
0453F 24

2419293
O0«11€ 05

17000
Ve 8SE 04

FOREST
2591398,

136290
Ve26E (07

12,0600
0e31& 07

840100
Je21E 7

441000
Os11E 07

0e0500
06138 0S5

066500
O0e17E 06

00300
Je78BE 04

Je 33D
Qe 78BE 04

065700
0e15E 06

URDAN
344 )

1¢74200
Qe 60E 04

£e¢3900
Cel9S 05

4Ge54G0
Jel4c JE

1133

0¢3BE 04

00600
Oe21E 03

0e 0500
0e417E 03

01100
0+38BE 03

0e 2930
0+31E 03

Ce0500
0e¢17€ 03

OTHER
2854 3,

1¢743)
0450F QS5

€e 3900
0+ 1S5SE 0€

405400
del2E 7

1.13))
0e31E 05

060600
0e¢17E 04

000500
Oe14F 24

0e1100
0421E 04

Ge 0939
De26E 04

060500
0e¢14FE 04

SUNM

785858

O0e31E

Je1SE

CeSBFE

Je¢27E

0es77€

0610E

0e24E

(9]

G7

oe

)9

o7

05

26

0€

o7

0€

TOTAL

30942

19385

104412)

40449

0074

2347

1.33¢

04309

R ANK

)]

(81



APPENDIX F
Computer Program for Ranking of Watersheds

by Estimated Pollutant Loading Rates

This computer program is written in Basic Fortran for the 360/370
computer. Loading rates of nine different pollutants from four dif-
ferent land uses (as determined from a monitoring program) and based
on the areas of these land uses within each watershed, and on the re-
lationship of the R C K and T values of the monitored and non-monitored
watersheds are used to estimate the pollutant load from each watershed.
(In this case, the watersheds within Sub-Basin 3-B(2)---the sub-basin
identified in Appendix E). These loading rates are then compared,
and ranked highest to lowest through a ranking routine to determine
which watershed contributes the relatively greatest amounts of pollution
and approximately in what quantities. Step by step procedures, and an
explanation of the formulas used may be found in Chapter V of the text.

(Comment cards within the program listing provide a guide).
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21 MAIN DATE = 773¢2 03/28/44

DIVEASTION XUSLO(4G) o XWTSHD(7) s USLDIA47)eRTLD(4,9) 4CONT(4,9,7),TUSLD

(7)o TCOMNT (S o7 )2 ISANK (07 ) s IPOLLS)e TTCOUNT(9s7) s IIRANK(7), ITRANK(?)

INPUT X VALUT FIOR £ACH LAND USE
READ(Se1)(XUSLC(I)el=1+4)
FORMAT(4F10e4%)

INFPUT X VALUZ FIR <ACH AATERSHED
READ{E 42V {XWTSHEDIJ) »J=1,7)
FORMAT(7F10e4)

INPUT AREA OF LAND USE OF EACH WATERSHED
KTAD(E+3)((USLD(LeJd)ol=104)ed=1,47)
FORMAT(4F10e02)

INPUT L CADING RATE OF EACH LANE USE ON EACH POLLUATANT
READ(S44) ((RTLD(IeN)sI=148) ¢N=4,9)

FOIMAT(4F10e4)

D73 J=1,7

DO N 9
DS I X

N J

i
1

COMPUTE SACH POLLUTION CONTRIEBUTED BY EACH LAND USE WwITHIN £ACH
NATERSHED IN LBS/YR

CONTUI N JIZ(XANTSHO(JIIMIRTLD(I oN)/XUSLDLI)))ISUSLD(I,J)

DG 6 J=1,7

TUSLDC(J)=0o

D0 6 I=1.a

COMPUTE TOTAL AREA CF EACH WATERSHED
TUSLDC(I)I=TUSLD(JI)+uSLD(I,9)

D0 7T J=1.7

DC 777 N=1,9

TCONTINLJ)I=De

DG 77 1=1.,4

CCMPUTE TOTAL CONTRIBUTION OF EACH POLLUTANT IN EACH WATERSHED IN
LBS/YR
TCONTINJ)=TCONTIN+sJI+CUIUNTLIsNsJ)

COMPUTE TOTAL CUNTRIBUTICN IN LES/ACRE/YR
TTCONT(Ns JI=TCONTI(N,J)I/Z7TUSLDL Y)

JJd=J

TTCONTINGJIII=TTCONTI(NJ)

RANK EACH WATERSHED BY SPECIFIC POLLUTANTY
DC 10 N=1,9 .

