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(ABSTRACT) 

A study was conducted in order to evaluate cattle behavior, stream bank erosion and water 

quality due to the installation of off-stream water sources for grazing cattle as an alternative 

to stream bank fencing. The study was located on two commercial cow-calf operations in 

southwest Virginia which utilized rotational grazing. The presence of an off-stream water 

source for grazing cattle greatly reduced the negative impact which grazing cattle have upon 

stream bank erosion and water quality. Field observations of cattle behavior indicated that 

cattle preferred to drink from an off-stream water source over that of an adjacent stream 92% 

of the time. The installation of an off-stream water source reduced the total time which cattle 

spend within the stream area by 58% and the amount of stream bank erosion by 76%. 

Due to the installation of off-stream water sources, concentrations of total suspended solids, 

total nitrogen, ammonium, sediment-bound nitrogen, total phosphorus and sediment-bound 

phosphorus, were reduced by 90%, 54%, 70%, 68%, 81% and 75%, respectively. 

Concentrations of fecal coliform and fecal streptococci decreased by 51% and 77% when an



off-stream water source was available for grazing cattle. Lastly, an economic analysis of the 

data indicated that the cost of developing off-stream water sources was considerably less than 

that of implementing six fenced stream bank buffer zone scenarios on the two farms.
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I. Introduction 

Agriculture has been cited as the largest contributor to our nation's nonpoint source pollution 

problem by the U.S. Environmental Protection Agency (U.S. EPA, 1976). In many regions 

of the United States, pastureland for cattle is one of the most dominant agricultural land uses. 

In the Appalachian foothills, many of these pasturelands are on steep slopes and have streams 

lying within them. Landowners have traditionally allowed cattle to use these streams as a 

direct source of water. In many situations, this traditional practice has had a detrimental 

impact on the quality of downstream water bodies. 

The impact of cattle on streams has been the focus of attention for local citizens' groups and 

many federal and state agencies. Efforts have been made to evaluate the impact of cattle on 

riparian vegetation (Hary and Medin, 1990), terrestrial wildlife (Medin and Clary, 1989), 

downstream fisheries (Hubert et al., 1985) as well as stream stabilization (Buckhouse et al., 

1981; Marlow et al., 1987). Most of these studies, however, were conducted on western 

public lands on which cultural and grazing practices, stocking rates, pasture size, and 

environmental conditions differ greatly from those existing in the mountainous regions of the 

eastern United States. 
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There are few economically and environmentally sustainable alternatives for landowners who 

water cattle in streams. Fencing cattle from streams has been suggested by Skovlin (1981), 

Platts and Wagstaff (1984), Davis (1981) and others when considering the downstream 

impact of beef and dairy production. Due to the great spans of floodplains and the patterns 

in which streams meander through the Appalachian countryside, fencing off these areas will 

severely decrease the current area available to cattle production and stream bank fences will 

be prone to damage or removal by seasonal rains on higher order streams. The loss of 

available grazing land and production, and the cost of fencing materials and repairs, may drive 

many existing landowners to shift their mode of production or to leave agricultural production 

entirely. 

The availability of a water trough was shown by Miner et al. (1992) to decrease the time 

cattle spent in streams by 90 percent. Although not documented, Miner et al. (1992) 

hypothesized that the decreased time in stream should relate to a reduction in loadings of fecal 

bacteria. Due to surface runoff (Schepers and Francis, 1982) and the suspension of fecal 

bacteria in sediment (Sherer et al., 1992), this hypothesis may not be true. Also in the study 

by Miner et al. (1992), conducted in Oregon, interactions of heat, humidity, escape from flies 

and possible fescue toxicosis were not investigated in evaluating the effectiveness of the 

trough in decreasing time in stream or improving water quality. 
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The present study undertook a multidisciplinary approach to investigate the interactions of 

stream bank erosion, water quality, cattle behavior, and economics, on a farm scale, to test 

the effectiveness of providing cattle with an off-stream water source as a stream stabilization 

and water quality Best Management Practice (BMP). The impact of cattle on three 

headwater streams was investigated on two commercial cow-calf operations in southwest 

Virginia. 

The impact of providing cattle with an off-stream water source was evaluated within the 

respective farm's normal method of operation. No efforts were made by the investigators to 

influence stocking density, grazing pressure or animal well being. However, the farm 

operators consulted with investigators when decisions potentially affecting the current 

research needed to be made. Headwater streams were chosen to be investigated over larger 

order streams in an attempt to decrease interactions of stream scouring and the use of the 

stream as a cooling or bathing mechanism by the grazing cattle. 

This study hypothesizes that if the presence of off-stream water sources is successful in 

attracting cattle away from streams, then stream bank damage should be less than those 

systems that rely on stream access as the sole water source. Also, if water quality improves 

during the periods when the water trough is provided, this will indicate that the reduction in 

feces being directly deposited into the stream is related to the cattle preferring to drink from 

the trough and not from the stream. Thus, providing cattle with an off-stream water source 
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will bring about an environmental benefit, as well as water for cattle. The stated hypothesis 

also suggests that water troughs, through spring developments or other methods, serve as a 

more cost-effective method of decreasing stream bank erosion and improving water quality 

than the implementation of fenced stream bank buffer zones. In a time when many eastern 

cattle producers are concerned that stream bank fencing may be presented as a mandated 

watershed management practice, the economic and environmental sustainability of alternative 

practices such as "Water troughs as BMPs" must be investigated. 

Goal and Objectives 

The overall goal of this study was to evaluate the feasibility of using water troughs as a Best 

Management Practice (BMP) in reducing erosion, nutrients and bacteria from pasturelands. 

This goal was achieved through the accomplishment of the following objectives: 

1. Compare the behavior of cattle using streams as a primary water source to 

those which have access to streams as well as too off-stream water 

sources. 

2. Estimate and compare stream bank erosion in pasture systems using rotational 

stocking where streams are and are not utilized as the primary water source. 

3, Estimate and compare stream nutrients, fecal bacteria and mineral 

concentrations from pasture systems where streams are and are not utilized 

as the primary water source. 
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4, Contrast the environmental impacts and economic costs and benefits of 

installing a spring and water trough system as an environmentally sustainable 

BMP to foster stream bank stabilization and improve water quality, as 

compared to traditional and proposed practices. 
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II. Literature Review 

Overview 

Cattle grazing is synonymous with the American culture. Colonists brought cattle from the 

Old World and started a long tradition of beef and dairy production in our country. Yet, 

today many cattle producers are threatened by legislation which may change their livelihood. 

Fencing streams has emerged as a miracle remedy to cure the ills which cattle production 

Causes upon our water resources. As honest and credible stewards of our land and water, we 

must fully understand a certain agricultural practice before accepting such a conservation 

management strategy. Otherwise, the strategy will strike a larger impact upon our nation's 

heritage and economy, rather than improving environmental quality. 

The impact of grazing cattle on water quality is of considerable importance to water quality 

management agencies (Miner et. all, 1992) across the country. The fact that grazing cattle 

do have an impact on streams is undisputed. However, the extent of their impact on 

vegetation, wildlife, stream bank integrity and water quality is highly disputed. 

This chapter presents research that was conducted to quantify the impact of grazing cattle on 

stream bank stability and erosion, nutrient and bacteriological loading, especially total and 
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fecal coliforms as well as fecal streptococci. Special emphasis is placed upon observations 

of cattle behavior. Efforts were made to describe behaviors which were observed in different 

systems, and the implications that these observations have upon improving riparian zone and 

water quality management. Effects of forage quantity and quality on cattle utilization of 

riparian vegetation were also described. Lastly, research focusing on excluding cattle from 

streams as well as other alternatives and the economics of mandated stream fencing are 

discussed. 

Grazing Management 

Before investigating the effects of cattle on stream bank stability and water quality, it is 

appropriate to discuss many of the definitions and descriptions of various grazing 

management methods and strategies used in the studies discussed in this literature review. 

It is important to understand the systems in which various conclusions are presented in order 

to fully understand the impact of cattle on riparian resources. Emphasis will be placed on the 

comparison of continuous and rotational stocking methods, then the issues concerning 

stocking intensities will be discussed. 

Grazing system refers to a defined, integrated combination of animal, plant, soil, and other 

environmental components and the grazing method(s) by which the system is managed to 

achieve specific results or goals (Allen, 1991). Allen (1991) stresses that the description of 
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the grazing system should include certain information, including: number, kind, slope, erosion 

status, and soil classification of land units, number, kind, sex, size, and age of livestock, 

duration of use and non-use periods for each unit in the system; grazing method(s); type(s) 

of forage, geographic location and elevation; type of climate, mean annual and seasonal 

temperatures; and precipitation. 

A grazing method is the manner in which the livestock are manipulated. Allen (1991) defines 

it as a procedure or technique of grazing management designed to achieve a specific 

objective(s). Vallentine (1990) describes grazing management as the manner in which grazing 

and nongrazing periods are arranged within the maximum feasible growing season, either 

within or between years. The major difference between a "grazing system" and a “grazing 

method" is that a grazing system is a site-specific description of grazing operation, while a 

grazing method is a tool which can be used, regardless of location (i.e. across systems) to 

perform a certain task. 

Several grazing methods have been investigated for their potential to alleviate certain impacts 

caused by grazing including; continuous stocking; rotational stocking: rotational deferment; 

deferred-rotation; rotational rest, rest-rotation; high intensity, low frequency (HILF); short 

duration, and mob grazing. Definitions, descriptions and comparisons of these grazing 

method are given in the following paragraphs: 
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Continuous Stocking is a method of grazing livestock on a specific unit of land where 

animals have unrestricted and uninterrupted access throughout "a defined grazing" period 

when grazing is allowed (Allen, 1991). Continuous stocking is not synonymous with no 

management or livestock neglect. For many forages and environments the partitioning of the 

grazing management unit is not necessary in order to achieve certain goals within a defined 

use period. 

Rotational Stocking is a grazing method that utilizes recurring periods of grazing and rest 

among two or more paddocks in a grazing management unit throughout the period when 

grazing is allowed (Allen, 1991). The lengths of grazing and of the rest periods should be 

defined for each paddock within the grazing management unit. Grazing methods such as 

rotational deferment, deferred-rotation, rotational rest, rest-rotation, high intensity, low 

frequency (HILF), short duration, and mob grazing are modifications of the general 

understanding of rotational stocking. 

Rotational Deferment is a multipasture unit method in which deferment is scheduled among 

the respective pasture units on a rotating basis (Vallentine, 1990). Deferment is defined as 

the provision for nongrazing from the breaking of dormancy until after seedset or equivalent 

vegetative reproduction. This method is best utilized when applied to perennial forages where 

growth and grazing are both seasonal. Benefits from planned nongrazing through Rotational 

Deferment is dependant on when it is applied (Vallentine on Booysen and Tainton, 1978): 
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] Early Spring - provide relief when plants are drawing on their stored reserves 
and developing full leaf systems. 

Spring - accelerate regrowth when potential is maximum. 

Summer - benefit flowering and producing seed. 

Autumn - accelerate carbohydrate (TAC) buildup and storage. 

Yearlong - enable seedlings to establish, preferred species to recover 

from very low vigor, or fine fuel to accumulate for prescribed burning. 

w
k
 

wh
d 

Table 2-1 gives an example of a Rotational Deferment timetable for a single (6 month) 

growing season. 

Table 2-1. An example of Rotational Deferment. 

  

  

  

  

  

  

  

  

  

  

        

Pasture Unit 

Year Period A B C 

1 May | - June 30 ND G G 

July 1 - August 30 ND G G 

September 1 - October 30 G G G 

2 May 1 - June 30 G ND G 

July 1 - August 30 G ND G 

September 1 - October 30 G G G 

3 May 1 - June 30 G G ND 

July 1 - August 30 G G ND 

September 1 - October 30 G G G       
  

Pasture units are expressed in terms of two or three herd or one herd with access to multiple pasture units. G, 
grazing, ND, nongrazing constituting deferment (Adopted from Vallentine, (1990). 

Deferred-Rotation is a one-herd combination grazing method that implements rotational 

deferment (Vallentine, 1990). In a deferred-rotation grazing system alternating periods of 
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grazing and non-grazing are assured and continuous grazing in any pasture is ruled out. 

Using the same 6-month growing season application as the rotational deferment, deferred- 

rotation is described in Table 2-2. 

Table 2-2. An example of Deferred-Rotation. 

  

  

    

  

  

  

  

  

  

  

  

Pasture Unit 

Year Period A B C 

1 May | - June 30 ND G N 

July 1 - August 30 ND N G 

September 1 - October 30 G N N 

2 May 1 - June 30 N ND G 

July 1 - August 30 G ND G 

September 1 - October 30 N G N 

3 May | - June 30 G G ND 

July 1 - August 30 N G ND 

September 1 - October 30 N N G               

Pasture units are expressed as three pasture units with one herd. G, grazing; N, nongrazing; ND, non-grazing 

constituting deferment. Adopted from Vallentine (1990). 

Rotational Rest is a multipasture system in which 12 months of rest is scheduled among the 

respective pasture units on a rotating basis (Vallentine, 1990). Rest in this context denotes 

a nongrazing treatment in which a pasture unit is left ungrazed for a full 12 months and one 

forage crop is foregone and not grazed even after maturity. Table 2-3 gives an example of 

a 4.5-month growing season. 
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Table 2-3. An example of Rotational Rest. 

  

  

  

  

  

  

  

  

  

  

            

Pasture Unit 

Year Period A B C 

1 June 1 - July 15 NR G G 

July 15 - September 1 NR G G 

September 1 - October 15 NR G G 

2 June 1 - July 15 G NR G 

July 15 - September 1 G NR G 

September | - October 15 G NR G 

3 June 1 - July 15 G G NR 

July 15 - September 1 G G NR 

September 1 - October 15 G G NR     

Pasture units are expressed in terms of three pasture units and two herds. G, grazing; NR. nongrazing constituting 

12-month rest. Adopted from Vallentine (1990). 

Rest-Rotation is a multipasture system in which 24 months of rest is scheduled every five 

years among the respective pasture units on a rotating basis, where 40% of the pasture units 

are rested each year (Vallentine, 1990). Research on rest-rotation grazing frequently found 

that forced heavy stocking one year in the cycle may cause more harm to the forage plants 

than combinations of rest and deferment can undo. Success with rest-rotation grazing has 

largely been restricted to the mountain bunchgrass range of steep, heterogenous with minimal 

"suitable" range (Vallentine, 1990). A four-pasture unit, two-herd rest-rotation plan for the 

mountain ranges of the western United States is presented in Table 2-4. 
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Table 2-4. An example of Rest-Rotation. 

Pasture Unit 

Year Period A B C D 

1 June 15 - August 15 G G ND NR 

August 15 - October 15 G N G NR 

2 June 15 - August 15 NR G G ND 

August 15 - October 15 NR G ND G 

3 June 15 - August 15 ND NR G G 

August 15 - October 15 G NR G N 

4 June 15 - August 15 G ND NR G 

August 15 - October 15 N G NR G                 

G, grazing; N, nongrazing: ND, nongrazing constituting delayed grazing; NR. nongrazing constitutmg 12 month 
rest. Adopted from Vallentine (1990). 

High Intensity, Low Frequency (HILF) is a grazing method based on obtaining forced 

utilization of vegetation by using high stocking densities and short grazing periods, which 

makes relatively long nongrazing periods necessary for plant recovery (Kothmann, 1984). 

Allen (1990) notes that HILF is a relative concept and is best described in terms of grazing 

management and grazing method. Semi-humid and semi-arid HILF systems have varied 

grazing days from over two weeks to 30 - 45 days. 

Short Duration is a rangeland grazing method which employs 5 to 12 pasture units in the 

system, where each grazing period is approximately 3 to 10 days but less than 14 days long 
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and employs variable nongrazing periods, depending upon the time needed to make ample 

regrowth but not exceeding 60 days (Kothmann, 1980). Although short-duration grazing 

utilizes high stocking densities, grazing pressures are reduced by shortening the grazing 

periods (Kothmann, 1984). The shorter grazing periods and moderate defoliation allow 

shorter rest periods and present animals with less mature forage, thereby potentially 

increasing diet quality. 

Mob Grazing is a method which employs grazing by a relatively large number of animals 

at a high stocking density for a short period of time (Allen, 1991). This method is different 

from short duration grazing. Mob grazing is a grazing method which 1s based on some 

specific objectives of pasture management, while short duration grazing is based on some 

specific objectives of animal response. 

Similar to the problems associated with the definitions of short-duration and mob grazing, the 

lack of standardized definitions for grazing intensity categories inhibits complete 

understanding of many research grazing systems. Trimble (1995) reviewed 18 studies giving 

definitions of grazing intensity, 12 of which used some form of cows per acre-time or animal 

unit months per ha (AUM ha”). Average values and ranges for light, moderate and heavy 

grazing are given in Table 2-5. The remaining six studies investigated by Trimble used 

various definitions including extremely heavy short duration term stocking rates which were 

not convertible to a AUM ha” unit. 
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Table 2-5. Categorization of grazing intensity in AUM ha". 

Grazing Intensity Average Low Value High Value 

Light 0.65 0.17 1.5 

Moderate 1.2 0.16 3.7 

Heavy 2.5 0.22 7.4             

Hydrologic Response: Runoff and Infiltration 

Very few studies have been conducted which relate livestock grazing or livestock grazing 

practices directly to runoff. Hydrologic research has primarily focused on the recharge of soil 

moisture for growing forage in the arid and semiarid western rangeland (Blackburn et al, 

1980). Runoff volume has also not been heavily researched for two more additional reasons. 

First, grazing impact studies, almost exclusively, have been conducted on western rangelands. 

Secondly, runoff has been found to be spatially and seasonally variable on many rangeland 

sites (Achouri and Gifford, 1984; Menzel et al., 1978). Largely for these reasons direct 

runoff has been inferred by concentrating on infiltration as an indicator of range hydrology 

(Blackburn et al, 1980) and grazing impact. 

The direct force of cattle hooves has the potential to reshape the land. That force 1s often 

conceptually underestimated because it is conceived as static, i.e. the mass of the cow 
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(typically 400-500 kg) divided by a few square cm of the basal hoof area (Trimble, 1995). 

But once there is movement by the cow, the mass of the cow is transferred to one or more 

hooves, resulting in acceleration. A 530-kg cow can exert 250 kPa of vertical stress while 

walking on level ground. When the cow is climbing a steep hill slope or stream bank the 

impact is greatly enhanced. The mass is then concentrated on the down slope rear leg which 

propels the animal up slope. Due to the quick acceleration of this act, along with the mass 

of the cow, a considerable force is generated. Dividing the force by the basal area of one 

hoof, the unit force on the soil becomes high, indeed (Trimble, 1995). If the hoof acted 

normal to a level slope, this may simply compact the soil, but given the lateral vector on a 

steeper slope, the power to shear and move soil down slope, thus reshaping the surface, is 

greatly enhanced. Hoof compaction results in increased bulk density which leads to reduced 

infiltration and increased overland flow (runoff) which, in terms, leads to increased erosion. 

One of the earliest studies which investigated the impact of livestock grazing and grazing 

method on infiltration was conducted by Rauzi and Hanson (1966) on the Cottonwood Range 

in South Dakota. Three grazing systems (light, moderate, and heavy) were compared in 

terms of soil bulk density, pore space and infiltration (Table 2-6). It is clearly illustrated by 

Table 2-6 that, livestock grazing, as well as the different grazing methods tmpact on 

hydrologic response. In the top 10 cm of the soil, bulk density increased and pore space 

decreased since the soil was compacted as the grazing intensity increased. Furthermore, the 

infiltration of the lightly grazed paddock was found to be 1.8 times that of the moderately 
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grazed treatment. The lightly grazed treatment also showed an infiltration rate 2.5 times that 

of the heavily grazed treatment. 

  

  

  

  

                

  

  

Table 2-6. Bulk density, pore space and infiltration affects by various stocking rates. 

Treatment Stocking Bulk Pore Dry Wet 
Rate Density Space Infiltration Infiltration 

AUM /ha g/cm % volume em /hr cm / hr 

Heavy 1.88 1.29 7.7 2.82 1.29 

Moderate 1.02 1,24 8.4 4.39 1.75 

| Light 0.76 1.17 10.6 6.93 3.20 

Dry and wet infiltration rates are totals after 1 hour. Adopted from Rauzi and Hanson 

(1966). 

Data from natural rainfall and sprinkler infiltrometer studies were statistically analyzed by 

Gifford and Hawkins (1979), during the development of a deterministic model for predicting 

infiltration rates under livestock grazing conditions. The authors concluded that there was 

a) a distinct influence on infiltration by grazing intensity, b) no significant difference exists 

between light and moderate grazing on infiltration, and c) a distinct impact from heavy 

grazing which is significantly different from that of light/moderate grazing on infiltration. 

The Grazing Impact Model, developed by Gifford and Hawkins (1979), incorporated a 

recovery mechanism for infiltration due to rest or deferring of grazing. Response to grazing 

(decreased infiltration) occurs linearly over the entire grazing duration (even though there is 
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�T�i�m�e� �(�M�i�n�u�t�e�s�)� 

�F�i�g�u�r�e� �2�-�2�.� �M�i�d�g�r�a�s�s� �i�n�t�e�r�s�p�a�c�e� �i�n�f�i�l�t�r�a�t�i�o�n� �c�u�r�v�e�s� �f�o�r� �v�a�r�i�o�u�s� �g�r�a�z�i�n�g� �t�r�e�a�t�m�e�n�t�s�.� 
�A�d�o�p�t�e�d� �f�r�o�m� �W�o�o�d� �a�n�d� �B�l�a�c�k�b�u�r�n� �(�1�9�8�1�)�.� 

�W�o�o�d� �a�n�d� �B�l�a�c�k�b�u�r�n� �(�1�9�8�1�)� �a�l�s�o� �f�o�u�n�d� �d�e�f�i�n�i�t�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �t�h�e� �v�a�r�i�o�u�s� �g�r�a�z�i�n�g� 

�m�e�t�h�o�d�s� �a�n�d� �i�n�f�i�l�t�r�a�t�i�o�n� �r�a�t�e�.� �S�e�v�e�r�a�l� �p�a�r�a�m�e�t�e�r�s� �w�e�r�e� �f�o�u�n�d� �t�o� �i�n�f�l�u�e�n�c�e� �i�n�f�i�l�t�r�a�t�i�o�n� �r�a�t�e�,� 

�i�n�c�l�u�d�i�n�g� �a�g�g�r�e�g�a�t�e� �s�t�a�b�i�l�i�t�y�,� �%� �o�r�g�a�n�i�c� �m�a�t�t�e�r�,� �m�u�l�c�h�,� �s�t�a�n�d�i�n�g� �c�r�o�p�,� �b�u�l�k� �d�e�n�s�i�t�y�,� �i�n�i�t�i�a�l� 

�s�u�r�f�a�c�e� �(�0�-�3� �c�m�)� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t�,� �a�s� �w�e�l�l� �a�s� �g�r�o�u�n�d�,� �p�e�r�e�n�n�i�a�l� �g�r�a�s�s� �a�n�d� �t�o�t�a�l� �g�r�a�s�s� �c�o�v�e�r�.� 

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �2�1



�A�l�s�o� �o�n� �t�h�e� �E�d�w�a�r�d�s� �P�l�a�t�e�a�u�,� �T�h�u�r�o�w� �e�t� �a�l�.� �(�1�9�8�8�)� �f�o�u�n�d� �t�h�a�t� �i�n�f�i�l�t�r�a�t�i�o�n� �r�a�t�e�s� �d�e�c�r�e�a�s�e�d� �a�n�d� 

�i�n�t�e�r�r�i�l�l� �e�r�o�s�i�o�n� �i�n�c�r�e�a�s�e�d� �i�n� �h�e�a�v�i�l�y� �s�h�o�r�t�-�d�u�r�a�t�i�o�n� �s�t�o�c�k�e�d� �(�S�D�G�)� �(�1�4� �p�a�d�d�o�c�k�s�,� �4� �d�a�y�s� 

�g�a�z�e�d�:� �5�0� �d�a�y�s� �r�e�s�t� �(�1� �h�e�r�d�)�,� �4�.�6� �h�a�/�A�U�)� �a�n�d� �h�e�a�v�y� �c�o�n�t�i�n�u�o�u�s�l�y� �s�t�o�c�k�e�d� �(�H�C�G�)�(�4�.�6� �h�a�/�A�U�)� 

�g�r�a�z�i�n�g� �s�y�s�t�e�m�s�.� �R�e�d�u�c�t�i�o�n� �o�f� �i�n�f�i�l�t�r�a�t�i�o�n� �r�a�t�e�s� �i�n� �t�h�e� �h�e�a�v�i�l�y� �s�t�o�c�k�e�d� �p�a�s�t�u�r�e�s� �w�a�s� �t�y�p�i�f�i�e�d� 

�b�y� �d�e�c�r�e�a�s�e�d� �g�r�a�s�s� �c�o�v�e�r�,� �l�i�t�t�e�r� �a�n�d� �m�i�d�g�r�a�s�s� �c�o�v�e�r� �d�u�r�i�n�g� �d�r�o�u�g�h�t�,� �a�n�d� �t�h�e�i�r� �a�b�i�l�i�t�y� �t�o� 

�r�e�c�o�v�e�r� �t�o� �p�r�e�-�d�r�o�u�g�h�t� �l�e�v�e�l�s� �d�u�r�i�n�g� �p�e�r�i�o�d�s� �o�f� �a�b�o�v�e� �n�o�r�m�a�l� �p�r�e�c�i�p�i�t�a�t�i�o�n�.� �C�o�n�v�e�r�s�e�l�y�,� 

�i�n�f�i�l�t�r�a�t�i�o�n� �r�a�t�e�s� �i�n� �t�h�e� �m�o�d�e�r�a�t�e�l�y� �s�t�o�c�k�e�d� �S�D�G� �a�n�d� �m�o�d�e�r�a�t�e�l�y� �c�o�n�t�i�n�u�o�u�s�l�y� �s�t�o�c�k�e�d� 

�(�M�C�G�)�(�8�.�1� �h�a�/�A�U�)� �w�e�r�e� �a�b�l�e� �t�o� �r�e�c�o�v�e�r� �f�r�o�m� �d�r�o�u�g�h�t� �l�e�v�e�l� �v�a�l�u�e�s� �a�n�d� �m�a�i�n�t�a�i�n� �i�n�i�t�i�a�l� �o�r� 

�i�m�p�r�o�v�e�d� �i�n�f�i�l�t�r�a�t�i�o�n� �r�a�t�e�s� �d�u�r�i�n�g� �p�e�r�i�o�d�s� �o�f� �a�b�o�v�e�-�n�o�r�m�a�l� �p�r�e�c�i�p�i�t�a�t�i�o�n�.� 

�A�c�r�o�s�s� �g�r�a�z�i�n�g� �m�e�t�h�o�d�s�,� �T�h�u�r�o�w� �e�t� �a�l�.� �(�1�9�8�8�)� �f�o�u�n�d� �t�h�a�t� �l�i�v�e�s�t�o�c�k� �i�n�d�u�c�e�d� �c�h�a�n�g�e�s� �i�n� 

�v�e�g�e�t�a�t�i�v�e� �c�o�m�p�o�s�i�t�i�o�n� �f�r�o�m� �b�u�n�c�h�-�l�i�k�e� �m�i�d�g�r�a�s�s�e�s� �t�o� �s�h�o�r�t�g�r�a�s�s�,� �c�a�u�s�e�d� �t�h�e� �g�r�e�a�t�e�s�t� �c�h�a�n�g�e�s� 

�i�n� �i�n�f�i�l�t�r�a�t�i�o�n� �r�a�t�e�.� �S�i�m�i�l�a�r� �t�o� �t�h�e� �f�i�n�d�i�n�g�s� �o�f� �S�i�m�s� �e�t� �a�l�.�(�1�9�8�2�)�,� �t�h�e� �h�i�g�h� �c�r�o�w�n�s� �o�f� �t�h�e� 

�b�u�n�c�h�g�r�a�s�s�e�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �t�o� �b�e� �m�o�r�e� �s�u�s�c�e�p�t�i�b�l�e� �t�o� �d�a�m�a�g�e� �f�r�o�m� �t�h�e� �h�e�a�v�y� �g�r�a�z�i�n�g� 

�p�r�e�s�s�u�r�e� �u�n�d�e�r� �t�h�e� �S�D�G� �a�n�d� �H�C�G� �s�y�s�t�e�m�s�.� �S�h�o�r�t�g�r�a�s�s� �c�o�v�e�r� �w�a�s� �a�l�s�o� �f�o�u�n�d� �t�o� �d�e�c�l�i�n�e� 

�r�a�p�i�d�l�y� �d�u�r�i�n�g� �d�o�r�m�a�n�t� �p�e�r�i�o�d�s� �a�n�d� �q�u�i�c�k�l�y� �i�n�c�r�e�a�s�e� �g�r�o�w�t�h� �d�u�r�i�n�g� �w�a�r�m�,� �m�o�i�s�t� �p�e�r�i�o�d�s�.� �I�n� 

�r�e�s�p�o�n�s�e� �t�o� �t�h�i�s� �c�y�c�l�i�c� �g�r�o�w�t�h� �p�a�t�t�e�r�n�,� �i�n�f�i�l�t�r�a�t�i�o�n� �r�a�t�e�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �t�o� �s�e�a�s�o�n�a�l�l�y� �f�l�u�c�t�u�a�t�e� 

�i�n� �S�D�G� �a�n�d� �H�C�G� �p�a�s�t�u�r�e�s� �d�o�m�i�n�a�t�e�d� �b�y� �s�h�o�r�t�g�r�a�s�s�.� �H�o�w�e�v�e�r�,� �p�a�s�t�u�r�e�s� �w�i�t�h� �a� �f�a�v�o�r�a�b�l�e� 

�m�i�d�g�r�a�s�s� �a�n�d� �s�h�o�r�t�g�r�a�s�s� �s�p�e�c�i�e�s� �c�o�m�p�o�s�i�t�i�o�n� �d�i�d� �n�o�t� �s�h�o�w� �m�a�j�o�r� �f�l�u�c�t�u�a�t�i�o�n�s� �i�n� �i�n�f�i�l�t�r�a�t�i�o�n� 

�r�a�t�e�.� 

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �2�2



�S�i�m�i�l�a�r� �t�o� �t�h�e� �r�e�c�o�v�e�r�y� �m�e�c�h�a�n�i�s�m� �i�n� �t�h�e� �G�r�a�z�i�n�g� �I�m�p�a�c�t� �M�o�d�e�l� �(�G�i�f�f�o�r�d� �a�n�d� �H�a�w�k�i�n�s�,� 

�1�9�7�9�)�,� �i�t� �h�a�s� �b�e�e�n� �i�n�f�e�r�r�e�d� �t�h�a�t� �g�r�a�z�i�n�g� �m�e�t�h�o�d�s� �s�u�c�h� �a�s� �d�e�f�e�r�r�e�d�,� �g�r�a�z�e�d� �a�n�d� �r�e�s�t�e�d� �r�o�t�a�t�i�o�n�,� 

�a�s� �w�e�l�l� �a�s� �H�I�L�F�,� �p�r�o�v�i�d�e� �m�e�c�h�a�n�i�s�m�s� �f�o�r� �h�y�d�r�o�l�o�g�i�c� �r�e�c�o�v�e�r�y�.� �T�h�e�s�e� �m�a�y� �i�n�v�o�l�v�e� �s�o�i�l� 

�r�e�c�o�v�e�r�y� �i�n� �t�e�r�m�s� �o�f� �"�i�m�p�r�o�v�e�m�e�n�t�s�"� �i�n� �i�n�f�i�l�t�r�a�t�i�o�n� �a�n�d� �a� �m�o�r�e� �b�e�n�e�f�i�c�i�a�l� �s�w�a�r�d�.� 

�S�o�i�l� �r�e�c�o�v�e�r�y�,� �i�n� �t�e�r�m�s� �o�f� �i�n�c�r�e�a�s�e�d� �i�n�f�i�l�t�r�a�t�i�o�n� �r�a�t�e�,� �o�c�c�u�r�s� �d�u�e� �t�o� �t�h�e� �d�e�c�r�e�a�s�e�d� �n�u�m�b�e�r� �o�f� 

�d�a�y�s� �i�n� �w�h�i�c�h� �a� �h�e�r�d� �w�o�u�l�d� �b�e� �i�m�p�a�c�t�i�n�g� �a� �s�i�n�g�l�e� �p�a�s�t�u�r�e�.� �T�h�i�s� �r�e�s�u�l�t�s� �f�r�o�m� �t�h�e� �m�o�v�e�m�e�n�t� 

�o�f� �c�a�t�t�l�e� �b�e�t�w�e�e�n� �p�a�d�d�o�c�k�s� �i�n� �o�r�d�e�r� �t�o� �a�c�h�i�e�v�e� �a� �c�e�r�t�a�i�n� �a�g�r�o�n�o�m�i�c�,� �p�r�o�d�u�c�t�i�o�n� �o�r� 

�c�o�n�s�e�r�v�a�t�i�o�n� �g�o�a�l�(�s�)�.� �S�e�c�o�n�d�l�y�,� �t�h�e� �s�e�a�s�o�n�a�l� �c�y�c�l�i�n�g� �o�f� �r�e�g�r�o�w�t�h� �o�f� �v�e�g�e�t�a�t�i�o�n� �(�S�i�m�s� �e�t� �a�l�.� 

�1�9�8�2�,� �T�h�u�r�o�w� �e�t� �a�l�.� �1�9�8�8�)� �i�n� �a� �r�o�t�a�t�i�o�n�a�l�l�y� �g�r�a�z�e�d� �s�w�a�r�d� �h�a�s� �b�e�e�n� �s�u�g�g�e�s�t�e�d� �t�o� �b�e� �a� �m�a�j�o�r� 

�f�a�c�t�o�r� �d�e�m�o�n�s�t�r�a�t�i�n�g� �a� �m�o�r�e� �f�a�v�o�r�a�b�l�e� �h�y�d�r�o�l�o�g�i�c� �r�e�s�p�o�n�s�e� �t�h�a�n� �o�t�h�e�r� �g�r�a�z�i�n�g� �m�e�t�h�o�d�s�.� 

�S�e�a�s�o�n�a�l� �r�e�g�r�o�w�t�h� �o�f� �v�e�g�e�t�a�t�i�o�n� �w�i�l�l� �f�o�s�t�e�r� �v�e�g�e�t�a�t�i�v�e� �r�e�g�r�o�w�t�h�,� �r�e�s�u�l�t�i�n�g� �i�n� �i�n�c�r�e�a�s�e�d� �s�o�i�l� 

�c�o�v�e�r� �a�n�d� �w�i�l�l� �b�r�e�a�k� �u�p� �t�h�e� �s�o�i�l� �t�h�r�o�u�g�h� �r�o�o�t� �g�r�o�w�t�h� �a�n�d� �t�i�l�l�e�r�i�n�g�.� �T�h�e� �s�e�a�s�o�n�a�l� �r�e�g�r�o�w�t�h� �o�f� 

�t�h�e� �s�w�a�r�d� �w�i�l�l� �r�e�s�u�l�t� �i�n� �t�h�e� �i�n�c�r�e�a�s�e�d� �r�e�t�e�n�t�i�o�n� �a�n�d� �p�r�o�d�u�c�t�i�o�n� �o�f� �m�u�l�c�h�,� �a�s� �c�o�m�p�a�r�e�d� �t�o� 

�c�o�n�t�i�n�u�o�u�s� �s�y�s�t�e�m�s� �(�T�h�u�r�o�w� �e�t� �a�l�.�,� �(�1�9�8�8�)�.� �T�h�e� �s�y�n�e�r�g�e�t�i�c� �e�f�f�e�c�t� �o�f� �r�o�t�a�t�i�n�g� �g�r�a�z�i�n�g� 

�l�i�v�e�s�t�o�c�k� �i�n� �t�e�r�m�s� �o�f� �r�e�s�t� �a�n�d� �r�e�c�o�v�e�r�y�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �a�l�l�o�w�a�n�c�e� �f�o�r� �t�h�e� �r�e�g�r�o�w�t�h� �o�f� 

�v�e�g�e�t�a�t�i�o�n� �d�u�r�i�n�g� �t�h�e� �g�r�a�z�i�n�g�,� �h�a�s� �b�e�e�n� �d�e�m�o�n�s�t�r�a�t�e�d� �t�o� �s�h�o�w� �h�i�g�h�e�r� �i�n�f�i�l�t�r�a�t�i�o�n� �r�a�t�e�s� �t�h�a�n� 

�c�o�m�p�a�r�a�b�l�e� �c�o�n�t�i�n�u�o�u�s�l�y� �g�r�a�z�e�d� �s�y�s�t�e�m�s� �(�M�c�G�i�n�t�y� �e�t� �a�l�.� �(�1�9�7�8�)�;� �W�o�o�d� �a�n�d� �B�l�a�c�k�b�u�r�n� 

�(�1�9�8�1�)�;� �a�n�d� �T�h�u�r�o�w� �e�t� �a�l�.� �(�1�9�8�8�)�)�.� 
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�H�o�w�e�v�e�r�,� �a�l�l� �r�o�t�a�t�i�o�n�a�l� �g�r�a�z�i�n�g� �s�y�s�t�e�m�s� �m�a�y� �n�o�t� �d�e�m�o�n�s�t�r�a�t�e� �f�a�v�o�r�a�b�l�e� �h�y�d�r�o�l�o�g�i�c� �c�o�n�d�i�t�i�o�n�s�.� 

�T�h�u�r�o�w� �e�t� �a�l�.� �(�1�9�8�8�)� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �h�e�a�v�y� �s�t�o�c�k�i�n�g� �r�a�t�e�s� �a�n�d� �c�l�i�m�a�t�e�,� �r�a�t�h�e�r� �t�h�a�n� �g�r�a�z�i�n�g� 

�m�e�t�h�o�d�,� �w�e�r�e� �t�h�e� �m�a�j�o�r� �f�a�c�t�o�r�s� �a�f�f�e�c�t�i�n�g� �h�y�d�r�o�l�o�g�i�c� �r�e�s�p�o�n�s�e�.� �H�e�a�v�i�l�y� �s�t�o�c�k�e�d� �S�D�G� �a�n�d� 

�H�C�G� �m�e�t�h�o�d�s� �m�a�y� �i�n�c�r�e�a�s�e� �f�o�r�a�g�e� �u�t�i�l�i�z�a�t�i�o�n� �(�T�h�u�r�o�w� �e�t� �a�l�.�,� �1�9�8�8� �o�n� �R�a�l�p�h�,� �1�9�8�3�)�,� �b�u�t� �w�e�r�e� 

�f�o�u�n�d� �n�o�t� �t�o� �b�e� �w�e�l�l� �s�u�i�t�e�d� �f�o�r� �l�o�n�g� �t�e�r�m� �r�a�n�g�e� �s�o�i�l� �a�n�d� �w�a�t�e�r� �c�o�n�s�e�r�v�a�t�i�o�n�.� �T�h�e� �m�o�d�e�r�a�t�e�l�y� 

�s�t�o�c�k�e�d� �H�I�L�F� �a�n�d� �M�C�G� �m�e�t�h�o�d�s� �a�p�p�e�a�r�e�d� �t�o� �b�e� �m�o�r�e� �a�p�p�r�o�p�r�i�a�t�e� �f�o�r� �c�o�n�s�e�r�v�a�t�i�o�n� �o�f� �l�o�n�g�-� 

�t�e�r�m� �h�y�d�r�o�l�o�g�i�c� �c�o�n�d�i�t�i�o�n�s� �(�T�h�u�r�o�w� �e�t� �a�l�.� �(�1�9�8�8�)�)�.� 

�S�t�r�e�a�m� �B�a�n�k� �S�t�a�b�i�l�i�z�a�t�i�o�n� �a�n�d� �E�r�o�s�i�o�n� 

�T�h�e� �e�x�t�e�n�t� �o�f� �c�a�t�t�l�e� �i�m�p�a�c�t� �o�n� �s�t�r�e�a�m� �b�a�n�k� �i�n�t�e�g�r�i�t�y� �a�n�d� �e�r�o�s�i�o�n� �i�s� �a� �s�u�b�j�e�c�t� �o�f� �d�e�b�a�t�e� �a�m�o�n�g� 

