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ABSTRACT

Much effort is spent trying to relate water quality to management

practices. Successes have been achieved, but it has often been difficult to link a

change in water quality to a management practice, or to conclusively document

actual water quality improvement. This research developed and attempted to

prove a concept. That concept was that a systems approach could be used to

develop a set of tools necessary to relate surface water quality to the

management practices employed and to the responsiveness of the unit in which

they are employed.

The operational unit for this research project was a well run dairy farm in

Claibome County, Tennessee. Three indices were developed for each of four

contaminants; sediment, phosphorus, nitrogen, and coliform bacteria. Other

contaminants could have been selected, but these four were deemed the most

important. The indices are the management practice index (MPI), the system

response index (SRI), and the standard water index (SWI).

The MPI evaluates how well a unit of land is being managed in terms of

whether the proper Best Management Practices (BMPs) are being employed and

how effectively they are being employed. The risk that may be associated with a

BMP failure is also evaluated. In effect the index indicates how good a job the

person is doing to keep contaminants out of the surface water. A high MPI

indicates a good job is being done.
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The second index is the SRI. It relates the measured level of a

contaminant, the worst case potential loading of the contaminant into a stream,

and the MPI. It can probably best be used to indicate the probability that a given

level of contaminant will occur for a particular worst case and management

scheme, or whether a system is likely to change if the worst case or

management practices are altered. It can also be viewed as a responsiveness

index which gives an indication of how forgiving a particular situation will be for

the implemented management practices and the potential worst case loading. A

high SRI indicates a responsive system, while a low index indicates a less

responsive system. With a low SRI it makes little difference what management

practices or system loading are used, as the system will not easily change. Its

inverse can also be viewed as the buffering capacity of the system.

The final index is the SWI and is simply a ratio of the measured levels of

contaminants to a standard. An SWI greater than one indicates the standard

has been exceeded.

Overall the dairy farm MPIs indicated a high level of management. On a

scale of 0.0 to 1.0, the overall MPIs were 0.91, 0.88, 0.92, and 0.83 for

sediment, phosphorus, nitrogen, and coliform bacteria, respectively. The SRIs

for subwatershed B were -0.206, 0.0, -0.055, and 0.005 for sediment,

phosphorus, nitrogen, and coliform bacteria, respectively. Although the true

ranges for these SRI values are yet undetermined, the values appear low,

which would indicate a system that is low in responsiveness, or high in



buffering capacity. The measured levels of contaminants are reflected in the

SWI values of -0.07, 0.0, -0.15, and 0.99 for sediment, phosphorus, nitrogen,

and conform bacteria, respectively.

Together the three indices suggest a high level of management and a

low system responsiveness. The MPI results for coliform bacteria appear

questionable since the SWI was near 1.0 (near the standard) even though the

MPI was relatively high at 0.86 for subwatershed B.
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CHAPTER 1

INTRODUCTION

JUSTIFICATION

Past research has generally centered on relating changes in water

quality to implementation of specific Best Management Practices (BMPs). The

Rural Clean Water Project (RCWP) is probably the biggest and most recent

attempt to correlate water quality to BMPs. Many lessons have been learned in

this attempt, but oftentimes the individual projects in the program were unable

to document water quality improvement as a result of a specific BMP that was

implemented. Complicating factors such as partial watershed participation,

several BMPs implemented at once; time required for pre, post, and

implementation phases; time required to observe changes; changes in

monitoring schemes, etc., helped to reduce the ability to establish correlations

between implementation and changes in water quality.

Best management practices cover a wide spectrum of activities, from

waste management to crop planting and management to stream protection,

with a myriad of practices being associated with each major BMP. Certain

BMPs are effective for reducing sediment transport, for instance, while a

slightly different set of BMPs may be effective for reducing coliform bacteria

loading.



In order to understand how effective these BMPs are, information must

be collected on how they affect water quality. Water quality is important

because of its impact on people and on the ecological balance. Typical

problems encountered with the use of poor-quality water are disease

transmission, gastrointestinal disturbance, tastes and odors, fish kills, and

changes in an ecosystem. The quality of the water is therefore a valid concern.

Contaminant source and contaminant type should be considered when

investigating the relationship of water quality to management practices.

Principal sources of contaminants can be divided into two broad types, point

source and nonpoint source (NPS). Point sources are those that have a well-

defined point of discharge (Thomann and Mueller, 1987). Point sources are

usually but not always continuous, as they can be a source for short

discharges.

Nonpoint sources are characterized by a diffuse origin of discharge as

opposed to originating from a well-defined point. Agricultural pollutants are

generally of the nonpoint source type. Nonpoint sources include industrial

parks, subdivisions, and rural residential areas. Pollutants from these sources

may enter a stream, river, or lake by overland runoff or enter the groundwater

by leaching through the soil. Water quality experts across the nation believe

that nonpoint source pollution is the major cause of our remaining water quality

problems (RCWP, 1990). However, those involved with the Rural Clean

Water Program (RCWP) have stated that nonpoint source pollution can be
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managed, controlled, and often prevented by changing some of the ways the

land is used (RCWP, 1990).

Contaminants that come primarily from agriculture fall into four

categories; sediment, nutrients (nitrogen and phosphorus), bacteria, and

agricultural chemicals. A set of tools are needed that will establish relationships

between best management practices and system responsiveness for a given

unit of land and the resulting quality of the surface water coming from that unit.

These relationships would go beyond linking implementation of a BMP to a

change in water quality and would begin to provide more comprehensive

benchmarks by which water quality impacts can be judged.

OBJECTIVES

The point of this research was to prove a concept by developing a

methodology to establish these more comprehensive benchmarks for judging

water quality impacts. This was accomplished by developing a set of three

indices for each contaminant that was deemed to be of major concem. The

four contaminants selected were sediment, phosphorus, nitrogen, and coliform

bacteria. Pesticides were not considered in this research because the added

effort and complexity would have exceeded the scope of the research that was

set at the beginning of this effort.

The development of indices essentially consists of several parallel

efforts. The first of these is the MPI, which indicates how well a land-owner is



managing a unit of land, based on application of appropriate BMPs. The

second index, the SRI, indicates how much impact those and other possible

BMPs are likely to have on water quality, given the water quality seen in the

current situation. The third and final index developed is the SWI, which gives

an indication of how well the system meets regulatory or health standards.

These last two indices required the establishment of a water quality monitoring

scheme.

Once the methodology was developed by establishing the three indices,

it was tested on a dairy farm in East Tennessee. This was done by evaluating

the management practices that were employed, estimating a worst case

loading for each of the four contaminants, and by measuring the surface water

quality coming from that dairy farm. Groundwater was not included in this

research due to the increased complexity and resources that would have been

required.

When the concept has been validated, additional research could expand

this project to include groundwater which is indeed an important component in

evaluating water quality. Shirmohammadi at al. (1994) pointed out, for

instance, that nitrate can contaminate groundwater as a result of agricultural

practices.



CHAPTER 2

REVIEW OF LITERATURE

RURAL CLEAN WATER PROGRAM

Several nationwide programs have addressed nonpoint source controls.

One such program is the Rural Clean Water Program (ROWP). The RCWP is

a federal program administered by the U.S. Department of Agriculture's (USDA)

Agricultural Stabilization and Conservation Service (ASCS) in consultation with

the U.S. Environmental Protection Agency (USEPA). The program began in

1980, with a total appropriation of $64 million that funded 21 watershed

projects in 22 states across the country. The program was scheduled to

terminate in 1995. All projects were required to monitor water quality (RCWP,

1990).

The RWCP has yielded much good information on nonpoint source

pollution as related to BMPs. Eighteen best management practices were

outlined, ranging from permanent vegetative cover and animal waste

management to conservation tillage and stream protection. There were

generally numerous practices grouped under each of the BMPs. The

contaminants that were of the greatest concern fell into several categories, with

the major ones being sediment, nutrients, bacteria, and agricultural chemicals.

One of the difficulties that was encountered in the RCWP was tying the

change in a particular contaminant level to a specific BMP. For example, even

though water quality improved at Lake Tholocco in Alabama, it was not certain
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whether the improvement was due to the decline in the number of beef cattle

and hogs in the watershed, or to the implementation of BMPs (RCWP, 1990).

In another instance at Bayou Bonne Idee, Louisiana, decreases in turbidity,

total suspended solids, and total phosphorus were not statistically significant,

perhaps because only 60% of the identified critical acreage in the drainage

participated in the program (RCWP, 1990). Also the time required for changes

in water quality parameters after BMP implementation can be extensive.

Monitoring of water quality will have to continue at Tillamook Bay, Oregon for

many more years to determine how successful the project has been, because

all BMP's were not installed and because water quality sampling frequency

changed during the course of the project (RCWP, 1990). For one reason or

another many of the RCWP projects were unable to document water quality

improvements due to BMP implementation.

It is anticipated that for NPS water quality impact studies (eutrophication,

biological degradation, etc.), the incremental changes in overall water quality

may not be measurable within a project period (3 - 5 years) because of the high

degree of inherent variability within the system and the long response time of

natural ecosystems to such subtle changes. The RCWP recommends 2-3

years for pre-BMP monitoring, and 2-3 years of post-BMP monitoring, not

including a number of years for implementation (Spooner et al., 1991).

These lessons are an indication of the difficulty in determining the effect

of a particular BMP on water quality leaving a watershed. Yet linking
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management practices and water quality is an important endeavor, Gale et al.

(1992) stated that,

"An important purpose of any NPS control program is to correlate

(link) water quality changes and BMP implementation, thereby

demonstrating that NPS control efforts can improve water quality

and are worthy of federal, state, and local funding and support."

Researchers have indeed been trying to establish cause-and-effect

relationships between management practices and water quality. In this

respect, Spooner (1990) pointed out that a controlled experiment is the only

way to confirm cause-and-effect relationships. Controlled refers to elimination

of, or accounting for, all the factors that may affect the response to the

treatment, so the treatment effect can be isolated. However, a controlled

experiment is difficult to perform at the watershed level because resources are

limited and because project goals encompass BMP implementation in all critical

areas, not just in the area affected by a single BMP (Spooner, 1990). Spooner

went on to point out that monitoring of farm-field scale sites is necessary to

identify water quality problems and to determine relationships between land

surface activities and water, but that this monitoring is not sufficient to describe

cause-and-effect mechanisms.

To avoid the difficulties associated with the controlled experiment

approach for each BMP, a systems type approach is envisioned where

monitoring on a subwatershed scale will be accomplished. A farm-field scale
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would be more ideal if the monitoring and sampling scheme could be worked

out. Cause-and-effect relationships would not be examined, but the goal would

rather be to examine the entire system of BMPs and to establish in an empirical

sense their relationship to water quality. This linking of water quality and BMPs

should provide useful information to both farmers and water quality managers,

and may begin to establish management practice indices and system response

indices for achievable water quality.

INDICES

Much work has been done in the area of indices, and especially so in

the area of water quality. This has been prompted by several factors.

Increasing levels of water pollution (Dinius, 1987) have resulted in billion dollar

use and control programs. A need has arisen for the development of water

quality indices that provide a means for quantifying and evaluating the quality

of a given body of the water. Such an index would communicate to those with

limited technical knowledge the quality of water. A water quality index can thus

be seen as a communication tool for transmitting information (Couillare and

Lefebvre, 1985). Couillare and Lefebvre also state that a water quality index

makes information more easily and rapidly interpretable than does a list of

numerical values. Dinius goes on to point out that a water quality index, in

order to be feasible and useful, must reduce the vast quantity of water quality
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information to its simplest form, even though in the process some information

may be lost.

Four important uses of indices include; (1) formulating government

policy, (2) evaluating effectiveness of environmental protection programs, (3)

designing environmental protection programs, and (4) communicating to the

general public the state of the environment and the impact of government

programs on the environment (Dinius, 1987).

Dinius (1987) referenced related work which reduced water quality

indices to three basic types: (1) those that translate levels of polluting

elements into a quality unit based on the relationship of the quantity of each

element present in the water to that water's quality; (2) those that translate

levels of polluting elements into a quality unit based on some set of standards

usually established by a governing unit; and (3) those that subject the value of

the variables to a variety of standard statistical procedures. Dinius (1987) said

that a difficulty with the systems based on standards levels is that these are

established by governmental units to protect human and wildlife health and

welfare, and include (very wisely) a wide margin for error; they do not therefore

reflect true water quality.

Couillare and Lefebvre (1985) have outlined the operational functioning

of an index. They state that most indices use parameters, weighting, rating

curves, and aggregation methods. The weighting is done to assign a relative

importance that differs for every parameter. The widely used rating curve is
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used to link a parameter's concentration with the quality of the water, and can

be used as a graph or a mathematical function that transforms each value of a

parameter into an approximate value or "score." Finally, the aggregation

process is used to consolidate all quality scores of rating curves, and if

necessary to weight those scores. The weight is based on the relative

importance of a particular parameter to the other parameters considered. It is

with this step that the final result or water quality index can be obtained.

Among the several weighting processes found in literature, Couillare and

Lefebvre (1985) point out that a weighted product is generally more appropriate

than a weighted sum to assess water quality, because its mathematical

properties are such that emphasis is placed on the low-value scores. The

weighted product is represented by the following equation;

I = {Tl)q '

where,
n = number of terms to be multiplied

together,
W|= weight assigned to the i th term being

multiplied, and
n indicates the operation of multiplying together all

terms immediately following it.
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The weighted product method allows safer estimations of water quality than the

weighted sum method. The overall Index Is always less than, or equal to, that

of the weighted sum. This method, according to Coulllare and Lefebvre (1985)

eliminates overestlmatlon of the actual quality of water. This Is the aggregation

method recommended If the Individual contaminant Indices were to be

combined Into a single Index.

DInlus (1987) Improved a previous Index he had developed, which

Included two broad steps. The first step required the calculation of a sublndex

function for each of 12 Individual pollutant variables. These sublndex functions

represent the change In level of pollutant as the quantity changes for each of

the 12 Individual pollutants In the water. The second step was the aggregation

of the 12 Individual sublndex functions Into one overall Index using a

multiplicative form and employing pollutant Importance weights proposed by

the members of a panel. This resulted In the first basic type of Index

mentioned by DInlus (1987), based on the relationship of the quantity of each

element present In the water to that water's quality.

Evans and Meyers (1990) discuss a DRASTIC Index that allows a

systematic evaluation of the pollution potential of any hydrogeologic setting In

the United States. Fifteen mappable units called hydrogeologic settings are

described for different regions In the United States. Each of these settings

Incorporate the major hydrogeologic factors which affect and control ground

water movement. Including depth to water table, net recharge, aquifer media.



12

soil modia, topoQraphy, impact of the vadose zone, and hydraulic conductivity

to the aquifer. These factors form the acronym DRASTIC, and are used to infer

the potential for contaminants to enter ground water.