DT 13 J=1.,7

IFK=0

DO 6 Ju=1,7
IF(TTCONT (NG JI)-TTICONT(NsJIJ))998+8
IFK=IFK+1



LEVEL 21 MAIN DATE = ?773€2 08rs28/744

oo
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S CONTINUE
1) IFRANKIN.JY=8~1IKK

PANK EACH WATZSSHZD 3Y aLbl POLLUTANTS
ON 12 J=1,7
ITRANK{ J) =0
DC 11 N=1,9
11 ITRANK(J)I=ITRANK(JI)+IRANK{(N+J)
Jd=J
12 ITRANK(JJII=ITRANK(S)
20 15 J=1.7
IRK=0
DO 14 Ju=1.7
IF(ITRARNKL(J)I=ITRANK(JIDIDI14+134132
13 IRK=IRK+2
14 CONTIANUE
15 I1RANK{ J)=IFK

ARRANGE THE OPDER OF POLLUTANTY
D0 16 N=2:9
IPOL(1Y=1

16 IPOL(NI=IPOL(N=1)+1

ouUTPUT
WRITE(6+26)

26 FORMATIGOX+"DEFINITION® 3//7:4X, " X=PRODUCT OF R3$CEK&T, ACLAUS=AREA O
1F LAND USE({ACRES)® /44X, *P0L1=BCD, POL2=COD, POL3=SSe POLE4=ST4, PO
2LS=NC2+N0O3s POLO=NHGs POLT7=0RG—Ne POLB=TCT—N, POL9=PC4*)

D0 22 J9=1,7
WRITE(65417)
17 FORMAT(IHY o /7 /7777 16X o * HATERSHEC® «// /701 Xe?LAND USE?® 44X *CRUOP® ,SX,?
IRANGE ® 44X, *PASTURE® s 3X,  WOODLAND® ¢ SXe *SUMT,5X, * TCTAL * 66X o *RANK?)
WRITE(6:18){XUSLD(I)sI=144)
18 FORMAT(A4X9*°X* eEX18(3XeFle293X))
WERITE(6+18)(USLD(I+Jd)sI=1+4),ITUSLO(I))
16 FORMAT{2Xs*ADLAUS® 42X+4{1XsFB8e0s1X)s1XsFB40)
DD 222 N=1,8
222 WRITE(6+20){I1PCLIN) ) s (CONTIToNeJ)eI=1+4)s(TCONTINsJD} ) (TTCONTI(NGJI)
1VS({IRANK(N,.J))
2) FORMAT(//+e3Xe®POL%012:2X08(1XeEE02+1X)0iIXeEBe2¢2XeFTe3e4X41I2)
WRITE(6+21)YIXWTSHD(J) ) o L IIRANK(J))

21 FORMAT(//7+4Xs*X VALUE QF WATERSHED IS '"oF8e2s/7¢4Xe"TCTAL RANK= %,
112)

22 CONTINUE

FND
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DEFINITION
LD e ceeeeeesoasessseanosassosnssnssacnans LAND
AOLAUS.......cciieeeensn ceeens ceecacsenen AREA OF LAND USE (ACRE)
SOALU. .cveienreececenscnsoaananns cevsenna SUM OF AREA OF LAND USE
CONT ..t iiii it iiieceeceecnacnnns ceeeenn CONCENTRATION
POL l..uiieriiiereeeeeennocanannencnns ...BOD
POL 2. . . .iiiiiieeeieteiennencnnn cescessonn COoD
POL 3....citiieeriececccnocccenns ceesecene SS
POL 4o iiiiiiiieneivenennns ceecasacevonns SO4
POL S5.iiiiiiirierneeenocsonascenncsnenans NO2 + NO3
o < cecreccens NH4
POL 7i ettt eeeceaaanccaocnannsons ORG-N
POL 8..viiiiienncannnne ceesccsvscassse ,TOT-N
0 ) S eecssssvses PO

4



LAND
X
ACL A

POL

POL

POL

POL

WATERSHED 3-10

UsSFt

us

[F]

CROP
0404

€1508.

0s60F

0,23F

Q¢ 26F

Oe 68E

0e 65E

0e&6SE

Oel4E

0«89E

Je62E

Cce
o7
08
ce
0a
04
CeE
05

96

Fleetwood

RANGE
0405

22925

Qed 6=

Oel 4E

Qe 4 8E

0e¢40E

Oe 1 SE

0€

07

o7

06

05

04

0S

(1153

05

PASTURE

0e02

143224,

Oe2€E

0.18E

0+15E

Oel 3E

0 ¢ B6F

0e 43E

0e21E

Ool7E

0«4 3E

X VALUE OF WATERSHED IS 0606
TOTAL RANK=

2

03

Q¢

07

06

03

Qo3

04

04

J4

W3ODLAND

e}

14334,

Del2:

Ve 485

0e50E

Oel5E

0620E

Jel OE

Q7

07

07

Q7

05

05

(¢1.]

05

35

SUM

14341,

Je£3E

Ce 7%

0+48E

Oe28%

Oellc

0+60E%

0e32E

0e18E

0e52E

7

07

o8

o6

05

06

06

0S5

TIATAL

1542394

50850

3334117

19427

0e794

0es418

24306

1235

04681

F ANK

[

41!