�r�e�s�e�a�r�c�h�e�r�s�.� �H�o�w�e�v�e�r�,� �t�h�e�r�e� �i�s� �l�i�t�t�l�e� �d�e�b�a�t�e� �o�v�e�r� �t�h�e� �d�e�s�t�r�u�c�t�i�v�e� �p�o�t�e�n�t�i�a�l� �o�f� �g�r�a�z�i�n�g� �c�a�t�t�l�e�.� 

�C�a�t�t�l�e� �s�l�o�u�g�h� �o�f�f� �s�t�r�e�a�m� �b�a�n�k�s� �w�h�e�n� �t�h�e�y� �g�o� �t�o� �d�r�i�n�k� �w�a�t�e�r� �o�r� �c�r�o�s�s� �s�t�r�e�a�m�s�.� �R�i�p�a�r�i�a�n� 

�v�e�g�e�t�a�t�i�o�n� �a�r�e� �g�r�a�z�e�d� �a�n�d� �t�h�u�s� �d�e�c�r�e�a�s�e� �v�e�g�e�t�a�t�i�v�e� �c�o�v�e�r� �o�r� �b�e�c�o�m�e� �d�i�s�t�u�r�b�e�d�.� �S�o�i�l� �i�s� �e�i�t�h�e�r� 

�s�l�i�d� �i�n�t�o� �t�h�e� �s�t�r�e�a�m� �b�y� �p�a�s�s�i�n�g� �c�a�t�t�l�e� �o�r� �i�s� �d�i�s�l�o�d�g�e�d� �t�o� �t�h�e� �p�o�i�n�t� �w�h�e�r�e� �i�t� �c�o�u�l�d� �b�e� �c�a�r�r�i�e�d� 

�d�o�w�n�s�t�r�e�a�m� �b�y� �r�u�n�o�f�f�.� 

�T�h�e� �e�f�f�e�c�t� �o�f� �c�a�t�t�l�e� �w�i�t�h�i�n� �d�i�f�f�e�r�e�n�t� �g�r�a�z�i�n�g� �s�y�s�t�e�m�s� �w�a�s� �i�n�v�e�s�t�i�g�a�t�e�d� �b�y� �B�u�c�k�h�o�u�s�e� �e�t� �a�l�.� 

�(�1�9�8�1�)� �a�t� �t�h�e� �S�t�a�r�k�e�y� �E�x�p�e�r�i�m�e�n�t� �S�t�a�t�i�o�n� �i�n� �n�o�r�t�h�e�a�s�t� �O�r�e�g�o�n�.� �N�i�n�e�t�e�e�n� �g�r�a�z�i�n�g� �t�r�e�a�t�m�e�n�t�s� 

�w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�v�e�r� �a� �p�e�r�i�o�d� �o�f� �t�h�r�e�e� �y�e�a�r�s�,� �r�e�p�r�e�s�e�n�t�i�n�g� �s�e�a�s�o�n�-�l�o�n�g�,� �d�e�f�e�r�r�e�d�-�r�o�t�a�t�i�o�n�,� �r�e�s�t� 
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�r�o�t�a�t�i�o�n� �a�n�d� �n�o� �g�r�a�z�i�n�g�.� �E�a�c�h� �s�y�s�t�e�m� �w�a�s� �s�t�o�c�k�e�d� �a�t� �a� �r�a�t�e� �o�f� �3�.�2� �h�a� �p�e�r� �a�n�i�m�a�l� �u�n�i�t� �m�o�n�t�h� 

�(�A�U�M�)�.� �B�u�c�k�h�o�u�s�e� �e�t� �a�l�.� �(�1�9�8�1�)� �f�o�u�n�d� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �p�a�t�t�e�r�n� �o�f� �a�c�c�e�l�e�r�a�t�e�d� �s�t�r�e�a�m� �b�a�n�k� 

�d�e�t�e�r�i�o�r�a�t�i�o�n� �d�u�e� �t�o� �t�h�e� �m�o�d�e�r�a�t�e� �l�i�v�e�s�t�o�c�k� �s�t�o�c�k�i�n�g�.� �I�n� �1�9�7�6� �a�n�d� �1�9�7�7� �g�r�a�z�i�n�g� �t�r�e�a�t�m�e�n�t�s� 

�s�h�o�w�e�d� �a� �m�e�a�n� �a�n�n�u�a�l� �s�t�r�e�a�m� �b�a�n�k� �l�o�s�s� �o�f� �1�6� �a�n�d� �1�4� �c�m� �a�n�d� �t�h�e� �u�n�g�r�a�z�e�d� �(�c�o�n�t�r�o�l�)� 

�t�r�e�a�t�m�e�n�t�s� �s�h�o�w�e�d� �1�1� �a�n�d� �8� �c�m� �o�f� �l�o�s�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �E�v�e�n� �t�h�o�u�g�h� �t�h�e� �g�r�a�z�e�d� �t�r�e�a�t�m�e�n�t�s� �o�n� 

�b�o�t�h� �y�e�a�r�s� �s�h�o�w�e�d� �h�i�g�h�e�r� �m�e�a�n� �a�n�n�u�a�l� �e�r�o�s�i�o�n� �l�o�s�s�e�s�,� �t�h�e�y� �w�e�r�e� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� 

�f�r�o�m� �t�h�e� �c�o�n�t�r�o�l� �(�a�t� �p�<�0�.�1�0�)�.� �B�u�c�k�h�o�u�s�e� �e�t� �a�l�.� �(�1�9�8�1�)� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �m�o�s�t� �b�a�n�k� �c�u�t�t�i�n�g� 

�l�o�s�s�e�s� �w�e�r�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �o�v�e�r�-�w�i�n�t�e�r�i�n�g� �p�e�r�i�o�d�s� �w�h�e�n� �h�i�g�h� �w�a�t�e�r�,� �i�c�e� �f�l�o�w� �a�n�d� �c�h�a�n�n�e�l� 

�p�h�y�s�i�o�g�n�o�m�y� �w�e�r�e� �c�r�i�t�i�c�a�l�.� 

�H�a�y�e�s�'� �(�1�9�7�8�)� �c�o�n�c�l�u�s�i�o�n�s� �f�r�o�m� �a� �s�t�u�d�y� �c�o�n�d�u�c�t�e�d� �i�n� �c�e�n�t�r�a�l� �I�d�a�h�o� �e�n�d�o�r�s�e�s� �t�h�e� �f�i�n�d�i�n�g�s� �o�f� 

�B�u�c�k�h�o�u�s�e� �e�t� �a�l�.� �(�1�9�8�1�)�.� �H�a�y�e�s� �f�o�u�n�d� �t�h�a�t� �r�e�s�t� �r�o�t�a�t�i�o�n�a�l� �g�r�a�z�i�n�g� �d�i�d� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� 

�a�c�c�e�l�e�r�a�t�e� �c�h�a�n�n�e�l� �m�o�v�e�m�e�n�t�.� �T�h�e� �s�t�u�d�y� �a�l�s�o� �f�o�u�n�d� �t�h�a�t� �t�h�e� �d�e�g�r�a�d�a�t�i�o�n� �d�u�r�i�n�g� �s�p�r�i�n�g� 

�d�i�s�c�h�a�r�g�e�,� �a�l�o�n�g� �u�n�g�r�a�z�e�d� �s�t�r�e�a�m� �b�a�n�k�s�,� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�e� �d�e�g�r�a�d�a�t�i�o�n� 

�o�c�c�u�r�r�i�n�g� �a�l�o�n�g� �g�r�a�z�e�d� �s�t�r�e�a�m� �b�a�n�k�s� �(�H�a�y�e�s�,� �1�9�7�8�)�.� �B�o�t�h� �o�f� �t�h�e� �s�t�u�d�i�e�s� �c�o�n�d�u�c�t�e�d� �b�y� 

�B�u�c�k�h�o�u�s�e� �e�t� �a�l�.� �(�1�9�8�1�)� �a�n�d� �H�a�y�e�s� �(�1�9�7�8�)� �s�u�g�g�e�s�t� �t�h�a�t� �c�e�r�t�a�i�n� �h�i�g�h�l�y� �h�y�d�r�o�l�o�g�i�c�a�l�l�y� 

�s�i�g�n�i�f�i�c�a�n�t� �e�v�e�n�t�s� �m�a�y� �m�a�s�k� �t�h�e� �i�m�p�a�c�t� �w�h�i�c�h� �c�a�t�t�l�e� �m�a�y�,� �o�r� �m�a�y� �n�o�t�,� �b�e� �i�n�d�u�c�i�n�g� �u�p�o�n� �a� 

�s�t�r�e�a�m�.� �I�n� �t�h�e� �c�a�s�e� �o�f� �t�h�e� �s�t�u�d�y� �i�n� �I�d�a�h�o�,� �e�r�o�s�i�o�n�a�l� �l�o�s�s�e�s� �w�e�r�e� �f�o�u�n�d� �t�o� �b�e� �g�r�e�a�t�e�r� �i�n� 

�u�n�g�r�a�z�e�d� �t�r�e�a�t�m�e�n�t�s� �t�h�a�n� �i�n� �g�r�a�z�e�d� �t�r�e�a�t�m�e�n�t�s�.� 
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�K�a�u�f�f�m�a�n� �e�t� �a�l�.� �(�1�9�8�3�)� �s�t�u�d�y� �o�n� �a� �3�-�k�m� �s�e�c�t�i�o�n� �o�f� �C�a�t�h�e�r�i�n�e� �C�r�e�e�k�,� �a�l�s�o� �i�n� �n�o�r�t�h�e�a�s�t�e�r�n� 

�O�r�e�g�o�n�,� �d�i�d� �n�o�t� �s�u�p�p�o�r�t� �t�h�e� �r�e�s�u�l�t�s� �p�r�e�s�e�n�t�e�d� �b�y� �B�u�c�k�h�o�u�s�e� �e�t� �a�l�.� �(�1�9�8�1�)� �a�n�d� �H�a�y�e�s� �(�1�9�7�8�)�.� 

�A� �l�a�t�e� �s�e�a�s�o�n� �l�i�v�e�s�t�o�c�k� �g�r�a�z�i�n�g� �s�y�s�t�e�m� �w�a�s� �s�t�o�c�k�e�d� �a�t� �a� �r�a�t�e� �o�f� �1�.�3�-�1�.�7� �h�a�/�A�U�M�.� �P�r�i�o�r� �t�o� �t�h�e� 

�c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �e�x�c�l�o�s�u�r�e�s�,� �t�h�e�r�e� �w�e�r�e� �5�,�4�7�3� �m� �o�f� �s�t�r�e�a�m� �b�a�n�k� �o�n� �t�h�e� �s�t�u�d�y� �a�r�e�a� �a�n�d� �3�,�4�9�2� 

�m� �w�e�r�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �a�c�c�e�s�s�i�b�l�e� �b�y� �l�i�v�e�s�t�o�c�k� �(�i�.�e�.� �t�h�e�r�e� �w�e�r�e� �n�o� �s�t�e�e�p� �c�l�i�f�f�s�,� �o�l�d� �f�e�n�c�e�s� �o�r� 

�d�e�n�s�e� �v�e�g�e�t�a�t�i�o�n�)�.� �S�t�o�c�k�i�n�g� �i�n�t�e�n�s�i�t�y� �b�e�f�o�r�e� �t�h�e� �e�x�c�l�o�s�u�r�e�s� �w�e�r�e� �c�o�n�s�t�r�u�c�t�e�d� �w�a�s� �4�8�-�5�0� �m� 

�o�f� �a�c�c�e�s�s�i�b�l�e� �s�t�r�e�a�m� �b�a�n�k� �(�M�A�S�)� �p�e�r� �a�n�i�m�a�l� �u�n�i�t� �m�o�n�t�h�.� �A�f�t�e�r� �t�h�e� �e�x�c�l�o�s�u�r�e�s� �w�e�r�e� 

�c�o�n�s�t�r�u�c�t�e�d� �1�,�8�0�4� �m� �o�f� �a�c�c�e�s�s�i�b�l�e� �s�t�r�e�a�m� �b�a�n�k� �w�e�r�e� �a�c�c�e�s�s�i�b�l�e� �t�o� �t�h�e� �c�a�t�t�l�e� �w�h�i�c�h� �i�n�c�r�e�a�s�e�d� 

�t�h�e� �s�t�o�c�k�i�n�g� �i�n�t�e�n�s�i�t�y� �t�o� �2�5�-�3�0� �M�A�S�/�A�U�M�.� �K�a�u�f�f�m�a�n� �(�1�9�8�3�)� �a�l�s�o� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �s�u�c�h� 

�s�t�o�c�k�i�n�g� �i�n�t�e�n�s�i�t�i�e�s� �(�M�A�S�/�A�U�M�)�,� �c�a�l�c�u�l�a�t�e�d� �b�y� �t�h�e� �l�e�n�g�t�h� �o�f� �a�c�c�e�s�s�i�b�l�e� �s�t�r�e�a�m� �b�a�n�k�,� �s�h�o�u�l�d� 

�b�e� �u�s�e�d� �r�a�t�h�e�r� �t�h�a�n� �t�r�a�d�i�t�i�o�n�a�l� �s�t�o�c�k�i�n�g� �r�a�t�e�s� �i�n� �d�e�s�c�r�i�b�i�n�g� �t�h�e� �c�a�t�t�l�e�-�s�t�r�e�a�m� �u�s�e� �p�o�t�e�n�t�i�a�l� �f�o�r� 

�a� �p�a�s�t�u�r�e�.� 

�K�a�u�f�f�m�a�n� �e�t� �a�l�.� �(�1�9�8�3�)� �f�o�u�n�d� �t�h�a�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� �s�t�r�e�a�m� �b�a�n�k� �e�r�o�s�i�o�n� �a�n�d� �d�i�s�t�u�r�b�a�n�c�e� 

�o�c�c�u�r�r�e�d� �i�n� �g�r�a�z�e�d� �a�r�e�a�s� �t�h�a�n� �i�n� �e�x�c�l�u�d�e�d� �(�f�e�n�c�e�d�)� �a�r�e�a�s� �d�u�r�i�n�g� �t�h�e� �1�9�7�8� �a�n�d� �1�9�7�9� �g�r�a�z�i�n�g� 

�p�e�r�i�o�d�s�.� �T�h�e� �s�t�o�c�k�i�n�g� �r�a�t�e� �o�f� �1�.�3�-�1�.�7� �h�a�/�A�U�M� �w�a�s� �f�o�u�n�d� �b�y� �K�a�u�f�f�m�a�n� �(�1�9�8�2�)� �t�o� �h�a�v�e� �l�i�t�t�l�e� 

�e�f�f�e�c�t� �o�n� �r�i�p�a�r�i�a�n� �v�e�g�e�t�a�t�i�o�n�.� �H�o�w�e�v�e�r�,� �g�r�a�z�i�n�g� �i�n�t�e�n�s�i�t�i�e�s� �o�f� �2�3�-�3�0� �M�A�S�/�A�U�M� �s�h�o�w�e�d� �t�o� 

�h�a�v�e� �a� �s�i�g�n�i�f�i�c�a�n�t� �i�m�p�a�c�t� �o�n� �s�t�r�e�a�m� �b�a�n�k� �e�r�o�s�i�o�n�.� �T�h�e�s�e� �f�i�n�d�i�n�g�s� �i�l�l�u�s�t�r�a�t�e�d� �a� �g�r�e�a�t�e�r� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �h�a�z�a�r�d� �f�o�r� �C�a�t�h�e�r�i�n�e� �C�r�e�e�k� �t�h�a�n� �B�u�c�k�h�o�u�s�e� �e�t� �a�l�.� �(�1�9�8�1�)� �o�r� �H�a�y�e�s� �(�1�9�7�8�)� 

�f�o�u�n�d� �w�i�t�h� �s�i�m�i�l�a�r� �l�i�g�h�t� �t�o� �m�o�d�e�r�a�t�e� �s�t�o�c�k�i�n�g� �r�a�t�e�s� �(�K�a�u�f�f�m�a�n�,� �1�9�8�3�)�.� �K�a�u�f�f�m�a�n� �(�1�9�8�3�)� 

�c�o�n�c�l�u�d�e�d� �t�h�a�t� �i�t� �i�s� �l�i�k�e�l�y� �t�h�a�t� �s�o�m�e� �s�t�r�e�a�m�s� �a�r�e� �m�o�r�e� �s�u�s�c�e�p�t�i�b�l�e� �t�o� �d�i�s�t�u�r�b�a�n�c�e� �t�h�a�n� �o�t�h�e�r�s�.� 

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �2�6



�T�r�i�m�b�l�e� �(�1�9�9�4�)� �s�e�p�a�r�a�t�e�d� �t�h�e� �e�r�o�s�i�o�n� �e�f�f�e�c�t�s� �d�u�e� �t�o� �m�e�c�h�a�n�i�c�a�l� �t�r�a�m�p�l�i�n�g� �d�a�m�a�g�e� �a�n�d� �s�t�r�e�a�m� 

�b�a�n�k� �s�c�o�u�r� �(�d�e�s�c�r�i�b�e�d� �a�s� �t�h�e� �h�y�d�r�o�l�o�g�i�c� �s�c�o�u�r� �o�n� �v�e�r�t�i�c�a�l� �b�a�n�k� �s�i�d�e�s�)�.� �H�e� �f�o�u�n�d� �t�h�a�t� �g�r�a�z�e�d� 

�s�t�r�e�a�m� �b�a�n�k�s�,� �m�a�i�n�l�y� �c�a�t�t�l�e� �g�a�i�n�i�n�g� �a�c�c�e�s�s� �t�o� �t�h�e� �s�t�r�e�a�m� �a�t� �r�e�g�u�l�a�r� �p�o�i�n�t�s� �(�r�a�m�p�s�)� �o�r� �a�t� 

�s�p�o�r�a�d�i�c� �l�o�c�a�t�i�o�n�s�,� �a�p�p�e�a�r�e�d� �t�o� �e�r�o�d�e� �a�b�o�u�t� �t�h�r�e�e� �t�o� �s�i�x� �t�i�m�e�s� �f�a�s�t�e�r� �t�h�a�n� �u�n�g�r�a�z�e�d� �s�t�r�e�a�m� 

�b�a�n�k�s�,� �o�v�e�r� �t�h�e� �5�.�8� �y�e�a�r� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d�.� �T�h�e� �e�r�o�s�i�o�n� �r�a�t�e� �o�f� �t�h�e� �g�r�a�z�e�d�,� �a�s� �c�o�m�p�a�r�e�d� �t�o� 

�t�h�e� �u�n�g�r�a�z�e�d� �s�t�r�e�a�m� �b�a�n�k�s� �i�s� �a�b�o�u�t� �0�.�0�4� �m ��/�y�r�.� �T�r�i�m�b�l�e� �(�1�9�9�4�)� �n�o�t�e�d� �t�h�a�t� �w�h�i�l�e� �s�o�m�e� �o�f� �t�h�i�s� 

�m�a�t�e�r�i�a�l� �w�i�l�l� �b�e� �d�e�p�o�s�i�t�e�d� �o�n� �d�o�w�n�s�t�r�e�a�m� �f�l�o�o�d�p�l�a�i�n�s� �o�r� �a�i�d� �i�n� �r�e�b�u�i�l�d�i�n�g� �d�o�w�n�s�t�r�e�a�m� �b�a�n�k�s�,� 

�m�u�c�h� �w�o�u�l�d� �a�d�d� �t�o� �d�o�w�n�s�t�r�e�a�m� �s�e�d�i�m�e�n�t� �y�i�e�l�d�.� 

�A�r�e�a�s� �c�o�n�t�i�n�u�a�l�l�y� �u�s�e�d� �b�y� �c�a�t�t�l�e� �f�o�r� �s�t�r�e�a�m� �a�c�c�e�s�s� �w�e�r�e� �s�h�o�w�n� �b�y� �T�r�i�m�b�l�e� �(�1�9�9�4�)� �t�o� �b�e� 

�s�u�s�c�e�p�t�i�b�l�e� �t�o� �f�u�r�t�h�e�r� �e�r�o�s�i�o�n� �d�u�r�i�n�g� �h�i�g�h� �d�i�s�c�h�a�r�g�e�s�.� �E�x�c�l�u�s�i�o�n� �o�f� �c�a�t�t�l�e� �f�r�o�m� �t�h�e�s�e� �a�r�e�a�s� 

�w�o�u�l�d� �a�l�l�o�w� �s�m�a�l�l�e�r� �c�h�a�n�n�e�l�-�f�o�r�m�i�n�g� �d�i�s�c�h�a�r�g�e�s� �t�o� �p�a�r�t�i�a�l�l�y� �r�e�p�l�a�c�e� �m�a�t�e�r�i�a�l� �p�r�e�v�i�o�u�s�l�y� �l�o�s�t�.� 

�T�h�i�s� �r�e�c�o�v�e�r�y� �p�r�o�c�e�s�s� �w�o�u�l�d� �b�e� �e�s�p�e�c�i�a�l�l�y� �a�i�d�e�d� �b�y� �t�h�e� �e�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� �h�e�r�b�a�c�e�o�u�s� �c�o�v�e�r� �i�n� 

�t�h�e� �r�a�m�p�s�.� �A�l�t�h�o�u�g�h� �e�r�o�s�i�o�n� �f�r�o�m� �c�a�t�t�l�e� �a�c�c�e�s�s� �t�o� �c�r�e�e�k�s� �a�t� �r�a�m�p�s� �w�a�s� �s�h�o�w�n� �t�o� �i�n�c�r�e�a�s�e�,� 

�e�r�o�s�i�o�n� �d�u�e� �t�o� �s�t�r�e�a�m� �b�a�n�k� �s�c�o�u�r� �d�i�d� �n�o�t� �a�p�p�e�a�r� �t�o� �b�e� �r�e�d�u�c�e�d� �w�h�e�n� �c�a�t�t�l�e� �w�e�r�e� �e�x�c�l�u�d�e�d�.� 

�A�l�o�n�g� �a�n� �u�n�g�r�a�z�e�d� �s�e�c�t�i�o�n� �o�f� �t�h�e� �s�t�r�e�a�m�,� �s�t�r�e�a�m� �b�a�n�k� �e�r�o�s�i�o�n� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� 

�g�r�e�a�t�e�r� �t�h�a�n� �g�r�a�z�e�d� �s�e�c�t�i�o�n�s�.� �I�t� �w�a�s� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� �t�h�e� �a�d�d�i�t�i�o�n�a�l� �w�o�o�d�y� �v�e�g�e�t�a�t�i�o�n� �o�f� �t�h�e� 

�u�n�g�r�a�z�e�d� �s�e�c�t�i�o�n� �i�n�d�u�c�e�d� �m�o�r�e� �t�u�r�b�u�l�e�n�c�e� �n�e�a�r� �t�h�e� �b�a�n�k�,� �c�a�u�s�i�n�g� �m�o�r�e� �e�r�o�s�i�o�n�.� �C�o�n�v�e�r�s�e�l�y�,� 

�i�n� �s�m�a�l�l�e�r� �e�v�e�n�t�s�,� �t�h�e� �v�e�g�e�t�a�t�i�o�n� �m�a�y� �c�r�e�a�t�e� �a� �m�o�r�e� �q�u�i�e�s�c�e�n�t� �l�o�c�a�l� �c�o�m�m�u�n�i�t�y�,� �t�h�e�r�e�b�y� 

�p�r�o�t�e�c�t�i�n�g� �t�h�e� �b�a�n�k�s� �(�T�r�i�m�b�l�e�,� �1�9�9�4�)�.� 
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�T�r�i�m�b�l�e�'�s� �m�e�t�h�o�d� �(�T�r�i�m�b�l�e�,� �1�9�9�4�)� �o�f� �d�i�f�f�e�r�e�n�t�i�a�t�i�n�g� �b�e�t�w�e�e�n� �e�r�o�s�i�o�n� �t�y�p�e�s� �w�a�s� �n�o�t� �p�o�i�n�t�e�d� 

�o�u�t� �i�n� �a�n�y� �o�f� �t�h�e� �s�t�u�d�i�e�s� �c�o�n�d�u�c�t�e�d� �b�y� �B�u�c�k�h�o�u�s�e� �e�t� �a�l� �(�1�9�8�1�)�,� �K�a�u�f�f�m�a�n� �e�t� �a�l� �(�1�9�8�3�)�,� �o�r� 

�H�a�y�e�s� �(�1�9�7�8�)�.� �T�h�i�s� �d�i�f�f�e�r�e�n�c�e� �i�n� �d�e�s�c�r�i�b�i�n�g� �t�h�e� �t�y�p�e� �o�f� �e�r�o�s�i�o�n� �m�a�y� �c�o�r�r�e�l�a�t�e� �t�o� �t�h�e� 

�d�i�f�f�e�r�e�n�c�e� �i�n� �c�o�n�c�l�u�s�i�o�n�s� �p�r�e�s�e�n�t�e�d� �b�y� �B�u�c�k�h�o�u�s�e� �e�t� �a�l�.�(�1�9�8�1�)�,� �H�a�y�e�s� �(�1�9�7�8�)� �a�n�d� �K�a�u�f�f�m�a�n� 

�(�1�9�8�3�)�.� 

�M�a�r�l�o�w� �e�t� �a�l�.� �(�1�9�8�5�)� �f�o�u�n�d� �t�h�a�t� �c�a�t�t�l�e� �u�s�e� �a�l�o�n�e� �d�i�d� �n�o�t� �e�x�p�l�a�i�n� �t�h�e� �d�e�g�r�e�e� �o�f� �c�h�a�n�g�e� �i�n� 

�c�h�a�n�n�e�l� �p�r�o�f�i�l�e�.� �T�h�e�y� �e�x�a�m�i�n�e�d� �w�h�y� �s�o�m�e� �s�t�r�e�a�m�s� �w�e�r�e� �m�o�r�e� �s�u�s�c�e�p�t�i�b�l�e� �t�o� �b�a�n�k� �d�i�s�t�u�r�b�a�n�c�e� 

�a�s� �K�a�u�f�f�m�a�n� �(�1�8�9�3�)� �c�o�n�c�l�u�d�e�d�.� �M�a�r�l�o�w� �e�t� �a�l�.� �(�1�9�8�5�)� �f�o�u�n�d� �t�h�a�t� �a�s� �s�o�i�l� �m�o�i�s�t�u�r�e� �d�e�c�r�e�a�s�e�d�,� 

�c�h�a�n�n�e�l� �a�l�t�e�r�a�t�i�o�n� �(�e�r�o�s�i�o�n�)� �a�l�s�o� �d�e�c�r�e�a�s�e�d�.� �I�t� �w�a�s� �f�o�u�n�d� �e�a�r�l�i�e�r� �t�h�a�t� �t�h�e� �g�r�e�a�t�e�s�t� �a�m�o�u�n�t� �o�f� 

�b�a�n�k� �a�l�t�e�r�a�t�i�o�n� �o�c�c�u�r�s� �w�h�e�n� �t�h�e� �s�o�i�l� �m�o�i�s�t�u�r�e� �c�o�n�t�e�n�t� �e�x�c�e�e�d�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�0�%� �o�f� �t�o�t�a�l� 

�v�o�l�u�m�e�.� �T�h�e�i�r� �s�t�u�d�i�e�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �i�n�c�r�e�a�s�e�d� �s�t�r�e�a�m� �b�a�n�k� �e�r�o�s�i�o�n� �b�y� �h�i�g�h� �f�l�o�w�s� �o�c�c�u�r�s� 

�w�h�e�n� �b�a�n�k� �s�o�i�l� �m�o�i�s�t�u�r�e� �i�s� �h�i�g�h�.� �A�l�s�o�,� �t�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �h�i�g�h� �f�l�o�w�,� �m�o�i�s�t� �s�t�r�e�a�m� �b�a�n�k�s�,� �a�n�d� 

�c�a�t�t�l�e� �u�s�e� �l�e�a�d�s� �t�o� �m�a�j�o�r� �s�t�r�e�a�m� �a�l�t�e�r�a�t�i�o�n�.� 

�B�e�c�a�u�s�e� �o�f� �t�h�e� �g�r�a�z�i�n�g� �s�u�s�c�e�p�t�i�b�i�l�i�t�y� �o�f� �m�o�i�s�t� �s�t�r�e�a�m� �b�a�n�k�s�,� �M�a�r�l�o�w� �a�n�d� �P�o�g�a�c�n�i�k� �(�1�9�8�7�)� 

�s�t�a�t�e�d� �t�h�a�t� �t�h�e� �r�e�d�u�c�t�i�o�n� �i�n� �c�a�t�t�l�e� �n�u�m�b�e�r�s� �w�i�l�l� �p�r�o�d�u�c�e� �l�i�t�t�l�e� �r�i�p�a�r�i�a�n� �m�a�n�a�g�e�m�e�n�t�.� �F�e�w�e�r� 

�c�a�t�t�l�e� �w�i�l�l� �s�i�m�p�l�y� �r�e�s�t�r�i�c�t� �b�a�n�k� �d�a�m�a�g�e� �t�o� �l�o�c�a�l�i�z�e�d� �s�p�o�t�s� �i�n� �t�h�e� �p�a�s�t�u�r�e�.� �T�h�e�s�e� �d�a�m�a�g�e�d� 

�a�r�e�a�s�,� �a�l�t�h�o�u�g�h� �i�n�f�r�e�q�u�e�n�t�,� �w�i�l�l� �c�o�n�t�i�n�u�e� �t�o� �c�o�n�t�r�i�b�u�t�e� �t�o� �f�u�r�t�h�e�r� �r�i�p�a�r�i�a�n� �[�a�n�d� �w�a�t�e�r� �q�u�a�l�i�t�y�]� 

�d�e�g�r�a�d�a�t�i�o�n�.� �T�h�e�y� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�i�s� �c�a�n� �b�e� �a�v�o�i�d�e�d� �b�y� �d�e�f�e�r�r�i�n�g� �c�a�t�t�l�e� �u�s�e� �u�n�t�i�l� �a�f�t�e�r� �b�a�n�k�s� 

�h�a�v�e� �d�r�i�e�d� �s�u�f�f�i�c�i�e�n�t�l�y� �t�o� �l�i�m�i�t� �t�r�a�m�p�l�i�n�g� �d�a�m�a�g�e�.� 
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�E�r�o�s�i�o�n� �a�n�d� �N�u�t�r�i�e�n�t� �L�o�s�s�e�s� 

�A�n�a�l�y�s�i�s� �o�f� �w�a�t�e�r� �q�u�a�l�i�t�y� �p�a�r�a�m�e�t�e�r�s� �h�a�s� �b�e�e�n� �c�o�n�d�u�c�t�e�d� �i�n� �s�e�v�e�r�a�l� �s�t�u�d�i�e�s� �t�o� �q�u�a�n�t�i�f�y� �t�h�e� 

�i�m�p�a�c�t� �o�f� �r�a�n�g�e� �c�a�t�t�l�e� �o�n� �s�u�r�f�a�c�e� �w�a�t�e�r� �b�o�d�i�e�s�.� �M�a�n�y� �o�f� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �s�t�u�d�i�e�d� �i�n�c�l�u�d�e�d� �t�o�t�a�l� 

�s�u�s�p�e�n�d�e�d� �s�o�l�i�d�s� �(�T�S�S�)�,� �t�o�t�a�l� �d�i�s�s�o�l�v�e�d� �s�o�l�i�d�s� �(�T�S�D�)�,� �c�h�e�m�i�c�a�l� �o�x�y�g�e�n� �d�e�m�a�n�d� �(�C�O�D�)�,� �t�o�t�a�l� 

�o�r�g�a�n�i�c� �c�a�r�b�o�n� �(�T�O�C�)�,� �a�m�m�o�n�i�a�-�n�i�t�r�o�g�e�n� �(�N�H�4�-�N�)�,� �n�i�t�r�a�t�e�-�n�i�t�r�o�g�e�n� �(�N�O�3�-�N�)�,� �t�o�t�a�l� �K�j�e�l�d�a�h�l� 

�n�i�t�r�o�g�e�n� �(�T�K�N�)�,� �o�r�t�h�o�p�h�o�s�p�h�a�t�e�s� �(�P�O�)�,� �s�o�l�u�b�l�e� �p�h�o�s�p�h�o�r�u�s�,� �t�o�t�a�l� �p�h�o�s�p�h�o�r�u�s� �(�T�P�)�,� �a�n�d� 

�c�h�l�o�r�i�n�e� �(�C�1�)�.� 

�J�o�h�n�s�o�n� �e�t� �a�l�.� �(�1�9�7�8�)� �s�t�u�d�i�e�d� �t�h�e� �i�m�p�a�c�t� �o�f� �7�5� �c�o�w�/�c�a�l�f� �p�a�i�r�s�,� �m�a�n�a�g�e�d� �a�t� �a� �s�t�o�c�k�i�n�g� �r�a�t�e� �o�f� 

�1�.�2� �h�a�/�A�U�M�,� �o�n� �T�r�o�u�t� �C�r�e�e�k� �i�n� �c�e�n�t�r�a�l� �C�o�l�o�r�a�d�o� �f�o�r� �2�1� �d�a�y�s�.� �T�h�e�y� �o�b�s�e�r�v�e�d� �n�o� �s�t�a�t�i�s�t�i�c�a�l�l�y� 

�s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �p�h�y�s�i�c�a�l� �o�r� �c�h�e�m�i�c�a�l� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e� �s�t�r�e�a�m� �w�a�t�e�r� �t�h�a�t� �c�o�u�l�d� �b�e� 

�a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �g�r�a�z�i�n�g� �c�a�t�t�l�e�.� �A�v�e�r�a�g�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �n�i�t�r�a�t�e�-�n�i�t�r�o�g�e�n� �d�u�r�i�n�g� �t�h�e� �p�e�r�i�o�d� 

�o�f� �g�r�a�z�i�n�g� �w�e�r�e� �0�.�3�0� �a�n�d� �0�.�3�6� �m�g�/�L� �i�n� �t�h�e� �u�n�g�r�a�z�e�d� �a�n�d� �g�r�a�z�e�d� �p�a�s�t�u�r�e�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�A�f�t�e�r�w�a�r�d�,� �d�u�r�i�n�g� �a� �p�e�r�i�o�d� �o�f� �n�o� �g�r�a�z�i�n�g�,� �n�i�t�r�a�t�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�v�e�r�a�g�e�d� �0�.�1�3� �m�g�/�L�.� �T�h�e� 

�p�r�e�s�e�n�c�e� �o�f� �c�a�t�t�l�e� �d�i�d� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n�c�r�e�a�s�e� �n�i�t�r�a�t�e� �l�e�v�e�l�s� �(�J�o�h�n�s�o�n� �e�t� �a�l�.�,� �1�9�7�8�)�.� �T�h�e� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �o�r�t�h�o�p�h�o�s�p�h�a�t�e�s�,� �t�o�t�a�l� �s�u�s�p�e�n�d�e�d� �s�o�l�i�d�s� �a�n�d� �t�o�t�a�l� �d�i�s�s�o�l�v�e�d� �s�o�l�i�d�s� �a�l�s�o� �d�i�d� 

�n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �c�a�t�t�l�e� �o�v�e�r� �t�h�e� �2�1�-�d�a�y� �s�t�u�d�y� �p�e�r�i�o�d�.� 
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�G�r�a�y� �e�t� �a�l�.� �(�1�9�8�3�)� �f�o�u�n�d� �n�o� �s�t�a�t�i�s�t�i�c�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �i�n� �T�S�S� �a�n�d� �n�i�t�r�a�t�e�-�n�i�t�r�o�g�e�n� �d�u�e� 

�t�o� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �g�r�a�z�i�n�g� �c�a�t�t�l�e�,� �a�l�s�o� �o�n� �T�r�o�u�t� �C�r�e�e�k�,� �C�o�l�o�r�a�d�o�.� �C�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� 

�a�m�m�o�n�i�a�-�n�i�t�r�o�g�e�n� �u�n�d�e�r� �t�h�e� �m�o�d�e�r�a�t�e�-�g�r�a�z�i�n�g� �c�o�n�d�i�t�i�o�n�s� �w�e�r�e� �f�o�u�n�d� �t�o� �b�e� �s�i�g�n�i�f�i�c�a�n�t� �o�n�l�y� 

�o�n�c�e� �d�u�r�i�n�g� �t�h�e� �t�w�o� �y�e�a�r� �s�t�u�d�y�.� 

�S�c�h�e�p�e�r�s� �a�n�d� �F�r�a�n�c�i�s� �(�1�9�8�2�)� �f�o�u�n�d� �t�h�a�t� �r�u�n�o�f�f� �f�r�o�m� �a� �3�2�.�5�-�h�a� �a�r�e�a� �o�f� �a� �4�0�-�h�a� �p�a�s�t�u�r�e� �i�n� 

�s�o�u�t�h�-�c�e�n�t�r�a�l� �N�e�b�r�a�s�k�a� �h�a�d� �b�e�e�n� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�m�p�a�c�t�e�d� �b�y� �t�h�e� �3�5�-�4�5� �c�o�w�/�c�a�l�f� �p�a�i�r�s�.� �T�h�e� 

�s�t�o�c�k�i�n�g� �r�a�t�e� �a�n�d� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s� �w�e�r�e� �d�e�s�c�r�i�b�e�d� �a�s� �t�y�p�i�c�a�l� �o�f� �a� �c�o�n�t�r�o�l�l�e�d� �r�o�t�a�t�i�o�n�a�l� 

�g�r�a�z�i�n�g� �s�y�s�t�e�m�.� �E�x�c�e�p�t� �f�o�r� �T�K�N� �[�w�h�i�c�h� �d�e�c�r�e�a�s�e�d� �b�y� �1�9�%�]�,� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �N�H�4�-�N�,� �N�O�3�-� 

�N�,� �s�o�l�u�b�l�e� �P�,� �t�o�t�a�l� �P�,� �T�O�C�,� �C�O�D�,� �C�l� �a�n�d� �t�o�t�a�l� �s�o�l�i�d�s� �i�n� �r�u�n�o�f�f� �w�a�t�e�r�s� �f�r�o�m� �p�a�s�t�u�r�e�l�a�n�d� �w�e�r�e� 

�i�n�c�r�e�a�s�e�d� �b�y� �g�r�a�z�i�n�g� �c�a�t�t�l�e� �a�t� �t�h�e� �t�i�m�e� �o�f� �r�u�n�o�f�f�.� �R�u�n�o�f�f� �f�r�o�m� �a�n� �u�n�g�r�a�z�e�d� �c�o�n�t�r�o�l� �a�r�e�a� �w�i�t�h�i�n� 

�t�h�e� �p�a�s�t�u�r�e� �c�o�n�t�a�i�n�e�d� �t�h�e� �h�i�g�h�e�s�t� �c�h�e�m�i�c�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �t�h�a�t� �r�a�n�g�e�d� �f�r�o�m� �1�.�9�4� �t�o� �1�0�.�8� �t�i�m�e�s� 

�g�r�e�a�t�e�r� �t�h�a�n� �t�h�o�s�e� �f�r�o�m� �a�n� �a�d�j�a�c�e�n�t� �p�a�s�t�u�r�e� �u�n�d�e�r� �u�n�g�r�a�z�e�d� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �a�u�t�h�o�r�s� 

�a�t�t�r�i�b�u�t�e�d� �t�h�e�s�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �t�o� �w�i�l�d�l�i�f�e� �a�c�t�i�v�i�t�y� �a�n�d� �t�h�e� �l�e�a�c�h�i�n�g� �o�f� �n�u�t�r�i�e�n�t�s� �f�r�o�m� 

�v�e�g�e�t�a�t�i�v�e� �m�a�t�e�r�i�a�l�.� 

�F�e�c�a�l� �B�a�c�t�e�r�i�a� 

�F�e�c�a�l� �c�o�l�i�f�o�r�m� �a�n�d� �f�e�c�a�l� �s�t�r�e�p�t�o�c�o�c�c�i� �a�r�e� �i�n�t�e�s�t�i�n�a�l� �b�a�c�t�e�r�i�a� �w�h�i�c�h� �a�r�e� �p�r�e�s�e�n�t� �i�n� �t�h�e� �f�e�c�e�s� �o�f� 