The relative ranking scheme uses a combination of weights and ratings

to produce a numerical value, called the DRASTIC Index, which helps rate

areas with respect to groundwater contamination vulnerability. Evans and

Meyers (1990) pointed out that in this system the major physical characteristics

that affect pollution potential were identified, including especially the generally

measurable characteristics such as depth to water table, soil media, and

aquifer media. A numerical ranking scheme was used to assess groundwater

pollution potential, and contained three significant parts: weights, ranges, and

ratings. Each of the major factors was evaluated with respect to the others to

determine its importance. Each factor having a significant impact on pollution

potential was then divided into ranges. Finally, each range was also evaluated

with respect to the others to determine its relative significance with regard to

pollution potential. The factors were assigned one value per range.

These settings were chosen to represent areas larger than 40 ha in size,

which limits the system to use as a screening tool and not as a site assessment

methodology. The index is an additive aggregation method, and the equation

for determining the index is:
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Pollution Potential = DrD^ + RrRw + ArAw + SrS^ + TrTw +IrIw + CrCw

where,
R = Rating,
W= Weight,
D = Depth to water table,
R = Net recharge,
A = Aquifer media,
S = Soil media,
T = Topography,
I = Impact of the vadose zone,
C = Hydraulic conductivity.

The higher the DRASTIC Index, the greater the ground-water pollution

potential.

SAMPLING/MONITORING

According to Spooner et al. (1985), monitoring above and below an

implementation site is generally more useful for documenting the severity of an

NPS problem than for documenting BMP effectiveness. This may be

explained, in part, by the fact that this procedure may have low sensitivity

because individual nonpoint source inputs are rather small compared to

background. This would be especially significant if one BMP were being

monitored. If the system as a whole were being monitored, the individual BMP

would not be the focus of concern.

This technique involves sampling a flowing system over time above and

below a potential nonpoint source. This design has been classically used to
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monitor effects of nonpoint source discharges to flowing systems. Spooner et

ai. (1985) state,

"The primary advantage of this approach is that it can account

for upstream inputs to the area of interest. For agricultural

nonpoint source projects, this will often be important for

watersheds where the upper portions are in nonagricultural

land uses."

An additional advantage is that little or no coordination is required

between the land treatment and water quality monitoring components of the

project. The above and below design has advantages over other designs when

documenting the magnitude of nonpoint sources prior to implementing BMP's.

Spooner et al. (1985) list other monitoring designs that are based on the

questions to be answered. Time trend designs, where before and after

implementation monitoring is accomplished, determine if a change in water

quality conditions has occurred. However, a long monitoring period is required

to determine if significant changes in water quality have occurred. How

contaminant levels vary with time could be of importantance in identifying when

contaminants are entering surface waters and could therefore aid in source

identification.

Probably the best monitoring design is paired watersheds which controls

for meteorologic variability and can document water quality improvements

related to BMPs in a much shorter time. The disadvantage is that
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implementation efforts on both watersheds must be closely matched. It may be

difficult to find adequate similar drainages (Spooner et al., 1985). If, however,

change in water quality is not the question being answered, this design may not

be the best choice.

In a progress report on optimization of sampling strategy to assess

agricultural NPS pollutant loading, Klaine (1990) pointed out that a critical

element for assessing agricultural NPS pollution and BMP' s is the design and

implementation of monitoring programs that can provide accurate

characterization of the temporal variability of agrichemicals and suspended

sediments concentration in runoff waters draining croplands. These monitoring

programs select small basins because the variables that affect transport of

chemicals and sediments (such as climate, land uses, and soil properties) can

be defined with relative accuracy. Runoff transport of chemicals and sediment

in these basins occurs mainly during storms. By being able to accurately

characterize the temporal variability in contaminant concentration, investigators

can compute accurate loads, particularly during storm events.

Partly because much of the research for assessing nutrient export and

cycling in watersheds is in forested watersheds where little variability in the

nutrient concentrations is observed for runoff water, designing sampling

programs to characterize the temporal variability in the concentration has not

been a major concern. In such instances a relatively small number of samples
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are required to characterize the temporal variability in nutrient concentrations

for runoff water.

However, for investigators working with transport of suspended

sediment, designing sampling strategies has been an area of intensive

research. Klaine (1990), in referring to work by others, points out that a

relatively large number of samples are required to characterize suspended

sediment as concentration may vary over several orders of magnitude

particularly during storm events. He went on to report that the recommended

sampling intensity of 10 samples per median hydrograph rising time (MHRT)

accurately characterized the suspended sediment concentration for the

example cited. His example represented large watersheds with an average

MHRT of about 20 hours.

Klaine (1990) monitored water quality and stream flow in four small

agricultural basins (first order streams), in the Beaver Creek Watershed in

West Tennessee. In two years about 60 storm events were monitored. Water

quality data included collection and analysis of water samples for the

determination of the total and dissolved concentration of nitrogen and

phosphorous species, selected pesticides, and suspended sediments using

two automatic samplers. Their sampling interval for the storm events ranged

from 5 to 15 minutes: a 5 minute interval was typically maintained during the

rising and falling limbs of the hydrograph, whereas a 15 minute sampling

interval was used during recession flow. Preliminary analysis showed that the
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absolute error in the constituent discharge rate or sensitivity of the storm load

calculation to sampling intensity ranges from 25 to 100 percent as the sampling

interval increased from 5 to 60 minutes, and from 100 to 200 percent when the

time interval between stage measurements increased from 5 to 10 minutes.

Johnson et al. (1982b) referred to related efforts which reported that

nitrogen concentrations showed a decrease from storm to storm, indicating that

each storm should be sampled or an accounting made for this decrease to

determine the storm quantity discharges of NO3-N during the cropping season.

This storm-to-storm effect was not as evident for NH4-N, inorganic P, total

Kjeldahl N, and Na HCOg-extractable P, indicating that sampling of every event

would not be required to determine cropping season quantity discharges of

these nutrient constituents.

Once the appropriate sampling protocol has been established it is

necessary to choose the contaminants that are to be considered for sampling

and why they are of concern in relation to BMPs that have been employed.

Investigations by the state of Tennessee, for instance, indicate that sediment,

phosphorus, nitrogen, and coliform bacteria are contaminants that impact the

quality of state waters most. These four contminants would therefore be good

selections to monitor and sample for water quality research.
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SEDIMENT

Sediment from soil erosion is the single largest pollutant in U.S. surface

waters. It reduces stream and resen/oir capacities, causing increased flooding,

disrupting biological systems, degrading drinking water supply, and

transporting nutrients, pesticides and bacteria to waterways (Johnson et al.,

1982a). According to Johnson et al., farmland is recognized as the largest

contributor of sediment to U. S. waters with over 6.4 billion tons of topsoil

eroded each year.

Johnson et al. (1982a) point out that the USDA-SCS estimates that

about 50% of the sediment in the nation's waterways is thought to come from

cropland, while approximately 30% of the total probably represents the natural

level of sedimentation. The areas where this sediment originate are primarily

those that combine intensive agriculture, hilly topography, and erodible soil

types. Johnson et al., go on to state that, in fact, the percentage of eroded soil

in a watershed which becomes sediment in waterways will tend to be less in

situations where the major erosion sources are either located distant from

water courses or are separated from water courses by holding areas such as

woodlands, other vegetated areas or sediment basins.

In attempting to determine what type of BMPs may be most effective,

Razavian (1990) concluded that nonstructural (agronomic) BMPs are generally

more effective for controlling erosion and nonpoint source pollution than are

structurally oriented BMPs. Nonstructural BMPs in Razavian's study included
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agronomic chango from convGntional tiliagG to chisGl plow, minimum tillago,

and no-till systoms. Structural BMPs wGro sGdimontation basins (ponds).

NUTRIENTS

Phosphorus

In order to dGtormino how various BMPs affect the amount of

phosphorus in surface water some standard needs to be established defining

how much phosphorus is too much. In studies of BMPs for animal waste it was

found that phosphorus as phosphate (PO4 - P) in concentrations in excess of

0.025 mg/L occurring at spring overtum in lakes and reservoirs can stimulate

excessive or nuisance growths of algae and other aquatic plants (Johnson et

al., 1982b). They also point out that others have suggested that critical values

are 0.01 and 0.02 mg/L for soluble and total phosphorus, respectively.

To rate BMPs on their effectiveness for preventing phosphorus

contamination above the acceptable standard, important factors include how it

reacts with soil, how its moves, and in what forms it exists. Sharpley et al.,

(1993), reference work which found that phosphorus In the soil readily reacts

with available calcium, iron, and aluminum to form insoluble compounds, or that

it can be adsorbed to soil particles. This means that surface runoff is the

general mode of phosphorus transport.

Sharpley et al. (1993) also reported on work dealing with the movement

of phosphorus in particulate and dissolved forms. It was indicated that
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phosphorus movement in runoff occurs as particulate P (PR) and dissolved P

(DP). In general, PP is the major portion (75 to 90%) of P transported in runoff

from cultivated land. In terms of impact on eutrophication, bioavailable PP

represents a variable (10 to 90% of PP), but long-term source of P for algal

uptake. Dissolved P is for the most part immediately available for algal uptake.

Together, bioavailable PP and DP movement in runoff represents the

bioavailable P content of runoff (Sharpley et al., 1993).

Work is ongoing to determine whether total phosphorus or bioavailable

phosphorus is of the greatest concern. Sharpley et al. (1993) refer to studies

which indicate that lake productivity decreased little with reduced total P inputs

and have attributed this to an increased bioavailability of P entering lakes.

Therefore, the importance of management practices must be evaluated in

relation to how much bioavailable P is moved from landscapes.

Sharpley et al. (1993) indicate that the first step in the movement of DP

in runoff is the desorption, dissolution, and extraction of P from soil and plant

material. These processes occur as rainfall or irrigation water interacts with a

layer of surface soil of approximately 1 to 3 mm (0.04 to 0.12 in) before leaving

the field as runoff. They conclude that the accelerated eutrophication of

surface waters by P is mostly associated with inputs from surface rather than

subsurface flow.

Concerning placement of fertilizer, Sharpley et al. (1993) found that

runoff DP concentration from areas receiving broadcast fertilizer averaged 100
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times higher than the concentrations from areas where comparable rates of

fertilizer P were point-injected below the soil surface. Most phosphorus

transported in runoff occurs in one or two intense events during a year. It is

believed that phosphorus movement in landscapes can be reduced by careful

mineral and organic fertilizer management, and by erosion and runoff control.

Where possible, subsurface placement of P away from the zone of removal in

runoff will reduce the potential for P movement. Phosphorus movement via

erosion and runoff may be reduced by increasing cover through conservation

tillage. It was found, however, that dissolved P concentrations in runoff from

no-till practices were greater than from conventional practices (Sharpley et al.,

1993). Reducing tillage operations also increased the portion of total P that

was bioavailable in both dissolved and particulate P forms.

Filter strips or zones can effectively reduce erosion. Tile drainage, and

impoundments or small reservoirs are more efficient at reducing PP than DP

movement in runoff. However, studies on dissolved phosphorus concentrations

in runoff from simulated rainfall on corn and soybean tillage systems (Mclsaac

et al., 1995) indicated that dissolved P concentrations in runoff from no-till and

ridge-till systems may be problematic for surface water quality. However,

Sharpley et al. (1993) referenced other studies which indicated that soluble P

concentrations and losses from row-cropped land under no-till or ridge-till

management may be reduced by subsurface placement of fertilizer.



22

Mclsaac et al. (1995) refer to work done using a rainfall simulator to

study the effects of conservation tillage and no-till at three rye crop residue

levels. Researchers found that runoff and sediment losses decreased as crop

residue levels increased, regardless of the tillage system. There is a

synergistic effect in reducing runoff and soil losses with increased residue and

no-till, with the greatest reductions in runoff and soil loss occurring with no-till

at the greatest residue level. Average PO4 concentrations with no-till were

greater, and sediment bound P concentrations were less than those with

conventional tillage. Overall, however, no-till was effective in reducing PO4, Pgb

(sediment bound P), and P, (total P) losses by 91, 93, and 97% respectively,

when compared to conventional tillage.

Nitrogen

Though it has been pointed out that nitrate itself is not toxic at a

concentration of 10 mg/L, its reduction product, nitrite, can react with

hemoglobin in the bloodstream to impair oxygen transport in warm-blooded

animals. This condition of methemoglobinemia, blue baby syndrome, can be

hazardous to infants younger than three months (Johnson et a!., 1982b).

However, total nitrogen concentrations as low as 1 to 2 mg/L have been

associated with algal bloom.
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COLIFORM BACTERIA

Howell et al. (1995) refer to numerous studies which show that

agricultural runoff from pastures contains fecal bacteria concentrations which

frequently exceed the USEPA standard for primary contact water (200 fecal

coliform/100 ml). High levels of coliform bacteria are not unusual anywhere

that cattle are present. Howell et al. also refer to research which found that

when cattle are allowed to graze directly adjacent to streams, stream banks

and bottoms may become significant bacterial reservoirs.

In Howell et al.'s (1995) study, fecal coliforms were always present in

streams, and almost always exceeded primary contact water standards. They

found high fecal coliform concentrations in streams both after rainfall and when

cattle were present. High fecal coliform concentrations were also observed in

the absence of either rain or cattle. Howell et al. also referred to research

which found that fecal bacteria in sediments could be resuspended after stream

bottom disturbance.

The season of the year can also influence coliform bacteria. Howell et

al. referred to a 3-yr study which concluded that after the warmer weather of

spring, fecal coliform numbers in runoff increased long after cattle had been

removed. These results support the previous contention that even though

cattle are not currently present, coliform bacteria may still be present.
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CHAPTER 3

DEVELOPMENT OF THE INDICES

Th© indices were developed as tools to relate surface water quality to

the management practices employed and to the responsiveness of a particular

unit of land. Those indices were the MPI, SRI, and SWI. The MPI describes

how well the land owner is managing his unit of land. The SRI gives an

indication of the responsiveness of the unit to those management practices,

and the SWI is an indication of how the measured contaminant level compares

to the standard. First, the MPI development is addressed, followed by

development of the SRI, and then the SWI. These indices were developed for

sediment, phosphorus, nitrogen, and coliform bacteria. These four

contaminants were chosen because they were considered four of the major

NPS contaminants coming from agriculture.