LAND USF CRCP

X 0604
ACLAUS 46214,
POL Oe45% Q¢
POL 2 Vel 7€ C7
POL 3 0e27E 08
POL 4 OeS5S1E CE‘
POL S Ced9E 04
POL 6 Qe 849E 04
PAL 7 0e11E 0€
FPOL 8 0e67€ 05
PCL 9 Oe46E CS

WATERSHED 3-11 Lower Mud

RANGE
005

17)41%,

0e15E

Qe 4t

OelEE

Oel 3E

Qe 4SE

Oe¢10E

Oel12E

Qe21E

Qe 49E

7

o7

038

c7

€5

05

06

06

¢S5

PASTURE

0e02

25884,

Jed7E

0,27E

O0e23E

Oel6E

Qe 78E

Oe¢ 3GE

Oe 31E

Qe 78E

X VALUE CF WATERSHED IS 0Oe.06
TOTAL RANK=

€

IS

06

(g

06

04

03

04

04

04

WOODL AND

Ue 01

4332¢%e.

Je 37E

Oel6E

Oe48=

Qe 28E

0+15E

Os43E

0e¢60E

0631E

37

(-]

08

c”

06

(7]

06

05

SUM

2€5338.

JeETE

0e21E

Oe61E

Qe €8

Oe¢33E

06,17E

0 ¢ 68E

)7

g

o8

07

06

06

06

06

06

TAOT AL

16,834

7324598

21 34531

23673F

1.158

0eS83

2369

1204

0e470

R ANK
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LAND USE

X

WATEKSHED 3-11A Upper Mud

AOLAUS

POL

POL

POL

POL

POL

POL

POL

POL

-

LM

CrRQOP
Qe04

2719¢€,

Jo 4 GE

Jel9F

Je29E

Oe52E

0452E

Gel2E

Oe 72E

0+ 50E

6

o lrg

a8

ce

Qa4

04

06

GS

cS

R ANGE
0e 05

9G7Z2C.

Jel6F

Je 4 8E

Je 1 6E

Oel4E

Oel1lE

Oe12E

0e?22E

0e¢ 53E

o"’

Q7

J8

05

05

06

06

0S

PASTURE

0e02

22571,

Oe¢ 73E

JdeS4G4E

Je45SE

Je 38BE

Oe 26E

Oel3E

0e6SE

0e¢52F

Oel 3F

X VALUE OF WATERSHED IS 0Oe11
TOTAL RANK=

5

0S

JE

)7

26

04

04

g4

04

WCIDLAND

Jo )1}

30R24.

OeéBZ=

Je 9%

Je6 2=

De 36E

Oe20E

0e58&

Oe78%

Oe41lE

o7

98

J8

37

Q6

06

06

05

05

SU#

11318,

0 e 70E

Je¢85E

Qe 42E

0e¢29E

0el6E

07

08

J8

)7

0¢

06

06

06

06

TOT AL

3Re36E

1444577

3616207

47¢33)

20316

~

1.181

40591

20125

0e¢863

& ANK
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(42}
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WATERSHED

3-12 Upper Bayou

LAND USE CrOP

b § Je 4
AQL AUS G661
POL 8 0+26F C€
PoL 2 0s10E Q7
POL 3 Jel16E 08
PIL 4 Je29E 3J6
PCL S 328E Q4
POL 6 0+28E 04
POL 7 0«62E 0S5
POL 8 0438E 05
POL S 0e27E OS5

X VALUE QOF WATERSHED IS 0Oel6

TOTAL RANMK=

1

RANGE PASTURE
Je IS ded?
5137Ge 2503

O0el12E O7 Oel12€E 05
06326 07 0e83E @5
Je12E 08 O0e470E 06
Jel)E O7 JeS8E IS
Je3%E 05 0e4JE 23
0+82E 04 0¢20E 03
0697E 05 0610E 04
0417E 06 0080E 03
0e39E 0S5 0620E 04

WOODLAND

Je)l

47922,

GellS

Ces3Z

Ved7E

Jel4aZ

JeB1LE

Je44E

Qel13E

0,188

Oe 92E

08

o8

98

96

a6

0?

06

0S

SUM

111765,

O0el2E

0e48Z

O« 75E

JelSE

Qe 8EE

Qe46E

Oe¢15E

0¢39E

0s,16E

08

08

08

)8

d€

6

07

o€

06

TAOTAL

1106231

42801388

6T 46251

138.268

Te654

40379

13,164

3:472

1433

FANK

(1]

G561



LAND USE

X
AOL A

POL

POL

PIL

POL

POL

POL

POL

=2l

POL

WATERSHED 3-13 Lower Bayou

usS

N

(7}

CRCP
Je d4
12863,

Ce 35& 0€

Vel 4S5 0O7

Qe21% OF

Jed0E 06

Je38F J4

Je3IBE 04

Je8BSE 05

Q0e¢S2E 0S5

0e37E 0S
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WATERSHED 3-16 Texoma Lateral
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