�w�a�r�m� �b�l�o�o�d�e�d� �a�n�i�m�a�l�s�.� �O�n�e� �c�o�w� �p�r�o�d�u�c�e�s� �a�n� �e�s�t�i�m�a�t�e�d� �5�.�4� �b�i�l�l�i�o�n� �f�e�c�a�l� �c�o�l�i�f�o�r�m�s� �a�n�d� �3�1� 
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�b�i�l�l�i�o�n� �f�e�c�a�l� �s�t�r�e�p�t�o�c�o�c�c�i� �d�a�i�l�y� �(�U�S�E�P�A�,� �1�9�7�6�)�.� �B�a�s�e�d� �o�n� �t�h�e�s�e� �e�s�t�i�m�a�t�e�s�,� �i�t� �i�s� �n�o�t� �s�u�r�p�r�i�s�i�n�g� 

�t�h�a�t� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �c�a�t�t�l�e� �u�s�u�a�l�l�y� �i�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �e�l�e�v�a�t�e�d� �n�u�m�b�e�r�s� �o�f� �b�a�c�t�e�r�i�a� �i�n� �s�t�r�e�a�m�s� 

�(�G�a�r�y� �e�t� �a�l�.�,� �1�9�8�3�)�.� 

�P�o�t�e�n�t�i�a�l�,� �b�u�t� �r�e�l�a�t�i�v�e�l�y� �r�a�r�e�,� �w�a�t�e�r�b�o�r�n�e� �b�a�c�t�e�r�i�a�l� �d�i�s�e�a�s�e�s� �t�r�a�n�s�m�i�s�s�i�b�l�e� �t�h�r�o�u�g�h� �c�a�t�t�l�e� 

�m�a�n�u�r�e� �a�r�e� �s�a�l�m�o�n�e�l�l�o�s�i�s�,� �l�e�p�t�o�s�p�i�r�o�s�i�s�,� �a�n�t�h�r�a�x�,� �a�n�d� �b�r�u�c�e�l�l�o�s�i�s� �(�D�i�e�s�c�h�,� �1�9�7�0�)� �a�s� �w�e�l�l� �a�s� 

�c�r�y�p�t�o�s�p�o�r�i�d�i�o�s�i�s�,� �t�u�b�e�r�c�u�l�o�s�i�s�,� �t�u�l�a�r�e�m�i�a� �a�n�d� �t�o�x�o�p�l�a�s�m�o�s�i�s� �(�W�a�l�k�e�r�,� �1�9�8�8�)�.� �F�e�c�a�l� �c�o�l�i�f�o�r�m� 

�a�n�d� �f�e�c�a�l� �s�t�r�e�p�t�o�c�o�c�c�i� �a�r�e� �k�n�o�w�n� �a�s� �i�n�d�i�c�a�t�o�r� �b�a�c�t�e�r�i�a�,� �b�e�c�a�u�s�e� �t�h�e�y� �c�a�n� �e�a�s�i�l�y� �b�e� �d�e�t�e�c�t�e�d� 

�b�y� �l�a�b�o�r�a�t�o�r�y� �m�e�t�h�o�d�s�.� �T�h�e� �p�r�e�s�e�n�c�e� �o�f� �f�e�c�a�l� �c�o�l�i�f�o�r�m�s� �o�r� �f�e�c�a�l� �s�t�r�e�p�t�o�c�o�c�c�i� �d�o�e�s� �n�o�t� 

�c�o�n�f�i�r�m� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�n�y� �o�f� �t�h�e� �a�b�o�v�e� �m�e�n�t�i�o�n�e�d� �b�a�c�t�e�r�i�a�l� �d�i�s�e�a�s�e�s�,� �y�e�t� �i�l�l�u�s�t�r�a�t�e�s� �a� �h�i�g�h�e�r� 

�p�r�o�b�a�b�i�l�i�t�y� �t�h�a�t� �s�u�c�h� �d�i�s�e�a�s�e�s� �m�a�y� �b�e� �p�r�e�s�e�n�t�.� 

�T�h�e� �l�e�v�e�l� �o�f� �f�e�c�a�l� �c�o�n�t�a�m�i�n�a�t�i�o�n� �i�n� �a� �s�t�r�e�a�m� �i�s� �r�e�l�a�t�e�d� �t�o� �t�h�e� �a�m�o�u�n�t� �o�f� �f�e�c�e�s� �d�e�p�o�s�i�t�e�d� �i�n� �o�r� 

�n�e�a�r� �a� �s�t�r�e�a�m�.� �G�a�r�y� �e�t� �a�l�.� �(�1�9�8�3�)�,� �s�h�o�w�e�d� �t�h�a�t� �c�a�t�t�l�e� �a�l�o�n�g� �T�r�o�u�t� �C�r�e�e�k�,� �i�n� �C�o�l�o�r�a�d�o�'�s� �F�r�o�n�t� 

�R�a�n�g�e� �s�p�e�n�t� �6�5�%� �o�f� �t�h�e� �d�a�y� �w�i�t�h�i�n� �1�0�0� �m� �o�f� �t�h�e� �s�t�u�d�y� �s�t�r�e�a�m� �a�n�d� �t�h�a�t� �5�%� �o�f� �t�h�e� �d�a�y� �w�a�s� 

�s�p�e�n�t� �i�n� �o�r� �o�n� �s�t�r�e�a�m� �b�a�n�k�s�.� �C�o�n�s�i�d�e�r�i�n�g� �t�h�e� �t�i�m�e� �s�p�e�n�t� �i�n� �o�r� �n�e�a�r� �t�h�e� �s�t�r�e�a�m� �c�h�a�n�n�e�l� �a�n�d� �i�t�s� 

�s�m�a�l�l� �a�r�e�a� �i�n� �r�e�l�a�t�i�o�n� �t�o� �t�h�e� �w�h�o�l�e� �p�a�s�t�u�r�e�,� �G�r�a�y� �e�t� �a�l�.�(�1�9�8�3�)� �c�o�n�c�l�u�d�e�d� �t�h�a�t�,� �t�h�e� �p�o�t�e�n�t�i�a�l� �f�o�r� 

�c�a�t�t�l�e� �t�o� �c�o�n�t�r�i�b�u�t�e� �l�a�r�g�e� �a�m�o�u�n�t�s� �o�f� �m�a�n�u�r�e� �a�n�d� �u�r�i�n�e� �t�o� �t�h�e� �s�t�r�e�a�m�s�,� �a�n�d� �t�o� �d�e�t�a�c�h� �l�a�r�g�e� 

�a�m�o�u�n�t�s� �o�f� �b�a�n�k� �m�a�t�e�r�i�a�l� �o�r� �s�t�r�e�a�m� �s�e�d�i�m�e�n�t�s�,� �a�p�p�e�a�r�e�d� �g�r�e�a�t�.� 

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �3�1



�M�a�n�u�r�e� �w�a�s� �c�o�l�l�e�c�t�e�d� �a�n�d� �w�e�i�g�h�e�d� �f�r�o�m� �w�i�t�h�i�n� �3�.�0�4�-�m� �(�1�0�-�f�t�)� �w�i�d�e� �c�o�r�r�i�d�o�r�s� �a�l�o�n�g� �b�o�t�h� 

�s�i�d�e�s� �o�f� �t�h�e� �s�t�u�d�y� �s�t�r�e�a�m�.� �T�h�e� �a�m�o�u�n�t� �o�f� �e�x�p�e�c�t�e�d� �m�a�n�u�r�e� �p�r�o�d�u�c�t�i�o�n�,� �b�a�s�e�d� �o�n� �f�i�g�u�r�e�s� �f�r�o�m� 

�t�h�e� �M�i�d�w�e�s�t� �P�l�a�n� �S�e�r�v�i�c�e� �L�i�v�e�s�t�o�c�k� �W�a�s�t�e� �F�a�c�i�l�i�t�i�e�s� �H�a�n�d�b�o�o�k� �M�W�P�S�-�1�8�,� �a�s�s�u�m�e�d� �t�h�a�t� 

�3�.�1�3� �k�g� �o�f� �t�o�t�a�l� �s�o�l�i�d�s� �w�o�u�l�d� �b�e� �p�r�o�d�u�c�e�d� �b�y� �e�a�c�h� �4�5�3�.�5�9� �k�g� �(�1�0�0�0� �I�b�)� �o�f� �l�i�v�e� �w�e�i�g�h�t� �b�e�e�f� 

�f�e�e�d�e�r� �e�v�e�r�y� �d�a�y�.� �G�r�a�y� �e�t� �a�l�.� �(�1�9�8�3�)� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �o�n�l�y� �4�.�1� �-� �5�.�8�%� �o�f� �t�h�e� �p�o�t�e�n�t�i�a�l� �m�a�n�u�r�e� 

�p�r�o�d�u�c�e�d� �w�a�s� �d�e�p�o�s�i�t�e�d� �w�i�t�h�i�n� �t�h�e� �3�.�0�4�-�m� �(�1�0�-�f�t�)� �w�i�d�e� �c�o�r�r�i�d�o�r�s� �a�l�o�n�g� �b�o�t�h� �s�i�d�e�s� �o�f� �t�h�e� 

�s�t�r�e�a�m�.� 

�G�r�a�y� �e�t� �a�l�.� �(�1�9�8�3�)� �a�l�s�o� �f�o�u�n�d� �t�h�a�t� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �c�a�t�t�l�e� �g�r�a�z�i�n�g� �a�l�o�n�g� �T�r�o�u�t� �C�r�e�e�k� �i�n�c�r�e�a�s�e�d� 

�f�e�c�a�l� �c�o�l�i�f�o�r�m�s� �a�n�d� �f�e�c�a�l� �s�t�r�e�p�t�o�c�o�c�c�i� �c�o�u�n�t�s� �b�y� �1�.�6� �t�o� �1�2�.�5� �a�n�d� �1�.�5� �t�o� �3�.�8� �t�i�m�e�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� 

�o�v�e�r� �n�o�r�m�a�l� �l�e�v�e�l�s� �f�o�u�n�d� �i�n� �T�r�o�u�t� �C�r�e�e�k�.� �H�o�w�e�v�e�r�,� �s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �l�e�v�e�l�s� �o�f� �f�e�c�a�l� 

�c�o�l�i�f�o�r�m�s� �a�n�d� �f�e�c�a�l� �s�t�r�e�p�t�o�c�o�c�c�i� �w�e�r�e� �o�b�s�e�r�v�e�d� �o�n�l�y� �w�h�e�n� �1�5�0� �h�e�a�d� �o�f� �c�a�t�t�l�e� �w�e�r�e� �p�r�e�s�e�n�t� �i�n� 

�t�h�e� �7�2�.�9� �h�a� �(�1�8�0� �a�c�)� �o�r� �8�5� �h�a� �(�2�1�0� �a�c�)� �p�a�s�t�u�r�e�s�.� �S�i�m�i�l�a�r�l�y�,� �B�u�c�k�h�o�u�s�e� �e�t� �a�l�.� �(�1�9�7�9�)� �f�o�u�n�d� �t�h�a�t� 

�f�e�c�a�l� �c�o�l�i�f�o�r�m� �l�e�v�e�l�s� �i�n�c�r�e�a�s�e�d� �s�l�i�g�h�t�l�y� �d�u�r�i�n�g� �t�h�e� �g�r�a�z�i�n�g� �s�e�a�s�o�n�,� �b�u�t� �i�n� �a�l�l� �c�a�s�e�s� �t�h�e� �n�u�m�b�e�r�s� 

�w�e�r�e� �w�e�l�l� �b�e�l�o�w� �t�h�e� �s�u�g�g�e�s�t�e�d� �s�t�a�n�d�a�r�d�s� �f�o�r� �p�r�i�m�a�r�y� �c�o�n�t�a�c�t� �a�n�d� �r�e�c�r�e�a�t�i�o�n�a�l� �u�s�e�.� 

�I�n� �a�n� �e�a�r�l�i�e�r� �s�t�u�d�y�,� �J�o�h�n�s�o�n� �e�t� �a�l�.� �(�1�9�7�8�)� �f�o�u�n�d� �t�h�a�t� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �c�a�t�t�l�e� �[�1�.�2� �h�a�/�A�U�M�]� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �e�l�e�v�a�t�e�d� �t�h�e� �f�e�c�a�l� �c�o�l�i�f�o�r�m� �a�n�d� �f�e�c�a�l� �s�t�r�e�p�t�o�c�o�c�c�i� �c�o�u�n�t�s� �o�v�e�r� �t�h�o�s�e� �i�n� �a�n� 

�u�n�g�r�a�z�e�d� �p�a�s�t�u�r�e�,� �d�u�r�i�n�g� �a� �2�1�-�d�a�y� �s�t�u�d�y� �p�e�r�i�o�d�.� �H�o�w�e�v�e�r�,� �a�f�t�e�r� �r�e�m�o�v�a�l� �o�f� �t�h�e� �c�a�t�t�l�e�,� �b�o�t�h� 

�f�e�c�a�l� �c�o�l�i�f�o�r�m� �a�n�d� �f�e�c�a�l� �s�t�r�e�p�t�o�c�o�c�c�i� �c�o�u�n�t�s� �d�r�o�p�p�e�d� �t�o� �n�o�n�-�s�i�g�n�i�f�i�c�a�n�t� �l�e�v�e�l�s� �w�i�t�h�i�n� �n�i�n�e� �d�a�y�s� 

�a�f�t�e�r� �t�h�e� �c�a�t�t�l�e� �w�e�r�e� �r�e�m�o�v�e�d�.� 

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �3�2



�C�a�t�t�l�e� �B�e�h�a�v�i�o�r� 

�C�a�t�t�l�e� �b�e�h�a�v�i�o�r� �h�a�s� �b�e�e�n� �s�t�u�d�i�e�d� �b�y� �m�a�n�y� �r�e�s�e�a�r�c�h�e�r�s�.� �A�l�m�o�s�t� �e�x�c�l�u�s�i�v�e�l�y�,� �t�h�e�s�e� �s�t�u�d�i�e�s� �h�a�v�e� 

�b�e�e�n� �c�o�n�d�u�c�t�e�d� �o�n� �w�e�s�t�e�r�n� �p�u�b�l�i�c� �l�a�n�d�s�.� �T�h�e� �i�n�t�e�n�t� �o�f� �t�h�e�s�e� �s�t�u�d�i�e�s� �h�a�s� �b�e�e�n� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� 

�i�n�t�e�r�a�c�t�i�o�n� �o�f� �r�a�n�g�e� �c�a�t�t�l�e� �t�o� �w�a�t�e�r� �q�u�a�l�i�t�y� �a�n�d� �r�i�p�a�r�i�a�n� �u�s�e�.� �T�h�e� �e�m�p�h�a�s�i�s� �o�f� �m�a�n�y� �s�t�u�d�i�e�s� 

�h�a�s� �b�e�e�n� �t�o� �d�e�s�c�r�i�b�e� �w�h�e�r�e� �r�a�n�g�e� �c�a�t�t�l�e� �s�p�e�n�d� �m�o�s�t� �o�f� �t�h�e�i�r� �d�a�y�,� �d�u�r�i�n�g� �d�i�f�f�e�r�e�n�t� �s�e�a�s�o�n�s�.� �[�f� 

�c�a�t�t�l�e� �a�r�e� �s�p�e�n�d�i�n�g� �l�a�r�g�e� �a�m�o�u�n�t�s� �o�f� �t�i�m�e� �i�n� �r�i�p�a�r�i�a�n� �z�o�n�e�s�,� �t�h�e� �r�e�s�e�a�r�c�h� �q�u�e�s�t�i�o�n� �t�h�e�n� 

�b�e�c�o�m�e�s� �w�h�y� �a�r�e� �t�h�e�y� �p�r�e�f�e�r�r�i�n�g� �t�h�e�s�e� �a�r�e�a�s� �o�v�e�r� �o�t�h�e�r�s� �a�n�d� �f�o�r� �w�h�a�t� �r�e�a�s�o�n�s�.� 

�M�a�r�l�o�w� �e�t� �a�l�.� �(�1�9�8�6�)� �c�o�n�c�l�u�d�e�d�,� �f�r�o�m� �t�h�e�i�r� �s�t�u�d�y� �i�n� �s�o�u�t�h�w�e�s�t�e�r�n� �M�o�n�t�a�n�a�,� �t�h�a�t� �c�a�t�t�l�e� �u�s�e� 

�o�f� �f�o�o�t�h�i�l�l�s� �a�n�d� �r�i�p�a�r�i�a�n� �z�o�n�e�s� �w�a�s� �a�f�f�e�c�t�e�d� �m�o�s�t� �b�y� �f�o�r�a�g�e� �a�n�d� �c�l�i�m�a�t�i�c� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� 

�r�e�p�o�r�t� �s�t�a�t�e�d� �t�h�a�t� �i�f� �t�h�e�r�e� �w�a�s� �s�u�f�f�i�c�i�e�n�t� �p�r�e�c�i�p�i�t�a�t�i�o�n� �p�r�i�o�r� �t�o� �t�h�e� �g�r�a�z�i�n�g� �s�e�a�s�o�n�,� �c�a�t�t�l�e� 

�g�r�a�z�i�n�g� �w�e�r�e� �c�o�n�c�e�n�t�r�a�t�e�d� �i�n� �t�h�e� �u�p�l�a�n�d�s� �u�n�t�i�l� �e�a�r�l�y� �J�u�l�y� �a�n�d� �t�h�e�n� �g�r�a�d�u�a�l�l�y� �s�h�i�f�t�e�d� �t�o� �t�h�e� 

�r�i�p�a�r�i�a�n� �z�o�n�e� �t�o� �w�h�e�r�e� �i�t� �b�e�c�a�m�e� �t�h�e� �p�r�i�m�a�r�y� �g�r�a�z�i�n�g� �a�r�e�a� �d�u�r�i�n�g� �S�e�p�t�e�m�b�e�r�.� �T�h�i�s� �p�a�t�t�e�r�n� 

�w�a�s� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �d�w�i�n�d�l�i�n�g� �q�u�a�l�i�t�y� �a�n�d� �q�u�a�n�t�i�t�y� �o�f� �u�p�l�a�n�d� �f�o�r�a�g�e�.� �T�h�u�s�,� �a�s� �u�p�l�a�n�d� 

�f�o�r�a�g�e�s� �b�e�c�a�m�e� �m�o�r�e� �m�a�t�u�r�e� �a�n�d� �l�e�s�s� �p�a�l�a�t�a�b�l�e�,� �c�a�t�t�l�e� �w�e�r�e� �r�e�d�u�c�e�d� �t�o� �c�o�n�c�e�n�t�r�a�t�i�n�g� �t�h�e�i�r� 

�f�e�e�d�i�n�g� �a�l�o�n�g� �t�h�e� �r�i�p�a�r�i�a�n� �z�o�n�e�s�.� 

�M�a�r�l�o�w� �e�t� �a�l�.� �(�1�9�8�6�)� �a�l�s�o� �s�h�o�w�e�d� �t�h�a�t� �c�a�t�t�l�e� �p�r�e�f�e�r�r�e�d� �t�o� �r�e�s�t� �i�n� �t�h�e� �u�p�l�a�n�d�s� �d�u�r�i�n�g� �J�u�n�e� �a�n�d� 

�J�u�l�y�.� �R�e�s�t�i�n�g� �i�n� �t�h�e� �r�i�p�a�r�i�a�n� �z�o�n�e� �b�e�c�a�m�e� �s�i�g�n�i�f�i�c�a�n�t� �d�u�r�i�n�g� �h�o�t�,� �A�u�g�u�s�t� �a�f�t�e�r�n�o�o�n�s� �(�a� 

�c�o�n�c�l�u�s�i�o�n� �a�l�s�o� �s�u�p�p�o�r�t�e�d� �b�y� �B�y�r�n�a�t� �(�1�9�8�2�)�,� �M�y�e�r�s� �(�1�9�8�1�)� �a�n�d� �S�e�v�e�r�s�o�n� �a�n�d� �B�o�l�d�t� �(�1�9�7�8�)�)� 

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �3�3



�o�n�l�y� �w�h�e�n� �f�a�c�e� �f�l�i�e�s� �w�e�r�e� �n�o�t� �a� �p�r�o�b�l�e�m�.� �D�u�r�i�n�g� �S�e�p�t�e�m�b�e�r�,� �w�h�e�r�e� �t�h�e�r�e� �w�e�r�e� �l�o�w� 

�p�o�p�u�l�a�t�i�o�n�s� �o�f� �f�a�c�e� �f�l�i�e�s�,� �c�o�o�l�e�r� �n�i�g�h�t�s� �a�n�d� �l�o�w� �q�u�a�l�i�t�y� �a�n�d� �q�u�a�n�t�i�t�y� �o�f� �u�p�l�a�n�d� �f�o�r�a�g�e�,� �r�i�p�a�r�i�a�n� 

�z�o�n�e�s� �b�e�c�a�m�e� �t�h�e� �p�r�i�m�a�r�y� �l�o�c�a�t�i�o�n� �o�f� �g�r�a�z�i�n�g� �a�n�d� �r�e�s�t�i�n�g�.� �S�i�m�i�l�a�r�l�y�,� �G�a�r�y� �e�t� �a�l�.� �(�1�9�8�3�)� 

�s�h�o�w�e�d� �t�h�a�t� �c�a�t�t�l�e� �o�n� �C�o�l�o�r�a�d�o�'�s� �F�r�o�n�t� �R�a�n�g�e� �s�p�e�n�t� �6�5�%� �o�f� �t�h�e� �d�a�y� �w�i�t�h� �i�n� �1�0�0� �m� �o�f� �t�h�e� 

�s�t�u�d�y� �s�t�r�e�a�m� �a�n�d� �t�h�a�t� �5�%� �o�f� �t�h�e� �d�a�y� �w�a�s� �s�p�e�n�t� �i�n� �o�r� �o�n� �s�t�r�e�a�m� �b�a�n�k�s�.� 

�S�m�i�t�h� �e�t� �a�l�.� �(�1�9�9�2�)� �c�o�n�c�u�r�r�e�d�,� �w�i�t�h� �M�a�r�l�o�w� �e�t� �a�l�.� �(�1�9�8�6�)� �c�o�n�c�l�u�s�i�o�n� �a�b�o�u�t� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� 

�f�o�r�a�g�e� �q�u�a�l�i�t�y� �a�n�d� �q�u�a�n�t�i�t�y� �i�n� �c�a�t�t�l�e� �h�a�b�i�t�a�t� �s�e�l�e�c�t�i�o�n�,� �b�u�t� �a�d�d�e�d� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �a�v�a�i�l�a�b�l�e� 

�w�a�t�e�r�.� �S�m�i�t�h� �e�t� �a�l�.� �(�1�9�9�2�)� �f�o�u�n�d� �t�h�a�t� �c�a�t�t�l�e�,� �i�n� �b�o�t�h� �s�m�a�l�l� �p�a�s�t�u�r�e�s� �a�n�d� �l�a�r�g�e� �a�l�l�o�t�m�e�n�t�s� �i�n� �t�h�e� 

�B�i�g�h�o�r�n� �B�a�s�i�n� �o�f� �W�y�o�m�i�n�g�,� �s�h�o�w�e�d� �a� �g�r�e�a�t�e�r� �p�r�e�f�e�r�e�n�c�e� �t�o� �h�a�b�i�t�a�t�s� �n�e�a�r� �w�a�t�e�r�.� �I�t� �w�a�s� 

�c�o�n�c�l�u�d�e�d� �t�h�a�t� �w�h�e�n� �a�d�e�q�u�a�t�e� �l�i�v�e�s�t�o�c�k� �w�a�t�e�r� �w�a�s� �p�r�e�s�e�n�t�,� �g�r�a�z�i�n�g� �c�a�t�t�l�e� �w�o�u�l�d� �b�e� �m�o�r�e� 

�l�i�k�e�l�y� �t�o� �s�e�l�e�c�t� �a�r�e�a�s� �o�f� �h�i�g�h�e�r� �q�u�a�l�i�t�y� �a�n�d� �q�u�a�n�t�i�t�y� �o�f� �f�o�r�a�g�e�s�.� 

�D�u�e� �t�o� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �t�h�e� �c�h�a�n�n�e�l� �[�r�i�p�a�r�i�a�n�]� �a�r�e�a�s� �i�n� �m�a�i�n�t�a�i�n�i�n�g� �h�a�b�i�t�a�t� �d�i�v�e�r�s�i�t�y� �a�n�d� 

�t�r�a�p�p�i�n�g� �s�e�d�i�m�e�n�t�,� �g�r�a�z�i�n�g� �m�a�n�a�g�e�m�e�n�t� �s�h�o�u�l�d� �e�m�p�h�a�s�i�z�e� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �c�h�a�n�n�e�l� �v�e�g�e�t�a�t�i�o�n�.� 

�I�t� �w�a�s� �n�o�t� �s�h�o�w�n� �t�h�a�t� �a� �p�a�r�t�i�c�u�l�a�r� �s�e�a�s�o�n� �o�f� �g�r�a�z�i�n�g� �s�e�e�m�e�d� �t�o� �r�e�s�u�l�t� �i�n� �m�o�r�e� �d�e�t�r�i�m�e�n�t�a�l� 

�g�r�a�z�i�n�g� �u�t�i�l�i�z�a�t�i�o�n� �o�f� �c�h�a�n�n�e�l�s� �w�h�e�n� �w�a�t�e�r� �w�a�s� �n�o�t� �l�i�m�i�t�e�d�.� �S�m�i�t�h� �e�t� �a�l�.� �(�1�9�9�2�)� �c�o�n�c�l�u�d�e�d� 

�t�h�a�t�,� �v�e�g�e�t�a�t�i�o�n� �i�n� �o�r� �n�e�a�r� �t�h�e� �c�h�a�n�n�e�l� �c�a�n� �b�e�s�t� �b�e� �p�r�o�t�e�c�t�e�d� �b�y� �d�e�v�e�l�o�p�i�n�g� �w�a�t�e�r� �p�o�i�n�t�s� �i�n� 

�a�d�j�a�c�e�n�t� �u�p�l�a�n�d�s�.� 
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�F�e�s�c�u�e� �T�o�x�i�c�i�t�y� 

�T�a�l�l� �f�e�s�c�u�e� �(�F�e�s�t�u�c�a� �a�r�u�n�d�i�n�a�c�e�a� �S�c�h�r�e�b�.�)� �i�s� �o�n�e� �o�f� �t�h�e� �m�o�s�t� �t�m�p�o�r�t�a�n�t� �p�a�s�t�u�r�e� �g�r�a�s�s�e�s� �i�n� �t�h�e� 

�U�n�i�t�e�d� �S�t�a�t�e�s�.� �G�r�o�w�n� �o�n� �o�v�e�r� �1�4�.�2� �m�i�l�l�i�o�n� �h�a� �(�3�5� �m�i�l�l�i�o�n� �a�c�)�,� �t�h�i�s� �c�o�o�l� �s�e�a�s�o�n� �p�e�r�e�n�n�i�a�l� �g�r�a�s�s� 

�h�a�s� �t�h�e� �p�o�t�e�n�t�i�a�l� �f�o�r� �h�i�g�h� �q�u�a�l�i�t�y� �a�n�d� �s�h�o�u�l�d� �g�i�v�e� �g�o�o�d� �a�n�i�m�a�l� �p�e�r�f�o�r�m�a�n�c�e�.� �H�o�w�e�v�e�r�,� �t�a�l�l� 

�f�e�s�c�u�e� �h�a�s� �t�h�e� �r�e�p�u�t�a�t�i�o�n� �f�o�r� �r�e�d�u�c�e�d� �a�v�e�r�a�g�e� �d�a�i�l�y� �g�a�i�n� �(�A�D�G�)� �o�f� �g�r�a�z�i�n�g� �c�a�t�t�l�e� �(�S�t�u�e�d�e�m�a�n�n� 

�&� �H�o�v�e�l�a�n�d�,� �1�9�8�8�)�,� �r�e�p�r�o�d�u�c�t�i�o�n� �p�r�o�b�l�e�m�s� �(�B�a�l�l� �e�t� �a�l�.�,� �1�9�9�1�)�,� �l�o�w� �m�i�l�k� �p�r�o�d�u�c�t�i�o�n� �(�S�i�e�g�e�l� 

�e�t� �a�l�.� �1�9�8�5�)�,� �g�a�n�g�r�e�n�o�u�s� �c�o�n�d�i�t�i�o�n�s� �i�n� �h�o�o�v�e�s� �a�n�d� �t�a�i�l�s� �(�B�u�s�h� �e�t� �a�l�.�,� �1�9�7�9�)� �a�s� �w�e�l�l� �a�s� �t�h�e� 

�r�e�t�e�n�t�i�o�n� �o�f� �w�i�n�t�e�r� �c�o�a�t�s� �i�n�t�o� �s�u�m�m�e�r� �m�o�n�t�h�s�,� �c�o�m�b�i�n�e�d� �w�i�t�h� �a� �g�e�n�e�r�a�l�l�y� �l�e�s�s� �s�l�i�c�k� �c�o�a�t� �(�B�a�l�l� 

�e�t� �a�l�,� �1�9�9�1�)�.� �T�h�e�s�e� �v�a�r�i�e�d� �a�n�i�m�a�l� �r�e�s�p�o�n�s�e�s� �t�o� �g�r�a�z�i�n�g� �t�a�l�l� �f�e�s�c�u�e� �c�a�n� �b�e� �a�s�s�o�c�i�a�t�e�d� �t�o� �a� 

�f�u�n�g�a�l� �e�n�d�o�p�h�y�t�e� �(�A�c�r�e�m�o�n�i�u�m� �c�o�e�n�o�p�h�i�a�l�u�m� �M�o�r�g�a�n�-�J�o�n�e�s� �a�n�d� �G�a�m�s�)� �w�h�i�c�h� �s�p�e�n�d�s� �i�t�s� 

�e�n�t�i�r�e� �l�i�f�e� �c�y�c�l�e� �l�i�v�i�n�g� �w�i�t�h�i�n� �t�h�e� �p�l�a�n�t� �(�B�a�c�o�n� �&� �S�i�e�g�e�l�,� �1�9�8�8�)�.� 

�T�h�r�e�e� �s�e�p�a�r�a�t�e� �s�y�n�d�r�o�m�e�s� �c�a�n� �b�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �p�r�o�b�l�e�m�s� �c�a�u�s�e�d� �b�y� �g�r�a�z�i�n�g� �e�n�d�o�p�h�y�t�e� 

�i�n�f�e�c�t�e�d� �t�a�l�l� �f�e�s�c�u�e�:� 

�1�.� �F�e�s�c�u�e� �f�o�o�t� �p�r�o�d�u�c�e�s� �t�h�e� �m�o�s�t� �d�r�a�m�a�t�i�c� �v�i�s�i�b�l�e� �s�y�m�p�t�o�m� �o�n� �c�a�t�t�l�e� �g�r�a�z�i�n�g� �t�a�l�l� �f�e�s�c�u�e�.� �T�h�e� 

�c�l�i�n�i�c�a�l� �s�i�g�n�s� �i�n�c�l�u�d�e� �a� �g�a�n�g�r�e�n�o�u�s� �c�o�n�d�i�t�i�o�n� �o�f� �t�h�e� �h�o�o�v�e�s� �a�n�d� �t�a�i�l� �a�s� �w�e�l�l� �a�s� �t�h�e� �l�o�s�s� �o�f� �e�a�r� 

�t�i�p�s� �d�u�e� �t�o� �t�h�e� �n�u�e�c�r�o�s�i�s� �o�f� �e�x�t�r�e�m�e�t�i�e�s�.� �T�h�e� �s�y�n�d�r�o�m�e� �s�e�e�m�s� �t�o� �b�e� �r�e�l�a�t�e�d� �t�o� �l�o�w�e�r� �a�i�r� 
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�t�e�m�p�e�r�a�t�u�r�e�s� �a�n�d� �i�s� �m�u�c�h� �m�o�r�e� �a� �p�r�o�b�l�e�m� �i�n� �t�h�e� �n�o�r�t�h�e�r�n� �a�r�e�a�s� �a�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �s�o�u�t�h�e�r�n� 

�a�r�e�a�s� �o�f� �t�h�e� �t�a�l�l� �f�e�s�c�u�e� �g�r�o�w�i�n�g� �r�e�g�i�o�n�.� 

�2�.� �B�o�v�i�n�e� �f�a�t� �n�e�c�r�o�s�i�s� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �h�a�r�d� �f�a�t� �m�a�s�s�e�s� �i�n� �a�d�i�p�o�s�e� �t�i�s�s�u�e� �s�u�r�r�o�u�n�d�i�n�g� 

�i�n�t�e�s�t�i�n�e�s�,� �t�h�u�s� �c�a�u�s�i�n�g� �p�r�o�b�l�e�m�s� �w�i�t�h� �d�i�g�e�s�t�i�o�n� �a�n�d� �c�a�l�v�i�n�g�.� �T�h�i�s� �s�y�n�d�r�o�m�e� �h�a�s� �b�e�e�n� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �e�x�c�e�s�s� �n�i�t�r�o�g�e�n� �(�N�)� �f�e�r�t�i�l�i�z�e�r�s� �e�i�t�h�e�r� �i�n� �t�h�e� �f�o�r�m� �o�f� �p�o�u�l�t�r�y� 

�l�i�t�t�e�r� �(�W�i�l�l�i�a�m�s� �e�t� �a�l�.�,� �1�9�6�9�)� �o�r� �c�o�m�m�e�r�c�i�a�l� �f�e�r�t�i�l�i�z�e�r�s� �(�S�t�u�e�d�e�m�a�n�n� �e�t� �a�l�.�,� �1�9�7�5�)�.� 

�3�.� �F�e�s�c�u�e� �t�o�x�i�c�o�s�i�s� �o�r�'�'�S�u�m�m�e�r� �S�l�u�m�p�"� �i�s� �t�h�e� �m�o�s�t� �f�a�r� �r�e�a�c�h�i�n�g� �s�y�m�p�t�o�m� �o�f� �p�r�o�b�l�e�m�s� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �e�n�d�o�p�h�y�t�e� �i�n�f�e�c�t�e�d� �t�a�l�l� �f�e�s�c�u�e� �i�n� �t�e�r�m�s� �o�f� �e�c�o�n�o�m�i�c� �i�m�p�a�c�t� �o�n� �l�i�v�e�s�t�o�c�k� 

�p�r�o�d�u�c�e�r�s�.� �S�u�m�m�e�r� �s�l�u�m�p� �1�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �l�o�w� �A�D�G�,� �r�e�d�u�c�e�d� �c�o�n�c�e�p�t�i�o�n� �r�a�t�e�s�,� �i�n�t�o�l�e�r�a�n�c�e� 

�o�f� �h�e�a�t�,� �f�a�i�l�u�r�e� �t�o� �s�h�e�d� �t�h�e� �w�i�n�t�e�r� �c�o�a�t�,� �e�l�e�v�a�t�e�d� �b�o�d�y� �t�e�m�p�e�r�a�t�u�r�e�,� �i�n�c�r�e�a�s�e�d� �r�e�s�p�i�r�a�t�i�o�n� �r�a�t�e� 

�a�n�d� �n�e�r�v�o�u�s�n�e�s�s�.� �S�u�m�m�e�r� �g�a�i�n�s� �o�f� �s�t�e�e�r�s� �h�a�s� �b�e�e�n� �m�e�a�s�u�r�e�d� �t�o� �b�e� �a�s� �l�o�w� �a�s� �0�.�4�5� �k�g�/�d�a�y� �(�1� 

�I�b�/�d�a�y�)� �(�S�t�u�e�d�m�a�n�n� �&� �H�o�v�e�l�a�n�d�,� �1�9�8�8�)�.� �G�r�o�w�i�n�g� �s�t�e�e�r�s� �a�n�d� �h�e�i�f�e�r�s� �h�a�v�e� �b�e�e�n� �o�b�s�e�r�v�e�d� �t�o� 

�b�e� �h�i�g�h�l�y� �s�e�n�s�i�t�i�v�e� �t�o� �f�e�s�c�u�e� �t�o�x�i�c�i�t�y�,� �w�i�t�h� �A�D�G� �b�e�i�n�g� �r�e�d�u�c�e�d� �a�b�o�u�t� �0�.�0�4�5� �k�g�/�d�a�y� �(�0�.�1� 

�I�b�/�d�a�y�)� �p�e�r� �1�0� �p�e�r�c�e�n�t� �i�n�c�r�e�a�s�e� �o�f� �e�n�d�o�p�h�y�t�e� �i�n�f�e�c�t�i�o�n� �w�i�t�h�i�n� �a� �p�a�s�t�u�r�e� �(�B�a�l�l� �e�t� �a�l�.�,� �1�9�9�1�)�.� �I�t� 

�h�a�s� �a�l�s�o� �b�e�e�n� �h�i�g�h�l�i�g�h�t�e�d� �b�y� �S�t�u�e�d�e�m�a�n�n� �&� �H�o�v�e�l�a�n�d� �(�1�9�8�8�)� �t�h�a�t� �s�t�e�e�r�s� �g�r�a�z�i�n�g� �h�i�g�h�l�y� 

�i�n�f�e�c�t�e�d� �t�a�l�l� �f�e�s�c�u�e� �s�p�e�n�d� �m�o�r�e� �t�i�m�e� �i�n� �t�h�e� �s�h�a�d�e�,� �l�e�s�s� �t�i�m�e� �g�r�a�z�i�n�g�,� �a�n�d� �p�r�e�f�o�r�m� �p�o�o�r�e�r� 

�c�o�m�p�a�r�e�d� �t�o� �s�t�e�e�r�s� �g�r�a�z�i�n�g� �o�n� �r�e�l�a�t�i�v�e�l�y� �e�n�d�o�p�h�y�t�e�-�f�r�e�e� �t�a�l�l� �f�e�s�c�u�e�.� 
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�O�f� �t�h�e� �t�h�r�e�e� �s�y�d�r�o�m�e�s�,� �f�e�s�c�u�e� �t�o�x�i�c�o�s�i�s� �o�r� �s�u�m�m�e�r� �s�l�u�m�p� �c�a�n� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �c�h�a�n�g�e�s� �i�n� 

�c�a�t�t�l�e� �b�e�h�a�v�i�o�r� �w�h�i�c�h� �r�e�s�u�l�t� �i�n� �t�h�e� �d�e�g�r�a�d�a�t�i�o�n� �o�f� �s�t�r�e�a�m� �a�n�d� �w�a�t�e�r� �q�u�a�l�i�t�y�.� �I�t� �h�a�s� �l�o�n�g� �b�e�e�n� 

�o�b�s�e�r�v�e�d� �t�h�a�t� �c�a�t�t�l�e� �g�r�a�z�i�n�g� �t�o�x�i�c� �t�a�l�l� �f�e�s�c�u�e� �w�i�l�l� �h�a�v�e� �a� �t�e�n�d�e�n�c�y� �t�o� �w�a�l�l�o�w� �i�n� �m�u�d� �(�B�o�m�a�n� 

�e�t� �a�l�.�,� �1�9�7�3�)� �o�r� �s�t�a�n�d� �i�n� �p�o�n�d�s� �o�r� �c�r�e�e�k�s� �d�u�r�i�n�g� �h�o�t� �p�o�r�t�i�o�n�s� �o�f� �t�h�e� �d�a�y�.� �A�l�l�e�n� �(�1�9�9�4�)� �a�l�s�o� 

�o�b�s�e�r�v�e�d� �s�t�e�e�r�s� �g�r�a�z�i�n�g� �o�n� �h�i�g�h�l�y� �i�n�f�e�c�t�e�d� �t�a�l�l� �f�e�s�c�u�e�,� �w�h�i�c�h� �d�i�d� �n�o�t� �h�a�v�e� �a�c�c�e�s�s� �t�o� �s�u�r�f�a�c�e� 