These indices were developed using information taken from an actual

dairy farm in Claiborne County, Tennessee. The dairy farm was divided into

two subunits, a western and an eastern subwatershed, and were designated

subwatershed A and subwatershed B, respectively. Although four automatic

samplers were employed with one sampler on subwatershed A and three

samplers on subwatershed B, comtaminant analysis was based entirely on

grab samples at these points. The three sample points on the eastern

subwatershed were on Davis Greek.
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MANAGEMENT PRACTICE INDEX (MPI)

Briefly, the MPIs for each contaminant were developed in the following

manner. The management practices for each subunit were evaluated in terms

of effectiveness and risk. There were two subunits on the dairy farm where this

project was accomplished. The practice ratings and risk ratings were assigned

for each practice under each BMP. These were multiplied by the appropriate

weights and summed to arrive at an actual and a potential total score for the

subunit (subwatershed). The actual score was then divided by the potential

score to arrive at the MPI, or the unit subindex. For each contaminant these

subindices were averaged for an overall contaminant MPI. If desired, the

individual contaminant MPIs could be aggregated into a single MPI. Although

this option will be discussed later, the individual contaminant MPIs are the

major point of this research. Now a more detailed development of the MPIs will

be addressed.

In developing the MPI a basic concept was borrowed from the DRASTIC,

relative rating system as explained by Evans and Meyers (1990). For

DRASTIC ratings and weights were used to develop an Index that rated the

potential of a land unit for groundwater pollution. Ratings were assigned to

each of seven parameters that were deemed as important in relation to

groundwater contamination. Each parameter was assigned a rating and then

multiplied by a weight that reflected its significance in relation to all the other

parameters. The multiplied rating and weight for all seven parameters were
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summ©d to givo an ovorall ind©x. DRASTIC r©sult©d in an jnd©x that provid©d

a r©iativ© ©valuation tool but was not ©xp©ct©d to provid© absolut© answ©rs.

In this r©s©arch, th© MPI is bas©d on four contaminants, numorous

BMPs und©r ©ach contaminant, and s©v©ral practices under each BMP (th©

MPI determination is shown in Appendix A). Th© weights assigned to ©ach

contaminant would reflect th© relative importance of each contaminant. If it is

desirable to aggregate the four contaminant MPIs into one overall MPI the

weighted product method is recommended.

To facilitate use of the optional weighted product aggregation method,

each of the four contaminants was given a relative weight of 0.1 to 0. 4 with the

contaminant of greatest significance receiving a weight of 0. 4. Thus a weight

of 0.4 would indicate the greatest potential for reducing pollution. These

weights could in fact be changed to reflect the contaminant that may be of the

greatest concern in a particular situation. For instance, phosphorus might be

given the weight of 0.4 because it is the major contaminant that is causing

eutrophication of a nearby lake. In another situation, sediment may be given a

weight of 0.4 because a nearby reservoir is being silted up, resulting in

decreased water holding capacity.

According to the 305(b) report by the Tennessee Department of Health

and Environment (TDHE, 1990) on the status of water quality in Tennessee,

the relative contributions of major water quality problems in impacted streams

listed siltation as the greatest contributor followed by suspended solids,
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pathogen indicators, organic enrichment, and nutrients. Relative contributions

of major causes in impacted lakes listed nutrients, organic enrichment, and

siltation. The above weight factors were selected by considering both lakes

and streams. In that same report Davis Creek was listed as an alternate target

watershed for NPS projects, and its problem was listed as sediment and

bacteria. They are target contaminants due in part to the Powell River into

which Davis Creek empties being an interstate watershed (Virginia and

Tennessee), and in part because of the high recreational value of Norris

Reservoir.

Additionally, the 305(b) summary report (TDHE, 1990) indicated that by

volume, the pollutants impacting the most water bodies are silt, sediment, and

nutrients. Nitrogen and phosphorus are nutrients that are the major

contributors to the eutrophication of water bodies. Phosphorus loss to surface

water is considered especially important because it is the nutrient limiting agent

for aquatic vegetation.

In the MPI evaluation scheme several BMPs are listed under each

contaminant that affect the amount of that contaminant entering the surface

water. Each BMP was given a relative rating factor, with the sum of all of the

BMP rating factors under a particular contaminant equal to 1.0. This was done

so that contaminants with different associated numbers of BMPs would be

treated equally. The rating factor reflects the significance of that BMP among

all the BMPs under that particular contaminant. A BMP may be listed under
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more than one contaminant, depending on whether it is expected to influence

the level of contaminant reaching the surface water. Table 1 is an example of

BMPs and their rating factors.

Under each BMP there are several related practices (the practices are

defined in Appendix B). The practices under each BMP have been given

ratings that sum to 1.0 and which reflect individual practice significance among

all the practices under a given BMP. A risk rating factor has also been

assigned to indicate the relative degree of risk if, for instance, that practice

should fail and have some detrimental effect. Table 2 indicates how this

weighting is done.

Table 1. An example of BMP rating factors for phosphorus.

Number BMP Name Rating Factor

15 Fertilizer Management 0.15

2 Animal Waste Management 0.12

4 Terrace 0.09

11 Permanent Vegetative Cover 0.09

On Critical Areas

13 Irrigation Water Management 0.09

8 Cropland Protective System 0.09

9 Conservation Tillage 0.09

5 Diversion Systsem 0.09

3 Strip cropping 0.09

12 Sediment Retention, Erosion/ 0.09

Water Control Structures

10 Stream Protection 0.09

Sum 1.005*

Sum of BMP weights should sum to approximately 1.0.
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Table 2. An example of relative rating factors and risk factors.

BMP 2 (Animal Waste Mgmt) Relative Rating Factor Risk Factor

Practice

Diversion 0.12 0.000

Guttering 0.12 0.000

Waste Treatment Lagoon 0.09 0.278

Irrig Syst for Waste 0.09 0.167

Waste Storage Syst 0.07 0.111

Waste Storage Pond 0.07 0.111

Surface Drain 0.07 0.056

Subsurface Drain, Fid Ditch 0.07 0.056

Subsurface Drain, Main or Lat 0.07 0.056

Critical Area Planting 0.05 0.056

Grassed Waterway or Outlet 0.05 0.056

Filter Strips (Feedlots) 0.09 0,056

Sum 0.96 Sum 1.003

To indicate how well each of these practices were Implemented, each of

the practices is assigned a value of 0,1, or 2. A zero means the practice has

not been implemented, a 1 means it has been implemented but is not fully

effective, a 2 means it has been implemented and is effective. To indicate the

risk associated with each practice a value of 0, -1, -2 has been assigned to

each practice. A zero indicates no risk, a -1 indicates possible risk, and -2

indicates probable risk. Literature often cites practices that are good for

controlling sediment, nitrogen, or phosphorus in surface waters, but there is no

specific rank ordering of the relative effectiveness of one practice to another.

Therefore, all weights and rating factors are based on best judgement after

having reviewed available literature.
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The evaluation procedure for the MPI begins by dividing the whole

operational unit into subunits; i.e., fields, holding lots, feeding/milking areas,

etc. In this research the operational unit was divided into two subwatersheds.

Each subunit was then evaluated in terms of management practices employed.

The evaluation sheet has a separate section for each of the four contaminants;

sediment, phosphorus, nitrogen, and coliform bacteria (see Appendix A).

Under each contaminant are listed the BMPs that apply and under each BMP

are listed the related practices. Each subwatershed is rated independently and

the ratings averaged for the final index.

For each practice there are two groups of columns. The left group of

columns is for actual practice, where each practice will be given a rating of 0,

1, or 2 as mentioned earlier. The right group of columns is for optimum

practice. In the actual practice group of columns the practice rating is

multiplied by the rating factor and the risk rating is multiplied by the risk rating

factor. The actual practice score is the sum of the two products.

For the right group of columns dealing with optimum practice, a rating is

given of either 0 for not applicable or 2 to reflect the maximum value if it is

applicable and could have been implemented. The optimum practice score is

determined by multiplying the optimum rating by the practice rating factor.

For each BMP the actual practice scores and the optimum practice

scores are individually summed and multiplied by the relative BMP rating factor

for an actual BMP score and a optimum BMP score. The actual BMP scores
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and the optimum BMP scores are then added for an actual contaminant score

and an optimum contaminant score. A contaminant subindex is computed by

dividing the actual contaminant score by the optimum contaminant score. The

contaminant MPI is determined by averaging the contaminant subindices for

the two subunits.

This research emphasized developing and computing individual indices

for each contaminant. If a single overall index for the entire unit is desired, a

weighted product aggregation method is suggested as a possible approach. In

this case the two contaminant subindices are not yet averaged. Instead , to

obtain an overall unit index each contaminant subindex is weighted by raising it

to a power equal to its contaminant weight. Then for each subunit all four

weighted contaminant subindices are multiplied together for a subunit index. It

is at this point that all the subunit indices are averaged for an overall unit index.

Table 3 outlines the steps in the evaluation process.

Where a practice is best implemented in conjunction with another

practice, a note will be added stating that if the practices are not implemented

together they will be assigned a value of 1 Indicating they are not effectively

used.

Relative Rankings for BMPs and Practices

To compute the above described index it is necessary to assign relative

rating factors to each BMP and to each practice. This has been done using
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Table 3. Steps involved in the evaluation process for contaminant MPI.

Step 1 - Compute Actual and Optimum BMP scores for each contaminant,

Actual Practice

BMP 9 - (Fertilizer Rating X Rating + Risk X Risk = Score Rating= Score
Management) Factor Rating Rating (x rating

(Rel Rat Fact 0.15) Factor factor)

Practices
2 0.660Deter Crop Rqmts 0.33 2 0.000 0 0.660

Comm Pert Rqmts 0.33 2 0.500 0 0.660 0 0.660

Waste Mgmt 0.33 1 0.500 0 -0.170 2 0.660

Practice Score Total Actual 1.150 Optimum 1.980

BMP Score= Score x Relative Rating Factor (0.15) = 0.173 0.297

Step 2 - For each contaminant add all actual BMP scores and add all
optimum BMP scores,

(Sediment) Actual BMP Score Optimum BMP Score
BMP 9 0.21 0.21
BMP 4 0.0 0.0
BMP 13 0.0 0.0
BMP 11 0.07 0.09
BMP 8 0.18 0.18
BMP1 0.14 0.18
BMP 3 0.00 0.00
BMP 7 0.00 0.00
BMP 12 QLQQ £LOQ
Contaminant Scores 0.53 0.66

Step 3 - Divide Actual Contaminant score by Optimum Contaminant score to
obtain a contaminant subindex for each of the four contaminants.

Contaminant Subindex = 0.53/0.66 = 0.80

Step 4 - Repeat steps 1-3 for each subunit,

Step 5 - Average contaminant subindices from all subunits for an overall
contaminant index.
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Table 3 (continued)

Optional (for a single overall index skip steps 4 and 5 and continue with step
6)

Step 6- Aggregate the four contaminant subindices into an index for the
subwatershed using weighted product method,

Index (subwatershed) = (Sed Subindex °''*Phos Subindex
*N Subindex °^*Coliform Bact Subindex

Step 7 - Repeat steps 1 - 4 for each subunit (subwatershed),

Step 8 - Average subunit indices (watershed A & watershed B),

Overall Index =( Index A + Index B)/2.
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best judgement based on information obtained in literature. The basis for

these judgements will now be outlined.

Sediment

The conclusions and recommendations made by Johnson et al. (1982a)

were primarily used as guidelines for assigning these values for sediment.

They are presented below.

1. Erosion reductions on cropland are generally proportional to

reductions in the amount of tillage performed. Conservation tillage systems

can reduce soil losses from 47 to 99 percent compared to conventional

moldboard plow techniques, and are an effective alternative in areas where

no-till is not well adopted. Surface runoff from conservation tillage averages

about 25% less than from conventionally tilled fields.

2. No-till is extremely effective in reducing erosion losses, with

reductions of 70 to 99%, but is not adapted to all regions and requires higher

management than conventional tillage. Research indicates that no-till is most

effective in warmer climates in well-drained soils to moderately well-drained

soils.

3. Reduced tillage systems also decrease nutrient losses but not to the

same extent as soil losses. While overall nutrient losses are lower, the

dissolved fractions may increase.
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4. Contour farming Is an effective practice for reducing erosion and

surface runoff by Increasing rainfall Infiltration. It Is best adapted to permeable

soils and moderate slopes.

5. Terraces are very effective for reducing erosion losses with

reductions of 50 to 98 % reported In the literature. Absorbed pesticides and

nutrient losses are dramatically reduced and surface runoff decreased.

However, terraces are relatively expensive to Install, and nutrient leaching to

groundwater may be Increased when this practice Is used.

6. The combination of diversions and grassed waterways Is a widely

accepted system for reducing erosion and sediment transport, but there are

little quantitative data on loss reductions.

7. Cover crops can reduce erosion up to 95%, Increase soil organic

matter, and may reduce nitrate leaching. Legume cover crops provide

available nitrogen for subsequent crops.

8. Rotations that Include a sod crop can reduce erosion losses from 40

to 80%. The economic loss In years when a cash crop Is not grown reduces

the acceptability of this practice.

9. Sediment basins are effective for reducing sediment delivery from

severe storms and for trapping small (1-50 pm) soil particles, but the cost-

effectiveness of this practice relative to cropland protection has not been

determined.
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10. Although few data are available, it appears that stream bank

stabilization is not a general BMP for sediment control. One study estimated

that only 5% of all watershed losses were due to stream bank erosion, but a

significant expenditure of funds was devoted to this practice in the cited project.

Nitrogen and Phosphorus

Nitrogen is lost from the production system mainly through leaching, as

nitrate nitrogen dissolved in water moving through the soil. Magette and

Weismiller (1985) indicate that some nitrogen can also be lost in surface runoff,

especially if runoff occurs soon after the fertilizer is applied. They say that in

general, nutrient management can be best accomplished using two techniques:

1) limiting the quantity of nutrients applied or increasing the efficiency with

which they are used by crops; and 2) increasing the retention of nutrients in the

field. Their studies point out that BMPs for reducing losses of nitrogen and

phosphorus from field crops include: proper nutrient application rates,

appropriate timing of nutrient application, appropriate method of nutrient

application, reduced tillage practices, crop rotations, cover crops, critical area

seeding, and ponds.

Johnson et al. (1982b) in their publication concerning animal waste,

made several conclusions and recommendations for controlling inputs of

phosphorus and nitrogen from animal wastes in surface and ground waters.

They are included below.
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1. Soil testing should be done yearly to determine in part if nitrogen is

being efficiently used.

2. Manure nutrient analysis should be made just prior to land

application so that nitrogen and phosphorus contents can be matched with crop

requirements.

3. Rates of application should be based on crop nitrogen and

phosphorus needs, otherwise excess application rates can lead to nitrate -

nitrogen leaching into groundwater sources, and phosphorus accumulating in

the upper soil profile where it is susceptible to erosion.