�w�a�t�e�r�,� �c�o�n�c�e�n�t�r�a�t�e� �t�h�e�i�r� �u�r�i�n�e� �i�n� �a� �c�o�r�n�e�r� �o�f� �a� �p�a�s�t�u�r�e�.� �T�h�i�s� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �u�r�i�n�e� �f�o�r�m�e�d� 

�a� �w�a�l�l�o�w� �a�f�t�e�r� �d�a�y�s� �o�f� �s�t�a�n�d�i�n�g� �a�n�d� �w�a�l�k�i�n�g� �i�n� �t�h�e� �a�r�e�a�.� �D�u�e� �t�o� �t�h�e� �e�f�f�e�c�t�s� �o�f� �f�e�s�c�u�e� �t�o�x�i�c�o�s�i�s� 

�f�o�r�c�i�n�g� �c�a�t�t�l�e� �t�o� �s�p�e�n�d� �m�o�r�e� �t�i�m�e� �w�i�t�h�i�n� �t�h�e� �s�t�r�e�a�m� �a�r�e�a�s�,� �i�t� �c�a�n� �b�e� �c�o�n�s�t�r�u�e�d� �t�h�a�t� �t�h�e� �l�e�v�e�l� 

�o�f� �i�m�p�a�c�t� �(�e�r�o�s�i�o�n�,� �d�e�c�r�e�a�s�e�d� �w�a�t�e�r� �q�u�a�l�i�t�y�)� �u�p�o�n� �t�h�e�s�e� �a�r�e�a�s� �w�i�l�l� �i�n�c�r�e�a�s�e�.� 

�T�h�e� �p�r�e�s�e�n�c�e� �o�f� �t�a�l�l� �f�e�s�c�u�e� �i�n� �a� �p�a�s�t�u�r�e� �d�o�e�s� �n�o�t� �d�i�r�e�c�t�l�y� �r�e�l�a�t�e� �t�o� �p�o�o�r�l�y� �p�r�e�f�o�r�m�i�n�g� �l�i�v�e�s�t�o�c�k� 

�o�r� �e�r�o�d�e�d� �a�n�d� �p�o�l�l�u�t�e�d� �s�t�r�e�a�m�s�.� �M�a�n�y� �m�a�n�a�g�e�m�e�n�t� �s�t�r�a�t�e�g�i�e�s� �e�x�i�s�t� �t�o� �e�l�e�v�i�a�t�e� �t�h�e� �s�y�m�p�t�o�m�s� 

�o�f� �g�r�a�z�i�n�g� �e�n�d�o�p�h�y�t�e� �i�n�f�e�c�t�e�d� �t�a�l�l� �f�e�s�c�u�e�.� �P�a�s�t�u�r�e�s� �c�a�n� �b�e� �m�a�n�a�g�e�d� �t�o� �m�a�i�n�t�a�i�n� �a� �d�i�v�e�r�s�i�t�y� 

�o�f� �g�r�a�s�s� �o�r� �l�e�g�u�m�e� �s�p�e�c�i�e�s�.� �K�e�n�t�u�c�k�y� �b�l�u�e�g�r�a�s�s� �(�P�o�a� �p�r�a�t�e�n�s�i�s�)�,� �o�r�c�h�a�r�d�g�r�a�s�s� �(�D�a�c�t�y�l�i�s� 

�g�l�o�m�e�r�a�t�a�)� �o�r� �c�o�m�m�o�n� �b�e�r�m�u�d�a�g�r�a�s�s� �(�C�y�n�o�d�o�n� �d�a�c�t�y�l�o�n�)� �i�n� �a� �s�w�a�r�d� �c�a�n� �b�e� �e�f�f�e�c�t�i�v�e� �i�n� 

�d�i�l�u�t�i�n�g� �t�h�e� �t�o�x�i�c� �f�e�s�c�u�e�.� �T�a�l�l� �f�e�s�c�u�e� �c�a�n� �a�l�s�o� �b�e� �c�l�o�s�e�l�y� �g�r�a�z�e�d� �i�n� �t�h�e� �s�p�r�i�n�g�.� �C�l�o�s�e� �g�r�a�z�i�n�g� 

�w�i�l�l� �r�e�d�u�c�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �f�l�o�w�e�r�s� �a�n�d� �s�e�e�d�s� �t�h�u�s� �r�e�d�u�c�i�n�g� �t�h�e� �s�p�r�e�a�d� �a�n�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� 

�e�n�d�o�p�h�y�t�e�,� �a�s� �w�e�l�l� �a�s� �d�e�c�r�e�a�s�i�n�g� �s�h�a�d�i�n�g� �o�f� �o�t�h�e�r� �f�o�r�a�g�e�s�.� �S�u�m�m�e�r� �n�i�t�r�o�g�e�n� �a�p�p�l�i�c�a�t�i�o�n�s� �o�f� 

�p�a�s�t�u�r�e�s� �w�i�l�l� �f�a�v�o�r� �w�a�r�m�-�s�e�a�s�o�n� �g�r�a�s�s�e�s� �s�u�c�h� �a�s� �b�e�r�m�u�d�a�g�r�a�s�s� �p�r�o�v�i�d�i�n�g� �a� �d�i�l�u�t�i�o�n� �e�f�f�e�c�t� �o�f� 

�t�h�e� �t�o�x�i�c� �f�e�s�c�u�e�.� �F�e�e�d�i�n�g� �o�f� �h�a�y� �o�t�h�e�r� �t�h�a�n� �t�o�x�i�c� �f�e�s�c�u�e�,� �e�i�t�h�e�r� �f�r�o�m� �e�n�d�o�p�h�y�t�e�-�f�r�e�e� �f�e�s�c�u�e�,� 

�o�r�c�h�a�r�d�g�r�a�s�s�,� �r�e�d� �c�l�o�v�e�r� �(�7�r�i�f�o�l�i�u�m� �p�r�a�t�e�n�s�e�)�,� �b�e�r�m�u�d�a�g�r�a�s�s� �o�r� �o�t�h�e�r� �g�r�a�s�s�e�s� �a�n�d� �l�e�g�u�m�e�s� 
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�m�a�y� �r�e�d�u�c�e� �w�i�n�t�e�r� �t�o�x�i�c�i�t�y� �p�r�o�b�l�e�m�s� �i�n�c�l�u�d�i�n�g� �f�e�s�c�u�e� �f�o�o�t�.� �G�r�a�i�n� �s�u�p�p�l�e�m�e�n�t�a�t�i�o�n� �m�a�y� �a�l�s�o� 

�b�e� �e�f�f�e�c�t�i�v�e� �i�n� �r�e�d�u�c�i�n�g� �w�i�n�t�e�r� �t�a�l�l� �f�e�s�c�u�e� �t�o�x�i�c�i�t�y� �s�y�m�p�t�o�m�s�.� �R�e�-�e�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� �h�i�g�h�l�y� 

�i�n�f�e�c�t�e�d� �t�a�l�l� �f�e�s�c�u�e� �p�a�s�t�u�r�e� �w�i�t�h� �e�n�d�o�p�h�y�t�e�-�f�r�e�e� �t�a�l�l� �f�e�s�c�u�e� �o�r� �o�t�h�e�r� �s�p�e�c�i�e�s� �c�a�n� �b�e� �e�x�t�r�e�m�e�l�y� 

�e�x�p�e�n�s�i�v�e�.� �I�n� �s�e�v�e�r�e� �c�a�s�e�s�,� �h�o�w�e�v�e�r�,� �t�h�e� �c�o�s�t� �o�f� �r�e�-�e�s�t�a�b�l�i�s�h�m�e�n�t� �o�f� �e�n�d�o�p�h�y�t�e�-�f�r�e�e� �f�e�s�c�u�e� 

�o�r� �o�t�h�e�r� �s�p�e�c�i�e�s� �w�i�l�l� �b�e� �r�e�c�o�v�e�r�e�d� �t�h�r�o�u�g�h� �i�m�p�r�o�v�e�d� �a�n�i�m�a�l� �p�r�o�d�u�c�t�i�o�n�.� 

�S�t�r�e�a�m� �B�a�n�k� �F�e�n�c�i�n�g� 

�T�h�e� �c�o�n�c�e�p�t� �o�f� �s�t�r�e�a�m� �b�a�n�k� �f�e�n�c�i�n�g�,� �a�s� �a� �m�e�t�h�o�d� �o�f� �d�e�c�r�e�a�s�i�n�g� �t�h�e� �i�m�p�a�c�t� �o�f� �c�a�t�t�l�e� �o�n� 

�w�e�s�t�e�r�n� �l�a�n�d�s�,� �r�e�c�e�i�v�e�d� �s�u�p�p�o�r�t� �f�r�o�m� �J�o�n� �S�k�o�v�l�i�n�'�s� �r�e�p�o�r�t� �t�o� �t�h�e� �N�a�t�i�o�n�a�l� �A�c�a�d�e�m�y� �o�f� 

�S�c�i�e�n�c�e�s� �(�1�9�8�4�)�.� �I�n� �t�h�e� �r�e�p�o�r�t� �S�k�o�v�l�i�n� �t�o�o�k� �a� �m�u�l�i�t�d�i�s�c�i�p�l�i�n�a�r�y� �a�p�p�r�o�a�c�h� �t�o� �r�e�v�i�e�w� �t�h�e� �i�m�p�a�c�t� 

�o�f� �g�r�a�z�i�n�g� �o�n� �r�i�p�a�r�i�a�n� �z�o�n�e�s�,� �d�i�s�c�u�s�s�i�n�g� �w�i�l�d�l�i�f�e�,� �f�i�s�h�e�r�i�e�s�,� �r�i�p�a�r�i�a�n� �v�e�g�e�t�a�t�i�o�n� �a�s� �w�e�l�l� �a�s� �w�a�t�e�r� 

�q�u�a�l�i�t�y� �i�s�s�u�e�s�.� �S�k�o�v�l�i�n� �c�o�n�c�l�u�d�e�d� �h�i�s� �s�t�u�d�y� �w�i�t�h� �t�e�n� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �f�o�r� �r�i�p�a�r�i�a�n� �z�o�n�e� 

�m�a�n�a�g�e�m�e�n�t�:� 

�1�.� �D�o� �n�o�t�h�i�n�g�.� 

�2�.� �I�m�p�r�o�v�e� �d�i�s�t�r�i�b�u�t�i�o�n� �b�y� �o�b�t�a�i�n�i�n�g� �g�r�e�a�t�e�r� �u�p�l�a�n�d� �u�s�e� 

�w�i�t�h�i�n� �t�h�e� �e�x�i�s�t�i�n�g� �s�y�s�t�e�m�;� �i�.�e�.�,� �r�e�d�u�c�e� �u�s�e� �i�n� �r�i�p�a�r�i�a�n� 

�z�o�n�e� �(�p�o�s�s�i�b�l�y� �c�h�a�n�g�i�n�g� �t�h�e� �a�g�e� �c�l�a�s�s� �o�f� �c�a�t�t�l�e�)�.� 

�3�.� �C�h�a�n�g�e� �s�e�a�s�o�n� �o�f� �u�s�e�.� 
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�4�,� �I�m�p�l�e�m�e�n�t� �s�p�e�c�i�a�l�i�z�e�d� �g�r�a�z�i�n�g� �s�e�a�s�o�n�s� �o�r� �s�y�s�t�e�m�s� �t�o� 

�r�e�s�t�o�r�e� �r�i�p�a�r�i�a�n� �z�o�n�e�s� �a�n�d� �i�m�p�r�o�v�e� �d�i�s�t�r�i�b�u�t�i�o�n� �i�n� �t�h�e� 

�u�p�l�a�n�d�s�.� 

�5�.� �R�e�s�t� �e�n�t�i�r�e� �g�r�a�z�i�n�g� �u�m�i�t� �f�o�r� �5� �y�e�a�r�s� �o�r� �u�n�t�i�l� �t�a�r�g�e�t� 

�l�e�v�e�l�s� �o�f� �r�e�c�o�v�e�r�y� �i�n� �r�i�p�a�r�i�a�n� �z�o�n�e�s� �h�a�v�e� �b�e�e�n� 

�a�c�h�i�e�v�e�d�.� 

�6�.� �F�e�n�c�e� �m�e�a�d�o�w� �f�l�o�o�d� �p�l�a�i�n� �t�o� �c�o�n�t�r�o�l� �u�s�e� �o�f� �e�n�t�i�r�e� 

�r�i�p�a�r�i�a�n� �z�o�n�e� �(�a�n�d�,� �c�o�n�s�e�q�u�e�n�t�l�y�,� �t�h�e� �u�p�l�a�n�d�s�)�.� 

�7�,� �F�e�n�c�e� �s�t�r�e�a�m�s�i�d�e� �c�o�r�r�i�d�o�r�s� �f�o�r� �p�r�e�s�e�r�v�a�t�i�o�n� �o�f� 

�c�o�m�p�l�e�t�e� �h�a�b�i�t�a�t� �(�p�r�o�v�i�d�e� �a�c�c�e�s�s� �t�o� �w�a�t�e�r� �w�h�e�r�e� 

�n�e�e�d�e�d�)�.� 

�8�.� �C�o�m�b�i�n�e� �t�w�o� �o�r� �m�o�r�e� �o�f� �t�h�e� �a�b�o�v�e� �s�o�l�u�t�i�o�n�s�.� 

�9�.� �R�e�v�e�g�e�t�a�t�e� �w�i�t�h� �w�o�o�d�y� �c�o�v�e�r� �a�n�d� �a�p�p�l�y� �5�,� �6�,� �o�r� �7�.� 

�1�0�.�  ��_� �E�l�i�m�i�n�a�t�e� �g�r�a�z�i�n�g�.� 

�S�u�p�p�o�r�t� �f�o�r� �S�k�o�v�l�i�n�'�s� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �f�o�r� �s�t�r�e�a�m�s�i�d�e� �f�e�n�c�i�n�g� �c�a�n� �b�e� �f�o�u�n�d� �f�r�o�m� �s�t�u�d�i�e�s� �o�f� 

�t�h�e� �r�e�l�a�t�i�v�e�l�y� �l�o�n�g� �t�e�r�m� �b�e�n�e�f�i�t�s� �w�h�i�c�h� �c�a�n� �b�e� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �c�a�t�t�l�e� �e�x�c�l�o�s�u�r�e�s�.� �S�t�u�b�e�r� 

�(�1�9�8�5�)� �s�t�u�d�i�e�d� �t�h�e� �a�f�f�e�c�t� �o�f� �p�r�o�t�e�c�t�i�n�g� �a� �4�0�-�h�a� �s�e�c�t�i�o�n� �a�l�o�n�g� �2�.�5� �k�m� �o�f� �S�h�e�e�p� �C�r�e�e�k�,� 

�C�o�l�o�r�a�d�o� �w�h�i�c�h� �w�a�s� �f�e�n�c�e�d� �d�u�r�i�n�g� �t�h�e� �m�i�d� �t�o� �l�a�t�e� �1�9�5�0�'�s�.� �S�t�o�c�k�i�n�g� �r�a�t�e�s� �f�o�r� �t�h�e� �S�h�e�e�p� �C�r�e�e�k� 

�A�l�l�o�t�m�e�n�t� �h�a�v�e� �b�e�e�n� �r�e�d�u�c�e�d� �f�r�o�m� �1�9�0�0� �A�U�M�s� �i�n� �1�9�3�9� �t�o� �6�0�0� �A�U�M�s� �i�n� �1�9�9�0� �a�n�d� �h�a�s� �b�e�e�n� 

�g�r�a�z�e�d� �s�e�a�s�o�n�-�l�o�n�g� �f�r�o�m� �m�i�d�-�J�u�n�e� �t�o� �m�i�d�-�O�c�t�o�b�e�r� �(�S�h�u�l�t�z� �a�n�d� �L�e�i�n�i�n�g�e�r�,� �1�9�9�0�)� 
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�F�i�s�h� �h�a�b�i�t�a�t� �w�i�t�h�i�n� �t�h�e� �f�e�n�c�e�d� �a�r�e�a� �o�f� �S�h�e�e�p� �C�r�e�e�k� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �d�e�e�p�e�r�,� �n�a�r�r�o�w�e�r�,� �h�a�d� �l�e�s�s� 

�s�t�r�e�a�m� �b�a�n�k� �a�l�t�e�r�a�t�i�o�n� �a�n�d� �b�e�t�t�e�r� �s�t�r�e�a�m� �b�a�n�k� �v�e�g�e�t�a�t�i�o�n� �t�h�a�n� �c�o�m�p�a�r�a�b�l�e� �u�n�f�e�n�c�e�d� �s�e�c�t�i�o�n�s�.� 

�E�s�t�i�m�a�t�e�d� �t�r�o�u�t� �c�r�o�p� �w�a�s� �t�w�i�c�e� �a�s� �g�r�e�a�t� �a�n�d� �p�r�e�p�r�o�p�o�r�t�i�o�n�a�l� �s�t�o�c�k�i�n�g� �d�e�n�s�i�t�i�e�s� �(�P�S�D�)� �w�e�r�e� 

�h�i�g�h�e�r� �t�h�a�n� �u�n�f�e�n�c�e�d� �s�e�c�t�i�o�n�s�.� �I�n� �1�9�8�3� �a�n�d� �1�9�8�4�,� �t�h�e�r�e� �w�e�r�e� �1�9�6�%� �a�n�d� �2�2�8�%� �m�o�r�e� �(�9�5� �v�s�.� 

�1�8�6� �a�n�d� �5�8� �v�s�.� �1�3�2� �k�g�/�h�a�)� �f�i�s�h�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �t�h�a�n� �i�n� �t�h�e� �u�n�f�e�n�c�e�d� �s�e�c�t�i�o�n�s�.� �H�i�g�h�e�r� �n�u�m�b�e�r�s� 

�_� �o�f� �n�o�n�-�g�a�m�e� �f�i�s�h� �w�e�r�e� �a�l�s�o� �p�r�e�s�e�n�t� �i�n� �t�h�e� �f�e�n�c�e�d� �s�e�c�t�i�o�n�s� �a�l�o�n�g� �S�h�e�e�p� �C�r�e�e�k�.� �V�a�n� �N�e�l�s�o�n� 

�(�1�9�7�9�)� �f�o�u�n�d� �t�h�a�t� �t�h�e� �f�i�s�h� �p�o�p�u�l�a�t�i�o�n� �c�h�a�n�g�e�d� �f�r�o�m� �8�8�%� �n�o�n�-�g�a�m�e� �t�o� �9�8�%� �t�r�o�u�t� �a�f�t�e�r� �a� �4�.�8� 

�_� �k�m� �s�e�c�t�i�o�n� �o�f� �O�t�t�e�r� �C�r�e�e�k�,� �N�e�b�r�a�s�k�a� �w�a�s� �f�e�n�c�e�d� �f�r�o�m� �g�r�a�z�i�n�g� �c�a�t�t�l�e�.� 
�|� 
�L� 

�S�t�u�b�e�r� �(�1�9�8�5�)� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �i�t� �a�p�p�e�a�r�e�d� �t�h�a�t� �h�e�a�v�i�e�r� �s�t�r�e�a�m�s�i�d�e� �r�e�c�r�e�a�t�i�o�n� �u�s�e� �a�n�d� �c�a�t�t�l�e� 

�g�r�a�z�i�n�g� �h�a�s� �r�e�s�u�l�t�e�d� �i�n� �a�d�v�e�r�s�e� �i�m�p�a�c�t�s� �t�o� �t�h�e� �s�t�r�e�a�m�/�r�i�p�a�r�i�a�n� �h�a�b�i�t�a�t� �i�n� �t�h�e� �u�n�f�e�n�c�e�d� �s�e�c�t�i�o�n�s� 

�o�f� �t�h�e� �s�t�r�e�a�m�.� �T�h�i�s� �i�s� �s�u�p�p�o�r�t�e�d� �b�y� �t�h�e� �r�e�s�u�l�t�s� �o�f� �c�o�m�p�a�r�a�t�i�v�e� �h�a�b�i�t�a�t� �s�a�m�p�l�i�n�g� �(�i�.�e�.�,� �w�i�d�e�r�,� 

�s�h�a�l�l�o�w�e�r�,� �m�o�r�e� �s�t�r�e�a�m� �b�a�n�k� �a�l�t�e�r�a�t�i�o�n�,� �e�t�c�.�)�.� 

�L�o�n�g� �t�e�r�m� �b�e�n�e�f�i�t�s� �o�f� �s�t�r�e�a�m�s�i�d�e� �f�e�n�c�i�n�g� �t�o� �t�h�e� �w�o�o�d�y� �v�e�g�e�t�a�t�i�o�n� �a�l�o�n�g� �S�h�e�e�p� �C�r�e�e�k� �w�a�s� 

�r�e�p�o�r�t�e�d� �b�y� �S�h�u�l�t�z� �a�n�d� �L�e�i�n�i�n�g�e�r� �(�1�9�9�0�)�.� �D�u�r�i�n�g� �t�w�o� �y�e�a�r�s� �o�f� �s�t�u�d�y�,� �w�h�e�n� �t�h�e� �c�a�r�r�y�i�n�g� 

�c�a�p�a�c�i�t�y� �o�f� �t�h�e� �a�l�l�o�t�m�e�n�t� �w�a�s� �e�s�t�i�m�a�t�e�d� �t�o� �b�e� �6�2�1� �A�U�M�'�s� �a�n�d� �w�a�s� �s�t�o�c�k�e�d� �a�t� �6�0�0� �A�U�M�s�,� 

�s�h�r�u�b� �c�a�n�o�p�y� �w�i�t�h�i�n� �e�x�c�l�o�s�u�r�e�s� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �5�.�5� �t�i�m�e�s� �t�h�a�t� �o�f� �g�r�a�z�e�d� �a�r�e�a�s�.� �C�a�n�o�p�y� �c�o�v�e�r� 

�o�f� �w�i�l�l�o�w�s� �(�S�a�l�i�x� �s�p�.�)� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �8�.�5� �t�i�m�e�s� �g�r�e�a�t�e�r� �w�i�t�h�i�n� �t�h�e� �f�e�n�c�e�d� �a�r�e�a�s� �a�s� �c�o�m�p�a�r�e�d� 

�t�o� �a�r�e�a�s� �g�r�a�z�e�d� �b�y� �c�a�t�t�l�e�.� 

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �4�0



�E�v�e�n� �t�h�o�u�g�h� �m�a�n�y� �r�e�s�e�a�r�c�h�e�r�s� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� �s�t�r�e�a�m� �b�a�n�k� �f�e�n�c�i�n�g� �p�r�o�d�u�c�e�s� �s�o�m�e� 

�e�n�v�i�r�o�n�m�e�n�t�a�l� �b�e�n�e�f�i�t�s�,� �f�e�n�c�i�n�g� �o�f� �e�v�e�r�y� �s�t�r�e�a�m� �f�r�o�m� �c�a�t�t�l�e� �i�s� �n�o�t� �a�n� �e�c�o�n�o�m�i�c�a�l�l�y� �v�i�a�b�l�e� 

�s�o�l�u�t�i�o�n�.� �T�h�i�s� �i�s� �n�o�t� �t�o� �s�a�y� �t�h�a�t� �s�o�m�e� �a�r�e�a�s� �m�a�y� �b�e�s�t� �b�e� �p�r�o�t�e�c�t�e�d� �b�y� �e�l�i�m�i�n�a�t�i�n�g� �c�a�t�t�l�e� �a�c�c�e�s�s� 

�a�n�d� �f�e�n�c�i�n�g� �t�h�e� �s�t�r�e�a�m�.� �T�h�e� �l�i�v�e�s�t�o�c�k� �i�n�d�u�s�t�r�y� �o�p�p�o�s�e�s� �e�x�t�r�e�m�e� �m�e�a�s�u�r�e�s� �s�u�c�h� �a�s� �s�t�r�e�a�m� 

�b�a�n�k� �f�e�n�c�i�n�g�,� �a�n�d� �c�o�n�c�e�d�e�s� �t�h�e� �u�s�e� �o�n�l�y� �i�n� �"�r�a�r�e� �a�n�d� �u�n�u�s�u�a�l� �c�a�s�e�s�"� �(�S�w�a�n�,� �1�9�7�9�)� �a�n�d� �n�o�t� 

�a�s� �a� �g�e�n�e�r�a�l� �m�a�n�a�g�e�m�e�n�t� �s�t�r�a�t�e�g�y�.� �T�h�e� �N�a�t�i�o�n�a�l� �C�a�t�t�l�e�m�a�n�'�s� �A�s�s�o�c�i�a�t�i�o�n� �p�a�s�s�e�d� �a� �r�e�s�o�l�u�t�i�o�n� 

�a�t� �t�h�e�i�r� �1�9�8�2� �a�n�n�u�a�l� �m�e�e�t�i�n�g� �o�p�p�o�s�i�n�g� �p�r�o�p�o�s�a�l�s� �b�y� �f�e�d�e�r�a�l� �l�a�n�d� �m�a�n�a�g�e�m�e�n�t� �a�g�e�n�c�i�e�s� �f�o�r� 

�f�e�n�c�i�n�g� �r�i�p�a�r�i�a�n� �a�r�e�a�s� �a�l�o�n�g� �s�t�r�e�a�m�s� �u�n�l�e�s�s� �i�t� �w�a�s� �v�o�l�u�n�t�a�r�i�l�y� �e�n�t�e�r�e�d� �i�n�t�o� �b�y� �b�o�t�h� �t�h�e� �a�g�e�n�c�y� 

�a�n�d� �t�h�e� �l�i�v�e�s�t�o�c�k� �o�p�e�r�a�t�o�r� �(�P�l�a�t�t�s� �a�n�d� �W�a�g�s�t�a�f�f�,� �1�9�8�4�)�.� 

�F�e�n�c�i�n�g� �o�f� �r�i�p�a�r�i�a�n� �a�r�e�a�s�,� �e�v�e�n� �i�f� �i�t� �i�s� �d�o�n�e� �v�o�l�u�n�t�a�r�i�l�y� �b�y� �p�u�b�l�i�c� �a�n�d� �p�r�i�v�a�t�e� �s�e�c�t�o�r�s�,� �w�i�l�l� 

�c�r�e�a�t�e� �e�c�o�n�o�m�i�c� �c�o�s�t�s� �w�h�i�c�h� �w�i�l�l� �l�i�m�i�t� �i�t�s� �p�r�a�c�t�i�c�a�l�i�t�y�.� �F�e�n�c�i�n�g� �o�f� �a�l�l� �r�i�p�a�r�i�a�n� �h�a�b�i�t�a�t�s� �i�s� 

�s�u�p�p�o�r�t�e�d� �b�y� �m�a�n�y� �l�a�n�d� �m�a�n�a�g�e�r�s� �a�n�d� �r�e�s�e�a�r�c�h�e�r�s� �w�h�o� �s�t�r�e�s�s� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �p�r�o�t�e�c�t�i�n�g� 

�t�h�e� �e�n�t�i�r�e� �h�a�b�i�t�a�t� �a�n�d� �n�o�t� �j�u�s�t� �t�h�e� �s�t�r�e�a�m� �b�a�n�k�s�.� 

�P�l�a�t�t�s� �a�n�d� �W�a�g�s�t�a�f�f� �(�1�9�8�4�)� �s�t�a�t�e�d� �t�h�a�t� �t�h�e� �f�e�n�c�i�n�g� �o�f� �a�l�l� �r�i�p�a�r�i�a�n� �h�a�b�i�t�a�t�,� �r�a�t�h�e�r� �t�h�a�n� �j�u�s�t� �a�l�o�n�g� 

�t�h�e� �b�a�n�k�s�,� �w�o�u�l�d� �b�e�c�o�m�e� �v�e�r�y� �e�x�p�e�n�s�i�v�e� �i�n� �t�e�r�m�s� �o�f� �l�a�b�o�r�,� �m�a�t�e�r�i�a�l� �a�n�d� �l�o�s�t� �g�r�a�z�i�n�g� �a�r�e�a�,� �a�n�d� 

�i�n� �m�a�n�y� �s�i�t�u�a�t�i�o�n�s�,� �c�o�u�l�d� �p�r�o�v�e� �t�o� �b�e� �e�c�o�n�o�m�i�c�a�l�l�y� �u�n�s�o�u�n�d�.� �T�h�e�y� �r�e�p�o�r�t�e�d� �t�h�a�t� �a� �4� �w�i�r�e� 

�f�e�n�c�e� �i�n� �t�h�e� �W�e�s�t� �w�o�u�l�d� �c�o�s�t� �a�p�p�r�o�x�i�m�e�n�t�l�y� �$�1�8�6�3�/�k�m� �(�$�3�0�0�0�/�m�i�)� �a�n�d� �$�3�0� �-� �$�9�0� �p�e�r� �y�e�a�r� �f�o�r� 

�m�a�i�n�t�e�n�a�n�c�e�.� �I�t� �w�o�u�l�d� �c�o�s�t� �t�w�i�c�e� �t�h�i�s� �a�m�o�u�n�t� �i�f� �b�o�t�h� �s�i�d�e�s� �o�f� �t�h�e� �s�t�r�e�a�m� �n�e�e�d� �t�o� �b�e� �f�e�n�c�e�d�.� 

�I�f� �f�e�n�c�i�n�g� �w�a�s� �r�e�q�u�i�r�e�d� �o�n� �t�h�e� �2�4�1�5�0� �k�m� �(�1�5�,�0�0�0� �m�i�)� �o�f� �f�i�s�h�a�b�l�e� �s�t�r�e�a�m�s� �m�a�n�a�g�e�d� �b�y� �t�h�e� 

�L�i�t�e�r�a�t�u�r�e� �R�e�v�i�e�w� �4�]



�B�L�M� �i�t� �w�o�u�l�d� �c�o�s�t� �$�9�0� �m�i�l�l�i�o�n� �t�o� �c�o�n�s�t�r�u�c�t� �a�n�d� �$�1�8� �-� �$�5�7� �m�i�l�l�i�o�n� �f�o�r� �m�a�i�n�t�e�n�a�n�c�e� �d�u�r�i�n�g� �t�h�e� 

�n�e�x�t� �t�w�e�n�t�y� �y�e�a�r�s�.� �T�o� �p�r�o�t�e�c�t� �t�h�e� �1�5�,�0�0�0� �a�n�d� �7�1�,�2�1�0� �m�i�l�e�s� �o�f� �B�L�M� �a�n�d� �U�S�F�S� �f�i�s�h�e�r�i�e�s�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�,� �i�n� �t�h�e� �c�o�n�t�i�n�e�n�t�a�l� �U�.�S�.� �w�o�u�l�d� �c�o�s�t� �t�a�x�p�a�y�e�r�s� �$�5�1�7� �m�i�l�l�i�o�n� �d�o�l�l�a�r�s� �t�o� �c�o�n�s�t�r�u�c�t� 

�a�n�d� �$�1�0�4� �-� �$�3�2�0� �m�i�l�l�i�o�n� �f�o�r� �2�0� �y�e�a�r�s� �o�f� �m�a�i�n�t�e�n�a�n�c�e�.� �I�f� �a� �c�o�s�t� �o�f� �$�4�.�2�7�/�m� �o�r� �$�4�2�6�5�/�k�m� 

�(�$�1�.�3�0�/�f�t�,� �$�6�8�7�0�/�m�i�l�e�)� �f�o�r� �a� �4�-�s�t�r�a�n�d� �b�a�r�b�e�d� �w�i�r�e� �w�e�r�e� �u�s�e�d�,� �a�s� �s�u�g�g�e�s�t�e�d� �b�y� �t�h�e� �N�a�t�u�r�a�l� 

�R�e�s�o�u�r�c�e�s� �C�o�n�s�e�r�v�a�t�i�o�n� �S�e�r�v�i�c�e� �(�1�9�9�4�)�,� �t�h�e� �t�o�t�a�l� �c�o�s�t� �w�o�u�l�d� �e�q�u�a�l� �$�1�.�2� �b�i�l�l�i�o�n� �f�o�r� 

�c�o�n�s�t�r�u�c�t�i�o�n� �a�l�o�n�e�.� 

�I�t� �c�a�n� �b�e� �c�o�n�s�t�r�u�e�d� �t�h�a�t� �t�h�e� �c�o�s�t� �o�f� �f�e�n�c�i�n�g� �a�n�d� �m�a�i�n�t�e�n�a�n�c�e� �a�l�o�n�g� �t�h�e�s�e� �f�i�s�h�e�r�i�e�s� �w�i�l�l� �b�e� 

�r�e�p�a�y�e�d� �b�y� �r�e�c�r�e�a�t�i�o�n�a�l� �f�i�s�h�e�r�m�a�n�.� �P�l�a�t�t�s� �a�n�d� �W�a�g�s�t�a�f�f� �(�1�9�8�4�)� �t�e�s�t�e�d� �t�h�e� �p�r�a�c�t�i�c�a�l�i�t�y� �o�f� �s�u�c�h� 

�a� �h�y�p�o�t�h�e�s�i�s� �a�s� �p�a�r�t� �o�f� �a� �c�o�s�t�-�b�e�n�e�f�i�t� �a�n�a�l�y�s�i�s� �b�y� �q�u�a�n�t�i�f�y�i�n�g� �f�i�s�h�e�r�i�e�s� �v�a�l�u�e�s� �a�n�d� �s�t�r�e�a�m� �b�a�n�k� 

�f�e�n�c�i�n�g� �c�o�s�t�s�.� �T�h�e�y� �a�s�s�u�m�e�d� �t�h�r�e�e� �d�a�y�s� �o�f� �f�i�s�h�i�n�g� �e�a�c�h� �a�t� �a� �v�a�l�u�e� �o�f� �$�1�5�.�7�5� �b�y� �a� �r�e�s�i�d�e�n�t� 

�w�o�u�l�d� �e�q�u�a�l� �o�n�e� �d�a�y� �o�f� �f�i�s�h�i�n�g� �b�y� �o�n�e� �r�e�c�r�e�a�t�i�o�n�a�l� �v�i�s�i�t�o�r� �d�a�y� �(�R�V�D�)� �a�s� �p�r�e�s�c�r�i�b�e�d� �b�y� �t�h�e� 

�U�.�S�.� �D�e�p�a�r�t�m�e�n�t� �o�f� �A�g�r�i�c�u�l�t�u�r�e� �(�1�9�8�0�)�.� �T�h�e�r�e�f�o�r�e�,� �f�i�s�h�e�r�y� �u�s�e� �w�o�u�l�d� �h�a�v�e� �t�o� �i�n�c�r�e�a�s�e� �7�6� 

�R�V�D�'�s� �p�e�r� �k�i�l�o�m�e�t�e�r� �(�4�7� �R�V�D�'�s�/�m�i�)� �o�f� �s�t�r�e�a�m� �p�e�r� �y�e�a�r� �t�o� �m�a�t�c�h� �t�h�e� �c�o�s�t� �o�f� �f�e�n�c�i�n�g�.� �E�v�e�n� 

�i�f� �f�i�s�h�e�r�y� �p�r�o�d�u�c�t�i�o�n� �i�n�c�r�e�a�s�e�s� �a�s� �S�t�u�b�e�r� �(�1�9�8�5�)� �s�u�g�g�e�s�t�s� �i�n� �r�e�s�p�o�n�s�e� �t�o� �s�t�r�e�a�m� �b�a�n�k� �f�e�n�c�i�n�g�,� 

�i�t� �i�s� �p�r�o�b�a�b�l�y� �u�n�r�e�a�l�i�s�t�i�c� �t�h�a�t� �u�s�e� �w�i�l�l� �i�n�c�r�e�a�s�e� �b�y� �s�u�c�h� �a� �h�i�g�h� �d�e�g�r�e�e�.� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �c�o�s�t� �o�f� �f�e�n�c�i�n�g�,� �l�a�n�d� �a�n�d� �g�r�a�z�i�n�g� �m�a�n�a�g�e�r�s� �m�u�s�t� �a�d�d� �t�h�e� �c�o�s�t� �o�f� �l�o�s�t� �g�r�a�z�i�n�g� 

�a�r�e�a�.� �P�l�a�t�t�s� �a�n�d� �W�a�g�s�t�a�f�f� �(�1�9�8�4�)� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�i�s� �c�o�u�l�d� �e�q�u�a�l� �o�n�e� �a�n�i�m�a�l� �u�n�i�t� �m�o�n�t�h� �(�A�U�M�)� 

�p�e�r� �a�c�r�e� �i�n� �h�i�g�h�l�y� �p�r�o�d�u�c�t�i�v�e� �n�p�a�r�i�a�n� �z�o�n�e�s�.� �A� �3�0�.�5�-�m� �(�1�0�0�-�f�t�)� �c�o�r�r�i�d�o�r� �w�o�u�l�d� �c�o�n�t�a�i�n� �a�b�o�u�t� 
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�3�.�0�4� �h�a� �p�e�r� �s�t�r�e�a�m� �k�i�l�o�m�e�t�e�r� �(�1�2� �a�c�/�s�t�r�e�a�m� �m�i�)� �o�r� �t�h�e� �e�q�u�i�v�a�l�e�n�t� �o�f� �1�2� �A�U�M�'�s�.� �I�f�a� �p�r�o�d�u�c�e�r� 

�i�s� �l�e�a�s�i�n�g� �a� �g�r�a�z�i�n�g� �u�n�i�t� �o�r� �o�w�n�s� �t�h�e� �u�n�i�t� �a�n�d� �i�s� �r�e�q�u�i�r�e�d� �t�o� �c�o�n�s�t�r�u�c�t� �f�e�n�c�i�n�g� �d�u�e� �t�o� �s�u�g�g�e�s�t�e�d� 

�g�o�v�e�r�n�m�e�n�t�a�l� �r�e�g�u�l�a�t�i�o�n�s�,� �t�h�e�s�e� �e�x�c�l�o�s�e�d� �a�r�e�a�s� �w�o�u�l�d� �i�n�c�r�e�a�s�e� �t�h�e� �c�o�s�t� �o�f� �a�v�a�i�l�a�b�l�e� �g�r�a�z�i�n�g� 

�a�r�e�a� �a�n�d� �p�r�o�v�i�d�e� �n�o� �b�e�n�e�f�i�t� �t�o� �t�h�e� �c�a�t�t�l�e�.� �I�n� �s�o�u�t�h�w�e�s�t� �V�i�r�g�i�n�i�a�,� �a� �3�0�.�5�-�m� �(�1�0�0�-�f�t�)� �c�o�r�r�i�d�o�r� 

�a�l�o�n�g� �o�n�e� �s�t�r�e�a�m� �m�i�l�e� �w�o�u�l�d� �c�o�s�t� �a� �p�r�o�d�u�c�e�r� �$�1�8�0� �i�n� �l�o�s�t� �g�r�a�z�i�n�g� �a�r�e�a� �(�H�u�n�n�i�n�g�s�,� �1�9�9�4�)�.� 

�A�l�t�e�r�n�a�t�i�v�e�s� 

�T�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� �b�e�n�e�f�i�t�s� �o�f� �c�a�t�t�l�e� �b�e�i�n�g� �e�x�c�l�u�d�e�d� �f�r�o�m� �s�t�r�e�a�m� �o�r� �r�i�p�a�r�i�a�n� �z�o�n�e�s� �h�a�s� �c�l�e�a�r�l�y� 

�b�e�e�n� �s�h�o�w�n�.� �K�a�u�f�f�m�a�n� �e�t� �a�l�.� �(�1�9�8�3�)� �s�h�o�w�e�d� �t�h�a�t� �e�r�o�s�i�o�n� �a�n�d� �s�t�r�e�a�m� �b�a�n�k� �d�i�s�t�u�r�b�a�n�c�e� �w�a�s� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� �i�n� �m�o�d�e�r�a�t�e�l�y� �g�r�a�z�e�d� �a�r�e�a�s� �a�s� �c�o�m�p�a�r�e�d� �t�o� �e�x�c�l�u�d�e�d� �a�r�e�a�s�.� �S�t�u�b�e�r� 

�(�1�9�8�5�)� �f�o�u�n�d� �t�h�a�t� �t�r�o�u�t� �h�a�b�i�t�a�t�s� �w�h�i�c�h� �w�e�r�e� �f�e�n�c�e�d� �o�f�f� �f�o�r� �o�v�e�r� �t�h�i�r�t�y� �y�e�a�r�s� �w�e�r�e� �m�o�r�e� 

�p�r�o�d�u�c�t�i�v�e� �t�h�a�n� �h�a�b�i�t�a�t�s� �a�l�o�n�g� �t�h�e� �s�a�m�e� �s�t�r�e�a�m� �w�h�e�r�e� �c�a�t�t�l�e� �h�a�d� �a�c�c�e�s�s�.� 

�E�v�e�n� �t�h�o�u�g�h� �t�h�e� �b�e�n�e�f�i�t�s� �o�f� �s�t�r�e�a�m� �b�a�n�k� �f�e�n�c�i�n�g� �h�a�s� �b�e�e�n� �s�h�o�w�n�,� �s�u�c�h� �r�i�p�a�r�i�a�n� �z�o�n�e� 

�m�a�n�a�g�e�m�e�n�t� �s�t�r�a�t�e�g�i�e�s�,� �l�i�k�e� �t�h�o�s�e� �w�h�i�c�h� �S�k�o�v�l�i�n� �(�1�9�8�4�)� �a�n�d� �o�t�h�e�r�s� �s�u�g�g�e�s�t�,� �m�a�y� �c�o�m�e� �a�t� �a� 

�h�i�g�h� �p�r�i�c�e�.� �T�h�e� �e�s�t�i�m�a�t�e�d� �c�o�s�t� �o�f� �$�0�.�2� �b�i�l�l�i�o�n� �t�o� �$� �1�.�2� �b�i�l�l�i�o�n� �d�o�l�l�a�r�s� �(�P�l�a�t�t�s� �a�n�d� �W�a�g�s�t�a�f�f� 

�(�1�9�8�4�)�;� �N�R�C�S� �(�1�9�9�4�)�,� �r�e�s�p�e�c�t�i�v�e�l�y�)�,� �i�s� �a� �l�a�r�g�e� �a�m�o�u�n�t� �o�f� �m�o�n�e�y� �t�o� �s�p�e�n�d� �t�o� �p�r�o�t�e�c�t� �j�u�s�t� �t�h�e� 

�i�d�e�n�t�i�f�i�e�d� �f�i�s�h�e�r�i�e�s� �o�f� �t�h�e� �B�L�M� �a�n�d� �U�S�F�S�.� �T�h�e� �c�o�s�t� �o�f� �p�r�o�t�e�c�t�i�n�g� �o�t�h�e�r� �p�u�b�l�i�c� �l�a�n�d�s� �a�s� �w�e�l�l� 

�a�s� �p�r�i�v�a�t�e�l�y� �g�r�a�z�e�d� �l�a�n�d�s� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �c�o�u�n�t�r�y� �w�o�u�l�d� �b�e� �p�r�o�h�i�b�i�t�i�v�e�.� �F�e�n�c�i�n�g� �a�l�o�n�g� �m�a�n�y� 

�s�t�r�e�a�m�s� �w�o�u�l�d� �b�e�c�o�m�e� �d�a�m�a�g�e�d� �p�a�r�t�i�c�u�l�a�r�l�y� �b�y� �l�a�r�g�e� �s�t�o�r�m� �e�v�e�n�t�s� �t�h�u�s� �n�e�e�d�i�n�g� �c�o�n�s�t�a�n�t� 
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�r�e�p�a�i�r�.� �E�x�t�e�n�s�i�v�e� �b�u�f�f�e�r� �z�o�n�e�s� �t�o� �p�r�o�t�e�c�t� �r�i�p�a�r�i�a�n� �a�r�e�a�s� �o�r� �t�o� �d�e�c�r�e�a�s�e� �t�h�e� �l�i�k�e�l�i�h�o�o�d� �o�f� �s�t�o�r�m� 

�d�a�m�a�g�e� �w�o�u�l�d� �d�e�c�r�e�a�s�e� �t�h�e� �a�v�a�i�l�a�b�l�e� �l�a�n�d� �f�o�r� �g�r�a�z�i�n�g�.� 

�T�h�e� �a�p�p�r�o�p�r�i�a�t�e� �s�i�z�e� �o�f� �s�u�c�h� �f�e�n�c�e�d� �b�u�f�f�e�r�s� �i�s� �a�l�s�o� �d�i�s�p�u�t�e�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e�.� �T�h�e� �s�i�z�e� �o�f� �t�h�e� 

�s�t�r�e�a�m� �b�a�n�k� �b�u�f�f�e�r� �d�e�p�e�n�d�s� �o�n� �a� �r�a�n�g�e� �o�f� �c�r�i�t�e�r�i�a�.� �C�a�s�t�e�l�l�e� �(�1�9�9�4�)� �i�d�e�n�t�i�f�i�e�d� �f�o�u�r� �c�r�i�t�e�r�i�a� �f�o�r� 

�d�e�t�e�r�m�i�n�e� �t�h�e� �a�d�e�q�u�a�t�e� �b�u�f�f�e�r� �s�i�z�e� �f�o�r� �a�q�u�a�t�i�c� �r�e�s�o�u�r�c�e�s�:� �(�1�)� �r�e�s�o�u�r�c�e� �f�u�n�c�t�i�o�n�a�l� �v�a�l�u�e�,� �(�2�)� 

�i�n�t�e�n�s�i�t�y� �o�f� �a�d�j�a�c�e�n�t� �l�a�n�d� �u�s�e�,� �(�3�)� �b�u�f�f�e�r� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�,� �a�n�d� �(�4�)� �s�p�e�c�i�f�i�c� �b�u�f�f�e�r� �f�u�n�c�t�i�o�n�s� 

�r�e�q�u�i�r�e�d� �(�i�.�e�.� �w�a�t�e�r� �t�e�m�p�e�r�a�t�u�r�e� �m�o�d�e�r�a�t�i�o�n�,� �s�e�d�i�m�e�n�t� �r�e�m�o�v�a�l�,� �n�u�t�r�i�e�n�t� �r�e�m�o�v�a�l� �o�r� �t�h�e� 

�p�r�o�t�e�c�t�i�o�n� �o�f� �s�p�e�c�i�e�s� �d�i�v�e�r�s�i�t�y�)�.� �G�e�n�e�r�a�l�l�y�,� �s�m�a�l�l�e�r� �b�u�f�f�e�r�s� �a�r�e� �a�d�e�q�u�a�t�e� �w�h�e�n� �t�h�e� �b�u�f�f�e�r� �i�s� 

�i�n� �g�o�o�d� �c�o�n�d�i�t�i�o�n� �(�i�.�e�.�,� �d�e�n�s�e� �n�a�t�i�v�e� �v�e�g�e�t�a�t�i�o�n�,� �u�n�d�i�s�t�u�r�b�e�d� �s�o�i�l�s�)�,� �t�h�e� �w�e�t�l�a�n�d� �o�r� �s�t�r�e�a�m� �i�s� 

�o�f� �r�e�l�a�t�i�v�e�l�y� �l�o�w� �f�u�n�c�t�i�o�n�a�l� �v�a�l�u�e� �(�i�.�e�.� �h�i�g�h� �d�i�s�t�u�r�b�a�n�c�e� �r�e�g�i�m�e�,� �d�o�m�i�n�a�t�e�d� �b�y� �n�o�n�n�a�t�i�v�e� 

�p�l�a�n�t�s�)�,� �a�n�d� �t�h�e� �a�d�j�a�c�e�n�t� �l�a�n�d� �u�s�e� �h�a�s� �l�o�w� �i�m�p�a�c�t� �p�o�t�e�n�t�i�a�l� �(�i�.�e�.� �p�a�r�k� �l�a�n�d�,� �l�o�w� �d�e�n�s�i�t�y� 

�r�e�s�i�d�e�n�c�e�s�)� �(�C�a�s�t�e�l�l�e�,� �1�9�9�4�)�.� �L�a�r�g�e�r� �b�u�f�f�e�r�s� �w�o�u�l�d� �b�e� �r�e�q�u�i�r�e�d� �f�o�r� �h�i�g�h� �v�a�l�u�e� �w�e�t�l�a�n�d�s� �a�n�d� 

�s�t�r�e�a�m�s� �t�h�a�t� �a�r�e� �b�o�u�n�d�e�d� �f�r�o�m� �i�n�t�e�n�s�e� �a�d�j�a�c�e�n�t� �l�a�n�d� �u�s�e�s� �b�y� �e�x�i�s�t�i�n�g� �b�u�f�f�e�r� �z�o�n�e�s� �w�h�i�c�h� �a�r�e� 

�i�n� �p�o�o�r� �c�o�n�d�i�t�i�o�n�.� 

�G�i�v�e�n� �t�h�a�t� �a�g�e�n�c�i�e�s� �t�y�p�i�c�a�l�l�y� �d�o� �n�o�t� �c�o�n�s�i�d�e�r� �a�l�l� �o�f� �t�h�e� �f�o�u�r� �c�r�i�t�e�r�i�a�,� �a�n�d� �t�h�a�t� �b�u�f�f�e�r� �w�i�d�t�h�s� �a�r�e� 

�m�o�s�t� �o�f�t�e�n� �b�a�s�e�d� �o�n� �f�u�n�c�t�i�o�n�a�l� �v�a�l�u�e� �o�f� �p�o�l�i�t�i�c�a�l� �a�c�c�e�p�t�a�b�i�l�i�t�y� �a�l�o�n�e�,� �t�h�e�r�e� �a�r�e� �s�o�m�e� �g�e�n�e�r�a�l� 

�g�u�i�d�e�l�i�n�e�s� �f�o�r� �s�i�z�i�n�g� �s�t�r�e�a�m� �b�a�n�k� �b�u�f�f�e�r� �z�o�n�e�s�.� �T�h�e�r�e� �a�r�e� �t�w�o� �t�y�p�e�s� �o�f� �b�u�f�f�e�r� �z�o�n�e� �c�a�t�e�g�o�r�i�e�s�:� 

�f�i�x�e�d�-�w�i�d�t�h� �a�n�d� �v�a�r�i�a�b�l�e�-�w�i�d�t�h�.� �E�a�c�h� �o�f� �t�h�e�s�e� �t�w�o� �t�y�p�e�s� �o�f� �b�u�f�f�e�r�s� �h�a�v�e� �s�p�e�c�i�f�i�c� �a�d�v�a�n�t�a�g�e�s� 

�a�n�d� �d�i�s�a�d�v�a�n�t�a�g�e�s�.� �F�i�x�e�d�-�w�i�d�t�h� �b�u�f�f�e�r�s� �a�r�e� �m�o�s�t� �o�f�t�e�n� �b�a�s�e�d� �o�n� �a� �s�i�n�g�l�e� �p�a�r�a�m�e�t�e�r�,� �s�u�c�h� �a�s� 
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�f�u�n�c�t�i�o�n�a�l� �v�a�l�u�e�.� �F�i�x�e�d�-�w�i�d�t�h� �b�u�f�f�e�r�s� �a�r�e� �m�o�r�e� �e�a�s�i�l�y� �e�n�f�o�r�c�e�d�,� �d�o�t� �n�o�t� �r�e�q�u�i�r�e� �r�e�g�u�l�a�t�o�r�y� 

�p�e�r�s�o�n�n�e�l� �w�i�t�h� �s�p�e�c�i�a�l�i�z�e�d� �k�n�o�w�l�e�d�g�e� �o�f� �e�c�o�l�o�g�i�c�a�l� �p�r�i�n�c�i�p�a�l�s�,� �a�l�l�o�w� �f�o�r� �g�r�e�a�t�e�r� �r�e�g�u�l�a�t�o�r�y� 

�p�r�e�d�i�c�t�a�b�i�l�i�t�y�,� �a�n�d� �r�e�q�u�i�r�e� �s�m�a�l�l�e�r� �e�x�p�e�n�d�i�t�u�r�e�s� �o�f� �b�o�t�h� �t�i�m�e� �a�n�d� �m�o�n�e�y� �t�o� �a�d�m�i�n�i�s�t�e�r� 

�(�C�a�s�t�e�l�l�e�,� �1�9�9�4�)�.� �F�i�x�e�d�-�w�i�d�t�h� �b�u�f�f�e�r�s� �o�f�t�e�n� �d�o� �n�o�t� �c�o�n�s�i�d�e�r� �s�i�t�e�-�s�p�e�c�i�f�i�c� �c�o�n�d�i�t�i�o�n�s� �a�n�d�,� 

�t�h�e�r�e�f�o�r�e�,� �m�a�y� �n�o�t� �a�d�e�q�u�a�t�e�l�y� �p�r�o�t�e�c�t� �a�q�u�a�t�i�c� �r�e�s�o�u�r�c�e�s�.� �V�a�r�i�a�b�l�e�-�w�i�d�t�h� �b�u�f�f�e�r�s� �a�r�e� �g�e�n�e�r�a�l�l�y� 

�b�a�s�e�d� �o�n� �a� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �b�u�f�f�e�r� �s�i�z�i�n�g� �c�r�i�t�e�r�i�a�,� �s�u�c�h� �a�s� �f�u�n�c�t�i�o�n�a�l� �v�a�l�u�e�,� �a�n�d� �a�d�j�a�c�e�n�t� �l�a�n�d� 

�u�s�e� �i�n�t�e�n�s�i�t�y�.� �V�a�r�i�a�b�l�e�-�w�i�d�t�h� �b�u�f�f�e�r�s� �r�e�q�u�i�r�e�m�e�n�t� �a�l�s�o� �c�o�n�s�i�d�e�r� �s�i�t�e�-�s�p�e�c�i�f�i�c� �c�o�n�d�i�t�i�o�n�s� �a�n�d� 

�m�a�y� �b�e� �a�d�j�u�s�t�e�d� �a�c�c�o�r�d�i�n�g�l�y� �t�o� �a�d�e�q�u�a�t�e�l�y� �p�r�o�t�e�c�t� �a�q�u�a�t�i�c� �r�e�s�o�u�r�c�e�s�.� �V�a�r�i�a�b�l�e�-�w�i�d�t�h� �b�u�f�f�e�r�s� 

�a�l�s�o� �r�e�q�u�i�r�e� �a� �g�r�e�a�t�e�r� �c�o�m�m�i�t�m�e�n�t� �o�f� �r�e�s�o�u�r�c�e�s� �a�n�d� �a� �h�i�g�h�e�r� �l�e�v�e�l� �o�f� �t�r�a�i�n�i�n�g� �f�o�r� �p�r�o�j�e�c�t� �s�t�a�f�f�,� 

�w�h�i�l�e� �o�f�f�e�r�i�n�g� �l�e�s�s� �p�r�e�d�i�c�t�a�b�i�l�i�t�y� �f�o�r� �l�a�n�d� �u�s�e� �p�l�a�n�n�i�n�g� �(�C�a�s�t�e�l�l�e�,� �1�9�9�4�)�.� 

�F�r�o�m� �a� �r�e�v�i�e�w� �o�f� �l�i�t�e�r�a�t�u�r�e�,� �C�a�s�t�e�l�l�e� �(�1�9�9�4�)� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �b�u�f�f�e�r�s� �l�e�s�s� �t�h�a�n� �5� �t�o� �1�0� �m� �i�n� 

�w�i�d�t�h� �p�r�o�v�i�d�e� �l�i�t�t�l�e� �p�r�o�t�e�c�t�i�o�n� �f�o�r� �a�q�u�a�t�i�c� �r�e�s�o�u�r�c�e�s� �i�n� �m�o�s�t� �c�o�n�d�i�t�i�o�n�s�.� �B�u�f�f�e�r�s� �o�f� �a� 

�m�i�n�i�m�u�m� �o�f� �1�5� �t�o� �3�0� �m� �i�n� �w�i�d�t�h� �w�e�r�e� �f�o�u�n�d� �t�o� �p�r�o�t�e�c�t� �w�e�t�l�a�n�d� �a�n�d� �s�t�r�e�a�m�s� �u�n�d�e�r� �m�o�s�t� 

�c�i�r�c�u�m�s�t�a�n�c�e�s�.� �C�a�s�t�e�l�l�e� �(�1�9�9�4�)� �a�d�d�e�d� �t�h�a�t� �t�h�e� �m�i�n�i�m�u�m� �b�u�f�f�e�r� �w�i�d�t�h�s� �t�o�w�a�r�d� �t�h�e� �l�o�w�e�r� �e�n�d� 

�o�f� �t�h�i�s� �r�a�n�g�e� �m�a�y� �p�r�o�v�i�d�e� �f�o�r� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �t�h�e� �n�a�t�u�r�a�l� �p�h�y�s�i�c�a�l� �a�n�d� �c�h�e�m�i�c�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�o�f� �t�h�e� �a�q�u�a�t�i�c� �r�e�s�o�u�r�c�e�s�.� �B�u�f�f�e�r� �w�i�d�t�h�s� �t�o�w�a�r�d� �t�h�e� �u�p�p�e�r� �e�n�d� �o�f� �t�h�i�s� �r�a�n�g�e� �w�e�r�e� �f�o�u�n�d� �t�o� �b�e� 

�t�h�e� �m�i�n�i�m�u�m� �n�e�c�e�s�s�a�r�y� �f�o�r� �t�h�e� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �t�h�e� �b�i�o�l�o�g�i�c�a�l� �c�o�m�p�o�n�e�n�t�s� �o�f� �m�a�n�y� �w�e�t�l�a�n�d� 

�a�n�d� �s�t�r�e�a�m� �s�y�s�t�e�m�s�.� 
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�I�f� �t�h�e� �s�t�r�e�a�m� �i�n� �a� �g�r�a�z�i�n�g� �a�r�e�a� �i�s� �f�e�n�c�e�d�,� �r�e�g�a�r�d�l�e�s�s� �o�f� �p�r�i�v�a�t�e� �o�r� �p�u�b�l�i�c� �i�n�i�t�i�a�t�i�o�n�,� �w�a�t�e�r� �m�u�s�t� 

�s�t�i�l�l� �b�e� �p�r�o�v�i�d�e�d� �f�o�r� �l�i�v�e�s�t�o�c�k� �o�r� �e�l�s�e� �t�h�e� �a�r�e�a� �c�a�n�n�o�t� �b�e� �g�r�a�z�e�d�.� �M�a�r�l�o�w� �a�n�d� �P�o�g�a�c�n�i�k� �(�1�9�8�6�)� 

�s�h�o�w�e�d� �t�h�a�t� �c�a�t�t�l�e� �p�r�e�f�e�r� �t�o� �g�r�a�z�e� �i�n� �u�p�l�a�n�d� �a�r�e�a�s� �i�f� �t�h�e�r�e� �i�s� �s�u�f�f�i�c�i�e�n�t� �f�o�r�a�g�e� �a�v�a�i�l�a�b�l�e�.� �S�m�i�t�h�,� 

�e�t� �a�l�.� �(�1�9�9�2�)� �c�o�n�c�u�r�r�e�d� �a�n�d� �s�t�a�t�e�d� �t�h�a�t� �w�h�e�n� �l�i�v�e�s�t�o�c�k� �w�a�t�e�r� �w�a�s� �a�v�a�i�l�a�b�l�e�,� �c�a�t�t�l�e� �p�r�e�f�e�r�r�e�d� 

�t�o� �g�r�a�z�e� �i�n� �u�p�l�a�n�d� �a�r�e�a�s�,� �r�e�g�a�r�d�l�e�s�s� �o�f� �a�l�l�o�t�m�e�n�t� �s�i�z�e�.� �S�m�i�t�h� �e�t� �a�l�.� �(�1�9�9�2�)� �c�o�n�t�i�n�u�e�d� �t�o� �s�t�a�t�e� 

�t�h�a�t� �r�i�p�a�r�i�a�n� �v�e�g�e�t�a�t�i�o�n� �[�a�n�d� �h�a�b�i�t�a�t�]� �c�a�n� �b�e�s�t� �b�e� �p�r�o�t�e�c�t�e�d� �b�y� �d�e�v�e�l�o�p�i�n�g� �w�a�t�e�r� �p�o�i�n�t�s� �i�n� 

�a�d�j�a�c�e�n�t� �u�p�l�a�n�d�s�.� 

�U�p�l�a�n�d� �w�a�t�e�r� �d�e�v�e�l�o�p�m�e�n�t�,� �s�u�g�g�e�s�t�e�d� �b�y� �S�m�i�t�h� �e�t� �a�l�.�(�1�9�9�2�)� �a�n�d� �M�a�r�l�o�w� �a�n�d� �P�o�g�a�c�n�i�k� 

�(�1�9�8�6�)�,� �i�s� �a� �w�a�t�e�r� �q�u�a�l�i�t�y� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e� �w�h�i�c�h� �h�a�s� �b�e�e�n� �n�o�t�e�d� �b�y� �s�o�m�e� �f�a�r�m�e�r�s� �a�n�d� 

�c�o�n�s�e�r�v�a�t�i�o�n�a�l�i�s�t�s� �t�o� �b�e� �q�u�i�t�e� �e�f�f�e�c�t�i�v�e�.� �W�a�t�e�r� �d�e�v�e�l�o�p�m�e�n�t� �h�a�s� �b�e�e�n� �v�i�e�w�e�d� �i�n� �t�h�e� �p�a�s�t� �a�s� 

�s�o�l�e�l�y� �a� �f�a�r�m� �i�m�p�r�o�v�e�m�e�n�t�,� �i�n� �t�e�r�m�s� �o�f� �c�o�s�t�-�s�h�a�r�e� �s�u�p�p�o�r�t�.� �H�o�w�e�v�e�r�,� �N�R�C�S� �d�i�s�t�r�i�c�t� 

�c�o�n�s�e�r�v�a�t�i�o�n�a�l�i�s�t�,� �T�o�m� �G�r�e�e�n�e� �(�1�9�9�4�)�,� �h�a�s� �o�b�s�e�r�v�e�d� �t�h�a�t� �w�h�e�n� �w�a�t�e�r� �t�r�o�u�g�h�s� �w�e�r�e� �i�n�s�t�a�l�l�e�d�,� 

�l�a�r�g�e� �s�t�r�e�a�m� �b�a�n�k� �v�e�g�e�t�a�t�i�o�n�,� �l�i�k�e� �a�l�d�e�r�s� �a�n�d� �w�i�l�l�o�w�s� �(�S�a�l�i�x� �s�p�.�)�,� �w�e�r�e� �a�b�l�e� �t�o� �b�e� �e�s�t�a�b�l�i�s�h�e�d� 

�a�l�o�n�g� �s�t�r�e�a�m� �b�a�n�k�s� �i�n� �s�o�u�t�h�w�e�s�t� �V�i�r�g�i�n�i�a� �b�e�c�a�u�s�e� �c�a�t�t�l�e� �w�o�u�l�d� �s�p�e�n�d� �l�e�s�s� �t�i�m�e� �i�n� �t�h�e� �s�t�r�e�a�m�.� 

�M�i�n�e�r� �e�t� �a�l�.� �(�1�9�9�2�)� �o�b�s�e�r�v�e�d� �h�a�y�-�f�e�d� �c�a�t�t�l�e� �i�n� �O�r�e�g�o�n� �w�h�e�n� �t�h�e�y� �h�a�d� �a�c�c�e�s�s� �t�o� �b�o�t�h� �a� �s�t�r�e�a�m� 

�a�n�d� �a� �w�a�t�e�r� �t�r�o�u�g�h�.� �T�h�e�y� �f�o�u�n�d� �t�h�a�t�,� �o�v�e�r� �a�n� �e�i�g�h�t�-�d�a�y� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d� �i�n� �D�e�c�e�m�b�e�r�,� 

�c�a�t�t�l�e� �w�o�u�l�d� �p�r�e�f�e�r� �t�o� �d�r�i�n�k� �f�r�o�m� �a� �t�r�o�u�g�h� �r�a�t�h�e�r� �t�h�a�n� �f�r�o�m� �a� �s�t�r�e�a�m�.� �T�h�e� �c�a�t�t�l�e�'�s� �p�r�e�f�e�r�e�n�c�e� 

�r�e�s�u�l�t�e�d� �i�n� �a� �9�0�%� �r�e�d�u�c�t�i�o�n� �o�f� �t�i�m�e� �t�h�e�y� �s�p�e�n�t� �i�n� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� �i�f� �a� �s�t�r�e�a�m� �w�a�s� �t�h�e�i�r� �s�o�l�e� 

�s�o�u�r�c�e� �o�f� �d�r�i�n�k�i�n�g� �w�a�t�e�r�.� �M�i�n�e�r� �e�t� �a�l�.� �(�1�9�9�2�)� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� �t�h�i�s� �9�0�%� �r�e�d�u�c�t�i�o�n� �o�f� �t�i�m�e� 
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�i�n� �s�t�r�e�a�m� �w�o�u�l�d� �c�o�r�r�e�l�a�t�e� �t�o� �a� �d�e�c�r�e�a�s�e� �i�n� �f�e�c�a�l� �a�n�d� �n�u�t�r�i�e�n�t� �l�o�a�d�i�n�g� �t�o� �t�h�e� �s�t�r�e�a�m�.� �C�l�a�w�s�o�n� 

�(�1�9�9�3�)� �o�b�s�e�r�v�e�d� �t�h�a�t� �t�h�e� �i�n�s�t�a�l�l�a�t�i�o�n� �o�f� �a� �w�a�t�e�r� �t�r�o�u�g�h� �h�a�d� �a� �s�i�g�n�i�f�i�c�a�n�t� �i�m�p�a�c�t� �o�n� �c�a�t�t�l�e� �u�s�e� 

�i�n� �n�i�p�a�r�i�a�n� �a�r�e�a�s�.� �U�s�e� �o�f�a� �p�a�s�t�u�r�e� �s�t�r�e�a�m� �d�r�o�p�p�e�d� �f�r�o�m� �4�.�7� �t�o� �0�.�9� �m�i�n�u�t�e�s� �p�e�r� �c�o�w� �p�e�r� �d�a�y�,� 

�a�n�d� �u�s�e� �o�f� �a� �w�i�d�e� �s�t�r�e�a�m�s�i�d�e� �a�r�e�a� �d�r�o�p�p�e�d� �f�r�o�m� �8�.�3� �t�o� �3�.�9� �m�i�n�u�t�e�s� �p�e�r� �c�o�w� �p�e�r� �d�a�y� �a�f�t�e�r� �t�h�e� 

�t�r�o�u�g�h� �w�a�s� �i�n�s�t�a�l�l�e�d�.� �T�h�i�s� �r�e�l�a�t�e�d� �t�o� �a�n� �8�1�%� �r�e�d�u�c�t�i�o�n� �o�f� �t�i�m�e� �c�a�t�t�l�e� �s�p�e�n�t� �d�r�i�n�k�i�n�g� �f�r�o�m� �t�h�e� 

�s�t�r�e�a�m� �a�n�d� �a� �5�3�%� �r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �t�i�m�e� �c�a�t�t�l�e� �s�p�e�n�t� �i�n� �a�n� �a�d�j�a�c�e�n�t� �s�t�r�e�a�m� �s�i�d�e� �a�r�e�a�.� �I�t� �w�a�s� 

�c�o�n�c�l�u�d�e�d� �b�y� �C�l�a�w�s�o�n� �(�1�9�9�3�)� �t�h�a�t� �t�h�e� �w�a�t�e�r� �t�r�o�u�g�h� �o�f�f�e�r�e�d� �a� �c�o�n�v�e�n�i�e�n�t� �a�n�d� �p�r�e�f�e�r�r�e�d� �w�a�t�e�r� 

�s�o�u�r�c�e�,� �o�v�e�r� �t�h�e� �t�r�a�d�i�t�i�o�n�a�l� �s�o�u�r�c�e�s�,� �7�5�.�3�%� �o�f� �t�h�e� �t�i�m�e�.� 

�U�p�l�a�n�d� �w�a�t�e�r� �c�a�n� �b�e� �d�e�v�e�l�o�p�e�d� �i�n� �m�a�n�y� �d�i�f�f�e�r�e�n�t� �w�a�y�s�.� �H�y�d�r�a�u�l�i�c� �r�a�m�s� �c�a�n� �t�a�k�e� �w�a�t�e�r� �f�r�o�m� 

�a� �f�l�o�w�i�n�g� �s�t�r�e�a�m� �a�n�d� �p�u�m�p� �i�t� �u�p� �t�o� �a� �h�e�i�g�h�t� �o�f� �3�7� �m� �(�1�2�0� �f�t�)� �w�i�t�h� �s�o�m�e� �m�o�d�e�l�s�,� �d�e�p�e�n�d�i�n�g� 

�o�n� �t�h�e� �s�l�o�p�e� �o�f� �t�h�e� �s�t�r�e�a�m�.� �W�e�l�l�s� �c�a�n� �b�e� �d�r�i�l�l�e�d� �a�n�d� �w�a�t�e�r� �c�a�n� �b�e� �p�u�m�p�e�d� �w�i�t�h� �e�l�e�c�t�r�i�c�a�l�,� 

�s�o�l�a�r�,� �w�i�n�d� �o�r� �e�v�e�n� �a�n�i�m�a�l� �p�o�w�e�r�e�d� �p�u�m�p�s�.� �S�p�r�i�n�g�s�,� �i�f� �a�v�a�i�l�a�b�l�e�,� �c�a�n� �b�e� �c�a�p�t�u�r�e�d� �a�n�d� �c�a�n� 

�p�r�o�v�i�d�e� �a� �r�e�l�a�t�i�v�e�l�y� �i�n�e�x�p�e�n�s�i�v�e� �s�o�u�r�c�e� �o�f� �w�a�t�e�r� �f�o�r� �c�a�t�t�l�e�.� �A� �s�p�r�i�n�g� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �w�a�t�e�r� 

�t�r�o�u�g�h� �s�y�s�t�e�m� �c�a�n� �b�e� �i�n�s�t�a�l�l�e�d� �i�n� �s�o�u�t�h�w�e�s�t� �V�i�r�g�i�n�i�a� �f�o�r� �$�1�,�2�0�0� �-� �$�1�,�5�0�0� �(�N�R�C�S�,� �1�9�9�4�)� �f�o�r� 

�t�h�e� �i�n�i�t�i�a�l� �s�p�r�i�n�g� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �t�h�e� �f�i�r�s�t� �t�r�o�u�g�h�.� �S�u�b�s�e�q�u�e�n�t� �t�r�o�u�g�h�s� �c�a�n� �b�e� �i�n�s�t�a�l�l�e�d� 

�d�o�w�n�h�i�l�l� �f�o�r� �$�6�0�0� �p�l�u�s� �p�i�p�i�n�g� �c�o�s�t�s� �(�$�1�/�f�t� �-� �i�n�s�t�a�l�l�e�d�)�.� �T�h�e� �c�o�s�t� �o�f� �t�h�i�s� �s�p�r�i�n�g� �d�e�v�e�l�o�p�m�e�n�t� 

�i�s� �c�o�m�p�a�r�a�b�l�e� �t�o� �e�x�c�l�u�d�i�n�g� �l�e�s�s� �t�h�a�n� �0�.�2�-�k�m� �(�1�/�8�-�m�i�)� �w�i�t�h� �a� �4� �s�t�r�a�n�d� �b�a�r�b�e�d� �w�i�r�e� �f�e�n�c�e�.� 
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�S�u�m�m�a�r�y� 

�I�n� �t�h�i�s� �c�h�a�p�t�e�r� �m�a�n�y� �c�o�n�t�r�a�s�t�i�n�g� �r�e�s�e�a�r�c�h� �f�i�n�d�i�n�g�s� �o�f� �t�h�e� �i�m�p�a�c�t� �w�h�i�c�h� �c�a�t�t�l�e� �g�r�a�z�i�n�g� �h�a�s� �o�n� 

�w�a�t�e�r� �q�u�a�l�i�t�y�,� �s�t�r�e�a�m� �b�a�n�k� �e�r�o�s�i�o�n� �a�n�d� �r�i�p�a�r�i�a�n� �h�a�b�i�t�a�t�s� �w�e�r�e� �p�r�e�s�e�n�t�e�d�.� �O�b�s�e�r�v�a�t�i�o�n�s� �o�f� 

�c�a�t�t�l�e� �b�e�h�a�v�i�o�r� �w�e�r�e� �u�s�e�d� �t�o� �d�e�s�c�r�i�b�e� �a�n�d� �e�x�p�l�a�i�n� �w�h�y� �s�o�m�e� �o�f� �t�h�e�s�e� �i�n�t�e�r�a�c�t�i�o�n�s� �h�a�v�e� �t�a�k�e�n� 

�p�l�a�c�e�.� �T�h�e� �p�r�o�p�o�s�a�l� �o�f� �m�a�n�d�a�t�o�r�y� �s�t�r�e�a�m� �b�a�n�k� �f�e�n�c�i�n�g� �b�y� �J�o�n� �S�k�o�v�l�i�n� �(�1�9�8�4�)� �a�n�d� �o�t�h�e�r�s� �w�a�s� 

�r�e�v�i�e�w�e�d� �a�n�d� �i�t�s� �e�n�v�i�r�o�n�m�e�n�t�a�l� �b�e�n�e�f�i�t�s�,� �a�s� �w�e�l�l� �a�s� �e�c�o�n�o�m�i�c� �c�o�s�t�s� �w�e�r�e� �d�i�s�c�u�s�s�e�d�.� �L�a�s�t�l�y�,� 

�t�h�e� �u�s�e� �o�f� �a�n� �u�p�l�a�n�d� �w�a�t�e�r� �s�o�u�r�c�e� �a�s� �a�n� �a�l�t�e�r�n�a�t�i�v�e� �t�o� �s�t�r�e�a�m� �b�a�n�k� �f�e�n�c�i�n�g� �w�a�s� �p�r�e�s�e�n�t�e�d�.� 

�A�s� �s�u�g�g�e�s�t�e�d� �i�n� �t�h�i�s� �c�h�a�p�t�e�r�,� �t�h�e� �m�u�l�t�i�d�i�s�c�i�p�l�i�n�a�r�y� �a�p�p�r�o�a�c�h� �t�a�k�e�n� �b�y� �t�h�i�s� �s�t�u�d�y� �i�s� �n�e�c�e�s�s�a�r�y� 

�i�n� �o�r�d�e�r� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �e�f�f�e�c�t� �o�f� �a�n� �o�f�f�-�s�t�r�e�a�m� �w�a�t�e�r� �s�o�u�r�c�e� �a�s� �a� �s�t�r�e�a�m� �s�t�a�b�i�l�i�z�a�t�i�o�n� �a�n�d� 

�w�a�t�e�r� �q�u�a�l�i�t�y� �B�M�P�.� �M�e�t�h�o�d�s� �o�f� �e�s�t�i�m�a�t�i�n�g� �s�t�r�e�a�m� �b�a�n�k� �e�r�o�s�i�o�n� �a�n�d� �w�a�t�e�r� �q�u�a�l�i�t�y� �m�u�s�t� �b�e� 

�m�a�t�c�h�e�d� �w�i�t�h� �o�b�s�e�r�v�a�t�i�o�n�s� �o�f� �c�a�t�t�l�e� �b�e�h�a�v�i�o�r� �i�n� �o�r�d�e�r� �t�o� �f�u�l�l�y� �u�n�d�e�r�s�t�a�n�d� �a�n�d� �e�v�a�l�u�a�t�e� �t�h�e� �r�o�l�e� 

�a�n�d� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �a� �w�a�t�e�r� �t�r�o�u�g�h� �w�i�t�h�i�n� �a� �r�o�t�a�t�i�o�n�a�l� �g�r�a�z�i�n�g� �s�y�s�t�e�m�.� �L�a�s�t�l�y�,� �t�h�e� �e�c�o�n�o�m�i�c� 

�c�o�s�t�s� �a�n�d� �b�e�n�i�f�i�t�s� �o�f� �t�h�e�s�e� �s�y�s�t�e�m�s� �n�e�e�d�s� �t�o� �b�e� �u�n�d�e�r�s�t�o�o�d� �p�r�i�o�r� �t�o� �a�c�c�e�p�t�i�n�g� �w�a�t�e�r� �t�r�o�u�g�h�s� 

�a�s� �a� �B�M�P�.� 
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�I�l�l�.� �M�e�t�h�o�d�o�l�o�g�y� 

�E�x�p�e�r�i�m�e�n�t�a�l� �D�e�s�i�g�n� 

�T�h�e� �s�t�u�d�y� �t�o�o�k� �p�l�a�c�e� �o�n� �t�w�o� �f�a�r�m�s� �i�n� �s�o�u�t�h�w�e�s�t� �V�i�r�g�i�n�i�a� �t�h�a�t� �u�t�i�l�i�z�e�d� �r�o�t�a�t�i�o�n�a�l� �s�t�o�c�k�i�n�g�.� 

�T�h�r�e�e� �p�a�s�t�u�r�e�s� �a�s� �p�a�r�t� �o�f� �l�a�r�g�e�r� �c�o�w�/�c�a�l�f� �g�r�a�z�i�n�g�/�p�r�o�d�u�c�t�i�o�n� �s�y�s�t�e�m�s� �w�e�r�e� �i�n�v�e�s�t�i�g�a�t�e�d�.� �A� 

�s�p�r�i�n�g�-�f�e�d� �s�t�r�e�a�m� �o�r�i�g�i�n�a�t�e�d� �i�n� �e�a�c�h� �p�a�s�t�u�r�e�.� �T�w�o� �s�t�r�e�a�m�/�p�a�s�t�u�r�e� �s�y�s�t�e�m�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �a�t� 

�t�h�e� �B�e�n�d�e�r� �F�a�r�m� �i�n� �F�l�o�y�d�,� �V�A� �a�n�d� �a�n�o�t�h�e�r� �w�a�s� �o�b�s�e�r�v�e�d� �a�t� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �F�a�r�m� �l�o�c�a�t�e�d� 

�n�e�a�r� �I�n�d�e�p�e�n�d�e�n�c�e�,� �V�A�.� 

�A� �p�r�e�-� �a�n�d� �p�o�s�t�-�B�M�P� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �s�a�m�e� �s�t�u�d�y� �a�r�e�a�s� �w�a�s� �u�s�e�d� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �i�m�p�a�c�t� 

�o�f� �p�r�o�v�i�d�i�n�g� �g�r�a�z�i�n�g� �c�a�t�t�l�e� �w�i�t�h� �a�n� �o�f�f�-�s�t�r�e�a�m� �w�a�t�e�r� �s�o�u�r�c�e� �o�n� �s�t�r�e�a�m�b�a�n�k� �s�t�a�b�i�l�i�z�a�t�i�o�n� 

�(�e�r�o�s�i�o�n�)�,� �b�a�c�t�e�r�i�a�,� �n�u�t�r�i�e�n�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�n�d� �a�n�i�m�a�l� �b�e�h�a�v�i�o�r�.� �D�u�r�i�n�g� �t�h�e� �p�r�e�-�B�M�P� �p�h�a�s�e� 

�o�f� �t�h�e� �s�t�u�d�y�,� �c�a�t�t�l�e� �h�a�d� �a�c�c�e�s�s� �t�o� �o�n�l�y� �o�n�e� �s�t�r�e�a�m� �i�n� �e�a�c�h� �o�f� �t�h�e� �o�b�s�e�r�v�e�d� �p�a�s�t�u�r�e�s� �a�s� �t�h�e�i�r� 

�s�o�u�r�c�e� �o�f� �w�a�t�e�r�.� �A�f�t�e�r� �e�i�g�h�t� �m�o�n�t�h�s�,� �w�a�t�e�r� �t�r�o�u�g�h�s� �w�e�r�e� �a�v�a�i�l�a�b�l�e� �i�n� �t�h�e� �p�a�s�t�u�r�e�s� �a�n�d� �c�a�t�t�l�e� 

�h�a�d� �c�o�n�t�i�n�u�e�d� �a�c�c�e�s�s� �t�o� �s�t�r�e�a�m�s�.� �A�t� �n�o� �t�i�m�e� �d�u�r�i�n�g� �t�h�e� �s�t�u�d�y� �w�e�r�e� �t�h�e� �c�a�t�t�l�e� �e�x�c�l�u�d�e�d� �f�r�o�m� 