4. Applications should occur just prior to, or during, periods of maximum

crop nutrient uptake, such as in either spring or summer when crops can utilize

most of the nutrients. When applying wastes in the fall, up to 50% of the total

nitrogen can be lost through decomposition and leaching. Winter manure

applications have also shown large nutrient losses; up to 86% of the nitrogen

and 94% of the phosphorus applied during the winter season can be lost in a

single rainfall, or snow melt, runoff event. If fall and winter applications cannot

be avoided, manure rates should be applied to a vegetative cover crop, thus

reducing runoff losses.

5. Manure should be applied either by broadcasting and immediate

incorporation, or by liquid injection, thus avoiding losses by ammonia

volatilization and by surface runoff.
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6. Vegetative filter strips should be used as a treatment for feedlot and

dairy wastewater runoff. Filter strips have been found to reduce the nitrogen

and phosphorus in animal waste runoff by 77% and 94%, respectively.

7. Rangeland management should include restriction of pastured

animals from lakes or other impoundments and streams, and rotational grazing

to prevent grass cover reduction.

Some research has shown that phosphorus concentrations can be

higher in runoff from fields under conservation tillage than from those with more

intense tillage. The reason for this is that phosphorus is released from

decaying plant residues on the soil surface (as well as other factors).

However, total phosphorus loss is much lower because conservation tillage is

so effective in reducing runoff and erosion (Darst and Murphy, 1994).

Conform Bacteria

Johnson et al. (1982b) in their publication dealing with animal waste,

reference research which indicates that bacteria stored in lagoons or applied to

soil die off rapidly. They also indicate that significant reductions in coliform

organisms in the runoff water were seen after the runoff passed through

vegetative strips.

It is recommended in the same publication by Johnson et al. (1982b),

that stocking rates should be such that pasture areas are not converted from a

grazing area to a holding area. Additionally pasture feeding areas should be

as far removed from water courses as possible and should be periodically
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rotated in order to allow the denuded areas around the feed bunk to recover.

This publication also points out that the most effective practice for reducing

pollution from small feedlots is to divert external water around the feedlot and

thus prevent clean water form picking up solid and liquid pollutants from the

feedlot.

SYSTEM RESPONSE INDEX (SRI) AND STANDARD WATER INDEX (SWI)

In conjunction with a management practice index for each contaminant,

there is a SRI and a SWI for each contaminant. The SRI fits into the first

category of water quality indices mentioned by Dinius (1987) as one which

translates the levels of polluting elements into a quantity based on the

relationship of the quantity of each element present to that water's quality. The

SWI fits into the category based on some set of standards. These two indices

together with the MPI comprise the set of tools that were the goal of this project

and that can be used to aid in management decisions relating to water quality.

These two additional indices are determined for the same four parameters as

the management practice index; sediment, phosphorus, nitrogen, and coliform

bacteria.

Several initial steps are involved in determining the SRI and SWI. First,

weekly samples are collected and analyzed for contaminant concentration.

The flow is measured at each sampling point. The mass transport of each

contaminant is computed by multiplying the weekly flow by the weekly
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concentration. This provides a measured level of mass contaminant transport.

The sampling scheme is a crucial prerequisite, because samples and

flow information are important in determining SRI and SWI. For this farm the

selection of sampling points was fairly straight forward. However, several

farms were considered for this research but were rejected because of the

difficulty in setting up a monitoring/sampling scheme. If there are no streams

that can adequately represent the watershed, then overland flow must

somehow be monitored and sampled. This can forseeably be a complex and

difficult task. If this procedure is to be applied to other farms a method must be

found that can be applied to all circumstances encountered.

A worst case scenario is computed for each contaminant. This

measured value, the worst case, and the previously computed MPI are used to

compute the SRI for each contaminant. This SRI indicates the degree of

responsiveness of the system.

The standards for each of the contaminants are identified and compared

to the weekly measured concentrations to arrive at a SWI for each

contaminant. The SWI is merely a comparison of the measured concentration

to the standard for each contaminanat.

The SRI is expressed by the following equation:

_ Measured Measured
oRl -

Measured Theoretical (\yC(l - MPI))
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where,
Measured = Contaminant loading in stream, kg/wk;
WO = Worst Case Loading, kg/wk;
MPI = Management Practice Index.

Note: For coliform bacteria measured and WC are in
colonies/100 ml

The term "theoretical measured" is defined as WC(I-MPI) and is an

attempt to express what the theoretical contaminant level would be based on

the MPI. If, for instance the MPI were zero or there were no management

practices employed, then the theoretical measured value would be equal to the

worst case loading and would be very large. If, however, the management is

nearly perfect, the measured theoretical contaminant level would be very small.

The equation "blows up" when the MPI = 1.0 due to attempted division by zero.

The SRI gives an indication of the system response to contaminant

loading based on the worst case expected and the level of management being

employed. It may be best visualized as the probability that the water quality of

the system (farming operation in this case) will change with a change in the

management for a given worst case and loading (measured value). The

inverse of the SRI would be the buffering capacity of the system for a particular

contaminant. As the buffering capacity increases (an increased ability to keep

contaminant out of surface water), the system response would decrease. In

other words, for a low SRI as more contaminants are put into the system there

will be little degradation of water quality, i.e., the system response will be small.
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The SWI is an index of secondary interest and is merely a layman's

indication of how the measured water quality compares to the applicable

standard. The equation for the SWI is:

Measured
bWl =

Standard

where,
Measured = Measured level of contaminant,
Standard = Contaminant Standard.

In the case of all but coliform bacteria there is no standard that directly

applies to the contaminant being measured. However, generally accepted

standards that appear in literature are being used and will be identified and

discussed for each contaminant. Several assumptions have been made as to

what units will be used for the four contaminants in determining these two

indices. Water samples were analyzed for total solids, total phosphorus, total

nitrogen, and actual coliform colonies per 100 ml of sample. A more detailed

discussion of how contaminant levels, worst case scenarios, and standards

were selected is now in order.

Sediment

First, to obtain a measured value for erosion and sediment loads, the

water samples were analyzed in the lab for total solids. It is realized that total

solids include dissolved and suspended solids, but total solids may give no
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good indication of the bed load of sediment that may be moving along in a

siltating mode and which may comprise a majority of the sediment load

especially during storms.

The worst case to be used in sediment SRI computations was

determined by computing the sediment yield from the subunits using the

Revised Uniform Soil Loss Equation (RUSLE). Results of the RUSLE (Haan et

al., 1994) computations are in Appendix C. RUSLE is similar to the Uniform

Soil Loss Equation (USLE) in that, as pointed out by Haan et al., it does not

consider deposition that may occur before eroded sediment may reach the

stream. The yearly erosion value was divided by 52 to obtain a weekly worst

case value. In short, the total solids measured from lab analysis were related

to the worst case erosion expected and to the level of management being

practiced.

The Tennessee standard is expressed as total suspended solids, but

this value has not been used in the SWI computation. Instead, a soil erosion of

11.2 metric tons/ha/yr (5 tons/ac/yr) is used as the standard.

Phosphorus

The samples were also analyzed for total phosphorus. A mean of all

these values for the sampling period was related to the worst case and to the

MPI when computing SRI. Phosphorus exists in many forms, with the form

most likely causing eutrophication being HPO4 or orthophosphorus, which is

the dissolved form. Additional bioavailable phosphorus occurs in the



44

paniculate form and especially during large storms may be washed from the

soil surface where it has adsorbed to soil particles.

Phosphorus from fertilizer occurs as P2O5. These forms of phosphorus

are in a constant phosphorus cycle, so what forms exist and how much is in

each form depends on such factors as temperature, soil pH, and available

microorganisms. Therefore, in arriving at a worst case scenario only P in its

basic form will be considered. The P in crops that are harvested and in manure

and fertilizer that are applied are subtracted or summed to determine the net or

worst case phosphorus load for the period of evaluation. The standard

selected was 0.02 mg/L of total phosphorus which is the level at which

eutrophication has been shown to occur. There is no Tennessee standard for

phosphorus. The MPI comes from the evaluation already performed on the

unit.

Nitrogen

Nitrogen (N) was handled similarly to phosphorus. The nitrogen cycle is

a complex series of transformations of N from one form to another, and it is

difficult to ascertain with any degree of accuracy how much is in what form.

However, it is understood that N in the NO3 form seems to be the form of major

concern for "blue baby syndrome" considerations and for eutrophication.

Therefore, nitrogen in its elemental form was determined from lab analysis, i.e.,

total nitrogen. NO3, NOg, and TKN were summed to arrive at total nitrogen.

The concentrations of NO2 were multiplied by 0.30, the percentage of nitrogen
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in NO2 based on atomic weight. Similar to the treatment for NOg the

concentrations of NO3 were multiplied by 0.23. TKN includes organics and

ammonia; therefore, the sum of nitrogen in NOg, nitrogen in NO3, and TKN

represent total nitrogen.

The nitrogen concentration for each weekly composite sample is

multiplied by the volume of water passing the sampling points to arrive at a

nitrogen load. The worst case was determined by computing net nitrogen on

the dairy farm, i.e., incoming nitrogen minus outgoing nitrogen. The standard

used was 10 mg/L which is based on the levels of NO3 that may result in "blue

baby syndrome."

Conform Bacteria

Coliform bacteria is analyzed in the lab to determine actual colonies per

ICQ ml of sample. A worst case scenario for comparison was based on the

flush water from the dairy barn. This does not represent what may be coming

off the pastures where cows are grazing or where solid manure has been

spread, but it is certainly a worst case for this dairy operation. It does,

however, give an idea of how much contaminant would enter the stream if the

operation were on a concrete slab that sloped directly into the creek, an MPI

equal to zero. This would be considered the worst case. If a beef operation

were considered where the cattle were not confined, then the worst case would

include the waste from grazing cattle and/or spread manure. The samples

were taken before the flush water entered the solids separator for the lagoon.
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Once the MPI, the worst case, and the measured levels of a contaminant

have been determined, the SRI and SWI can be computed. The MPI, SRI, and

SWI comprise a set of tools that a land owner can use to determine if he has a

water quality problem, whether he is able to do anything about it, and what

areas he should concentrate on to bring about necessary water quality

improvement.

The SWI would tell him whether or not he exceeded the standard for a

particular contaminant. This would be indicated by a SWI greater than one.

The SRI would give him an idea of the system's responsiveness which is

related to its buffering capacity. A high SRI indicates a high responsiveness

and a low SRI indicates a low responsiveness. The SRI relates the measured

values, the level of management, and the worst case scenario. A high MPI and

a low SRI indicates that although the system is being managed well, additional

management improvements would result in little or no change in water quality.

A low MPI and a low SRI indicate that even though the land is not well

managed, the water quality would respond little to improved management. A

high MPI and a high SRI should indicate a high level of management, but

additional management improvements should still result in improved water

quality. A low MPI and a high SRI show the most potential for improving water

quality, because the land is not being managed as well as it could be, but the

system would be responsive to those management improvements. The actual
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field measurement of these above mentioned parameters and indices are

presented in Chapter 4.
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CHAPTER 4

FIELD MEASUREMENT/VALIDATION

FARM DESCRIPTION

The operational unit selected is a 105 ha (260 A) portion of a dairy farm

located on Davis Creek in Claiborne County, Tennessee. The dairy farm has

about 225 milking Holsteins, with about 50 to 65 head being dry at any time.

There were 50 to 80 head of young cattle being fed separately. Approximately

34 ha (84 A) were planted to haylage and corn silage, and 59 ha (145 A) were

used for pasture and hay. The remaining acreage is in forest from which the

cattle are fenced. No-till cultivation was used over the entire farm.

The milking cows are completely enclosed in a free stall barn. The dry

cows have access to feed in a different section of the free stall barn and have

access to pastures for grazing. Wastes from the free stall barn are flushed into

a two-stage anaerobic lagoon after going through a solids separator. The

solids are stored under a covered waste storage area. Water from the second

stage lagoon is recycled to a flush system in the free stall barn. For this flush

system, effluent is pumped from the second stage lagoon to a 63,650 L (14,000

gal) upright storage tank which is gravity fed to flush the floor at a 27,300 L per

minute ( 6000 gal/min) rate of discharge.

Solid waste is spread on the surface only and is not incorporated due to

no-till operations. The first stage of the lagoon is pumped about twice a year,

in spring and fall. The effluent after being agitated is pumped onto a 6.2 ha
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(15.4 A) field just north of the lagoon and occasionally on an adjacent pasture

using a big gun. The big gun and hose reel are adjusted to apply effluent at a

depth of 2.5 cm (1 in.) over the entire field. A buffer area is located between

this field and Davis Creek.

Davis Greek, in subwatershed B, is fenced to prevent access by cattle.

A natural strip of vegetation 3 to 5 meters wide has been left along most of the

length of the creek to act as a filter strip. The woodlands are also fenced to

prevent cattle access.

After the silage was cut in the fall of 1994 a cover crop of wheat and

vetch was planted and cut as haylage in the spring of 1995. After the 1995

silage was cut, a cover crop of only wheat was planted. Pastures are a mixture

of orchard grass, fescue, and clover. A farm plan was developed by the

Natural Resources Conservation Service (NRCS), and highly erodible acreage

was identified and farmed in accordance with recommendations provided in the

plan. A portion of the farm lies across state highway 63, but that portion of

about six hectares (15 acres) has not been included in this research.

An additional area of 18 ha (45 A) on an adjoining farm (field WE) have

been included in subwatershed B because of its influence on Davis Creek.

Corn, hay, and tobacco are grown on this area.

The farm is located at the base of the Cumberland Mountain range and

is in a karst area. There are several depressions on the property and the

surrounding area. About half way through its traverse of the farm Davis Creek
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enters a sink area. The creek below the sink area is dry during portions of the

summer and fall.

SUBUNITS

The subunits into which the dairy farm have been divided are

subwatersheds. The farm is roughly split in half between the two

subwatersheds, with 62 ha in subwatershed A and 43 ha in subwatershed B

(fig.1). Subwatershed A drains into an intermittent stream that exits the

property on the western side and eventually flows into a sinkhole. Just above

this point a 152 degree v-notch weir has been constructed to accommodate

approximately 283 Us (10 cfs) of flow, which is estimated to be adequate for a

2-year, 3-hour storm on this landform. See Appendix D for the weir design

and related equation.

Subwatershed B drains directly into Davis Creek. The upper portion of

the creek flows year round. As mentioned earlier, about halfway through the

property the creek enters a sink area, and below the sinks the stream dries up

in summer. Further downstream off the farm the stream again has year round

flow after input from Vanbebber Spring. There are over 365 ha (900 A) in

subwatershed B that lie above the farm. This acreage is wooded and is mostly

on the steep mountainside.

The topography of the farm is such that all surface flow enters either the

western intermittent stream or Davis Creek on the east, and must flow past one
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of the four sampling points. There is a large depression in the western

subwatershed, but no surface flow has been observed to flow out of the

depression. As pointed out earlier, the scope of this research deals only with

surface flow and does not consider subsurface flow.