�s�t�r�e�a�m�s�.� 

�T�o� �p�r�o�v�i�d�e� �w�a�t�e�r� �f�o�r� �t�h�e� �t�r�o�u�g�h�s�,� �s�p�r�i�n�g�s� �w�e�r�e� �d�e�v�e�l�o�p�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �d�e�s�i�g�n� �s�p�e�c�i�f�i�c�a�t�i�o�n�s� 

�o�f� �t�h�e� �S�o�i�l� �C�o�n�s�e�r�v�a�t�i�o�n� �S�e�r�v�i�c�e� �(�1�9�9�2�)�.� �W�a�t�e�r� �f�r�o�m� �t�h�e� �s�p�r�i�n�g�s� �f�i�l�l�e�d� �c�o�n�c�r�e�t�e� �t�r�o�u�g�h�s� �t�o� 
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�a�l�l�o�w� �t�h�e� �c�a�t�t�l�e� �t�o� �d�r�i�n�k�.� �G�r�a�v�e�l� �p�a�d�s� �w�e�r�e� �c�o�n�s�t�r�u�c�t�e�d� �a�r�o�u�n�d� �t�h�e� �t�r�o�u�g�h�s� �o�n� �e�a�c�h� �s�i�t�e�.� 

�S�i�n�c�e� �a� �s�p�r�i�n�g� �d�e�v�e�l�o�p�m�e�n�t� �s�y�s�t�e�m� �a�l�r�e�a�d�y� �e�x�i�s�t�e�d� �o�n� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �F�a�r�m�,� �o�v�e�r�f�l�o�w� �p�i�p�e�s� 

�w�e�r�e� �f�i�r�s�t� �r�e�m�o�v�e�d� �i�n� �o�r�d�e�r� �t�o� �p�r�o�h�i�b�i�t� �t�h�e� �t�r�o�u�g�h�s� �f�r�o�m� �f�i�l�l�i�n�g� �w�i�t�h� �w�a�t�e�r� �(�p�r�e�-�B�M�P� �p�e�r�i�o�d�)�.� 

�T�h�e� �o�v�e�r�f�l�o�w� �p�i�p�e�s� �w�e�r�e� �t�h�e�n� �r�e�i�n�s�t�a�l�l�e�d� �f�o�r� �t�h�e� �s�e�c�o�n�d� �p�h�a�s�e� �o�f� �t�h�e� �s�t�u�d�y� �(�p�o�s�t�-�B�M�P� 

�p�e�r�i�o�d�)�.� �T�h�i�s� �m�e�t�h�o�d� �p�r�o�v�e�d� �t�o� �b�e� �i�n�a�p�p�r�o�p�r�i�a�t�e� �a�s� �t�h�e� �t�r�o�u�g�h� �w�o�u�l�d� �f�i�l�l� �w�i�t�h� �a�p�p�r�o�x�i�m�e�n�t�l�y� 

�1� �c�m� �o�f� �w�a�t�e�r�.� �C�a�t�t�l�e� �w�e�r�e� �a�l�s�o� �o�b�s�e�r�v�e�d� �t�o� �g�e�t� �w�a�t�e�r� �b�y� �s�u�c�k�i�n�g� �o�n� �t�h�e� �i�n�l�e�t� �p�i�p�e� �o�f� �t�h�e� 

�t�r�o�u�g�h�.� �T�o� �r�e�s�o�l�v�e� �t�h�i�s� �p�r�o�b�l�e�m�,� �t�h�e� �o�v�e�r�f�l�o�w� �p�i�p�e�s� �w�e�r�e� �r�e�p�l�a�c�e�d� �a�n�d� �w�o�o�d�e�n� �c�o�v�e�r�s� �w�e�r�e� 

�p�l�a�c�e�d� �o�v�e�r� �t�h�e� �t�r�o�u�g�h�s� �i�n� �o�r�d�e�r� �t�o� �p�r�o�h�i�b�i�t� �c�a�t�t�l�e� �t�o� �d�r�i�n�k� �f�r�o�m� �t�h�e� �t�r�o�u�g�h� �d�u�r�i�n�g� �t�h�e� �p�r�e�-� 

�B�M�P� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�.� 

�T�h�e� �n�u�m�b�e�r� �o�f� �c�a�t�t�l�e� �a�n�d� �t�h�e� �d�a�t�e�s� �o�f� �r�o�t�a�t�i�o�n� �o�n� �t�h�e� �o�b�s�e�r�v�e�d� �p�a�s�t�u�r�e�s� �w�e�r�e� �r�e�c�o�r�d�e�d�.� �T�h�e� 

�s�t�o�c�k�i�n�g� �d�e�n�s�i�t�i�e�s� �f�o�r� �e�a�c�h� �p�a�s�t�u�r�e�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �o�v�e�r�a�l�l� �s�y�s�t�e�m� �s�t�o�c�k�i�n�g� �r�a�t�e� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� 

�f�o�r� �t�h�e� �t�w�o� �f�a�r�m�s�.� 

�P�r�i�o�r� �t�o� �t�h�e� �i�n�i�t�i�a�t�i�o�n� �o�f� �t�h�e� �s�t�u�d�y�,� �m�o�n�i�t�o�r�i�n�g� �e�q�u�i�p�m�e�n�t� �w�a�s� �i�n�s�t�a�l�l�e�d� �a�n�d� �s�u�r�v�e�y�s� �w�e�r�e� 

�c�o�n�d�u�c�t�e�d� �i�n� �p�r�e�p�a�r�a�t�i�o�n� �o�f� �t�h�e� �p�r�o�j�e�c�t�.� �O�n� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �F�a�r�m�,� �a� �s�t�a�n�d�a�r�d� �r�a�i�n� �g�a�u�g�e� �a�n�d� 

�a� �w�e�i�g�h�i�n�g� �r�a�i�n� �g�u�a�g�e� �w�e�r�e� �i�n�s�t�a�l�l�e�d�.� �T�h�e� �r�a�i�n�g�a�u�g�e�s� �w�e�r�e� �r�e�a�d� �a�n�d� �s�e�r�v�i�c�e�d� �o�n� �a� �d�a�i�l�y� �b�a�s�i�s� 

�a�n�d� �m�a�i�n�t�a�i�n�e�d� �w�e�e�k�l�y� �b�y� �t�h�e� �f�a�r�m� �o�p�e�r�a�t�o�r�.� �A� �h�y�g�r�o�t�h�e�r�m�o�g�r�a�p�h� �w�a�s� �a�l�s�o� �i�n�s�t�a�l�l�e�d� �o�n� �e�a�c�h� 

�f�a�r�m� �a�n�d� �s�e�r�v�i�c�e�d� �o�n� �a� �b�i�-�w�e�e�k�l�y� �b�a�s�i�s� �b�y� �t�h�e� �f�a�r�m� �o�p�e�r�a�t�o�r�.� �S�t�r�e�a�m� �f�l�o�w� �d�a�t�a� �w�e�r�e� �o�b�t�a�i�n�e�d� 

�b�y� �m�e�a�s�u�r�i�n�g� �t�h�e� �t�i�m�e� �t�o� �c�o�l�l�e�c�t� �a� �k�n�o�w�n� �v�o�l�u�m�e� �o�f� �w�a�t�e�r� �(�3�.�7�8�5� �L� �o�r� �1�8�.�9�2�5� �L�.�)� �a�t� �t�h�e� �p�o�n�d� 

�o�u�t�l�e�t�.� �O�n� �t�h�e� �B�e�n�d�e�r� �F�a�r�m�,� �s�t�a�f�f� �g�a�u�g�e�s� �w�e�r�e� �i�n�s�t�a�l�l�e�d� �n�e�a�r� �t�h�e� �o�u�t�l�e�t� �o�f� �e�a�c�h� �s�t�r�e�a�m� �t�o� 
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�r�e�c�o�r�d� �w�a�t�e�r� �l�e�v�e�l�s� �i�n� �t�h�e� �s�t�r�e�a�m�s�.� �T�w�o� �c�r�o�s�s�-�s�e�c�t�i�o�n�a�l� �s�u�r�v�e�y�s�,� �o�n�e� �u�p�s�t�r�e�a�m� �a�n�d� �o�n�e� 

�d�o�w�n�s�t�r�e�a�m� �o�f� �t�h�e� �i�n�s�t�a�l�l�e�d� �s�t�a�f�f� �g�a�u�g�e�,� �w�e�r�e� �c�o�n�d�u�c�t�e�d�.� �S�t�r�e�a�m� �f�l�o�w� �r�a�t�i�n�g� �c�u�r�v�e�s� �f�o�r� �e�a�c�h� 

�s�t�r�e�a�m� �w�e�r�e� �d�e�v�e�l�o�p�e�d� �f�r�o�m� �t�h�e� �c�r�o�s�s�-�s�e�c�t�i�o�n�a�l� �s�u�r�v�e�y�s� �u�s�i�n�g� �t�h�e� �M�a�n�n�i�n�g�'�s� �E�q�u�a�t�i�o�n�.� �T�h�e� 

�s�t�a�f�f� �g�a�u�g�e� �h�e�i�g�h�t�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �s�t�r�e�a�m� �f�l�o�w�,� �w�e�r�e� �r�e�a�d� �a�n�d� �r�e�c�o�r�d�e�d� �o�n� �a� 

�b�i�w�e�e�k�l�y� �b�a�s�i�s�,� �c�o�i�n�c�i�d�i�n�g� �w�i�t�h� �w�a�t�e�r� �q�u�a�l�i�t�y� �s�a�m�p�l�i�n�g� �t�i�m�e�s�.� �S�u�r�v�e�y�s� �o�f� �s�t�r�e�a�m� �l�e�n�g�t�h� �a�n�d� 

�b�e�d� �s�l�o�p�e�,� �a�s� �w�e�l�l� �a�s� �l�e�n�g�t�h� �o�f� �a�c�c�e�s�s�i�b�l�e� �s�t�r�e�a�m�b�a�n�k� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �o�n� �b�o�t�h� �f�a�r�m�s�.� 

�T�h�e� �t�h�r�e�e� �p�a�s�t�u�r�e�s� �w�e�r�e� �e�v�a�l�u�a�t�e�d� �f�o�r� �t�h�e� �c�o�n�d�i�t�i�o�n� �o�f� �t�h�e�i�r� �e�x�i�s�t�i�n�g� �v�e�g�e�t�a�t�i�o�n�.� �E�a�c�h� �p�a�s�t�u�r�e� 

�w�a�s� �s�u�r�v�e�y�e�d� �o�n� �t�h�e� �b�a�s�i�s� �o�f� �b�o�t�a�n�i�c�a�l� �c�o�m�p�o�s�i�t�i�o�n�.� �A�p�p�r�o�x�i�m�a�t�i�o�n�s� �f�o�r� �t�o�t�a�l� �b�i�o�m�a�s�s� 

�(�k�g�/�h�a�)� �a�s� �w�e�l�l� �a�s� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �g�r�o�u�n�d� �c�o�v�e�r�,� �i�n�c�l�u�d�i�n�g� �g�r�a�s�s�e�s�,� �l�e�g�u�m�e�s� �a�n�d� �w�e�e�d�s� �w�e�r�e� 

�m�a�d�e� �f�o�r� �e�a�c�h� �c�o�m�m�u�n�i�t�y�.� �T�h�e� �t�a�l�l� �f�e�s�c�u�e� �(�F�e�s�t�u�c�e�a� �a�r�u�n�d�i�n�a�c�e�a� �S�c�h�r�e�b�.�)� �i�n� �e�a�c�h� �v�e�g�e�t�a�t�i�v�e� 

�c�o�m�m�u�n�i�t�y� �w�a�s� �d�i�a�g�n�o�s�e�d� �f�o�r� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �e�n�d�o�p�h�y�t�e� �i�n�f�e�c�t�i�o�n� �b�y� �t�h�e� �f�u�n�g�u�s� 

�A�c�r�e�m�o�n�i�u�m� �c�o�e�n�o�p�h�i�a�l�u�m� �(�M�o�r�g�a�n�,� �J�o�n�e�s� �a�n�d� �G�a�m�s�)� �u�s�i�n�g� �t�h�e� �p�r�o�c�e�d�u�r�e�s� �d�e�s�c�r�i�b�e�d� �b�y� 

�B�a�c�o�n� �e�t� �a�l�.� �(�1�9�7�7�)�.� �T�h�i�r�t�y� �t�a�l�l� �f�e�s�c�u�e� �t�i�l�l�e�r�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �i�n� �t�h�e� �s�p�r�i�n�g� �o�f� �1�9�9�5� �f�o�l�l�o�w�i�n�g� 

�t�h�e� �p�r�o�c�e�d�u�r�e�s� �s�u�g�g�e�s�t�e�d� �b�y� �B�a�c�o�n� �e�t� �a�l�.� �(�1�9�7�7�)� �o�n� �e�a�c�h� �o�f� �t�h�e� �t�h�r�e�e� �p�a�s�t�u�r�e�s�.� �T�h�e� �s�a�m�p�l�e�s� 

�w�e�r�e� �a�n�a�l�y�z�e�d� �u�s�i�n�g� �a� �p�l�a�n�t� �t�i�s�s�u�e� �s�t�a�i�n�i�n�g� �t�e�s�t� �r�e�c�o�m�m�e�n�d�e�d� �b�y� �t�h�e� �A�u�b�u�r�n� �U�n�i�v�e�r�s�i�t�y� 

�F�e�s�c�u�e� �T�o�x�i�c�i�t�y� �D�i�a�g�n�o�s�t�i�c� �C�e�n�t�e�r� �(�A�l�a�b�a�m�a� �A�g�r�i�c�u�l�t�u�r�a�l� �E�x�p�e�r�i�m�e�n�t� �S�t�a�t�i�o�n�,� �1�9�9�5�)�.� �T�h�e� 

�b�o�t�a�n�i�c�a�l� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �t�h�e� �n�p�a�r�i�a�n� �z�o�n�e� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �p�r�i�o�r� �t�o� �a�n�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �s�t�u�d�y�.� 
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�S�i�t�e� �D�e�s�c�r�i�p�t�i�o�n�s� 

�B�e�n�d�e�r� �F�a�r�m� �a�t� �F�l�o�y�d�,� �V�i�r�g�i�n�i�a� 

�T�h�e� �B�e�n�d�e�r� �F�a�r�m� �i�s� �l�o�c�a�t�e�d� �i�n� �n�o�r�t�h�-�c�e�n�t�r�a�l� �F�l�o�y�d� �c�o�u�n�t�y�,� �V�i�r�g�i�n�i�a�,� �a�l�o�n�g� �V�i�r�g�i�n�i�a� �R�o�u�t�e� 

�#�6�1�7� �a�n�d� �l�i�e�s� �w�i�t�h�i�n� �t�h�e� �E�a�s�t� �F�o�r�k� �o�f� �t�h�e� �L�i�t�t�l�e� �R�i�v�e�r� �W�a�t�e�r�s�h�e�d�.� �T�h�e� �f�a�r�m� �e�n�c�o�m�p�a�s�s�e�s� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �2�7�5� �a�c�r�e�s� �(�1�1�0� �h�a�)�,� �r�a�n�g�i�n�g� �i�n� �e�l�e�v�a�t�i�o�n� �f�r�o�m� �1�3�0�0� �t�o� �1�6�0�0� �f�t� �(�3�9�6� �t�o� �4�8�8� �m�)�.� 

�E�i�g�h�t� �p�a�s�t�u�r�e�s� �a�n�d� �3� �c�r�o�p� �f�i�e�l�d�s� �(�c�o�r�n�,� �m�i�x�e�d� �g�r�a�i�n�s�)� �w�e�r�e� �f�o�u�n�d� �o�n� �t�h�e� �f�a�r�m�,� �e�a�c�h� �v�a�r�y�i�n�g� 

�i�n� �e�l�e�v�a�t�i�o�n�,� �s�l�o�p�e� �a�n�d� �s�o�u�r�c�e� �o�f� �a�v�a�i�l�a�b�l�e� �w�a�t�e�r� �f�o�r� �l�t�v�e�s�t�o�c�k� �u�s�e�.� 

�T�h�e� �t�w�o� �p�a�s�t�u�r�e�s� �i�n�v�o�l�v�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�,� �i�d�e�n�t�i�f�i�e�d� �a�s� �N�o�r�t�h� �a�n�d� �S�o�u�t�h� �B�e�n�d�e�r�,� �a�r�e� �l�o�c�a�t�e�d� 

�e�a�s�t� �o�f� �M�i�d�d�l�e� �C�r�e�e�k� �a�n�d� �b�e�t�w�e�e�n� �V�i�r�g�i�n�i�a� �R�o�u�t�e� �#�6�7�9� �a�n�d� �V�i�r�g�i�n�i�a� �R�o�u�t�e� �#�6�0�8� �(�F�i�g�u�r�e� �3�-� 

�1�)�.� �T�h�e� �N�o�r�t�h� �a�n�d� �S�o�u�t�h� �B�e�n�d�e�r� �p�a�s�t�u�r�e�s� �a�r�e� �p�a�r�t� �o�f� �a� �1�1�4� �a�c�r�e� �(�4�6� �h�a�)�,� �e�i�g�h�t� �p�a�d�d�o�c�k� 

�r�o�t�a�t�i�o�n�a�l� �g�r�a�z�i�n�g� �s�y�s�t�e�m�.� 

�I�n� �t�h�e� �s�p�r�i�n�g� �o�f� �1�9�9�5�,� �t�h�e� �N�o�r�t�h� �a�n�d� �S�o�u�t�h� �B�e�n�d�e�r� �p�a�s�t�u�r�e�s� �w�e�r�e� �d�i�v�i�d�e�d� �i�n�t�o� �2� �a�n�d� �3� 

�p�a�d�d�o�c�k�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �a�r�e�a�,� �w�a�t�e�r� �s�o�u�r�c�e� �p�r�o�v�i�d�e�d� �a�n�d� �s�h�a�d�e� �a�v�a�i�l�a�b�i�l�i�t�y� �w�i�t�h�i�n� �e�a�c�h� 

�o�f� �t�h�e� �p�a�d�d�o�c�k�s� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �3�-�1�.� 
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�i�r�g�i�n�i�a�.� �L�o�c�a�t�i�o�n� �o�f� �B�e�n�d�e�r� �F�a�r�m�,� �F�l�o�y�d�,� �V� �F�i�g�u�r�e� �3�-�1�.� 
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�T�a�b�l�e� �3�-�1�.� �P�a�s�t�u�r�e� �a�n�d� �p�a�d�d�o�c�k� �d�e�s�c�r�i�p�t�i�o�n�s�:� �B�e�n�d�e�r� �F�a�r�m�,� �F�l�o�y�d�,� �V�A�.� 
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�P�a�s�t�u�r�e� �P�a�d�d�o�c�k� �A�r�e�a� �W�a�t�e�r� �S�o�u�r�c�e� �S�h�a�d�e� �A�v�a�i�l�a�b�i�l�i�t�y� 
�a�c� �(�h�a�)� 

�N�o�r�t�h� �B�e�n�d�e�r� �4�1�(�1�6�.�6�)� 

�A� �1�4� �(�5�.�7�)� �s�t�r�e�a�m� �a�n�d� �a�l�o�n�g� �s�t�r�e�a�m� �&� 
�t�r�o�u�g�h� �a�b�u�n�d�a�n�t�l�y� �w�/�i�n� �p�a�d�d�o�c�k� 

�B� �2�7� �(�1�0�.�9�)� �s�t�r�e�a�m� �a�n�d� �a�l�o�n�g� �s�t�r�e�a�m� �&� 
�t�r�o�u�g�h� �a�b�u�n�d�a�n�t�l�y� �w�/�i�n� �p�a�d�d�o�c�k� 

�S�o�u�t�h� �B�e�n�d�e�r� �5�5� �(�2�2�.�3�)� 

�C� �2�3� �(�9�.�3�)� �s�t�r�e�a�m� �a�n�d� �n�o�n�e� 
�t�r�o�u�g�h� 

�D� �8� �(�3�.�2�)� �s�t�r�e�a�m� �a�n�d� �l�i�m�i�t�e�d� �a�l�o�n�g� �s�t�r�e�a�m� �&� 
�t�r�o�u�g�h� �w�/�i�n� �p�a�d�d�o�c�k� 

�E� �2�4� �(�9�.�7�)� �s�t�r�e�a�m� �n�o�n�e� � � � � 

�W�a�t�e�r�s�h�e�d� �D�e�s�c�r�i�p�t�i�o�n� 

�A� �s�p�r�i�n�g�-�f�e�d� �s�t�r�e�a�m� �o�r�i�g�i�n�a�t�e�s� �w�i�t�h�i�n� �b�o�t�h� �o�f� �t�h�e� �s�t�u�d�y� �p�a�s�t�u�r�e�s�.� �T�h�e� �N�o�r�t�h� �B�e�n�d�e�r� �s�t�r�e�a�m� 

�b�a�s�i�n� �c�o�n�s�i�s�t�s� �o�f� �p�a�s�t�u�r�e� �a�n�d� �f�o�r�e�s�t�l�a�n�d� �l�o�c�a�t�e�d� �n�o�r�t�h� �o�f� �t�h�e� �f�e�n�c�e� �a�l�o�n�g� �a� �r�i�d�g�e� �w�h�i�c�h� 

�s�e�p�a�r�a�t�e�s� �t�h�e� �N�o�r�t�h� �a�n�d� �S�o�u�t�h� �p�a�s�t�u�r�e�s� �a�n�d� �d�r�a�i�n�a�g�e� �b�a�s�i�n�s�.� �T�h�e� �N�o�r�t�h� �B�e�n�d�e�r� �s�t�r�e�a�m� �i�s� �w�e�l�l� 

�d�e�f�i�n�e�d� �f�r�o�m� �i�t�s� �s�o�u�r�c�e� �w�i�t�h� �a� �b�e�d�s�l�o�p�e� �o�f� �4�.�3�2�%� �a�n�d� �a� �d�i�s�t�a�n�c�e� �o�f� �1�4�0�0� �f�e�e�t� �(�4�2�7� �m�)�.� �T�h�e� 

�S�o�u�t�h� �B�e�n�d�e�r� �s�t�r�e�a�m� �b�a�s�i�n� �c�o�n�s�i�s�t�s� �p�r�i�m�a�r�i�l�y� �o�f� �p�a�s�t�u�r�e�l�a�n�d� �b�u�t� �a�l�s�o� �i�n�c�l�u�d�e�s� �r�o�w� �c�r�o�p� �f�i�e�l�d�s�,� 

�i�n� �t�h�e� �e�a�s�t� �a�n�d� �s�o�u�t�h�e�a�s�t� �o�f� �t�h�e� �s�p�r�i�n�g� �h�e�a�d�,� �a�n�d� �a� �W�h�i�t�e� �P�i�n�e� �w�o�o�d�l�o�t� �t�o� �t�h�e� �s�o�u�t�h� �(�F�i�g�u�r�e� 

�3�-�2�)�.� �T�h�e� �S�o�u�t�h� �B�e�n�d�e�r� �s�t�r�e�a�m� �i�s� �f�e�d� �b�y� �a� �c�o�n�g�l�o�m�e�r�a�t�e� �o�f� �s�p�r�i�n�g�s�,� �r�a�t�h�e�r� �t�h�a�n� �f�r�o�m� �a� �s�i�n�g�l�e� 
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�s�p�r�i�n�g� �s�u�c�h� �a�s� �t�h�e� �o�n�e� �w�h�i�c�h� �f�o�r�m�s� �t�h�e� �N�o�r�t�h� �B�e�n�d�e�r� �s�t�r�e�a�m�.� �S�u�b�s�e�q�u�e�n�t�l�y�,� �t�h�e� �c�h�a�n�n�e�l� �1�s� 

�p�o�o�r�l�y� �d�e�f�i�n�e�d� �f�o�r� �t�h�e� �f�i�r�s�t� �3�5�0�-�f�e�e�t� �(�1�0�6�.�7�-�m�)� �o�f� �t�h�e� �s�t�r�e�a�m�'�s� �1�6�0�0�-�f�t� �(�4�8�8�-� �m�)� �l�e�n�g�t�h� �(�4�.�3�%� 

�s�l�o�p�e�)�.� �T�h�i�s� �u�n�d�e�f�i�n�e�d� �s�t�r�e�a�m� �a�r�e�a� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �a�s� �p�o�s�s�e�s�s�i�n�g� �w�i�d�e�,� �p�o�o�r�l�y� �d�e�f�i�n�e�d� �s�t�r�e�a�m� 

�b�a�n�k�s�,� �a� �p�o�o�r�l�y� �d�r�a�i�n�e�d� �s�u�b�s�o�i�l�,� �a�n�d� �s�u�p�p�o�r�t�i�n�g� �a� �r�a�n�g�e� �o�f� �a�q�u�a�t�i�c� �v�e�g�e�t�a�t�i�o�n� �i�n�c�l�u�d�i�n�g�:� 

�C�h�u�f�a� �(�C�y�p�e�r�u�s� �e�s�c�u�l�e�n�t�a�)�,� �B�u�l�r�u�s�h� �(�S�c�i�r�p�u�s� �s�p�.�)�,� �B�u�r�d�o�c�k� �(�A�r�t�i�c�u�m� �m�i�n�u�s�)�,� �C�a�t�t�a�i�l� �(�7�y�p�h�a� 

�l�a�t�i�f�o�l�i�a�)�,� �S�p�o�t�t�e�d� �J�e�w�e�l�w�e�e�d� �(�/�m�p�a�t�i�e�n�s� �c�a�p�e�n�s�i�s�)�,� �a�n�d� �A�r�r�o�w�-�L�e�a�v�e�d� �T�e�a�r�t�t�h�u�m�b� 

�(�P�o�l�y�g�o�n�u�m� �s�a�g�i�t�t�a�t�u�m�)�.� �T�w�o� �a�r�e�a�s� �o�f� �S�p�e�c�k�l�e�d� �A�l�d�e�r� �(�A�/�n�u�s� �r�u�g�o�s�a�)� �a�l�s�o� �l�i�e� �a�l�o�n�g� �t�h�e� 

�s�t�r�e�a�m�.� 

�S�o�i�l�s� 

�T�h�e� �s�t�u�d�y� �p�a�s�t�u�r�e�s� �a�r�e� �u�n�d�e�r�l�a�i�n� �b�y� �t�w�o� �d�e�e�p�,� �m�o�d�e�r�a�t�e�l�y� �a�n�d� �m�o�d�e�r�a�t�e�l�y� �w�e�l�l� �d�r�a�i�n�e�d�,� 

�c�r�y�s�t�a�l�l�i�n�e� �r�o�c�k� �a�n�d� �a�l�l�u�v�i�u�m�-�d�e�r�i�v�e�d� �s�o�i�l�s� �o�n� �t�h�e� �4� �t�o� �2�5�%� �s�l�o�p�e�s�.� �T�h�e� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� 

�p�a�s�t�u�r�e� �i�s� �u�n�d�e�r�l�a�i�n� �b�y� �C�h�e�s�t�e�r� �L�o�a�m� �(�h�y�d�r�o�l�o�g�i�c� �s�o�i�l� �g�r�o�u�p� �C�)� �a�n�d� �t�h�e� �s�t�r�e�a�m� �c�h�a�n�n�e�l�s� �a�r�e� 

�c�o�m�p�o�s�e�d� �o�f� �D�e�l�a�n�c�o�-�C�h�e�c�k� �L�o�a�m� �C�o�m�p�l�e�x� �(�h�y�d�l�o�g�i�c� �s�o�i�l� �g�r�o�u�p� �D�)� �(�V�P�I�&�S�U�,� �1�9�9�4�)�.� �T�h�e� 

�s�u�r�f�a�c�e� �h�o�r�i�z�o�n� �o�f� �t�h�e� �C�h�e�s�t�e�r� �l�o�a�m� �i�s� �d�e�s�c�r�i�b�e�d� �a�s� �a� �m�o�d�e�r�a�t�e�l�y� �f�i�n�e� �g�r�a�n�u�l�a�r�,� �f�r�i�a�b�l�e�,� �s�l�i�g�h�t�l�y� 

�s�t�i�c�k�y�,� �s�l�i�g�h�t�l�y� �p�l�a�s�t�i�c�,� �v�e�r�y� �d�a�r�k� �g�r�a�y�i�s�h� �b�r�o�w�n� �l�o�a�m� �e�x�t�e�n�d�i�n�g� �t�o� �a� �d�e�p�t�h� �o�f� �o�n�l�y� �4� �i�n�c�h�e�s� 

�(�1�0� �c�m�)�.� �T�h�e� �s�u�b�s�o�i�l� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �a�s� �a� �m�o�t�t�l�e�d�,� �s�l�i�g�h�t�l�y� �p�l�a�s�t�i�c�,� �f�r�i�a�b�l�e� �a�n�d� �s�t�r�o�n�g�l�y� �a�c�i�d�i�c�,� 

�s�t�r�o�n�g� �b�r�o�w�n� �l�o�a�m�,� �s�a�n�d�y�,� �c�l�a�y� �l�o�a�m� �o�r� �s�a�n�d�y� �l�o�a�m� �e�x�t�e�n�d�i�n�g� �t�o� �a� �d�e�p�t�h� �o�f� �5�0� �i�n�c�h�e�s� �(�1�2�7� 

�c�m�)�.� �T�h�e� �D�e�l�a�n�c�o�-�C�h�e�c�k� �L�o�a�m� �C�o�m�p�l�e�x� �s�u�r�f�a�c�e� �h�o�r�i�z�o�n� �i�s� �d�e�s�c�r�i�b�e�d� �a�s� �a� �f�r�i�a�b�l�e�,� �s�t�i�c�k�y� 

�s�t�r�o�n�g�l�y� �a�c�i�d�i�c�,� �d�a�r�k� �g�r�a�y�i�s�h� �b�r�o�w�n� �f�i�n�e� �s�a�n�d�y� �l�o�a�m� �w�i�t�h� �c�o�m�m�o�n� �f�i�n�e� �r�o�o�t�s� �e�x�t�e�n�d�i�n�g� �t�o� �a� 
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�d�e�p�t�h� �o�f� �8� �i�n�c�h�e�s� �(�2�0� �c�m�)�.� �T�h�e� �s�u�b�s�o�i�l� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �a�s� �a� �m�o�t�t�l�e�d�,� �b�l�o�c�k�y� �t�o� �m�a�s�s�i�v�e� 

�s�t�r�u�c�t�u�r�e�d�,� �s�t�i�c�k�y�,� �f�r�i�a�b�l�e�,� �p�l�a�s�t�i�c�,� �l�i�g�h�t� �y�e�l�l�o�w�i�s�h� �b�r�o�w�n� �t�o� �l�i�g�h�t� �g�r�a�y� �c�l�a�y� �l�o�a�m� �o�r� �v�e�r�y� �c�o�b�b�l�y� 

�s�a�n�d�y� �c�l�a�y� �l�o�a�m� �w�i�t�h� �c�o�m�m�o�n� �f�i�n�e� �m�i�c�a� �f�l�a�k�e�s� �e�x�t�e�n�d�i�n�g� �t�o� �a� �d�e�p�t�h� �o�f� �7�2� �i�n�c�h�e�s� �(�1�8�3� �c�m�)�.� 

�T�o� �i�m�p�r�o�v�e� �p�a�s�t�u�r�e� �o�n� �b�o�t�h� �s�o�i�l�s� �s�e�v�e�r�a�l� �s�u�g�g�e�s�t�i�o�n�s� �w�e�r�e� �m�a�d�e� �i�n�c�l�u�d�i�n�g� �i�n�c�r�e�a�s�i�n�g� �t�h�e� 

�|� �c�a�r�r�y�i�n�g� �c�a�p�a�c�i�t�y� �b�y� �e�s�t�a�b�l�i�s�h�i�n�g� �a�n�d� �m�a�i�n�t�a�i�n�i�n�g� �a� �m�i�x�t�u�r�e� �o�f� �g�r�a�s�s�e�s� �a�n�d� �l�e�g�u�m�e�s�,� �p�r�o�p�e�r� 

�s�t�o�c�k�i�n�g� �r�a�t�e�s�,� �c�o�n�t�r�o�l�l�i�n�g� �w�e�e�d�s�,� �a�n�d� �r�o�t�a�t�i�n�g� �o�r� �d�e�f�e�r�r�i�n�g� �g�r�a�z�i�n�g� �(�V�P�I�&�S�U�,� �1�9�9�4�)�.� �I�t� �w�a�s� 

�a�l�o�s� �r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �e�c�o�n�o�m�i�c� �y�i�e�l�d�s� �c�o�u�l�d� �b�e� �e�n�h�a�n�c�e�d� �b�y� �a�p�p�l�y�i�n�g� �l�i�m�e� �a�n�d� �f�e�r�t�i�l�i�z�e�r� 

�b�a�s�e�d� �o�n� �s�o�i�l� �t�e�s�t� �r�e�s�u�l�t�s� �(�V�P�I�&�S�U�,� �1�9�9�4�)�.� 

�V�e�g�e�t�a�t�i�o�n� 

�A� �s�w�a�r�d� �o�f� �p�r�i�m�a�r�i�l�y� �c�o�o�l� �s�e�a�s�o�n� �g�r�a�s�s�e�s� �a�n�d� �l�e�g�u�m�e�s� �h�a�d� �p�r�o�d�u�c�e�d� �a� �g�o�o�d� �t�u�r�f� �o�n� �t�h�e� �t�w�o� 

�s�t�u�d�y� �p�a�s�t�u�r�e�s�.� �T�a�l�l� �f�e�s�c�u�e� �(�F�e�s�t�u�c�a� �a�r�u�n�d�i�n�a�c�e�a�)�,� �o�r�c�h�a�r�d�g�r�a�s�s� �(�D�a�c�t�y�l�i�s� �g�l�o�m�e�r�a�t�a�)� �a�n�d� 

�K�e�n�t�u�c�k�y� �b�l�u�e�g�r�a�s�s� �(�P�o�a� �p�r�a�t�e�n�s�i�s�)� �a�r�e� �t�h�e� �d�o�m�i�n�a�n�t� �g�r�a�s�s�e�s�,� �w�h�i�l�e� �r�e�d� �c�l�o�v�e�r� �(�7�r�i�f�o�l�i�u�m� 

�p�r�a�t�e�n�s�e�)� �a�n�d� �w�h�i�t�e� �c�l�o�v�e�r� �(�7�r�i�f�o�l�i�u�m� �r�e�p�e�n�s�)� �d�o�m�i�n�a�t�e� �t�h�e� �l�e�g�u�m�e�s�.� �O�c�c�a�s�i�o�n�a�l� �s�p�e�c�i�e�s� 

�w�i�t�h�i�n� �t�h�e� �p�a�s�t�u�r�e� �i�n�c�l�u�d�e� �t�i�m�o�t�h�y� �(�P�h�/�e�u�m� �p�r�a�t�e�n�s�e�)� �d�u�r�i�n�g� �l�a�t�e� �s�p�r�i�n�g� �e�s�p�e�c�i�a�l�l�y� �w�i�t�h�i�n� �t�h�e� 

�e�a�s�t�e�r�n� �p�o�r�t�i�o�n�s� �o�f� �b�o�t�h� �p�a�s�t�u�r�e�s�,� �J�o�h�n�s�o�n� �g�r�a�s�s� �(�S�o�r�g�h�u�m� �h�a�l�e�p�e�n�s�e�)� �d�u�r�i�n�g� �t�h�e� �m�o�n�t�h�s� �o�f� 

�J�u�l�y� �a�n�d� �A�u�g�u�s�t�,� �a�n�d� �b�r�o�o�m�s�e�d�g�e� �(�A�n�d�r�o�p�o�g�o�n� �v�i�r�g�i�n�i�c�u�s�)� �o�n� �t�h�e� �s�t�e�e�p� �s�l�o�p�e�s� �d�u�r�i�n�g� �t�h�e� �l�a�t�e� 

�s�u�m�m�e�r� �m�o�n�t�h�s� �a�n�d� �c�o�n�t�i�n�u�i�n�g� �i�n�t�o� �w�i�n�t�e�r�.� �C�o�m�m�o�n� �w�e�e�d�s� �i�n�c�l�u�d�e�d� �r�a�g�w�e�e�d� �(�A�m�b�r�o�s�i�a� 

�a�r�t�e�m�i�s�i�i�f�o�l�i�a�)�,� �c�o�m�m�o�n� �t�h�i�s�t�l�e� �(�C�i�r�s�i�u�m� �s�p�.�)�,� �Q�u�e�e�n� �A�n�n�e�'�s� �l�a�c�e� �(�D�a�u�c�u�s� �c�a�r�o�t�a�)�,� �h�o�r�s�e� 

�n�e�t�t�l�e� �(�S�o�l�a�n�u�m� �c�a�r�o�l�i�n�e�n�s�e�)�,� �m�a�y�w�e�e�d� �(�A�n�t�h�e�m�i�s� �c�o�t�u�l�a�)�,� �a�n�d� �c�h�i�c�o�r�y� �(�C�i�c�h�o�r�i�u�m� �i�n�t�y�b�u�s�)�.� 
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�S�h�a�d�e� �i�s� �a�b�u�n�d�a�n�t� �w�i�t�h�i�n� �t�h�e� �N�o�r�t�h� �B�e�n�d�e�r� �p�a�s�t�u�r�e� �a�n�d� �s�t�r�e�a�m�b�a�n�k� �b�u�t� �i�s� �l�e�s�s� �a�v�a�i�l�a�b�l�e� �w�i�t�h�i�n� 

�t�h�e� �S�o�u�t�h� �B�e�n�d�e�r� �p�a�s�t�u�r�e�.� �M�a�n�y� �l�a�r�g�e� �W�h�i�t�e� �o�a�k�s� �(�Q�u�e�r�c�u�s� �a�l�b�a�)�,� �R�e�d� �o�a�k�s� �(�Q�u�e�r�c�u�s� 

�r�u�b�r�a�)� �a�n�d� �B�l�a�c�k� �L�o�c�u�s�t� �a�r�e� �f�o�u�n�d� �w�i�t�h�i�n� �t�h�e� �N�o�r�t�h� �B�e�n�d�e�r� �p�a�s�t�u�r�e� �w�h�i�l�e� �S�p�e�c�k�l�e�d� �a�l�d�e�r� 

�(�A�l�n�u�s� �r�u�g�o�s�a�)�,� �B�l�a�c�k� �L�o�c�u�s�t� �(�R�o�b�i�n�i�a� �p�s�e�u�d�a�-�a�c�a�c�i�a�)� �a�n�d� �A�p�p�l�e� �(�P�y�r�u�s� �m�a�l�u�s�)� �a�r�e� �f�o�u�n�d� 

�a�l�o�n�g� �t�h�e� �s�t�r�e�a�m�b�a�n�k�s� �a�n�d� �h�i�l�l� �a�d�j�a�c�e�n�t� �t�o� �t�h�e� �S�o�u�t�h� �B�e�n�d�e�r� �p�a�s�t�u�r�e�.� �S�h�a�d�e� �i�s� �o�n�l�y� �a�v�a�i�l�a�b�l�e� 

�w�i�t�h�i�n� �P�a�d�d�o�c�k�-�B� �o�f� �t�h�e� �S�o�u�t�h� �B�e�n�d�e�r� �p�a�s�t�u�r�e� �a�l�o�n�g� �t�h�e� �a�d�j�a�c�e�n�t� �E�a�s�t�e�r�n� �W�h�i�t�e� �p�i�n�e� 

�w�o�o�d�l�o�t� �i�n� �t�h�e� �m�o�r�n�i�n�g� �h�o�u�r�s� �a�n�d� �u�n�d�e�r� �a� �l�a�r�g�e� �a�p�p�l�e� �a�n�d� �R�e�d� �m�a�p�l�e� �(�A�c�e�r� �r�u�b�r�u�m�)� �t�r�e�e� 

�d�u�r�i�n�g� �a�f�t�e�r�n�o�o�n� �h�o�u�r�s�.� 

�G�r�a�z�i�n�g� �M�a�n�a�g�e�m�e�n�t� 

�T�h�e� �B�e�n�d�e�r� �F�a�r�m� �i�s� �a� �f�a�m�i�l�y�-�o�w�n�e�d� �a�n�d� �o�p�e�r�a�t�e�d� �f�a�r�m� �a�n�d� �p�r�o�d�u�c�e�s� �A�n�g�u�s�-�H�e�r�e�f�o�r�d� �c�a�l�v�e�s� 