The farm was divided into these two subunits because the terrain and

drainage were suited to a sampling scheme of four sample points with little

input from other areas outside the farm other than the primarily wooded area

from which Davis Creek emerges above the farm and the 18 ha on an adjacent

farm. The area drained at each sampling point is cumulative and is as follows:

on subwatershed B; site one - 373 ha ( 921 A), site two - 428 ha (1059 A), and

site three - 454 ha (1123 A); and on subwatershed A, site four - 497 ha (1228

A).

SAMPLE LOCATIONS

Four sampling locations were selected on the two subwatersheds that

comprise the farm. Sampling sites number one through three are on

subwatershed B and are all on Davis Creek (fig. 1). The first site is where

Davis Creek enters the farm and was placed there primarily to determine the

contaminants entering the farm. These levels of contamination are subtracted

from the two sampling site values below it in order to determine only the

contribution coming from the dairy farm, which is the unit being studied.
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The second sampler is located approximately 0.5 km below the

first sampler, at the point where Davis Creek enters a sink area. The sinks are

most likely due to the karst topography of the area. Several tilted limestone

outcrops cross the creek on the dairy farm, and progressively drain water from

the year-round flow that exists above the sink area. The drier the weather, the

further the sink or dry stream bed extends upstream. The second sampler was

positioned at what was thought to be the beginning of the sink area. However,

as extremely dry conditions prevailed through the summer months there were

periods when this sample point was also dry. The intent was to sample the

flow before it disappeared into the sink area. There was flow year-round into a

pool approximately 25 meters above this number two sampling point. When no

flow existed at the number two sampler, grab samples were taken from this

pool.

The third sampler was placed at the point where Davis Creek exits the

dairy farm. This area is below the sink area and dried up in late spring.

However, there is flow at this location after sufficiently large storms in the

summer, and there is continuous flow during most of the winter and spring.

The fourth sampler was placed on the intermittent stream at the property

boundary. This intermittent stream drains subwatershed A. There was only

this one sampler on subwatershed A.
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INDICES

MB

The actual evaluation of the operation looked at how well the practices

employed prevented a particular contaminant from leaving the unit in surface

water. Sediment, phosphorus, nitrogen, and coliform bacteria were evaluated

individually.

Limitations in the MPI may be inherent due to the subjectivity of using

judgement in assigning relative weights to the BMPs and practices, but those

decisions were based on best interpretation of data available. It is recognized

that many other factors such as climate, soil type, distance to streams, slope,

etc., will influence the effectiveness of any practices employed. However, this

effort is an attempt to prove a concept, and additional factors may be included

as better knowledge is attained.

In the following paragraphs the management practices employed on the

farm are presented under the contaminant which they most influenced to give

an idea of why the practices were rated as they were. Finally, the sensitivity

analyses that were conducted are presented.

Sediment

Practices employed to reduce sediment were generally decreed

effective. No-till planting was used for all planted acreages. This practice and

the associated remaining stubble are very effective in reducing erosion. Highly

erodible acreage has been identified and farmed according to NRCS
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recommendations. Row crops were planted on the contour. Critical areas

were left in permanent grass cover. A natural strip of vegetation and trees was

left along most of the length of Davis Creek. All silage fields were planted in

cover crops after the silage was cut. Pastures were divided into two different

sections which provided for a degree of pasture management through planned

grazing. The pastures were reseeded in September, 1995.

Phosphorus

Practices employed to reduce phosphorus runoff were generally thought

to be very successful. Soil samples were taken to determine fertilizer

requirement for the crops grown. Effluent pumped from the first stage of the

anaerobic lagoon was analyzed for phosphorus and nitrogen content and these

results were used to determine the overall nutrient requirement for the crops.

However, this was not done every year as results have varied little from year to

year in the past. Waste from the solids separator for the free stall barns was

stored under cover and also analyzed for nutrient content, but again not every

year. Results could possibly have been improved if manure analysis was done

at least once a year or before each application. In accordance with the

Claiborne County NRCS recommendations, only 42.5 metric tons/ha (19

tons/A) of dry manure were applied due to the high phosphorus content of the

soil. For the same reason only 2.5 cm (1 in.) of lagoon effluent were applied to

field number 5. Commercial fertilizer, 30% diammonium phosphate and 70%

urea, was specially tailored to requirements identified by soil analyses. The



56

dry manure was weighed to determine the weight per load, which facilitated

application at the rate of 42.5 metric tons/ha.

The waste management system used for the dairy operation was

deemed exceptional. A two stage anaerobic lagoon had been constructed, with

a solids separator located at the entry point of the first lagoon. Effluent from

the second stage was recycled and used to flush the floors of the free stall

barn. The first stage of the anaerobic lagoon was agitated and pumped at

least twice a year, and the effluent was applied with a traveling big gun. A

buffer strip was maintained between the application field and the creek. The

solids were stacked and stored under a shelter and applied under optimum

conditions as long as storage capacity was not exceeded. It was spread only

where a cover crop or stubble was present. Gutters had been installed on all

the barns to divert runoff from the roofs.

A natural vegetative border was maintained along most of the length of

the creek, except for one field on the upper end of subwatershed B where

young feeder cattle were maintained. Even here, the cattle were fenced out of

the stream. No-till , cover crops, and contour farming helped to reduce the total

phosphorus leaving the surface, although no-till operations may have

increased the percentage of soluble phosphorus in the runoff.

Nitrogen

Many of the practices employed to reduce phosphorus in runoff were

also effective for reducing nitrogen that is removed in surface water. The entire
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waste management system and practices described earlier were major factors

in reducing nitrogen in surface water. The rotations, cover crops, no-till, and

permanent vegetative cover are all valid and effective practices employed on

the farm. Fencing streams denies animal access and precludes direct deposit

of waste into the creek.

Conform Bacteria

The proper handling of animal waste is the primary concern in reducing

conform bacteria. The whole waste management system on the farm is thought

to be exemplary as was described previously. Animal waste from grazing dry

cattle can contribute coliform bacteria to the stream, but managing the pastures

properly and maintaining a natural vegetative strip along the creek probably

prevents much of the coliform bacteria from reaching the creek. Fencing cattle

from the stream helped to reduce coliform bacteria levels in subwatershed B,

but cattle were not fenced from the intermittent stream on subwatershed A.

Due to no flow conditions on the western subwatershed, actual coliform

bacteria levels are unknown.

The area with essentially no filter between the cattle and the creek is the

feeder cattle pasture in the upper portion of subwatershed B and could be

improved by installing a filter strip or possibly planting a strip of trees. The

buffer between field five where the liquid manure is applied and the creek

serves to help prevent any effluent that may not infiltrate immediately from

running off into the creek. Storing solids in a covered dry stack for a period
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before spreading also helps to reduce coliform bacteria. Since no-till was used

over the entire cropped acreage, solid manure was not incorporated and was a

potential source for coliform bacteria.

Sensitivity Analyses

The calculated individual contaminant MPIs are listed in table 4.

Table 4. Values for subunit and overall MPI sensitivity analysis.

Contaminant Watershed A Watershed B Overall Index

Sediment 0.92 0.90 0.91

Phosphorus 0.89 0.86 0.88

Nitrogen 0.92 0.91 0.92

Coliform Bacteria 0.79 0.86 0.83

Three sensitivity analyses were done to see how responsive the MPI

was to changes in practices and variations in contaminant weighting. Scenario

one assumed that no cropping BMPs were employed. This assumed that there

were no cover crops planted, no management of hay and pasture land, no

farming on the contour, no use of conservation tillage, and no stream

protection.

The second scenario assumed that there were no waste management

BMPs: manure was not tested, spreaders were not calibrated, and there was

no attempt to apply waste at the appropriate time, rate, or method. It was also
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assumed that there was no lagoon or designated waste storage area, no

critical area planting, and no guttering to keep clean water separate from the

waste.

The third scenario assumed that a waste management system was in

place, but that there was the probability of failure of the lagoon and resulting

serious contamination of the receiving stream. This was an attempt to see how

the risk rating procedure affected the final index. The lagoon is located in

watershed B (eastern subwatershed). The results are tabulated in table 5.

Table 5. Results of MPI sensitivity analyses.

SCENARIO ACTUAL r 2** 3***

Watershed A

Sediment 0.92 0.11 0.92 0.92

Phosphorus 0.89 0.44 0.67 0.89

Nitrogen 0.92 0.35 0.79 0.92

Coliform Bacteria 0.79 0.41 0.55 0.79

Watershed B

Sediment 0.90 0.12 0.90 0.90

Phosphorus 0.86 0.42 0.68 0.78

Nitrogen 0.91 0.41 0.80 0.90

Coliform Bacteria 0.86 0.46 0.58 0.78

•kit

ititit

No cropping BMPs employed (no cover crops, no management of
hay or pasture land, no farming on the contour, no conservation
tillage) and no stream protection.
No waste management.
Probable lagoon failure.
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Scenario one where no conservation cropping practices were employed

to reduce contaminant production, resulted in low scores for all contaminants

and shows the MPI to be very responsive to cropping practices.

Scenario two involved no waste management, and had lower scores

than the actual rating in all categories except sediment. Indeed, waste

management practices would affect nitrogen, phosphorus, and coliform

bacteria to a great degree, whereas sediment should not be affected at all.

Scenario three looked at a probable lagoon failure, and showed only

slight decreases in the indices for phosphorus and coliform bacteria. There

was almost no decrease in the nitrogen MPI. The index does not appear to be

very responsive to risk.

As a point of comparison an expert opinion was sought. Dr. Paul

Denton, Plant and Soil Science Extension Specialist of the University of

Tennessee Agricultural Extension Service, was contacted and asked to rate the

farm. Dr. Denton has extensive experience with the farm on which these MPIs

were determined. By simply rating the farm on a scale of 0 to 10, Dr. Denton

placed the farm operation at between 8.5 and 9.0, which correlates well with

the contaminant MPIs rated on the 0.0 to 1.0 scale, as shown in table 4

(Denton, 1995).

The measured values for sediment, nitrogen, and phosphorus from

subwatershed B seem to all track fairly well with the high MPIs computed for

these contaminants on that subwatershed. For all three, the average weekly
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concentrations were well below any standard that was used, and correlated

with MPIs of 0.90, 0.86, 0.91, and 0.83 for sediment, phosphorus, nitrogen, and

conform bacteria, respectively. However, the measured average coliform

bacteria was only slightly below the 1000 colonies/100 ml standard that was

used. This is most likely due to the 45 to 80 head of feeder stock located in a

small area (approximately 1 ha) adjacent to Davis Creek, and for which there

was no buffer strip or filter strip. This is probably the primary source of coliform

bacteria from the farm for this reach of creek. Due to this high coliform bacteria

level, the MPI for coliform bacteria on this eastern subwatershed should have

possibly been even lower, perhaps in the neighborhood of 0.6 to 0.7. The

average level of coliform bacteria coming onto the farm was 3100 colonies/100

ml; however, the contribution of the dairy farm (991 colonies/100 ml) was in

addition to this.

Apparently this particular contaminant index needs additional

modification. Consideration should be given to taking into account the herd

density per length of creek as well as distance of the cattle from the creek. By

giving extra weight to these more densely stocked areas their Increased

influence could be more accurately reflected in the overall contaminant MPI.

Additionally, for the coliform bacteria MPI an extra BMP that deals with stocking

density only, could be added and given a relatively heavy weighting factor.



62

System Response Index (SRh and Standard Water Index fSWH

To obtain an SRI and SWi, information was needed in addition to worst

case loading and contaminant standards. Flow and contaminant concentration

at all four sampling points were also needed. Due to no flow at sites 3 and 4

during a majority of the project period the SRI and SWI are based on sampling

sites 1 and 2 where data were available. Indices for watershed A (site 4) could

not be calculated due to lack of flow information. Values for these parameters

were calculated on a weekly basis, i.e., liters per week for flow and milligrams

per liter for average concentration values. The product of these two values,

after using appropriate conversion factors, provided kilograms per week of

each contaminant. The values were in turn compared to the worst case and

the standard to produce an SRI and SWI.

Flow was determined at each of the four sampling points. Flow

measurements were necessary to convert contaminant concentration into mass

transport. Although sampling began in April, regular stage measurements did

not begin until the end of July. However, stage remained relatively constant

during this period, and weekly flow values were interpolated from the flow

measurements that were taken earlier. These earlier measurements came

from the first three sample sites where numerous flow and stage measurements

were taken, to use in development of flow rating curves. It was those

measurements and interpolations that were used to estimate weekly flow

information. The mathematical models representing these rating curves were
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used to compute flow from stage measurements. The rating curves are in

Appendix E.

Collection

Grab samples were collected weekly and were used to determine

contaminant concentration. Samples were returned to the water quality lab at

the University of Tennessee to begin analysis that day and normally within two

to three hours of when they were taken. This was done to conform to

recommended procedures for determination of coliform bacteria levels. These

samples were collected for a period of eight months, from April through

November 1995. This period of sampling did not allow for the full seasonal

variations that might have occurred.

Laboratory Analysis

Laboratory analysis included analysis for total solids, total phosphorus,

total nitrogen, and the number of coliform bacteria colonies per 100 ml of

sample. Results of sample analysis as well as all transport computations are

shown in Appendix F. Mass transport was determined by multiplying the

weekly contaminant concentration by the mean weekly flow at each sample

location.

Totai Soiids

Total solids were determined from the grab samples by placing 25 ml of

the sample in a Gravity Convection Drying Oven at 105 °F. The drying pans

were weighed previous to adding the sample and again after the sample had
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been dried. From these values total solids, in g/ml were calculated. For the

project period the average total solids per week was 181 g/ml at site one, and

165 g/ml at site two located near the sinks. There was a net loss of total solids

of 270 kg/wk. The probable explanation is that the stream on the average

loses a portion of the surface flow to subsurface flow in this karst area. There

are springs between location one and two that dilute the surface flow that

remains, thus resulting in a decrease in net total solids. Bedload has not been

included and may comprise a large portion of the sediment transported.

However, the streambed is primarily gravel and the stream flows over bedrock

in some places. Total solids computations are in Appendix F.

Total Nitrogen

The samples were analyzed for total nitrogen by determining the

NO3, NO2, and Total Kjeldahl Nitrogen (TKN). These three added together

approximate total nitrogen.

There was an increase in NO3 from site one to site two, however, there

was a decrease in the TKN and total nitrogen between the same two points.