�f�o�r� �b�o�t�h� �V�i�r�g�i�n�i�a� �a�n�d� �m�i�d�-�w�e�s�t�e�r�n� �m�a�r�k�e�t�s�.� �T�w�o� �g�r�a�v�i�t�y�-�f�e�d� �4�0�0�-�g�a�l�l�o�n� �(�1�5�1�4�-�L�)� �w�a�t�e�r� 

�t�r�o�u�g�h� �s�y�s�t�e�m�s� �w�e�r�e� �i�n�s�t�a�l�l�e�d� �i�n� �A�p�r�i�l�,� �1�9�9�5�.� �P�a�d�d�o�c�k� �f�e�n�c�i�n�g� �f�o�r� �t�h�e� �r�o�t�a�t�i�o�n�a�l� �g�r�a�z�i�n�g� 

�s�y�s�t�e�m� �w�a�s� �c�o�m�p�l�e�t�e�d� �d�u�r�i�n�g� �J�u�n�e�,� �1�9�9�5�.� 

�A� �m�i�x�t�u�r�e� �o�f� �s�e�a�s�o�n�a�l� �c�o�n�t�i�n�u�o�u�s� �(�N�o�v�e�m�b�e�r�,� �1�9�9�4� �t�o� �A�p�r�i�l�,� �1�9�9�5�)� �a�n�d� �r�o�t�a�t�i�o�n�a�l� �s�t�o�c�k�i�n�g� 

�(�A�p�r�i�l�,� �1�9�9�5� �t�o� �O�c�t�o�b�e�r�,� �1�9�9�5�)� �w�e�r�e� �u�s�e�d� �a�s� �t�h�e� �p�r�i�m�a�r�y� �g�r�a�z�i�n�g� �m�e�t�h�o�d�s�.� �C�o�w�s� �a�n�d� �c�a�l�v�e�s� 
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�w�e�r�e� �c�o�n�t�i�n�u�o�u�s�l�y� �s�t�o�c�k�e�d� �o�n� �s�t�o�c�k�p�i�l�e�d� �t�a�l�l� �f�e�s�c�u�e� �a�n�d� �w�e�r�e� �s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �f�e�s�c�u�e�-� 

�o�r�c�h�a�r�d�g�r�a�s�s�-�t�i�m�o�t�h�y� �h�a�y� �a�n�d� �c�o�r�n� �s�i�l�a�g�e� �f�o�r� �t�h�e� �w�i�n�t�e�r� �m�o�n�t�h�s�.� �D�u�e� �t�o� �a�n� �e�a�r�l�y� �s�p�r�i�n�g� 

�d�r�o�u�g�h�t�,� �c�a�t�t�l�e� �o�n�l�y� �g�r�a�z�e�d� �t�h�e� �N�o�r�t�h� �B�e�n�d�e�r� �p�a�s�t�u�r�e� �b�e�f�o�r�e� �t�h�e�y� �w�e�r�e� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� 

�s�t�u�d�y� �a�r�e�a�.� �P�a�s�t�u�r�e�s� �w�e�r�e� �c�u�t� �f�o�r� �h�a�y� �p�r�i�o�r� �t�o� �t�h�e� �r�e�t�u�r�n� �o�f� �c�a�t�t�l�e� �t�o� �t�h�e� �s�t�u�d�y� �p�a�s�t�u�r�e� �f�o�r� 

�s�u�m�m�e�r� �g�r�a�z�i�n�g�.� �Y�e�a�r�l�i�n�g� �h�e�i�f�e�r�s� �a�n�d� �s�t�e�e�r�s� �p�r�o�c�e�e�d�e�d� �a� �h�e�r�d� �o�f� �p�r�e�g�n�a�n�t� �a�n�d� �l�a�c�t�a�t�i�n�g� �c�o�w�s� 

�w�i�t�h� �c�a�l�v�e�s� �a�s� �a� �F�i�r�s�t�-�L�a�s�t� �g�r�a�z�i�n�g� �s�y�s�t�e�m� �f�o�r� �o�n�e� �r�o�t�a�t�i�o�n� �c�y�c�l�e� �b�e�f�o�r�e� �t�h�e� �y�e�a�r�l�i�n�g�s� �w�e�r�e� 

�r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �s�t�u�d�y� �a�r�e�a�.� �A� �c�o�m�p�l�e�t�e� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �s�t�o�c�k�i�n�g� �o�n� �t�h�e� �s�t�u�d�y� �p�a�s�t�u�r�e�s� �a�n�d� 

�p�a�d�d�o�c�k�s� �t�s� �p�r�o�v�i�d�e�d� �i�n� �A�p�p�e�n�d�i�x� �A�.� 

�R�i�v�e�r� �R�i�d�g�e� �F�a�r�m�,� �I�n�d�e�p�e�n�d�e�n�c�e�,� �V�i�r�g�i�n�i�a� 

�R�i�v�e�r� �R�i�d�g�e� �F�a�r�m� �i�s� �l�o�c�a�t�e�d� �s�o�u�t�h�w�e�s�t� �o�f� �I�n�d�e�p�e�n�d�e�n�c�e�,� �V�i�r�g�i�n�i�a� �a�n�d� �n�o�r�t�h�e�a�s�t� �o�f� �M�o�u�t�h� �o�f� 

�W�i�l�s�o�n�,� �V�i�r�g�i�n�i�a�,� �o�n� �V�i�r�g�i�n�i�a� �R�o�u�t�e� �#�7�1�1� �a�l�o�n�g� �t�h�e� �N�e�w� �R�i�v�e�r� �i�n� �G�r�a�y�s�o�n� �C�o�u�n�t�y�.� �T�h�e� �f�a�r�m� 

�e�n�c�o�m�p�a�s�s�e�s� �4�8�0� �a�c�r�e�s� �(�1�9�4� �h�a�)�,� �r�a�n�g�i�n�g� �i�n� �e�l�e�v�a�t�i�o�n� �f�r�o�m� �2�4�0�0� �f�t� �(�7�3�2� �m�)� �a�l�o�n�g� �t�h�e� �N�e�w� 

�R�i�v�e�r� �t�o� �3�0�0�0� �f�t� �(�9�1�5� �m�)� �o�n� �t�h�e� �h�i�g�h�e�s�t� �r�i�d�g�e�s�.� �F�o�u�r�t�e�e�n� �p�a�s�t�u�r�e�s� �e�x�i�s�t� �o�n� �t�h�e� �f�a�r�m� �v�a�r�y�i�n�g� 

�i�n� �e�l�e�v�a�t�i�o�n�,� �s�l�o�p�e�,� �a�n�d� �s�o�u�r�c�e� �o�f� �a�v�a�i�l�a�b�l�e� �w�a�t�e�r� �f�o�r� �l�i�v�e�s�t�o�c�k� �u�s�e�.� �T�h�e� �s�t�u�d�y� �p�a�s�t�u�r�e� 

�i�n�v�o�l�v�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �i�s� �l�o�c�a�t�e�d� �i�n� �t�h�e� �n�o�r�t�h�e�a�s�t�e�r�n� �a�r�e�a� �o�f� �t�h�e� �f�a�r�m�,� �n�o�r�t�h� �o�f� �V�i�r�g�i�n�i�a� �R�o�u�t�e� 

�7�1�1� �(�F�i�g�u�r�e� �3�-�2�)�.� 
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�M�e�t�h�o�d�o�l�o�g�y� 

�L�o�c�a�t�i�o�n� �o�f� �R�i�v�e�r� �R�i�d�g�e� �F�a�r�m�,� �I�n�d�e�p�e�n�d�e�n�c�e�,� �V�i�r�g�i�n�i�a�.� 
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�W�a�t�e�r�s�h�e�d� �D�e�s�c�r�i�p�t�i�o�n� 

�T�h�e� �3�5� �a�c�r�e� �(�1�4�.�2� �h�a�)� �p�a�s�t�u�r�e� �d�e�p�i�c�t�e�d� �i�n� �F�i�g�u�r�e� �3�-�2� �i�s� �a� �c�o�n�c�a�v�e� �w�a�t�e�r�s�h�e�d� �w�i�t�h� �5� �t�o� �3�0� 

�p�e�r�c�e�n�t� �s�l�o�p�e�s�.� �T�h�e� �p�a�s�t�u�r�e� �c�o�v�e�r�s� �a�p�p�r�o�x�i�m�e�n�t�l�y� �9�8�%� �o�f� �t�h�e� �w�a�t�e�r�s�h�e�d� �a�r�e�a� �a�n�d� �o�n�l�y� �a� 

�s�m�a�l�l� �p�o�r�t�i�o�n� �(�2�%�)� �o�f� �w�a�t�e�r�s�h�e�d� �a�r�e�a� �l�i�e�s� �o�u�t�s�i�d�e� �t�h�e� �p�a�s�t�u�r�e� �b�o�u�n�d�a�r�y� �t�o� �t�h�e� �w�e�s�t�.� �A� �s�p�r�i�n�g�-� 

�f�e�d� �s�t�r�e�a�m� �o�r�i�g�i�n�a�t�e�s� �a�n�d� �b�i�s�e�c�t�s� �t�h�e� �p�a�s�t�u�r�e�.� �T�h�e� �s�t�r�e�a�m� �o�r�i�g�i�n�a�t�e�s� �f�r�o�m� �o�n�e� �s�o�u�r�c�e� �s�p�r�i�n�g�,� 

�h�o�w�e�v�e�r�,� �t�w�o� �o�t�h�e�r� �s�p�r�i�n�g�s� �(�o�n�e� �w�e�s�t� �o�f� �t�h�e� �s�o�u�r�c�e� �s�p�r�i�n�g� �a�n�d� �a�n�o�t�h�e�r� �e�a�s�t� �o�f� �t�h�e� �s�t�r�e�a�m� 

�b�e�t�w�e�e�n� �w�a�t�e�r� �t�r�o�u�g�h� �#�2� �a�n�d� �w�a�t�e�r� �t�r�o�u�g�h� �#�3�)� �p�r�o�v�i�d�e� �a� �s�i�g�n�i�f�i�c�a�n�t� �a�m�o�u�n�t� �o�f� �f�l�o�w� �d�u�r�i�n�g� 

�p�e�r�i�o�d�s� �o�f� �f�r�e�q�u�e�n�t� �r�a�i�n�f�a�l�l�.� �T�h�e� �s�t�r�e�a�m� �i�s� �b�o�u�n�d�e�d� �b�y� �t�r�e�e�s� �a�n�d� �s�h�r�u�b�s� �i�n�c�l�u�d�i�n�g� �R�e�d� �m�a�p�l�e�,� 

�W�h�i�t�e� �o�a�k�,� �S�a�s�s�a�f�r�a�s� �(�S�a�s�s�a�f�r�a�s� �a�l�b�i�d�u�m�)�,� �S�p�e�c�k�l�e�d� �a�l�d�e�r�,� �E�u�r�o�p�e�a�n� �h�o�l�l�y� �(�/�/�e�x� �a�q�u�i�f�o�l�i�u�m�)�,� 

�a�n�d� �E�a�s�t�e�r�n� �W�h�i�t�e� �p�i�n�e�.� 

�T�h�e� �s�t�r�e�a�m� �f�l�o�w�s� �i�n�t�o� �a� �s�m�a�l�l� �f�a�r�m� �p�o�n�d�,� �w�h�i�c�h� �r�e�c�e�i�v�e�d� �m�a�j�o�r� �r�e�p�a�i�r�s� �a�n�d� �r�e�s�h�a�p�i�n�g� �d�u�r�i�n�g� 

�J�u�n�e�,� �1�9�9�4�,� �p�r�i�o�r� �t�o� �t�h�e� �s�t�a�r�t� �o�f� �t�h�i�s� �p�r�o�j�e�c�t�.� �A�l�s�o� �p�r�i�o�r� �t�o� �t�h�e� �s�t�u�d�y�,� �f�e�n�c�e�s� �w�e�r�e� �c�o�n�s�t�r�u�c�t�e�d� 

�t�o� �e�x�c�l�u�d�e� �t�h�e� �f�a�r�m� �p�o�n�d� �a�n�d� �t�h�e� �t�w�o� �s�p�r�i�n�g�s� �w�h�i�c�h� �s�e�r�v�e� �a�s� �t�h�e� �s�o�u�r�c�e� �o�f� �w�a�t�e�r� �f�o�r� �a� �s�e�r�i�e�s� 

�o�f� �t�h�r�e�e� �w�a�t�e�r� �t�r�o�u�g�h�s� �u�s�e�d� �d�u�r�i�n�g� �t�h�e� �p�o�s�t�-�B�M�P� �p�h�a�s�e� �o�f� �t�h�e� �s�t�u�d�y�.� 

�S�o�i�l�s� 

�T�h�e� �s�t�u�d�y� �p�a�s�t�u�r�e� �i�s� �u�n�d�e�r�l�a�i�n� �b�y� �w�e�l�l� �d�r�a�i�n�e�d� �g�r�a�n�i�t�e� �a�n�d� �s�c�h�i�s�t� �d�e�r�i�v�e�d� �s�o�i�l�s� �(�D�e�v�e�r�e�u�x� �a�n�d� 

�P�a�t�t�e�s�o�n�,� �1�9�3�4�)�.� �T�h�e� �a�r�e�a� �i�s� �p�r�i�m�a�r�i�l�y� �u�n�d�e�r�l�a�i�n� �b�y� �P�o�r�t�e�r�s� �L�o�a�m� �s�u�p�p�o�r�t�i�n�g� �a�n� �a�g�g�r�e�s�s�i�v�e� 

�M�e�t�h�o�d�o�l�o�g�y� �6�0



�s�w�a�r�d� �a�n�d� �t�u�r�f�.� �T�h�e� �m�e�l�l�o�w�,� �f�r�i�a�b�l�e�,� �e�a�s�i�l�y� �t�i�l�l�e�d� �s�u�r�f�a�c�e� �h�o�r�i�z�o�n� �e�x�t�e�n�d�s� �t�o� �a� �6�-�1�0� �i�n�c�h� �(�1�5�-� 

�2�5� �c�m�)� �d�e�p�t�h� �a�n�d� �p�o�s�s�e�s�s�e�s� �a� �b�r�o�w�n� �t�o� �g�r�a�y�i�s�h�-�b�r�o�w�n� �c�o�l�o�r�.� �T�h�e� �s�u�b�s�o�i�l� �r�a�n�g�e�s� �f�r�o�m� �d�a�r�k� 

�y�e�l�l�o�w�i�s�h�-�b�r�o�w�n� �t�o� �r�e�d�i�s�h�-�b�r�o�w�n� �c�l�a�y� �o�r� �c�l�a�y� �l�o�a�m�,� �e�x�t�e�n�d�i�n�g� �t�o� �a� �d�e�p�t�h� �o�f� �2�4� �t�o� �3�0� �i�n�c�h�e�s� 

�(�6�1� �t�o� �7�6� �c�m�)�.� �T�h�e� �s�u�b�s�o�i�l� �i�s� �d�e�s�c�r�i�b�e�d� �a�s� �b�e�i�n�g� �f�r�i�a�b�l�e� �a�n�d� �c�r�u�m�b�l�y� �w�h�i�l�e� �b�e�i�n�g� �r�e�a�d�i�l�y� �a�b�l�e� 

�t�o� �b�e� �c�r�u�s�h�e�d� �d�o�w�n� �t�o� �f�r�i�a�b�l�e� �m�a�s�s� �(�D�e�v�e�r�e�u�x� �a�n�d� �P�a�t�t�e�s�o�n�,� �1�9�3�4�)�.� �T�h�e� �a�r�e�a� �w�e�s�t� �o�f� �t�h�e� 

�s�t�r�e�a�m� �c�a�n� �b�e� �c�l�a�s�s�i�f�i�e�d� �a�s� �R�a�b�u�n� �L�o�a�m�.� �T�h�i�s� �d�a�r�k�-�r�e�d� �t�o� �m�a�r�o�o�n� �s�m�o�o�t�h� �f�r�i�a�b�l�e� �c�l�a�y� �1�s� 

�d�e�r�i�v�e�d� �f�r�o�m� �d�a�r�k�-�c�o�l�o�r�e�d� �h�o�r�n�b�l�e�n�d�e� �s�c�h�i�s�t� �o�r� �d�i�o�r�i�t�e� �r�o�c�k�s�.� �T�h�e� �a�r�e�a�s� �u�n�d�e�r�l�a�i�n� �b�y� �t�h�e� 

�R�a�b�u�n� �s�o�i�l�s� �a�r�e� �b�a�r�e� �i�n� �m�a�n�y� �a�r�e�a�s� �e�v�e�n� �a�f�t�e�r� �e�x�t�e�n�s�i�v�e� �g�r�a�d�i�n�g�,� �f�e�r�t�i�l�i�z�a�t�i�o�n� �a�n�d� �r�e�s�e�e�d�i�n�g� 

�a�t�t�e�m�p�t�s�.� 

�V�e�g�e�t�a�t�i�o�n� 

�A� �v�i�g�o�r�o�u�s� �s�w�a�r�d� �o�f� �p�r�i�m�a�r�i�l�y� �c�o�o�l� �s�e�a�s�o�n� �g�r�a�s�s�e�s� �a�n�d� �l�e�g�u�m�e�s� �h�a�v�e� �p�r�o�d�u�c�e�d� �a� �g�o�o�d� �t�u�r�f� 

�o�n� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �t�h�e� �p�a�s�t�u�r�e�.� �T�a�l�l� �f�e�s�c�u�e�,� �o�r�c�h�a�r�d�g�r�a�s�s� �a�n�d� �K�e�n�t�u�c�k�y� �b�l�u�e�g�r�a�s�s� �a�r�e� �t�h�e� 

�d�o�m�i�n�a�n�t� �g�r�a�s�s�e�s�,� �w�h�i�l�e� �r�e�d� �c�l�o�v�e�r� �a�n�d� �w�h�i�t�e� �c�l�o�v�e�r� �d�o�m�i�n�a�t�e� �t�h�e� �l�e�g�u�m�e�s�.� �O�c�c�a�s�i�o�n�a�l� 

�s�p�e�c�i�e�s� �i�n� �t�h�e� �p�a�s�t�u�r�e� �i�n�c�l�u�d�e� �t�i�m�o�t�h�y� �d�u�r�i�n�g� �l�a�t�e� �s�p�r�i�n�g�,� �a�n�d� �j�o�h�n�s�o�n� �g�r�a�s�s� �d�u�r�i�n�g� �t�h�e� �m�o�n�t�h�s� 

�o�f� �J�u�l�y� �a�n�d� �A�u�g�u�s�t�.� �C�o�m�m�o�n� �w�e�e�d�s� �i�n�c�l�u�d�e� �t�h�e� �c�o�m�m�o�n� �t�h�i�s�t�l�e�,� �Q�u�e�e�n� �A�n�n�e�'�s� �l�a�c�e�,� �h�o�r�s�e� 

�n�e�t�t�l�e�,� �m�y�w�e�e�d�,� �j�i�m�s�o�n�w�e�e�d� �a�n�d� �c�h�i�c�o�r�y�.� �A�s� �m�e�n�t�i�o�n�e�d� �i�n� �t�h�e� �p�r�e�v�i�o�u�s� �s�e�c�t�i�o�n�,� �t�h�e� �a�r�e�a� �w�e�s�t� 

�o�f� �t�h�e� �s�t�r�e�a�m� �i�s� �u�n�d�e�r�l�a�i�n� �b�y� �R�a�b�u�n� �s�o�i�l�s� �a�n�d� �w�a�s� �m�u�c�h� �l�e�s�s� �p�r�o�d�u�c�t�i�v�e� �t�h�a�n� �a�l�l� �o�t�h�e�r� �p�a�r�t�s� 

�o�f� �t�h�e� �s�t�u�d�y� �p�a�s�t�u�r�e�.� �T�h�e� �g�r�o�u�n�d� �i�n� �t�h�i�s� �a�r�e�a� �i�s� �b�a�r�e� �i�n� �m�a�n�y� �a�r�e�a�s� �d�e�s�p�i�t�e� �e�x�t�e�n�s�i�v�e� �g�r�a�d�i�n�g�,� 

�l�i�m�i�n�g�,� �f�e�r�t�i�l�i�z�a�t�i�o�n� �a�n�d� �r�e�s�e�e�d�i�n�g� �a�t�t�e�m�p�t�s� �i�n� �p�r�e�v�i�o�u�s� �y�e�a�r�s�.� 

�M�e�t�h�o�d�o�l�o�g�y� �6�1



�V�e�g�e�t�a�t�i�o�n� �a�l�o�n�g� �t�h�e� �s�t�r�e�a�m�b�a�n�k� �i�s� �d�o�m�i�n�a�t�e�d� �b�y� �v�a�r�i�o�u�s� �t�r�e�e� �a�n�d� �s�h�r�u�b� �s�p�e�c�i�e�s� �i�n�c�l�u�d�i�n�g� 

�R�e�d� �m�a�p�l�e�,� �W�h�i�t�e� �o�a�k�,� �S�a�s�s�a�f�r�a�s�,� �C�o�m�m�o�n� �a�l�d�e�r�,� �E�u�r�o�p�e�a�n� �h�o�l�l�y�,� �a�n�d� �E�a�s�t�e�r�n� �W�h�i�t�e� �p�i�n�e�.� 

�O�t�h�e�r� �v�e�g�e�t�a�t�i�o�n� �w�i�t�h�i�n� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� �i�n�c�l�u�d�e� �H�e�n�b�i�t� �(�L�a�m�i�u�m� �a�m�p�l�e�x�i�c�a�u�l�e�)�,� �C�h�u�f�a�,� 

�B�u�l�r�u�s�h�,� �C�a�t�t�a�i�l�,� �P�o�i�s�o�n� �I�v�y� �(�R�h�u�s� �t�y�p�h�i�n�a�)�,� �R�a�s�p�b�e�r�r�y� �(�R�u�b�u�s� �i�d�a�e�u�s�)�,� �a�n�d� �B�l�a�c�k�b�e�r�r�y� 

�(�R�u�b�u�s� �a�l�l�e�g�h�e�n�i�e�n�s�i�s�)�.� 

�S�h�a�d�e� �w�i�t�h�i�n� �t�h�e� �p�a�s�t�u�r�e� �i�s� �p�r�e�d�o�m�i�n�a�n�t�l�y� �a�v�a�i�l�a�b�l�e� �o�n�l�y� �a�l�o�n�g� �t�h�e� �s�t�r�e�a�m�.� �L�a�r�g�e� �t�r�e�e�s� �a�n�d� 

�s�h�r�u�b�s� �p�r�o�v�i�d�e� �e�x�t�e�n�s�i�v�e� �s�h�a�d�e� �a�r�o�u�n�d� �t�h�e� �s�o�u�r�c�e� �s�p�r�i�n�g� �a�n�d� �w�a�t�e�r� �t�r�o�u�g�h� �#�1� �(�F�i�g�u�r�e� �3�-�2�)�.� 

�S�h�a�d�e� �i�s� �a�l�s�o� �e�x�t�e�n�s�i�v�e� �a�l�o�n�g� �t�h�e� �e�p�h�e�m�e�r�a�l� �c�h�a�n�n�e�l� �f�r�o�m� �t�h�e� �d�o�w�n�s�t�r�e�a�m� �s�p�r�i�n�g�.� �T�h�e� �s�h�a�d�e� 

�a�w�a�y� �f�r�o�m� �t�h�e� �s�t�r�e�a�m� �c�o�r�r�i�d�o�r� �i�s� �f�o�u�n�d� �i�n� �t�h�r�e�e� �p�l�a�c�e�s�:� �1�)� �i�n� �a� �s�t�a�n�d� �o�f� �W�h�i�t�e� �p�i�n�e�s� �5�0� �f�t�.� 

�(�1�5�.�2� �m�)� �n�o�r�t�h� �o�f� �w�a�t�e�r� �t�r�o�u�g�h� �#�2�;� �2�)� �i�n� �a� �s�t�a�n�d� �o�f� �l�o�c�u�s�t� �a�n�d� �W�h�i�t�e� �o�a�k�s� �o�n� �t�h�e� �r�i�d�g�e� �w�e�s�t� 

�o�f� �w�a�t�e�r� �t�r�o�u�g�h� �#�2�,� �a�n�d�;� �3�)� �a� �w�o�o�d�e�d� �a�r�e�a� �e�a�s�t� �o�f� �t�h�e� �f�a�r�m� �p�o�n�d�.� �T�h�e� �w�o�o�d�e�d� �a�r�e�a� �e�a�s�t� �o�f� 

�t�h�e� �f�a�r�m� �p�o�n�d� �p�r�o�v�i�d�e�s� �t�h�e� �m�o�s�t� �e�x�t�e�n�s�i�v�e� �a�r�e�a� �f�o�r� �s�h�a�d�e� �o�t�h�e�r� �t�h�a�n� �a�l�o�n�g� �t�h�e� �s�t�r�e�a�m� �c�h�a�n�n�e�l�.� 

�G�r�a�z�i�n�g� �M�a�n�a�g�e�m�e�n�t� 

�T�h�e� �R�i�v�e�r� �R�i�d�g�e� �F�a�r�m� �i�s� �m�a�n�a�g�e�d� �b�y� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �C�a�t�t�l�e� �C�o�m�p�a�n�y� �a�n�d� �p�r�o�d�u�c�e�s� 

�B�r�a�n�g�u�s�-�B�r�a�h�m�a� �c�a�l�v�e�s� �f�o�r� �b�o�t�h� �V�i�r�g�i�n�i�a� �a�n�d� �m�i�d�-�w�e�s�t�e�r�n� �m�a�r�k�e�t�s�.� �A� �s�y�s�t�e�m� �o�f� �t�h�r�e�e� 

�g�r�a�v�i�t�y�-�f�e�d� �2�5�0� �g�a�l�l�o�n� �(�9�4�6� �L�)� �c�o�n�c�r�e�t�e� �w�a�t�e�r� �t�r�o�u�g�h�s� �w�a�s� �i�n�s�t�a�l�l�e�d� �i�n� �t�h�e� �s�t�u�d�y� �p�a�s�t�u�r�e� �i�n� 

�1�9�8�5�.� 

�M�e�t�h�o�d�o�l�o�g�y� �6�2



�M�o�b� �g�r�a�z�i�n�g�,� �d�u�r�i�n�g� �t�h�e� �m�o�n�t�h�s� �o�f� �M�a�r�c�h� �a�n�d� �O�c�t�o�b�e�r�,� �i�s� �t�h�e� �p�r�i�m�a�r�y� �g�r�a�z�i�n�g� �m�e�t�h�o�d� �u�s�e�d� 

�o�n� �t�h�e� �s�t�u�d�y� �p�a�s�t�u�r�e�.� �M�o�b� �g�r�a�z�i�n�g� �c�a�n� �b�e� �d�e�s�c�r�i�b�e�d� �a�s� �a�l�l�o�w�i�n�g� �r�o�t�a�t�i�o�n�a�l� �s�t�o�c�k�i�n�g� �o�f� �a� 

�r�e�l�a�t�i�v�e�l�y� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �a�n�i�m�a�l�s� �a�t� �a� �h�i�g�h� �s�t�o�c�k�i�n�g� �d�e�n�s�i�t�y� �f�o�r� �a� �s�h�o�r�t� �p�e�r�i�o�d� �o�f� �t�i�m�e� �(�i�.�e�.� 

�1�0�0�-�2�0�0� �c�o�w�s� �a�n�d� �c�a�l�v�e�s� �f�o�r� �4� �t�o� �7� �d�a�y�s�)� �(�A�l�l�e�n�,� �1�9�9�1�)�.� �A�d�d�i�t�i�o�n�a�l�l�y�,� �t�h�e� �s�t�u�d�y� �p�a�s�t�u�r�e� �a�l�o�n�g� 

�w�i�t�h� �t�h�e� �o�t�h�e�r� �a�r�e�a�s� �w�a�s� �u�s�e�d� �d�u�r�i�n�g� �M�a�r�c�h� �a�n�d� �A�p�r�i�l�,� �1�9�9�5�,� �t�o� �h�o�l�d� �c�o�w�s� �a�n�d� �n�e�w�b�o�r�n� 

�c�a�l�v�e�s� �u�n�t�i�l� �t�h�e� �m�a�j�o�r�i�t�y� �o�f� �c�a�l�v�i�n�g� �w�a�s� �c�o�m�p�l�e�t�e� �b�e�f�o�r�e� �t�h�e� �s�t�a�r�t� �o�f� �t�h�e� �r�o�t�a�t�i�o�n�a�l� �s�t�o�c�k�i�n�g� 

�s�e�a�s�o�n�.� �A� �c�o�m�p�l�e�t�e� �d�e�s�c�r�i�p�t�i�o�n� �o�f� �s�t�o�c�k�i�n�g� �o�n� �t�h�e� �s�t�u�d�y� �p�a�s�t�u�r�e� �i�s� �p�r�o�v�i�d�e�d� �i�n� �A�p�p�e�n�d�i�x� �A�.� 

�F�i�e�l�d� �R�e�s�e�a�r�c�h� �P�r�o�c�e�d�u�r�e�s� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �s�e�c�t�i�o�n� �d�e�s�c�r�i�b�e�s� �t�h�e� �f�i�e�l�d�,� �l�a�b�o�r�a�t�o�r�y� �a�n�d� �s�t�a�t�i�s�t�i�c�a�l� �m�e�t�h�o�d�s� �w�h�i�c�h� �w�e�r�e� �u�s�e�d� 

�i�n� �t�h�e� �s�t�u�d�y�.� �T�h�e�y� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �f�o�l�l�o�w�i�n�g� �o�r�d�e�r� �a�c�c�o�r�d�i�n�g� �t�o� �r�e�s�e�a�r�c�h� �o�b�j�e�c�t�i�v�e�s�:� 

�c�a�t�t�l�e� �b�e�h�a�v�i�o�r�,� �s�t�r�e�a�m� �b�a�n�k� �e�r�o�s�i�o�n�,� �w�a�t�e�r� �q�u�a�l�i�t�y� �a�n�a�l�y�s�i�s� �a�n�d� �e�c�o�n�o�m�i�c� �a�n�a�l�y�s�i�s�.� 

�C�a�t�t�l�e� �B�e�h�a�v�i�o�r� 

�C�a�t�t�l�e� �o�b�s�e�r�v�a�t�i�o�n�s� �w�e�r�e� �r�a�n�d�o�m�l�y� �m�a�d�e� �t�h�r�e�e� �t�i�m�e�s� �d�u�r�i�n�g� �b�o�t�h� �t�r�e�a�t�m�e�n�t� �p�h�a�s�e�s� �(�p�r�e�-� �a�n�d� 

�p�o�s�t�-�B�M�P�)�.� �C�a�t�t�l�e� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �c�o�n�t�i�n�u�o�u�s�l�y� �f�r�o�m� �s�u�n�r�i�s�e� �t�o� �s�u�n�s�e�t� 

�o�n� �a� �f�i�v�e�-�m�i�n�u�t�e� �i�n�t�e�r�v�a�l�.� �O�b�s�e�r�v�a�t�i�o�n�s� �w�e�r�e� �m�a�d�e� �f�r�o�m� �t�h�e� �c�a�b� �a�n�d� �r�e�a�r� �o�f� �a� �p�i�c�k�-�u�p� �t�r�u�c�k� 

�p�a�r�k�e�d� �e�i�t�h�e�r� �o�f�f� �p�a�s�t�u�r�e�,� �i�f� �a�v�a�i�l�a�b�l�e�,� �o�r� �w�i�t�h�i�n� �t�h�e� �o�b�s�e�r�v�e�d� �p�a�s�t�u�r�e� �a�t� �a� �d�i�s�t�a�n�c�e� �w�h�i�c�h� 
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�w�o�u�l�d� �n�o�t� �d�i�s�t�u�r�b� �t�h�e� �c�a�t�t�l�e�.� �T�h�e� �n�u�m�b�e�r� �o�f� �c�a�t�t�l�e� �d�r�i�n�k�i�n�g� �f�r�o�m� �t�h�e� �s�t�r�e�a�m� �o�r� �t�r�o�u�g�h�,� �w�i�t�h�i�n� 

�t�h�e� �s�t�r�e�a�m� �o�r� �t�r�o�u�g�h� �a�r�e�a�s�,� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �h�e�r�d� �g�r�a�z�i�n�g� �w�e�r�e� �r�e�c�o�r�d�e�d� �d�u�r�i�n�g� �e�a�c�h� 

�t�i�m�e� �i�n�t�e�r�v�a�l�.� 

�T�h�e� �s�t�r�e�a�m� �a�n�d� �t�r�o�u�g�h� �a�r�e�a� �w�a�s� �d�e�f�i�n�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �t�o� �b�e� �t�h�e� �d�i�s�t�a�n�c�e� �o�f� �t�w�o� �a�d�u�l�t� �c�o�w� 

�l�e�n�g�t�h�s� �(�3�.�7� �-� �4�.�6� �m�)� �f�r�o�m� �t�h�e� �c�e�n�t�e�r� �o�f� �t�h�e� �s�t�r�e�a�m� �o�r� �t�h�e� �e�d�g�e� �o�f� �t�h�e� �w�a�t�e�r� �t�r�o�u�g�h�.� �T�h�e� 

�n�u�m�b�e�r� �o�f� �a�n�i�m�a�l�s� �(�c�o�w�s�,� �c�a�l�v�e�s�,� �a�n�d� �b�u�l�l�s�)� �o�n� �t�h�e� �o�b�s�e�r�v�e�d� �p�a�s�t�u�r�e� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� 

�f�a�r�m� �m�a�n�a�g�e�r�s� �p�r�i�o�r� �t�o� �t�h�e� �d�a�y� �o�f� �o�b�s�e�r�v�a�t�i�o�n�.� �E�a�c�h� �a�n�i�m�a�l� �w�a�s� �t�r�e�a�t�e�d� �a�s� �i�n�d�i�v�i�d�u�a�l� �u�n�i�t�,� 

�w�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d� �c�o�n�d�u�c�t�e�d� �o�n� �A�u�g�u�s�t� �2�2�,� �1�9�9�5� �o�n� �t�h�e� �S�o�u�t�h� 

�B�e�n�d�e�r� �P�a�s�t�u�r�e� �w�h�e�r�e� �o�n�l�y� �t�h�e� �a�d�u�l�t� �c�o�w�s� �w�e�r�e� �c�o�u�n�t�e�d� �d�u�e� �t�o� �t�h�e� �u�n�k�n�o�w�n� �n�u�m�b�e�r� �o�f� 

�n�e�w�l�y� �b�o�r�n� �c�a�l�v�e�s� �p�r�e�s�e�n�t�.� 

�O�b�s�e�r�v�a�t�i�o�n�s� �w�e�r�e� �a�l�s�o� �m�a�d�e� �b�e�t�w�e�e�n� �t�h�e� �5�-�m�i�n�u�t�e� �i�n�t�e�r�v�a�l�s� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �t�h�e� 

�h�e�r�d� �o�r� �i�n�d�i�v�i�d�u�a�l� �a�n�i�m�a�l�s�.� �N�o�t�e�s� �w�e�r�e� �m�a�d�e� �p�e�r�t�a�i�n�i�n�g� �t�o� �t�h�e� �a�r�e�a� �a�l�o�n�g� �s�t�r�e�a�m� �u�s�e�d�,� �s�i�z�e� 

�o�f� �g�r�o�u�p�s� �w�a�t�e�r�i�n�g� �t�o�g�e�t�h�e�r�,� �d�i�s�t�a�n�c�e� �t�r�a�v�e�l�e�d� �t�o� �w�a�t�e�r� �i�n� �r�e�l�a�t�i�o�n� �t�o� �g�r�a�z�i�n�g� �a�r�e�a� �a�n�d� �c�l�o�s�e�s�t� 

�s�t�r�e�a�m� �o�r� �t�r�o�u�g�h� �l�o�c�a�t�i�o�n� �a�n�d� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �a�g�e�/�s�e�x� �g�r�o�u�p�s� �w�i�t�h�i�n� �t�h�e� �h�e�r�d�.� 

�T�h�e� �n�u�m�b�e�r� �o�f� �5�-�m�i�n�u�t�e� �i�n�t�e�r�v�a�l�s� �w�a�s� �m�u�l�t�i�p�l�i�e�d� �b�y� �t�h�e� �n�u�m�b�e�r� �o�f� �a�n�i�m�a�l�s� �o�b�s�e�r�v�e�d� �t�o� 

�c�a�l�c�u�l�a�t�e� �t�h�e� �t�o�t�a�l� �c�o�w�-�o�b�s�e�r�v�a�t�i�o�n�s� �p�o�s�s�i�b�l�e� �d�u�r�i�n�g� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d�.� �T�h�e� �n�u�m�b�e�r� �o�f� 

�a�n�i�m�a�l�s� �o�b�s�e�r�v�e�d�,� �w�i�t�h�i�n� �e�a�c�h� �i�n�t�e�r�v�a�l�,� �a�t� �t�h�e� �s�t�r�e�a�m� �a�n�d� �t�r�o�u�g�h� �d�r�i�n�k�i�n�g� �a�n�d� �w�i�t�h�i�n� �t�h�e� 

�s�t�r�e�a�m� �a�n�d� �t�r�o�u�g�h� �a�r�e�a�s�,� �w�a�s� �s�u�m�m�e�d� �u�p� �a�n�d� �d�i�v�i�d�e�d� �b�y� �t�h�e� �n�u�m�b�e�r� �o�f� �p�o�s�s�i�b�l�e� �c�o�w�-� 
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�o�b�s�e�r�v�a�t�i�o�n�s� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d� �t�h�a�t� �c�a�t�t�l�e� �w�e�r�e� �f�o�u�n�d� �t�o� 

�c�o�n�d�u�c�t� �t�h�e� �r�e�s�p�e�c�t�i�v�e� �a�c�t�i�v�i�t�y�.� �T�h�e� �n�u�m�b�e�r� �o�f� �a�n�i�m�a�l�s� �o�b�s�e�r�v�e�d� �d�u�r�i�n�g� �e�a�c�h� �i�n�t�e�r�v�a�l� �f�o�r� �a�l�l� 

�a�c�t�i�v�i�t�i�e�s� �w�a�s� �d�i�v�i�d�e�d� �b�y� �t�h�e� �n�u�m�b�e�r� �o�f� �a�n�i�m�a�l�s� �o�b�s�e�r�v�e�d�,� �a�n�d� �t�h�e�n� �a�v�e�r�a�g�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� 

�p�e�r�c�e�n�t�a�g�e� �o�f� �h�e�r�d� �p�a�r�t�i�c�i�p�a�t�i�o�n� �i�n� �e�a�c�h� �a�c�t�i�v�i�t�y� �f�o�r� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d�.� �T�h�e� �c�u�m�u�l�a�t�i�v�e� 

�t�i�m�e� �a�n�d� �t�h�e� �c�u�m�u�l�a�t�i�v�e� �t�i�m�e� �p�e�r� �a�n�i�m�a�l� �o�b�s�e�r�v�e�d� �f�o�r� �e�a�c�h� �a�c�t�i�v�i�t�y� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �t�h�e� 

�o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d� �b�y� �a�s�s�u�m�i�n�g� �e�a�c�h� �a�n�i�m�a�l� �p�r�e�f�o�r�m�e�d� �a� �c�e�r�t�a�i�n� �a�c�t�i�v�i�t�y� �(�i�.�e�.� �d�r�i�n�k�i�n�g� �f�r�o�m� 

�t�h�e� �t�r�o�u�g�h� �o�r� �s�t�r�e�a�m�)� �u�n�t�i�l� �t�h�e� �n�e�x�t� �t�i�m�e� �i�n�t�e�r�v�a�l�.� 

�S�i�n�c�e� �t�h�e� �n�u�m�b�e�r� �o�f� �c�a�t�t�l�e� �w�i�t�h�i�n� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� �i�n�c�l�u�d�e�d� �t�h�e� �n�u�m�b�e�r� �o�f� �a�n�i�m�a�l�s� �d�r�i�n�k�i�n�g� 