The net loss in TKN can be explained in part by the fact that higher TKN levels

at location one may have decreased due to microbial action that changed the

organics in TKN to NO3 by the time it reached point two. Relatively high

conform bacteria levels that were present could indicate the presence of

bacteria capable of accomplishing this change.
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These nitrogen concentrations were determined using a LACHAT Quick

Chem 4100 Flow Injection Analyzer and a BD 46 Block Digester. Nitrogen was

determined from the weekly grab sample. The average weekly total nitrogen

for the period was 0.62 mg/L at site one and 0.33 mg/L at site two. These

values probably decreased due to dilution from the springs entering the stream

between site one and site two. The total nitrogen to NO3 ratio was 1.26 at site

two. This ratio is used to convert the 10 mg/L nitrate standard to total nitrogen

for use in SWI computations.

Total Phosphorus

Total phosphorus was determined using the same basic procedure

employed for total nitrogen. No detectable levels of total phosphorus were

found in any of the samples analyzed.

Conform Bacteria

Total coliform was determined from the grab sample using the

Membrane Filtration Technique. The sample was diluted as necessary to get

an actual colony count per 100 ml. The average weekly count for the period

was 3160 colonies/100 ml at the entry point onto the farm, and 4151

colonies/100 ml at point 2, for an actual input from the farm of 991 colonies/100

ml.

The Tennessee standard for coliform bacteria is 200 colonies/100 ml as

a geometric mean based on a minimum of 10 samples collected from a given

sampling site over a period of not more than 30 consecutive days at intervals of
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not less than 12 hours. For this research, grab samples on which coliform

bacteria concentrations are based were collected once a week and do not meet

the above criteria. The standard used for this research is based on the

standard that the concentration of the fecal coliform groups in any individual

sample shall not exceed 1,000 per 100 ml, for the designated use of recreation.

This standard was exceeded numerous times. The average, however, for the

entire research period was just below this standard at 991 colonies/100 ml.

Worst Case Determinations

Worst case determinations were needed for all four contaminants to be

used in developing the standard response index. Worst case is used in

conjunction with the MPI and measured values to determine the SRI. The

system response index equation for each contaminant is;

Measured

Worst Case *{ \-MPI)

For sediment the worst case was determined using the RUBLE equation

to determine how much soil would be lost from the farm in one year. It was

assumed that there was no cover crop, no conservation tillage practices, no

contouring, nor strip cropping on row cropped land. It was assumed that there

was no sediment loss from pastures or forested areas. Areas were measured

using a planimeter on a topographic quad sheet. Slope lengths were 400 feet

or less. Erodability factors were based on the predominant soil type for each

field as determined from the Soil Survey for Claiborne County, Tennessee
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(1946). The total worst case soil loss for a year was computed at 678 metric

tons per year for the 33.5 ha cropped area. This value after applying

appropriate conversion factors, was divided by 52 to determine a weekly worst

case soil loss of 13,066 kg per week.

The nitrogen and phosphorus worst case conditions were determined by

computing the mass balance of these nutrients on the farm unit. The net

amount of this mass balance was determined by computing the difference

between input and output of these two nutrients. The determination of both

input and output of nutrients into the unit was accomplished by keeping records

of farm activities, crops, and produce for each subwatershed. Each

subwatershed was divided into fields to facilitate tracking this data. At the end

of each month the owner was interviewed to determine what had occurred

during the previous month and recorded as input or output for each subunit.

For nutrient input the records kept included: how much liquid manure

was pumped onto which field; the amount of solid manure from the dry stack

that was used or sold; and commercial fertilizer used in each field. Also the

number of dry cows and feeders were monitored in order to estimate how much

nitrogen and phosphorus might be deposited on pastures from waste (MPS

1985). Additionally, the amount of feed fed to the cattle was recorded and the

percentages of nitrogen and phosphorus in each feed or feed constituent was

estimated (NRC, 1988). The estimated amounts of nitrogen and phosphorus in
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each of the inputs were summed to get a total nitrogen and phosphorus input

into the unit and the values were used for nutrient mass balance computations.

A similar procedure was used for tracking output. The amount of hay

and silage produced was tracked. An estimation was made of the grass grazed

by dry cattle. Estimations were made of the amount of nitrogen and

phosphorus in all crops and included in the computations for mass balance

(NRC, 1988). The waste from lactating and dry cows which was flushed into

the lagoon was estimated (MRS, 1985) and considered as output. The

percentages of nitrogen and phosphorus in dairy waste was estimated and

used to compute the nitrogen and phosphorus output from the unit (Van Horn

et al., 1994). Additionally, the daily nutrient requirement for the lactating and

dry cows was estimated and considered as output (NRC, 1988). Phosphorus

and nitrogen content for milk was also estimated and used for computations of

nutrient output (Van Horn et al., 1994).

The mass balance for nitrogen and phosphorus were computed using

the following formula:

Net = (purchased feed that was fed+silage/haylage fed+iiquid

manure+solid manure+fertilizer+manure from dry cows+manure from feeders) -

(silage/haylage produced+milk+corn+tobacco+daily nutrient requirement for

lactating and dry cows+waste flushed into lagoon).

The detailed listing of nutrients in the unit input and output are in

Appendix G. The totals for the period of the research were divided by the
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number of weeks to arrive at a weekly average to be used as worst cases for

the SRI and SWI computations. The average weekly net nitrogen and

phosphorus produced were 510 kg/wk and 175 kg/wk, respectively, for

subwatershed A and 3235 kg/wk and 622 kg/wk, respectively, for subwatershed

B.

From the computations of net nutrients, it is apparent that more nutrients

are being input into the system than are being taken out. Some of this excess

nitrogen may be leaching into the groundwater as NO3. However, most of the

nitrogen is probably being lost during the application of effluent from the first

stage of the lagoon. The Midwest Plans Service "Livestock Waste Facilities

Handbook" (1985) estimates that as much as 40% of the nitrogen may be lost

during land application with a sprinkler irrigation system. If nitrogen is being

applied at recommended rates the leaching should be near zero, and most of

the unexplained difference in incoming and outgoing nitrogen would be due to

losses during application. The excess phosphorus is probably being fixed in

the soil and may eventually result in a buildup of phosphorus in the soil,

especially at the location where the liquid manure Is being applied.

The worst case for collform bacteria was determined by taking a series

of five samples from the flush water coming from the free stall barns just prior to

entering the solids separator. An average value was determined by

considering all the samples that were taken and for which a colony count could

be made. A value of 47,600,000 colonies per 100 ml was the worst case value
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determined. By using the stream flow at site two, a dilution factor was

determined to adjust the coliform worst case that was used in the actual SRI

computations. That adjusted value was 1,261,657 colonies/100 ml. To arrive

at this adjusted flow the volume of flush water per day was estimated and the

ratio of the flush water volume per week to the stream flow per week at site two

was computed. The worst case was multiplied by the ratio to obtain the

adjusted worst case for coliform bacteria.

Once the standards and worst cases were determined and the actual

contaminant levels measured, the SRI and SWI were computed using the

formulas already presented. The computed values for the SRI for

subwatershed B were: -0.206, 0.0, -0.055, and 0.005 for sediment,

phosphorus, nitrogen, and coliform bacteria, respectively. The negative SRIs

for sediment and nitrogen are due to a net loss of these two contaminants

between site one and site two. The measured concentrations of total

phosphorus were always minute or too small to detect for the samples

analyzed.

Based on the standards and measured levels, the SWIs were computed

as a ratio of the measured level to the standard. The mean measured levels of

contaminants, the standards, and the SWIs are presented in table 6. As

indicated in table 6, none of the contaminants exceeded the standard. Both

nitrogen and sediment levels are small in comparison to standards.

Phosphorus was zero because measured values were zero or not measurable.
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Table 6. SWI values for subwatershed B.

Measured Standard SWI

Sediment -16 mg/L 221 mg/L -0.07

Phosphorus 0 mg/L 0.02 mg/L 0

Nitrogen -0.291 mg/L 2.0 mg/L -0.15

Coliform Bacteria 991 col/1 OOmL 1000 col/1 OOmL .991

SRI and SWI Sensitivity Analysis

SRI Is largely characteristic of the system, but is affected by

management and worst case loading. To try to understand these relationsips,

sensitivity analyses were done primarily for the SRI and to a smaller extent for

the SWI. The same set of analyses were run for each of the three

contaminants which were measurable from the water samples, i.e., sediment,

nitrogen, and coliform bacteria. The analyses for all three contaminants

exhibited similar trends, so only the analysis for nitrogen is presented.

The SRI sensitivity analysis looked at how the SRI changed in relation to

three different factors. In each analysis one factor was varied while the other

two remained constant. The three variables were MPI, Worst Case (WO), and

Measured (the measured level of contaminant in the stream). The values were

expressed in kg/wk for all but coliform bacteria, which was expressed in

colonies/100 ml.
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The analyses involved using values both above and below the actual

measured values of MPI, WC, and Measured. The WC and Measured values

approximated those actually computed or measured for the dairy farm. The

data and figures for all the analyses are in Appendix H.

The first analysis looked at how SRI changed in relation to MPI while

WC and Measured were held constant. MPI was varied from 0.1 to 0.9 while

WC was 3780 kg/wk and Measured was 4.5 kg/wk. The SRI increased

exponentially as MPI was increased from 0.1 to 0.9. As an example please

refer to the graph of SRI versus MPI at figure 2. A high SRI indicates high

responsiveness to contaminant loading into the system, or a high probability

that a change in water quality will occur if management practices are changed.

A low SRI indicates low system responsiveness to contaminant loading into the

system, or a low probability of the water quality changing if management is

changed, i.e., the responsiveness is low due to a higher buffering capacity.

The graph associated with this analysis assumed constant Measured

and WC values. Pairs of Measured and WC values must fall somewhere on

the curve represented by the graph. The fact that the MPI for the rated farm

was 0.9 placed the pair of values at an SRI of 0.012. Since the actual range of

the SRI has yet to be established, it is uncertain whether this represents a low

or a high value. However, due to the low measured values obtained for

nitrogen this is probably a relatively low value.
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The second analysis looked at the relationship between SRI and WC

(see Appendix H for related curve). MPI was held constant at 0.9 and

Measured was constant at 4.5 kg/wk. The MPI and Measured values

approximated those actually encountered. As WC increased the SRI

decreased, but not linearly. The pair of constant values, MPI and Measured,

again must lie somewhere on the curve represented by the graph. For an

actual WC of 3780 the SRI was about 0.012.

The third analysis considered how SRI varied with the measured level of

contaminant (see Appendix H for curve). The MPI was held constant at 0.9 and

WC was held at 3490 kg/wk. As Measured increased, the SRI increased

linearly. As previously pointed out, the pair of constant values must lie

somewhere on the line, but whether the SRI value is high or low is as yet

undetermined.

The ranges of values that resulted from these analyses are: for

sediment 0.01 to 15.0, for nitrogen 0.0002 to 4.5, and for coliform bacteria

0.000004 to 0.001. No values were computed for phosphorus due to no

detectable levels of total phosphorus in any of the samples.

The SWI is simply an index that relates the measured level of

contaminant to the standard that was used. The ranges for the SWIs in the

analyses were as follows: sediment 0.013 to 3.04, nitrogen 0.0044 to 2.0, and

coliform bacteria 0.2 to 4.0. For both the SRIs and the SWIs the actual ranges
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are unknown and can only be established after several different operations

have been evaluated. At any rate, a high SRI indicates a responsive system

for which the water quality should improve as management is improved. A high

SWI, i.e. greater than one, indicates the standard has been exceeded. All the

SWIs are based on concentration of contaminants in g/ml, but coliform is based

on colonies/100 ml.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

This research was aimed at using a systems approach to develop a set

of tools that could be used to relate the surface water quality from a unit of land

to the management practices employed on that land and to the responsiveness

of that unit to those practices. The tools developed were a set of three indices

for sediment, nitrogen, phosphorus, and coliform bacteria. The three indices

are MPI, SRI, and SWI. The system as a whole with all of its BMPs was

considered in evaluating and determining these three indices. The research

was conducted on a well run dairy farm in Claiborne County, Tennessee. The

MPIs were based on the owners, application of BMPs on their operation. The

MPIs for sediment, phosphorus, nitrogen, and coliform bacteria were 0.92,

0.89, 0.92, and 0.79, respectively, for subwatershed A which comprised

approximately half the area of the dairy farm studied. For subwatershed B the

respective values were 0.90, 0.86, 0.91, and 0.86. All of the values were

relatively high which reflected the high level of management on the dairy farm.

The SRI was developed with greater priority than the SWI. The SWI is

simply a way to reference the standard. The SRI, however, relates the quality

of the water (measured value) to both the management practices being

employed, and to the worst case loading of contaminants into the stream. It is
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a ratio of the actual measured to the theoretical measured value based on the

level of management. The theoretical measured value is defined as WC(1-

MPI). The SRI can probably be best visualized as the probability that a given

measured level of contaminant will exist, based on management practices and

worst case loading. For a high SRI the system is responsive to changes in

management and contaminant loading. On the other hand, a low SRI indicates

an unresponsive system and changes in management practices and worst case

loading will likely produce little change in water quality. The inverse of the SRI

could be viewed as the system's buffering capacity for these contaminants. A

high SRI indicating high system responsiveness would correspond to low

buffering capacity.

The SRIs for subwatershed B of this dairy farm were -0.206, 0.0, 0.055,

and 0.005 for sediment, phosphorus, nitrogen, and coliform bacteria,

respectively. The range of values found in the sensitivity analysis for sediment

was 0.01 to 15.0, with most values being less than 1.0. The range for nitrogen

was 0.0002 to 4.5 with 2/3 of the values being less than 0.002. For coliform

bacteria the range was 0.000004 to 0.001 with most values below 0.0001. No

analysis was accomplished on phosphorus because of the measured values of

zero.

Since the sensitivity analysis was done by simply picking numbers

above and below the values of contaminants actually encountered, the ranges

have very little meaning at this time. The process of evaluating SRIs as well as
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MPIs must be done on numerous units to begin to get a feel for the true range

of these values.

The SWIs were computed to compare the measured levels of these four

contaminants to the standard and were simply a ratio of the measured value to

the standard. Those values were -0.07, 0.0, -0.15, and 0.99 for sediment,

phosphorus, nitrogen, and coliform bacteria, respectively. The ranges for

these SWIs were: sediment 0.013 to 3.04, nitrogen 0.0044 to 2.0, and coliform

bacteria 0.2 to 4.0. The value of 0.0 for phosphorus was again due to no

measurable levels for total phosphorus in the samples obtained during the

research period.

If the ability to meet the standard can be indicated by the SWI, then the

contaminants would be ranked in descending order as phosphorus, nitrogen,

sediment, and coliform bacteria. However, referring to the computed MPIs,

coliform bacteria was tied with phosphorus for the lowest MPI ranking. Also by

referring to the ranking of SWIs, phosphorus should have been at the top of the

list, but was in fact at the bottom with coliform bacteria with an MPI of 0.86. It

should be pointed out that even though the order of ranking may be off, each of

the contaminants did receive a high MPI reflecting a good job of management.

Concerning coliform bacteria, its true relative ranking could possibly be

more accurately portrayed by considering animal density along the stream.

For instance, a higher animal density per length of stream could have been

given a higher emphasis by assigning a higher weight in some manner. This
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could possibly be accomplished in the area of stream protection, and BMPs

including filter strips. A risk needs to be associated with increased system

loading that is seen with higher animal densities and close proximity to

streams.

In the case of phosphorus, its relative ranking might be improved by

putting less weight on BMPs that are concerned with manure testing,

particularly if it could be ascertained that exact application rates of waste are

not crucial for a particular system. For consistency's sake some skill must be

developed in assigning the ratings to practices and risks. This will require

practice and possibly an accompanying set of notes that aid in doing

evaluations consistently from one farm to another.

If a different unit were to be evaluated the order in which these indices

could be logically used, would be to first compute the SWI to determine if the

standard had been exceeded and whether any further action is necessary.

Secondly, the MPI would be computed to determine how well the unit was

being managed. Finally, the SRI would be computed to get an idea of the

responsiveness of that system to any management changes that might be

planned. The individual MPIs could be used to choose the BMPs that were

scored low and which have the potential for being improved or added. This

improvement of management practices is contingent upon whether the system

has a high enough SRI, which would be an indication of whether that unit is

expected to be responsive to those changes.
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Once the SRI has been established for a unit of land, then the MPI and

WC can be manipulated to achieve a desired level of water quality for a

planned operation. If the SRI is known, the WC can be established based on

the expected loading. For instance, if a beef operation is planned, the waste

from the number of cattle expected can be estimated and a WC determined.

An MPI can be selected that will fit the SRI, WC, and desired Measured

contaminant level. The unknown to be manipulated would be the MPI.

One difficulty that must be dealt with in obtaining an SRI and a SWI is

the problem of being able to instrument the unit to sample and measure the

water quality coming from it. This project dairy farm was fairly well suited for

sampling because of the stream that ran through the farm. Some units of land

will have no stream but a monitoring/sampling scheme must be developed to

take this into account. The difference in contaminant concentration between

where water may enter and leave the unit and the associated flow rate is

necessary for mass transport computations. If all water originates on the unit,

then only a below monitoring/sampling scheme is necessary. In all cases,

outside influences must be eliminated or accounted for.

RECOMMENDATIONS

Several other recommendations are offered based on what has been

accomplished in this research so far. The MPI and SRI's need continued

development and refinement. The MPI for coliform bacteria especially, needs
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to be improved to more closely correlate to the job of management that is being

done to control that contaminant in surface water.

Evaluation of MPIs and SRIs should be done at numerous farms. This is

desirable in order to determine how these indices vary from unit to unit where

different levels of management are employed and which have different levels of

worst case potential loading to surface water.

The sampling, flow measurements, and analyses should be continued

for a longer period than eight months. This period should be at least one year

to capture any variations that may be seasonal. One data point or one

sampling event and flow measurement could provide enough data for SRI and

SWI computation, but its application would be limited.

Potential uses for the MPI, SRI, and SWI relationship should be

explored further. By establishing the system responsiveness, an SRI could be

used in conjunction with an assumed worst case loading based on expected

animal density and a desired level of water quality, to determine the MPI

necessary to attain those goals. This would be an invaluable management tool,

especially for cost effectiveness considerations when planning Improvements.

To make the MPI more comprehensive, ground water needs to be

included. Much of the NO3 lost from agricultural lands may be through

leaching into the groundwater and this avenue needs to be accounted for once

the concept is sufficiently validated.
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Appendix A

Management Practice Index (MR!)
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Appendix B

Glossary of Terms

ii t .
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GLOSSARY OF TERMS

Animal Waste Management System - A system of structural works (such as a
lagoon, dry stack facility, gutters, and/or tanks) designed to retain liquid and
solid waste and polluted runoff from animal feeding areas, milking areas, and
other confinement areas and to provide for their subsequent disposal or use.

Conservation Cropping System - Growing crops in combination with needed
cultural and management measures: e.g., cropping system using rotation of
grasses and legumes of other crop species.

Contour Farming - Cultivation, planting, and other practices are done with the
topographic contour rather than with the slope of the land.

Critical Area Planting - Planting vegetation such as trees, shrubs, vines,
grasses, or legumes on critically eroding areas.

Crop Residue Use - Using plant residues such as stems, stover, leaves, etc., to
protect cultivated fields during periods of greatest erosion potential.

Diversion - A channel (with supporting ridges on the lower side) constructed
across a slope to break slope lengths, to reduce overland runoff volume, and to
reduce erosion.

Fencing - The use of fence material to create a barrier to livestock or other
traffic which would create erosive c-onditions on treated or untreated areas.

Field Border - A strip of permanent vegetation (trees, shrubs, grasses, or
legumes) established along field margins to trap eroded soil and associated
pollutants.

Filter Strip (field border) - A strip of permanent vegetation (trees, shrubs,
grasses or legumes) established along field margins to trap eroded soil and
associated pollutants.

Grade Stabilization Structure - A structure to stabilize the grade or to control
head cutting (active erosion) in natural or artificial channels.

Grasses Waterway or Outlet - A natural or constructed waterway or water
outlet, shaped or graded as needed and established with suitable vegetation,
for safe disposal of field, diversion, or terrace runoff. Acts as a trap for
sediment and associated pollutants.
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Minimum Tillage - Limiting the number of cultural operations to only those
properly timed and essential to produce a crop and prevent excessive soil loss.
This entails planting in stubble from previous crops or double-crop planting with
minimal soil disturbance.

Mulching - The application of plant residues or other materials not produced
on-slte, to the soil surface to reduce erosion, conserve moisture, and help
establish plant cover.

Pasture and Hay Land Planting - The proper treatment and use of land planted
in grasses and/or legumes to prolong forage life, to protect the soil, and to
reduce water loss.

Pasture and Hay Land Planting - The establishment of long-term stands of
adapted forage plants to control erosion, produce forage, and to adjust land
use.

Planned Grazing Systems - The management of grassland or grass-legume
pastures to provide sustained production for livestock while minimizing soil
erosion.

Proper Application of Fertilizer - Management of fertilizer by proper placement
and application rate so that plant utilization is maximized and loss is minimized.
Basic policy: Fertilize- by-Soil Test Analysis.

Streambank Protection - Stabilizing streambanks with vegetation of suitable
structural armoring to prevent erosion.

Stripcropping (contour) - The practice of growing contour strips of grass or
close-growing crops alternated with strips of clean-tilled crops or fallow land to
reduce soil erosion.

Terrace - An earthen embankment, channel, or a combination ridge and
channel constructed across a slope so as to conduct runoff water at a
nonerosive velocity to a stable outlet.
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Appendix C

RUSLE Computations

! ' - '
I



SOIL LOSS ANALYSIS FOR WORST CASE (RUSLE)

Watershed A
Area

Field Crop
Silage

Acres Hectares Slope Slope Ler

5(1/2) 7.7 3.1 4.2 400

6 Silage 5.0 2.0 4.2 300

8 Silage 15.3 6.2 3.4 350

Total 28.0 11.3

Watershed B
WE Com 3.5 1.4 3.0 200

WE Tobacco 0.7 0.3 2.0 300

1 Silage 23.5 9.5 4.3 200

4 Silage 8.3 3.4 2.0 400

5(1/2) Silage 7.7 3.1 4.2 400

7 Silage 11.0 4.5 7.5 175

Total 54.7 22.1

Erosion

K LS C P (tons/ac/yr) Total Tons/yr Kgs/yr Kgs/Vvk

175 0.166 0.908 0.342 1 9.0 69 62869 1209

175 0.166 0.817 0.342 1 8.1 41 36741 707

175 0.166 0.670 0.342 1 6.7 103 92996 1788

23.8 212 192606 3704

175 0.171 0.485 0.398 1 5.8 20 18416 354

175 0.171 0.300 0.390 1 3.5 2 2223 43

175 0.310 0.721 0.342 1 13.0 306 277148 5330

175 0.411 0.373 0.342 1 9.2 76 69273 1332

175 0.166 0.908 0.342 1 9.0 69 62869 1209

175 0.378 1.100 0.342 1 25.0 275 249478 4798

65.5 749 679407 13066
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Appendix D

Weir Design and Related Equation

^ i fx
{ *



� 

V Notch Weir

Fornula for Weir Flow Rate

Q=<2.51+0.0066*-tan<theta/2)+<0.3298+0.5074/tQn<the-ta/2»«loo H)«tan<theta/2>*H'"2.5
Q * Discharge^ ff^S/sec
Theta To-tal angle of V notch
H « Heod above point of zero flow on V notch, ft

0.31cn <1/8 In) Sheet Metal

L27 cn <1/2 In) Plywood

n <2 ft)

152*

2.44 PI <8 ft)

o
K>
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Appendix E

Davis Creek Data and Rating Curves
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Appendix G

Mass Balance Computations
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Appendix H

SRI Sensitivity Analysis for Nitrogen



GRAPH PARAMETERS 121

NtTROOEN

0A1

mea

(kertMO
worst case MPI mea t mea/maa t std mea/std mea/worst case

(ko^ytO SRI (lieftsK) 8WI
0.00100001000 0.0 100 0.0100000 227 0.0044

1000 0.8 2O0 0.0050000 227 0.0044 0.0010000

1000 0.7 300 0.0033333 227 0.0044 0.0010000

1000 0.8 400 0.0025000 227 0.0044 0.0010000

1000 0.5 500 0.0020000 227 0.0044 0.0010000

1000 0.4 800 0.0018667 227 0.0044 0.0010000

1000 0.3 700 0.0014286 227 0.0044 0.0010000

1000 0.2 800 0.0012500 227 0.0044 0.0010000

1000 0.1 900 0.0011111 227 0.0044 0.0010000

2000 0.9 200 0.0050000 227 0.0044 0.0005000

2000 0.8 400 0.0025000 227 0.0044 0.0005000

2000 0.7 600 0.0016667 227 0.0044 0.0005000

2000 0.6 800 0.0012500 227 0.0044 0.0005000

2000 0.5 1000 0.0010000 227 0.0044 0.0005000

2000 0.4 1200 0.0008333 227 0.0044 0.0005000

2000 0.3 1400 0.0007143 227 0.0044 0.0005000

2000 0.2 1600 0.0006250 227 0.0044 0.0005000

2000 0.1 1800 0.0005556 227 0.0044 0.0005000

3780 0.9 378 0.0026455 227 0.0044 0.0002646

3780 0.8 756 0.0013228 227 0.0044 0.0002646

3780 0.7 1134 0.0008818 227 0.0044 0.0002646

3780 0.6 1512 0.0006814 227 0.0044 0.0002646

3780 0.5 1890 0.0005291 227 0.0044 0.0002646

3780 0.4 2268 0.0004409 227 0.0044 0.0002646

3780 0.3 2646 0.0003779 227 0.0044 0.0002646

3780 0.2 3024 0.0003307 227 0.0044 0.0002646

3780 0.1 3402 0.0002939 227 0.0044 0.0002646

5000 0.9 500 0.0020000 227 0.0044 0.0002000

5000 0.8 1000 0.0010000 227 0.0044 0.0002000

5000 0.7 1500 0.0006667 227 0.0044 0.0002000

5000 0.8 2000 0.0005000 227 0.0044 0.0002000

5000 0.5 2500 0.0004000 227 0.0044 0.0002000

5000 0.4 3000 0.0003333 227 0.0044 0.0002000

5000 0J3 3500 0.0002857 227 0.0044 0.0002000
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5000 0.1 4500 0.0002222 227 0.0044 0.0002000

2 1000 0.9 100 0.0200000 227 0.0088 0.0020000

2 1000 0.8 200 0.0100000 227 0.0088 0.0020000

2 1000 0.7 300 0.0066667 227 0.0068 0.0020000

2 1000 0.6 400 0.0050000 227 0.0088 0.0020000

2 1000 0.5 500 0.0040000 227 0.0088 0.0020000

2 1000 0.4 600 0.0033333 227 0.0088 0.0020000

2 1000 OJ 700 0.0028571 227 0.0088 0.0020000

2 1000 0.2 800 0.0025000 227 0.0088 0.0020000

2 1000 0.1 900 0.0022222 227 0.0088 0.0020000

2 2000 0.9 200 0.0100000 227 0.0088 0.0010000

2 2000 OA 400 0.0050000 227 0.0088 0.0010000

2 2000 0.7 600 0.0033333 227 0.0088 0.0010000

2 2000 0.6 800 0.0025000 227 0.0088 0.0010000

2 2000 0.5 1000 0.0020000 227 0.0088 0.0010000

2 2000 0.4 1200 0.0016667 227 0.0088 0.0010000

2 2000 OA 1400 0.0014286 227 0.0088 0.0010000

2 2000 OA 1600 0.0012500 227 0.0088 0.0010000

2 2000 0.1 1800 0.0011111 227 0.0088 0.0010000

2 3780 OA 378 0.0052910 227 0.0088 0.0005291

2 3780 OA 758 0.0026455 227 0.0088 0.0005201

2 3780 0.7 1134 0.0017637 227 0.0088 0.0005291

2 3780 0.6 1512 0.0013228 227 0.0088 0.0005291

2 3780 0.5 1890 0.0010582 227 0.0088 0.0005291

2 3780 0.4 2268 0.0008818 227 0.0088 0.0005291

2 3780 OA 2646 0.0007559 227 0.0088 0.0005291

2 3780 OA 3024 0.0006614 227 0.0088 0.0005291

2 3780 0.1 3402 0.0005879 227 0.0088 0.0005291
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tworstcaM MPI meat mea/meat std mea/std mea/Woret case

(KoMO SRI 8WI
0.0004000

2 5000 0.0 500 0.0040000 227 0.0088

2 5000 0.8 1000 0.0020000 227 0.0088 0.0004000

2 5000 0.7 1500 0.0013333 227 0.0088 0.0004000

2 5000 0.6 2000 0.0010000 227 0.0088 0.0004000

2 5000 0.5 2500 0.0008000 227 0.0088 0.0004000

2 5000 0.4 3000 0.0006667 227 0.0088 0.0004000

2 5000 0.3 3500 0.0005714 227 0.0088 0.0004000

2 5000 0.2 4000 0.0005000 227 0.0088 0.0004000

2 5000 0.1 4500 0.0004444 227 0.0088 0.0004000

4.5 1000 0.9 100 0.0450000 227 0.0198 0.0045000

4.5 1000 0.8 200 0.0225000 227 0.0198 0.0045000

4.5 1000 0.7 300 0.0150000 227 0.0198 0.0045000

4.5 1000 0.6 400 0.0112500 227 0.0198 0.0045000

4.5 1000 0.5 500 0.0090000 227 0.0198 0.0045000

4.5 1000 0.4 600 0.0075000 227 0.0198 0.0045000

4.5 1000 OJ 700 0.0064266 227 0.0198 0.0045000

4.5 1000 0.2 800 0.0056250 227 0.0198 0.0045000

4.5 1000 0.1 900 0.0050000 227 0.0198 0.0045000

4.5 2000 0.9 200 0.0225000 227 0.0198 0.0022500

4.5 2000 0.8 400 0.0112500 227 0.0198 0.0022500

4.5 2000 0.7 600 0.0075000 227 0.0198 0.0022500

4.5 2000 0.6 800 0.0056250 227 0.0198 0.0022500

4.5 2000 0.5 1000 0.0045000 227 0.0198 0.0022500

4.5 2000 0.4 1200 0.0037500 227 0.0196 0.0022500

4.5 2000 0.3 1400 0.0032143 227 0.0198 0.0022500

4.5 2000 0.2 1600 0.0026125 227 0.0198 0.0022500

4.5 2000 0.1 1800 0.0025000 227 0.0198 0.0022500

4.5 3760 0.9 378 0.0119046 227 0.0198 0.0011905

4.5 3780 0.8 756 0.0059524 227 0.0198 0.0011905

4.5 3780 0.7 1134 0.0039683 227 0.0198 0.0011905

4.5 3780 0.6 1512 0.0029762 227 0.0198 0.0011905

4.5 3780 0.5 1890 0.0023810 227 0.0198 0.0011905

4.5 3780 0.4 2268 0.0019841 227 0.0198 0.0011905

4.5 3780 0.3 2646 0.0017007 227 0.0198 0.0011905

4.5 3780 02 3024 0.0014881 227 0.0198 0.0011905

4.5 3780 0.1 3402 0.0013228 227 0.0196 0.0011905

4.5 5000 02 500 0.0090000 227 0.0198 0.0009000

4.5 5000 Ofl 1000 0.0045000 227 0.0198 0.0009000

4.5 5000 0.7 1500 0.0030000 227 0.0198 0.0009000

4.5 5000 0.6 2000 0.0022500 227 0.0196 0.0009000

4.5 5000 0.5 2500 0.0018000 227 0.0198 0.0009000

4.5 5000 0.4 3000 0.0015000 227 0.0198 0.0009000

4.5 5000 02 3500 0.0012857 227 0.0198 0.0009000

4.5 5000 02 4000 0.0011250 227 0.0198 0.0009000

4.5 5000 0.1 4500 0.0010000 227 0.0198 0.0009000

5 1000 0.9 100 0.0500000 227 0.0220 0.0050000

5 1000 02 200 0.0250000 227 0.0220 0.0050000

5 1000 0.7 300 0.0166667 227 0.0220 0.0050000

5 1000 0.6 400 0.0125000 227 0.0220 0.0050000

5 1000 0.5 500 0.0100000 227 0.0220 0.0050000

5 1000 0.4 600 0.0083333 227 0.0220 0.0050000

5 1000 02 700 0.0071429 227 0.0220 0.0050000

5 1000 02 800 0.0062500 227 0.0220 0.0050000

5 1000 0.1 900 0.0055556 227 0.0220 0.0050000

5 2000 02 200 0.0250000 227 0.0220 0.0025000

5 2000 02 400 0.0125000 227 0.0220 0.0025000

5 2000 0.7 600 0.0083333 227 0.0220 0.0025000

5 2000 0.6 800 0.0062500 227 0.0220 0.0025000

5 2000 0.5 1000 0.0050000 227 0.0220 0.0025000

5 2000 0.4 1200 0.0041667 227 0.0220 0.0025000

5 2000 02 1400 0.0035714 227 0.0220 0.0025000

5 2000 02 1800 0.0031250 227 0.0220 0.0025000

5 2000 0.1 1800 0.0027778 227 0.0220 0.0025000
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5 worst case MPI tTMat mea/meat std maa/std mea/worst case

S (koMO SRI (ke'wK) SWI
0.0013228

5 3780 0^ 378 0.0132275 227 0.0220

5 3780 0£ 756 0.0066138 227 0.0220 0.0013228

5 3780 0.7 1134 0.0044092 227 0.0220 0.0013228

5 3780 0.6 1512 0.0033069 227 0.0220 0.0013228

5 3780 0.5 1890 0.0026455 227 0.0220 0.0013228

5 3780 0.4 2268 0.0022046 227 0.0220 0.0013226

5 3780 0.3 2646 0.0018896 227 0.0220 0.0013226

5 3780 0.2 3024 0.0016534 227 0.0220 0.0013226

5 3780 0.1 3402 0.0014607 227 0.0220 0.0013226

5 5000 0.9 500 0.0100000 227 0.0220 0.0010000

5 5000 0.8 1000 0.0050000 227 0.0220 0.0010000

5 5000 0.7 1500 0.0033333 227 0.0220 0.0010000

5 5000 0.6 2000 0.0025000 227 0.0220 0.0010000

5 5000 0.5 2500 0.0020000 227 0.0220 0.0010000

5 5000 0.4 3000 0.0016667 227 0.0220 0.0010000

5 5000 0.3 3500 0.0014286 227 0.0220 0.0010000

5 5000 02 4000 0.0012500 227 0.0220 0.0010000

5 5000 0.1 4500 0.0011111 227 0.0220 0.0010000

6 1000 02 100 0.0600000 227 0.0264 0.0060000

6 1000 02 200 0.0300000 227 0.0264 0.0060000

6 1000 0.7 300 0.0200000 227 0.0264 0.0060000

6 1000 0.6 400 0.0150000 227 0.0264 0.0060000

e 1000 0.5 500 0.0120000 227 0.0264 0.0060000

6 1000 0.4 600 0.0100000 227 0.0264 0.0060000

6 1000 02 700 0.0065714 227 0.0264 0.0060000

6 1000 02 800 0.0075000 227 0.0264 0.0060000

6 1000 0.1 900 0.0066667 227 0.0264 0.0060000

6 2000 02 200 0.0300000 227 0.0264 0.0030000

6 2000 02 400 0.0150000 227 0.0264 0.0030000

6 2000 0.7 600 0.0100000 227 0.0264 0.0030000

6 2000 02 800 0.0075000 227 0.0264 0.0030000

6 2000 0.5 1000 0.0060000 227 0.0264 0.0030000

6 2000 0.4 1200 0.0050000 227 0.0264 0.0030000

6 2000 0.3 1400 0.0042857 227 0.0264 0.0030000

6 2000 02 1600 0.0037500 227 0.0264 0.0030000

6 2000 0.1 1800 0.0033333 227 0.0264 0.0030000

6 3780 02 378 0.0156730 179 0.0335 0.0015873

6 3780 02 756 0.0079365 179 0.0335 0.0015673

6 3780 0.7 1134 0.0052910 179 0.0335 0.0015873

6 3780 02 1512 0.0039683 179 0.0335 0.0015873

6 3780 0.5 1890 0.0031746 179 0.0335 0.0015873

6 3780 0.4 2268 0.0026455 179 0.0335 0.0015873

6 3780 0.3 2646 0.0022676 179 0.0335 0.0015873

6 3780 02 3024 0.0016641 179 0.0335 0.0015873

6 3780 0.1 3402 0.0017637 179 0.0335 0.0015673

6 5000 0.9 500 0.0120000 227 0.0264 0.0012000

6 5000 02 1000 0.0060000 227 0.0264 0.0012000

6 5000 0.7 1500 0.0040000 227 0.0264 0.0012000

6 5000 02 2000 0.0030000 227 0.0264 0.0012000

6 5000 0.5 2500 0.0024000 227 0.0264 0.0012000

6 5000 0.4 3000 0.0020000 227 0.0264 0.0012000

6 5000 02 3500 0.0017143 227 0.0264 0.0012000

6 5000 02 4000 0.0015000 227 0.0264 0.0012000

6 5000 0.1 4500 0.0013333 227 0.0264 0.0012000

227 1000 02 100 2.2700000 227 1.0000 0.2270000

227 1000 0.8 200 1.1350000 227 1.0000 0.2270000

227 1000 0.7 300 0.7566667 227 1.0000 0.2270000

227 1000 02 400 0.5675000 227 1.0000 0.2270000

227 1000 0.5 500 0.4540000 227 1.0000 02270000

227 1000 0.4 600 0J763333 227 1.0000 02270000

227 1000 02 700 0J242857 227 1.0000 02270000

227 1000 02 800 0.2837500 227 1.0000 02270000

227 1000 0.1 900 0.2522222 227 1.0000 02270000



GRAPH PARAMETERS 124

(k0M4
worstc

(liO'wt*)
MPI maat nrwa/maat

SRI

•Id msa/ctd

8WI

maaAMont

227 2000 0.9

227 2000 0.8

227 2000 0.7

227 2000 0.6

227 2000 0.5

227 2000 0.4

227 2000 0.3

227 2000 0.2

227 2000 0.1

227 3780 0.9

227 3780 0.8

227 3780 0.7

227 3780 0.6

227 3780 0.5

227 3780 0.4

227 3780 0.3

227 3780 0.2

227 3780 0.1

227 5000 0.9

227 5000 0.8

227 5000 0.7

227 5000 0.6

227 5000 0.5

227 5000 0.4

227 5000 0.3

227 5000 0.2

227 5000 0.1

454 1000 0.9

454 1000 0.8

454 1000 0.7

454 1000 0.6

454 1000 0.5

454 1000 0.4

454 1000 0.3

454 1000 0.2

454 1000 0.1

454

454

454

454

454

454

454

454

454

454

454

454

454

454

454

454

454

454

454

454

454

454

454

454

454

454

454

2000

2000

2000

2000

2000

2000

2000

2000

2000

3780

3780

3780

3780

3780

3780

3780

3780

3780

5000

5000
5000

5000

5000

5000

5000

5000

5000

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

200

400

600

800

1000

1200

1400

1600

1800

378

756

1134

1512

1890

2268

2646

3024

3402

500

1000

1500

2000

2500

3000

3500

4000

4500

100

200

300

400

500

600

700

800

900

200

400

600

800

1000

1200

1400

1600

1800

378

756

1134

1512

1890

2268

2646

3024

3402

500

1000

1500

2000

2500

3000

3500

4000

4500

1.1350000 227 1.0000 0.1135000

0.5675000 227 1.0000 0.1135000

0.3783333 227 1.0000 0.1135000

0.2837500 227 1.0000 0.1135000

0.2270000 227 1.0000 0.1135000

0.1891667 227 1.0000 0.1135000

0.1621429 227 1.0000 0.1135000

0.1418750 227 1.0000 0.1135000

0.1261111 227 1.0000 0.1135000

0.6005291 227 1.0000 0.0600529

0.3002646 227 1.0000 0.0600529

0.2001764 227 1.0000 0.0600529

0.1501323 227 1.0000 0.0600529

0.1201058 227 1.0000 0.0600529

0.1000882 227 1.0000 0.0600529

0.0857899 227 1.0000 0.0600529

0.0750661 227 1.0000 0.0600529

0.0667255 227 1.0000 0.0600529

0.4540000 227 1.0000 0.0454000

0.2270000 227 1.0000 0.0454000

0.1513333 227 1.0000 0.0454000

0.1135000 227 1.0000 0.0454000

0.0908000 227 1.0000 0.0454000

0.0756667 227 1.0000 0.0454000

0.0000000 227 0.0000 0.0000000

O.OOOOOCO 227 0.0000 0.0000000

0.0504444 227 1.0000 0.0454000

4.5400000 227 2.0000 0.4540000

2.2700000 227 2.0000 0.4540000

1.5133333 227 2.0000 0.4540000

1.1350000 227 2.0000 0.4540000

0.9080000 227 2.0000 0.4540000

0.7566667 227 2.0000 0.4540000

0.6485714 227 2.0000 0.4540000

0.5675000 227 2.0000 0.4540000

0.5044444 227 2.0000 0.4540000

2.2700000

1.1350000

0.7566667

0.5675000

0.4540000

0.3783333

0.3242857

0.2837500

0.2522222

1.2010582

0.6005291

0.4003527

0.3002646

0.2402116

0.2001764

0.1715797

0.1501323

0.1334509

0.9080000

0.4540000

0.3026667

0.2270000

0.1816000

0.1513333

0.0571429

0.0500000

0.1008889

227

227

227

227

227

227

227

227

227

227

227

227

227

227

227

227

227

227

227

227

227

227

227

227

227

227

227

2.0000

2.0000

2.0000

2.0000

2.0000

2.0000

2.0000

2.0000

2.0000

2.0000

2.0000

2.0000

2.0000

2.0000

2.0000

2.0000

2.0000

2.0000

2.0000

2.0000

2.0000

2.0000

2.0000

2.0000

0.8811

0.8811

2.0000

0.2270000

0.2270000
0.2270000

0.2270000

0.2270000

0.2270000

0.2270000

0.2270000

0.2270000

0.1201058

0.1201058

0.1201058

0.1201058

0.1201058

0.1201058

0.1201058

0.1201058

0.1201058

0.0908000

0.0908000

0.0908000

0.0908000

0.0908000

0.0908000

0.0400000

0.0400000

0.0908000
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BED mpi
wc

mea

itipi

0.1-0.9
13739

394

sn

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.287
0.143

0.096

0.072

0.057

0.048

0.041

0.036

0.032

mpt

mea

wc an

5000

10000

13739

15000

0.90

394.00

0.788

0.394

0.287

0.131

mpi
wc

mea an

200
394

600

7589

15178

0.90

13739.00

0.146

0.287

0.437

5.524

11.047

Nitrogen

wc

mea

0.1-0.9
3780

4.5

ari

0.9 0.0119048
0.8 0.0059524
0.7 0.0039683

0.6 0.0029762
0.5 0.002381
0.4 0.0019841

0.3 0.0017007

0.2 0.0014881
0.1 0.0013228

mpi
mea

0.90

4.50

wc an

1000 0.0450000
2000 0.0225000
3490 0.0119000
5000 0.0090000

mpi
wc

mea ari

1.00
2.00

4.50

5.00

6.00
227.00

454.00

0.90

3780.00

0.002646
0.005291

0.011905
0.013228

0.015830
0.600529
1.201058

ColiBac mpi
wc

MPI
0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.1-0.9
47000000

2294

ari
0.000488

0.000244

0.000162

0.000122

9.8E-05
8.1E-05

7E-05
6.1E-05

5.4E-05

mpi
mea

0.90

2294.00

wc an

20000000 0.001147
47000000 0.000448
60000000 0.000332
80000000 0.000287
100000000 0.000287

mpi

wc

mea

0.90

47000000.00

an

200 0.000043

400 0.000085

1000 0.000213

2000 0.000426

2294 0.000488

4000 0.000851
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