�f�r�o�m� �t�h�e� �r�e�s�p�e�c�t�i�v�e� �s�o�u�r�c�e�,� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �t�h�e� �d�a�y� �s�p�e�n�t� �i�n� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 

�a�c�t�i�v�i�t�i�e�s� �o�t�h�e�r� �t�h�a�n� �d�r�i�n�k�i�n�g� �(�i�.�e�.� �g�r�a�z�i�n�g�,� �w�a�l�k�i�n�g�,� �l�o�a�f�i�n�g�,� �n�u�r�s�i�n�g�,� �e�t�c�)� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �b�y� 

�t�h�e� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n�:� 

�X�i� �s�d� 
�O�A� �=�(�1�- � ��)� �1�0�0� 

�x� �s�a� �(�3�)� 

�w�h�e�r�e�,� �O�A� �=� �p�e�r�c�e�n�t�a�g�e� �o�f� �t�i�m�e� �s�p�e�n�t� �b�y� �c�a�t�t�l�e� �i�n� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� 
�a�c�t�i�v�i�t�i�e�s� �o�t�h�e�r� �t�h�a�n� �d�r�i�n�k�i�n�g� �f�r�o�m� �t�h�e� �s�t�r�e�a�m�.� 

�s�d�=� �c�o�w� �o�b�s�e�r�v�a�t�i�o�n�s� �w�i�t�h�i�n� �t�h�e� �s�t�r�e�a�m� �d�r�i�n�k�i�n�g�.� 
�s�a�=� �c�o�w� �o�b�s�e�r�v�a�t�i�o�n�s� �w�i�t�h�i�n� �t�h�e� �s�t�r�e�a�m� �a�r�e�a�.� 

�S�i�m�i�l�a�r�l�y�,� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �t�i�m�e� �s�p�e�n�t� �w�i�t�h�i�n� �t�h�e� �t�r�o�u�g�h� �a�r�e�a� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �o�t�h�e�r� �a�c�t�i�v�i�t�i�e�s� 

�w�a�s� �a�l�s�o� �c�a�l�c�u�l�a�t�e�d�.� 
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�C�o�m�p�a�r�i�s�o�n�s� �b�e�t�w�e�e�n� �t�h�e� �p�r�e�-� �a�n�d� �p�o�s�t�-�B�M�P� �t�r�e�a�t�m�e�n�t� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d�s� �w�e�r�e� �m�a�d�e� �b�y� 

�a�v�e�r�a�g�i�n�g� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d�s� �d�u�r�i�n�g� �e�a�c�h� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�.� �T�h�e� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d� �w�i�t�h� 

�t�h�e� �l�a�r�g�e�s�t� �n�u�m�b�e�r� �o�f� �5�-�m�i�n�u�t�e� �i�n�t�e�r�v�a�l�s� �(�i�.�e�.� �o�b�s�e�r�v�a�t�i�o�n�s�)� �w�a�s� �u�s�e�d� �a�s� �t�h�e� �r�e�f�e�r�e�n�c�e� 

�o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d� �i�n� �o�r�d�e�r� �t�o� �h�a�v�e� �a� �c�o�m�m�o�n� �t�i�m�e� �s�c�a�l�e� �f�o�r� �s�u�b�s�e�q�u�e�n�t� �c�o�m�p�a�r�i�s�o�n�s�.� �T�h�e� 

�t�i�m�e� �i�n�t�e�r�v�a�l�s� �o�f� �t�h�e� �r�e�m�a�i�n�i�n�g� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d�s� �w�e�r�e� �w�e�i�g�h�t�e�d� �i�n� �o�r�d�e�r� �t�o� �c�r�e�a�t�e� �a� 

�c�o�m�m�o�n� �t�i�m�e� �s�c�a�l�e�.� �T�h�e� �c�u�m�u�l�a�t�i�v�e� �t�i�m�e� �p�e�r� �a�n�i�m�a�l� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �h�e�r�d� �p�a�r�t�i�c�i�p�a�t�i�o�n� 

�i�n� �e�a�c�h� �a�c�t�i�v�i�t�y� �a�n�d� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d� �w�e�r�e� �a�v�e�r�a�g�e�d� �a�m�o�n�g�s�t� �t�h�e� �p�r�e�-� �a�n�d� �p�o�s�t�-�B�M�P� 

�t�r�e�a�t�m�e�n�t� �o�b�s�e�r�v�a�t�i�o�n� �p�h�a�s�e�s�.� �L�a�s�t�l�y�,� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �d�i�f�f�e�r�e�n�c�e� �i�n� �c�u�m�u�l�a�t�i�v�e� �t�i�m�e� �p�e�r� 

�a�n�i�m�a�l� �a�n�d� �t�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �h�e�r�d� �p�a�r�t�i�c�i�p�a�t�i�o�n� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �b�y� �c�o�m�p�a�r�i�n�g� �t�h�e� �m�e�a�n� �a�n�d� 

�s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�s� �f�o�r� �e�a�c�h� �a�c�t�i�v�i�t�y� �d�u�r�i�n�g� �t�h�e� �p�r�e�-� �a�n�d� �p�o�s�t�-�B�M�P� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�s�.� 

�S�t�r�e�a�m� �B�a�n�k� �E�r�o�s�i�o�n� 

�E�s�t�i�m�a�t�e�s� �o�f� �s�t�r�e�a�m� �b�a�n�k� �e�r�o�s�i�o�n� �a�n�d� �i�m�p�a�c�t� �w�e�r�e� �m�a�d�e� �b�e�f�o�r�e� �a�n�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �s�t�u�d�y�.� 

�T�h�e�s�e� �e�s�t�i�m�a�t�e�s� �w�e�r�e� �m�a�d�e� �b�y� �i�n�s�t�a�l�l�i�n�g� �p�a�i�r�s� �o�f� �3�0�-�c�m� �(�1�-�f�o�o�t�)� �l�o�n�g�,� �1�3�-�m�m� �(�1�/�2�-�i�n�c�h�)� 

�d�i�a�m�e�t�e�r� �s�t�e�e�l� �p�i�p�e�s� �a�l�o�n�g� �e�a�c�h� �s�i�d�e� �o�f� �t�h�e� �s�t�r�e�a�m�.� �T�h�e� �n�u�m�b�e�r� �o�f� �c�r�o�s�s� �s�e�c�t�i�o�n�s� �w�i�t�h�i�n� �e�a�c�h� 

�o�f� �t�h�e� �p�a�s�t�u�r�e�s� �t�s� �g�i�v�e�n� �i�n� �T�a�b�l�e� �3�-�2�.� 
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�T�a�b�l�e� �3�-�2�.� �|� �N�u�m�b�e�r� �o�f� �c�r�o�s�s� �s�e�c�t�i�o�n� �p�a�i�r�s� �u�s�e�d� �t�o� �m�e�a�s�u�r�e� �s�t�r�e�a�m� �b�a�n�k� �e�r�o�s�i�o�n�.� 

� � 

� � 

� � 

� � 

�P�a�s�t�u�r�e� �N�a�m�e� �_� �|� �#� �C�r�o�s�s� �S�e�c�t�i�o�n� �P�a�i�r�s� �|� �#� �C�r�o�s�s� �S�e�c�t�i�o�n� �P�a�i�r�s� �|� �L�e�n�g�t�h� �o�f� �S�t�r�e�a�m� 

�(�S�e�p�t�.� �1�,� �1�9�9�4�)� �(�A�p�r�i�l� �1�5�,� �1�9�9�5�)� �f�t� �(�m�)� 

�R�i�v�e�r� �R�i�d�g�e� �F�a�r�m� �1�9� �1�8� �1�0�6�0� �(�3�2�3�)� 

�B�e�n�d�e�r� �F�a�r�m� �-� �N�o�r�t�h� �1�]� �1�0� �1�4�0�8� �(�4�2�9�)� 

�B�e�n�d�e�r� �F�a�r�m� �-� �S�o�u�t�h� �0� �1�7� �2�3�1�0� �(�7�0�4�)� � � � � � � � � � � � � 

�P�i�p�e�s� �w�e�r�e� �p�l�a�c�e�d� �r�a�n�d�o�m�l�y� �o�n� �b�o�t�h� �s�i�d�e�s� �o�f� �s�t�r�a�i�g�h�t�,� �m�e�a�n�d�e�r�i�n�g�,� �a�n�d� �p�r�e�v�i�o�u�s�l�y� �c�r�o�s�s�e�d� �a�n�d� 

�n�o�n�-�c�r�o�s�s�e�d� �p�o�r�t�i�o�n�s� �o�f� �t�h�e� �s�t�r�e�a�m� �c�h�a�n�n�e�l� �a�t� �a�n� �a�v�e�r�a�g�e� �s�p�a�c�i�n�g� �o�f� �1�5� �f�t� �(�4�.�6� �m�)� �a�l�o�n�g� �t�h�e� 

�s�t�r�e�a�m�.� �T�h�e� �s�i�d�e� �o�f� �t�h�e� �s�t�r�e�a�m� �w�h�i�c�h� �w�a�s� �c�l�o�s�e�s�t� �t�o� �t�h�e� �p�r�i�m�a�r�y� �g�r�a�z�i�n�g� �a�r�e�a� �w�a�s� �d�e�n�o�t�e�d� 

�a�s� �t�h�e� �i�n�s�i�d�e� �s�i�d�e� �o�f� �t�h�e� �s�t�r�e�a�m�.� �T�h�e� �f�r�e�e� �e�n�d� �o�f� �a� �1�0�0� �f�t� �(�3�2�.�8� �m�)� �t�a�p�e� �m�e�a�s�u�r�e� �w�a�s� �p�l�a�c�e�d� 

�o�n� �t�h�e� �p�i�p�e� �o�n� �t�h�e� �o�u�t�s�i�d�e� �b�a�n�k� �o�f� �t�h�e� �s�t�r�e�a�m�,� �r�e�f�e�r�r�e�d� �t�o� �a�s� �t�h�e� �r�e�f�e�r�e�n�c�e� �s�t�a�k�e�,� �a�n�d� �w�a�s� 

�s�t�r�e�t�c�h�e�d� �a�c�r�o�s�s� �t�h�e� �s�t�r�e�a�m� �t�o� �t�h�e� �b�a�c�k� �o�f� �t�h�e� �s�t�a�k�e� �f�o�u�n�d� �o�n� �t�h�e� �i�n�s�i�d�e� �b�a�n�k� �o�f� �t�h�e� �s�t�r�e�a�m�.� 

�T�h�e� �t�a�p�e� �w�a�s� �t�h�e�n� �s�t�r�e�t�c�h�e�d� �t�o� �a� �p�r�e�d�e�t�e�r�m�i�n�e�d� �k�n�o�w�n� �d�i�s�t�a�n�c�e� �b�e�f�o�r�e� �m�e�a�s�u�r�e�m�e�n�t�s� �a�l�o�n�g� 

�t�h�e� �c�r�o�s�s� �s�e�c�t�i�o�n� �w�e�r�e� �m�a�d�e�.� 

�T�h�e� �d�i�s�t�a�n�c�e� �f�r�o�m� �t�h�e� �r�e�f�e�r�e�n�c�e� �s�t�a�k�e� �t�o� �t�h�e� �o�u�t�s�i�d�e� �e�d�g�e� �o�f� �t�h�e� �s�t�r�e�a�m� �b�a�n�k� �w�a�s� �m�e�a�s�u�r�e�d� 

�t�o� �t�h�e� �o�u�t�s�i�d�e� �e�d�g�e� �o�f� �t�h�e� �s�t�r�e�a�m�,� �i�n�s�i�d�e� �e�d�g�e� �o�f� �t�h�e� �s�t�r�e�a�m� �a�n�d� �t�h�e� �i�n�s�i�d�e� �e�d�g�e� �o�f� �t�h�e� �s�t�r�e�a�m� 

�b�a�n�k� �u�s�i�n�g� �a� �p�l�u�m�b� �b�o�b� �(�F�i�g�u�r�e� �3�-�3�)�.� �A�l�l� �m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �t�h�e� �c�r�o�s�s� �s�e�c�t�i�o�n� �w�e�r�e� �m�a�d�e� �o�n� 

�t�h�e� �u�p�s�t�r�e�a�m� �s�i�d�e� �o�f� �t�h�e� �s�t�r�e�t�c�h�e�d� �t�a�p�e�.� �E�s�t�i�m�a�t�e�s� �o�f� �v�e�r�t�i�c�a�l� �s�t�r�e�a�m�b�a�n�k� �e�r�o�s�i�o�n� �w�e�r�e� �n�o�t� 
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� � 

�F�i�g�u�r�e� �3�-�3�.� �S�c�h�e�m�a�t�i�c� �o�f� �t�h�e� �m�e�t�h�o�d�o�l�o�g�y� �u�s�e�d� �f�o�r� �m�e�a�s�u�r�i�n�g� �a� �s�t�r�e�a�m� �c�r�o�s�s� �s�e�c�t�i�o�n� 
�t�o� �e�s�t�i�m�a�t�e� �s�t�r�e�a�m� �b�a�n�k� �e�r�o�s�i�o�n�.� 
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�m�a�d�e� �d�u�r�i�n�g� �t�h�e� �c�r�o�s�s� �s�e�c�t�i�o�n�a�l� �s�u�r�v�e�y�.� �T�h�e� �t�y�p�e� �o�f� �p�a�s�t�u�r�e� �m�a�n�a�g�e�m�e�n�t� �a�n�d� �o�b�s�e�r�v�a�t�i�o�n�s� 

�o�f� �c�r�o�s�s�-�s�e�c�t�i�o�n�a�l� �a�r�e�a�s� �w�e�r�e� �n�o�t�e�d� �a�t� �t�h�e� �t�i�m�e� �o�f� �m�e�a�s�u�r�e�m�e�n�t�.� 

�D�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �d�i�s�t�a�n�c�e� �f�r�o�m� �e�a�c�h� �r�e�f�e�r�e�n�c�e� �c�r�o�s�s� �s�e�c�t�i�o�n� �s�t�a�k�e� �t�o� �t�h�e� �s�t�r�e�a�m� �b�a�n�k� �a�n�d� �t�o� 

�t�h�e� �s�t�r�e�a�m� �e�d�g�e� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �m�o�s�t� �r�e�c�e�n�t� �m�e�a�s�u�r�e�m�e�n�t� �t�o� �t�h�e� �p�r�e�v�i�o�u�s� 

�m�e�a�s�u�r�e�m�e�n�t�.� �C�h�a�n�g�e�s� �i�n� �d�i�s�t�a�n�c�e�s� �w�e�r�e� �a�l�s�o� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �t�h�e� �c�u�r�r�e�n�t� �m�e�a�s�u�r�m�e�n�t� �t�o� �t�h�e� 

�b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�,� �a�n�d� �t�o� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �s�t�u�d�y� �p�e�r�i�o�d�,� �f�o�r� �p�o�s�t�-�B�M�P� 

�m�e�a�s�u�r�e�m�e�n�t�s�.� �T�h�e� �l�o�c�a�t�i�o�n� �o�f� �t�h�e� �e�d�g�e� �o�f� �t�h�e� �s�t�r�e�a�m�b�a�n�k� �w�a�s� �a�l�l�o�w�e�d� �o�n�l�y� �t�o� �i�n�c�r�e�a�s�e� 

�t�h�r�o�u�g�h� �t�i�m�e�.� �I�f�t�h�e� �m�o�s�t� �r�e�c�e�n�t� �m�e�a�s�u�r�e�m�e�n�t� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �c�l�o�s�e�r� �t�o� �t�h�e� �s�t�r�e�a�m� �t�h�a�n� �t�h�e� 

�p�r�e�v�i�o�u�s� �m�e�a�s�u�r�e�m�e�n�t� �t�h�e� �p�r�e�v�i�o�u�s� �v�a�l�u�e� �w�a�s� �s�u�b�s�t�i�t�u�t�e�d� �f�o�r� �t�h�e� �m�o�s�t� �r�e�c�e�n�t� �v�a�l�u�e�.� �N�o� 

�a�d�j�u�s�t�m�e�n�t�s� �w�e�r�e� �m�a�d�e� �t�o� �t�h�e� �e�d�g�e� �o�f� �s�t�r�e�a�m� �m�e�a�s�u�r�e�m�e�n�t�s�.� �T�h�e� �a�v�e�r�a�g�e� �a�n�d� �s�t�a�n�d�a�r�d� 

�d�e�v�i�a�t�i�o�n�s� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �l�o�s�s�e�s� �d�u�r�i�n�g� �e�a�c�h� �o�f� �t�h�e� �p�e�r�i�o�d�s� �b�e�t�w�e�e�n� �m�e�a�s�u�r�e�m�e�n�t�s� �a�n�d� 

�t�h�e� �t�o�t�a�l� �l�o�s�s�e�s� �d�u�r�i�n�g� �t�h�e� �p�r�e�-� �a�n�d� �p�o�s�t�-�B�M�P� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�s�.� 

�A� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �w�a�s� �p�r�e�f�o�r�m�e�d� �f�o�r� �e�a�c�h� �f�a�r�m� �i�n� �o�r�d�e�r� �t�o� �d�e�s�c�r�i�b�e� �w�h�i�c�h� �f�a�c�t�o�r�s� �i�n�d�u�c�e�d� 

�t�h�e� �m�o�s�t� �i�n�f�l�u�e�n�c�e� �o�n� �s�t�r�e�a�m�b�a�n�k� �e�r�o�s�i�o�n� �d�u�r�i�n�g� �e�a�c�h� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�.� �T�h�e� �s�e�v�e�n� �v�a�r�i�a�b�l�e�s� 

�u�s�e�d� �i�n� �t�h�e� �a�n�a�l�y�s�i�s� �w�e�r�e�:� 

�L�.� �M�e�a�s�u�r�e�m�e�n�t� �p�e�r�i�o�d�,� 

�U�n�i�t� �d�a�y�s� �d�u�r�i�n�g� �p�e�r�i�o�d�,� 

�G�r�a�z�i�n�g� �i�n�t�e�n�s�i�t�y� �d�u�r�i�n�g� �p�e�r�i�o�d�,� 

�P�e�r�c�e�n�t�a�g�e� �o�f� �p�e�r�i�o�d� �g�r�a�z�e�d�,� 

�
w

�
k
�
 

�Y�e
� 

�S�N� 

�P�r�e�s�e�n�c�e� �o�f� �s�t�r�e�a�m� �m�e�a�n�d�e�r�,� 
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�6�.� �P�r�e�s�e�n�c�e� �o�f� �s�h�a�d�e�,� �a�n�d� 

�7�.� �P�r�e�s�e�n�c�e� �o�f� �r�a�m�p�.� 

�U�n�i�t� �d�a�y�s� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �b�y� �s�u�m�m�i�n�g� �t�h�e� �n�u�m�b�e�r� �o�f� �c�o�w�s� �a�n�d� �c�a�l�v�e�s� �a�n�d� �m�u�l�t�i�p�l�y�i�n�g� �t�h�e� 

�r�e�s�u�l�t�s� �b�y� �t�h�e� �n�u�m�b�e�r� �o�f� �d�a�y�s� �w�h�i�c�h� �t�h�e� �c�a�t�t�l�e� �g�r�a�z�e�d� �d�u�r�i�n�g� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t� �p�e�r�i�o�d�.� �T�h�e� 

�v�a�l�u�e� �f�o�r� �c�a�l�v�e�s� �w�a�s� �w�e�i�g�h�t�e�d� �b�y� �a� �f�a�c�t�o�r� �o�f� �0�.�5� �o�f� �t�h�a�t� �f�o�r� �c�o�w�s�.� �G�r�a�z�i�n�g� �i�n�t�e�n�s�i�t�y� �w�a�s� 

�d�e�s�c�r�i�b�e�d� �a�s� �t�h�e� �n�u�m�b�e�r� �o�f� �u�n�i�t� �d�a�y�s� �d�i�v�i�d�e�d� �b�y� �t�h�e� �n�u�m�b�e�r� �o�f� �g�r�a�z�i�n�g� �d�a�y�s�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� 

�o�f� �p�e�r�i�o�d� �g�r�a�z�e�d� �w�a�s� �d�e�s�c�r�i�b�e�d� �a�s� �t�h�e� �n�u�m�b�e�r� �o�f� �g�r�a�z�i�n�g� �d�a�y�s� �d�i�v�i�d�e�d� �b�y� �t�h�e� �n�u�m�b�e�r� �o�f� �d�a�y�s� 

�b�e�t�w�e�e�n� �t�h�e� �d�a�t�e�s� �o�f� �c�r�o�s�s� �s�e�c�t�i�o�n� �m�e�a�s�u�r�e�m�e�n�t�.� 

�A� �W�i�l�c�o�x�o�n� �s�i�g�n�e�d�-�r�a�n�k� �t�e�s�t� �w�a�s� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e� �t�o�t�a�l� �l�o�s�s� �o�f� �s�t�r�e�a�m� �b�a�n�k�,� �t�o�t�a�l� �m�o�v�e�m�e�n�t� 

�i�n� �s�t�r�e�a�m� �e�d�g�e� �a�n�d� �t�h�e� �w�i�d�t�h� �o�f� �s�t�r�e�a�m� �f�o�r� �e�a�c�h� �e�d�g�e� �o�f� �b�a�n�k�,� �s�t�r�e�a�m� �a�n�d� �c�r�o�s�s� �s�e�c�t�i�o�n�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�.� �A�n� �a�l�p�h�a� �v�a�l�u�e� �o�f� �0�.�0�5� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�c�t� �w�h�e�t�h�e�r� �a� �d�i�f�f�e�r�e�n�c�e� �w�a�s� �f�o�u�n�d� �t�o� 

�b�e� �s�t�a�t�i�s�t�i�c�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t�.� 

�W�a�t�e�r� �Q�u�a�l�i�t�y� 

�V�a�r�i�a�t�i�o�n�s� �i�n� �w�a�t�e�r� �q�u�a�l�i�t�y� �p�a�r�a�m�e�t�e�r�s� �w�e�r�e� �e�v�a�l�u�a�t�e�d� �p�r�i�o�r� �t�o� �a�n�d� �a�f�t�e�r� �t�h�e� �B�M�P�s� �w�e�r�e� 

�i�n�s�t�a�l�l�e�d� �i�n� �e�a�c�h� �f�i�e�l�d�.� �A� �t�o�t�a�l� �o�f� �e�l�e�v�e�n� �w�a�t�e�r� �q�u�a�l�i�t�y� �s�a�m�p�l�i�n�g� �s�t�a�t�i�o�n�s� �w�e�r�e� �u�s�e�d� �i�n� �t�h�i�s� 

�s�t�u�d�y�.� �S�e�v�e�n� �s�t�a�t�i�o�n�s� �w�e�r�e� �l�o�c�a�t�e�d� �a�t� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �F�a�r�m� �(�F�i�g�u�r�e� �3�-�2�)�,� �a�n�d� �f�o�u�r� �s�a�m�p�l�i�n�g� 

�s�t�a�t�i�o�n�s� �w�e�r�e� �e�s�t�a�b�l�i�s�h�e�d� �a�l�o�n�g� �t�h�e� �N�o�r�t�h�-�B�e�n�d�e�r� �F�a�r�m� �(�F�i�g�u�r�e� �3�-�1�)�.� �A� �t�o�t�a�l� �o�f� �2�9�7� �w�a�t�e�r� 
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�q�u�a�l�i�t�y� �s�a�m�p�l�e�s� �w�e�r�e� �t�a�k�e�n� �f�r�o�m� �t�h�e� �t�w�o� �f�a�r�m�s�.� �T�h�e� �f�o�l�l�o�w�i�n�g� �w�a�t�e�r� �q�u�a�l�i�t�y� �p�a�r�a�m�e�t�e�r�s� �w�e�r�e� 

�e�v�a�l�u�a�t�e�d� �f�r�o�m� �s�e�m�i�-�m�o�n�t�h�l�y� �5�0�0�-�m�l� �w�a�t�e�r� �q�u�a�l�i�t�y� �g�r�a�b� �s�a�m�p�l�e�s� �t�a�k�e�n� �a�t� �e�a�c�h� �s�t�a�t�i�o�n�:� 

�t�o�t�a�l� �s�u�s�p�e�n�d�e�d� �s�o�l�i�d�s� 
�n�i�t�r�a�t�e�-�n�i�t�r�o�g�e�n� 
�a�m�m�o�n�i�u�m� 
�t�o�t�a�l� �K�j�e�l�d�a�h�l� �n�i�t�r�o�g�e�n� 
�f�i�l�t�e�r�e�d� �t�o�t�a�l� �K�j�e�l�d�a�h�l� �n�i�t�r�o�g�e�n� 
�o�r�t�h�o�p�h�o�s�p�h�o�r�u�s� 
�t�o�t�a�l� �p�h�o�s�p�h�o�r�u�s� 
�f�i�l�t�e�r�e�d� �t�o�t�a�l� �p�h�o�s�p�h�o�r�u�s� 
�r�u�n�o�f�f� �q�u�a�n�t�i�t�y� �(�s�t�r�e�a�m� �f�l�o�w�)� �
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�I�n� �a�d�d�i�t�i�o�n�,� �m�o�n�t�h�l�y� �1�0�0�-�m�l� �s�a�m�p�l�e�s� �w�e�r�e� �e�v�a�l�u�a�t�e�d� �f�o�r� �t�h�e� �f�o�l�l�o�w�i�n�g� �w�a�t�e�r� �q�u�a�l�i�t�y� 

�p�a�r�a�m�e�t�e�r�s�:� 

�1�.� �f�e�c�a�l� �c�o�l�i�f�o�r�m� 
�2�.� �f�e�c�a�l� �s�t�r�e�p�t�o�c�o�c�c�i� 
�3�.� �t�o�t�a�l� �c�o�l�i�f�o�r�m� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �a�b�o�v�e� �l�i�s�t�e�d� �p�a�r�a�m�e�t�e�r�s�,� �s�a�m�p�l�e�s� �f�r�o�m� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �F�a�r�m� �w�e�r�e� �a�l�s�o� 

�v�a�l�u�a�t�e�d� �f�o�r� �t�h�e� �f�o�l�l�o�w�i�n�g� �m�i�n�e�r�a�l�s�:� 

�l�,� �p�o�t�a�s�s�i�u�m� 
�2�.� �c�a�l�c�i�u�m� 
�3�.� �m�a�g�n�e�s�i�u�m� 
�4�.� �s�o�d�i�u�m� 
�5�,� �s�u�l�p�h�u�r� 

�W�a�t�e�r� �q�u�a�l�i�t�y� �s�a�m�p�l�e�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d�,� �l�a�b�e�l�e�d�,� �p�a�c�k�e�d� �i�n� �i�c�e� �a�n�d� �d�e�l�i�v�e�r�e�d� �t�o� �t�h�e� �B�i�o�l�o�g�i�c�a�l� 

�S�y�s�t�e�m�s� �E�n�g�i�n�e�e�r�i�n�g� �D�e�p�a�r�t�m�e�n�t� �W�a�t�e�r� �Q�u�a�l�i�t�y� �L�a�b�o�r�a�t�o�r�y� �a�t� �V�P�I�&�S�U�.� �A�l�l� �w�a�t�e�r� �q�u�a�l�i�t�y� 

�s�a�m�p�l�e�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �b�y� �t�h�e� �B�i�o�l�o�g�i�c�a�l� �S�y�s�t�e�m�s� �E�n�g�i�n�e�e�r�i�n�g� �D�e�p�a�r�t�m�e�n�t� �W�a�t�e�r� �Q�u�a�l�i�t�y� 
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�L�a�b�o�r�a�t�o�r�y� �a�t� �V�P�I�&�S�U� �w�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� �t�h�e� �m�i�n�e�r�a�l� �s�a�m�p�l�e�s� �w�h�i�c�h� �w�e�r�e� �a�n�a�l�y�z�e�d� �b�y� 

�t�h�e� �I�C�P� �L�a�b�o�r�a�t�o�r�y� �s�u�p�p�o�r�t�e�d� �b�y� �t�h�e� �C�r�o�p�,� �S�o�i�l� �a�n�d� �E�n�v�i�r�o�n�m�e�n�t�a�l� �S�c�i�e�n�c�e�s� �D�e�p�a�r�t�m�e�n�t� �a�t� 

�V�P�I�&�S�U�.� �T�h�e� �d�a�t�a� �q�u�a�l�i�t�y� �s�t�a�n�d�a�r�d�s� �f�o�r� �t�h�e� �n�u�t�r�i�e�n�t�s� �a�n�a�l�y�z�e�d� �a�r�e� �p�r�o�v�i�d�e�d� �i�n� �T�a�b�l�e� �3�-�3�.� 

�T�h�e� �s�e�m�i�-�m�o�n�t�h�l�y� �w�a�t�e�r� �q�u�a�l�i�t�y� �p�a�r�a�m�e�t�e�r�s� �w�e�r�e� �s�t�a�t�i�s�t�i�c�a�l�l�y� �e�v�a�l�u�a�t�e�d� �s�i�m�i�l�a�r�l�y� �t�o� �t�h�e� 

�m�e�t�h�o�d�s� �d�e�s�c�r�i�b�e�d� �b�y� �S�p�o�o�n�e�r� �e�t� �a�l�.� �(�1�9�8�5�)�.� �T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �a�l�l� �p�a�r�a�m�e�t�e�r�s� �e�x�p�r�e�s�s�e�d� 

�i�n� �p�p�m� �(�m�g�/�L�)� �w�e�r�e� �e�v�a�l�u�a�t�e�d� �a�t� �e�a�c�h� �s�a�m�p�l�i�n�g� �s�t�a�t�i�o�n� �(�A�p�p�e�n�d�i�x� �B�)�.� �T�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� 

�o�f� �t�h�e� �t�h�r�e�e� �f�e�c�a�l� �b�a�c�t�e�r�i�a� �w�e�r�e� �a�l�s�o� �e�v�a�l�u�a�t�e�d� �i�n� �t�e�r�m�s� �o�f� �c�o�l�o�n�i�e�s� �p�e�r� �1�0�0� �m�L� �o�f� �w�a�t�e�r�.� �D�u�e� 

�t�o� �t�h�e� �s�k�e�w�n�e�s�s� �o�f� �t�h�e� �d�a�t�a�,� �t�h�e� �n�o�n�-�p�a�r�a�m�e�t�r�i�c� �W�i�l�c�o�x�o�n� �s�i�g�n�e�d� �r�a�n�k� �s�u�m� �t�e�s�t� �w�a�s� �u�s�e�d� �t�o� 

�e�v�a�l�u�a�t�e� �e�a�c�h� �p�a�r�a�m�e�t�e�r� �r�a�t�h�e�r� �t�h�a�n� �t�h�e� �S�t�u�d�e�n�t� �t�-�t�e�s�t� �o�r� �r�e�g�r�e�s�s�i�o�n� �c�o�m�p�a�r�i�s�o�n� �m�e�t�h�o�d�s� 

�s�u�g�g�e�s�t�e�d� �b�y� �S�p�o�o�n�e�r� �e�t� �a�l�.� �(�1�9�8�5�)�.� 

�T�h�e� �n�u�t�r�i�e�n�t� �a�n�d� �m�i�n�e�r�a�l� �s�a�m�p�l�e�s� �f�r�o�m� �t�h�e� �o�u�t�l�e�t� �o�f� �e�a�c�h� �s�t�r�e�a�m� �(�Q�R�R�-�5� �a�n�d� �Q�N�B�-�4�)� �w�e�r�e� 

�a�l�s�o� �e�v�a�l�u�t�e�d� �i�n� �t�e�r�m�s� �o�f� �t�h�e�i�r� �l�o�a�d�i�n�g� �a�n�d� �f�l�o�w�-�w�e�i�g�h�t�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� �P�o�l�l�u�t�a�n�t� �l�o�a�d�i�n�g� 

�(�k�g�)� �a�t� �e�a�c�h� �o�f� �t�h�e� �s�t�r�e�a�m� �o�u�t�l�e�t�s� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �b�y� �m�u�l�t�i�p�l�y�i�n�g� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �b�y� �t�h�e� �f�l�o�w� 

�o�b�s�e�r�v�e�d� �a�t� �t�h�e� �t�i�m�e� �o�f� �s�a�m�p�l�i�n�g� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f� �d�a�y�s� �s�i�n�c�e� �t�h�e� �l�a�s�t� �s�a�m�p�l�i�n�g� �d�a�t�e�.� �I�n� 

�o�r�d�e�r� �t�o� �e�v�a�l�u�a�t�e� �p�o�l�l�u�t�a�n�t� �l�o�a�d�i�n�g� �i�n� �t�e�r�m�s� �o�f� �t�h�e� �v�o�l�u�m�e� �o�f� �o�b�s�e�r�v�e�d� �r�a�i�n�f�a�l�l�,� �t�h�e� �m�a�s�s� �o�f� 

�p�o�l�l�u�t�a�n�t� �w�a�s� �t�h�e�n� �d�i�v�i�d�e�d� �b�y� �t�h�e� �a�m�o�u�n�t� �o�f� �r�a�i�n�f�a�l�l� �(�c�m�)� �r�e�c�o�r�d�e�d� �s�i�n�c�e� �t�h�e� �l�a�s�t� �s�a�m�p�l�i�n�g� 

�d�a�t�e�.� �I�f� �n�o� �r�a�i�n� �h�a�d� �o�c�c�u�r�e�d� �s�i�n�c�e� �t�h�e� �l�a�s�t� �s�a�m�p�l�i�n�g� �d�a�t�e�,� �t�h�e� �m�a�s�s� �w�a�s� �c�a�r�r�i�e�d� �o�v�e�r� �t�o� �t�h�e� 

�n�e�x�t� �s�a�m�p�l�i�n�g� �t�i�m�e� �w�h�e�r�e� �r�a�i�n�f�a�l�l� �w�a�s� �r�e�c�o�r�d�e�d�.� �T�h�e� �p�o�l�l�u�t�a�n�t� �l�o�a�d�i�n�g�s� �f�o�r� �e�a�c�h� �o�u�t�l�e�t� �a�n�d� 

�t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d� �w�e�r�e� �t�h�e�n� �e�v�a�l�u�t�e�d� �u�s�i�n�g� �t�h�e� �n�o�n�-�p�a�r�a�m�e�t�r�i�c� �W�i�l�c�o�x�o�n� �s�i�g�n�e�d� �r�a�n�k� �s�u�m� �t�e�s�t�.� 

�F�l�o�w�-�w�e�i�g�h�t�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �(�m�g�/�L�)� �f�o�r� �e�a�c�h� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �b�y� �s�u�m�m�i�n�g� 

�t�h�e� �m�a�s�s� �o�f� �e�a�c�h� �p�o�l�l�u�t�a�n�t� �(�k�g�)� �a�n�d� �d�i�v�i�d�i�n�g� �i�t� �b�y� �t�h�e� �t�o�t�a�l� �f�l�o�w� �v�o�l�u�m�e� �o�b�s�e�r�v�e�d� �d�u�r�i�n�g� �t�h�e� 
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�T�a�b�l�e� �3�-�3�.� �D�a�t�a� �q�u�a�l�i�t�y� �s�t�a�n�d�a�r�d�s� �f�o�r� �l�a�b�o�r�a�t�o�r�y� �s�a�m�p�l�e� �a�n�a�l�y�s�i�s�.� 

�D�e�t�e�c�t�i�o�n� �P�e�r�c�e�n�t� 
�P�a�r�a�m�e�t�e�r� �L�i�m�i�t� �R�e�c�o�v�e�r�y� �P�r�e�c�i�s�i�o�n� �Q�C� �P�r�o�t�o�c�o�!�*� �M�e�t�h�o�d� 

�(�m�g�)� �(�m�g�/�)� 

�A�m�m�o�n�i�a� �0�.�0�1� �9�8� �-� �1�0�2�%� �+� �0�.�0�6� �1� �d�u�p�.� �p�e�r� �2�0� �s�a�m�p�l�e�s� �E�P�A� 
�(�N�H�,� �-� �N�)� �r�e�c�o�v�e�r�y� �1� �E�P�A� �Q�A�-�Q�C� �s�t�a�n�d�a�r�d�s� �3�5�0�.�1� 

�p�e�r� �4�0� �s�a�m�p�l�e�s� 
�1� �s�p�i�k�e� �p�e�r� �4�0� �s�a�m�p�l�e�s� 
�1� �b�l�a�n�k� �r�u�n� �d�a�i�l�y� 

�N�i�t�r�a�t�e� �0�.�0�5� �9�6� �-� �1�0�0�%� �+� �0�.�0�2�6� �1� �d�u�p�.� �p�e�r� �2�0� �s�a�m�p�l�e�s� �E�P�A� 
�(�N�O�,� �-�N� �1� �E�P�A� �Q�A�-�Q�C� �s�t�a�n�d�a�r�d�s� �3�5�3�.�2� 

�p�e�r� �4�0� �s�a�m�p�l�e�s� 
�1� �s�p�i�k�e� �p�e�r� �4�0� �s�a�m�p�l�e�s� 
�1� �b�l�a�n�k� �r�u�n� �d�a�i�l�y� 

�O�r�t�h�o�p�h�o�s�p�h�a�t�e� �|� �0�.�0�1� �8�9� �-� �9�4�%� �+� �0�.�0�1�3� �1� �E�P�A� �Q�A�-�Q�C� �s�t�a�n�d�a�r�d�s� �E�P�A� 
�(�P�O�,� �-� �P�)� �p�e�r� �4�0� �s�a�m�p�l�e�s� �3�6�5�.�1� 

�1� �s�p�i�k�e� �p�e�r� �4�0� �s�a�m�p�l�e�s� 
�1� �b�l�a�n�k� �r�u�n� �d�a�i�l�y� 

�T�K�N� �0�.�1� �9�7�-�1�0�1�%� �+�0�.�1�2�6� �1� �d�u�p�.� �p�e�r� �1�7�.�5� �s�a�m�p�l�e�s� �E�P�A� 
�2� �E�P�A� �Q�A�-�Q�C� �s�t�a�n�d�a�r�d�s� �3�5�1�.�2� 
�p�e�r� �3�5� �s�a�m�p�l�e�s� 
�1� �b�l�a�n�k� �p�e�r� �3�5� �s�a�m�p�l�e�s� 
�1� �s�p�i�k�e� �p�e�r� �3�5� �s�a�m�p�l�e�s� 

�T�o�t�a�l�-�P� �0�.�0� �9�1� �-� �9�4�%� �+� �0�.�0�5�6� �1� �d�u�p�.� �p�e�r� �1�7�.�5� �s�a�m�p�l�e�s� �E�P�A� 
�2� �E�P�A� �Q�A�-�Q�C� �s�t�a�n�d�a�r�d�s� �3�6�5�.�1� 
�p�e�r� �3�5� �s�a�m�p�l�e�s� 
�1� �b�l�a�n�k� �p�e�r� �3�5� �s�a�m�p�l�e�s� 
�1� �s�p�i�k�e� �p�e�r� �3�5� �s�a�m�p�l�e�s� 

�T�o�t�a�l� �0�.�0�2� �+�5�%� �4�0�.�7�4� �1� �d�u�p�.� �p�e�r� �4�0� �s�a�m�p�l�e�s� �E�P�A� 
�S�u�s�p�e�n�d�e�d� �r�e�l�a�t�i�v�e� �1� �b�l�a�n�k� �p�e�r� �4�0� �s�a�m�p�l�e�s� �1�8�0�.�2� 

�S�o�l�i�d�s� �e�r�r�o�r� �1� �E�P�A� �s�t�a�n�d�a�r�d� �p�e�r� �2�0�0� 
�s�a�m�p�l�e�s� 

�F�e�c�a�l�/�T�o�t�a�l� �9�5�%� �1� �d�u�p�.� �f�o�r� �e�a�c�h� �s�a�m�p�l�e� �A�P�H�A� �9�2�2�1� 
�C�o�l�i�f�o�r�m� �c�o�n�f�i�d�e�n�c�e� 
�(�M�e�m�b�r�a�n�e� �l�i�m�i�t� 
�f�i�l�t�r�a�t�i�o�n�)� 

�F�e�c�a�l� �S�t�r�e�p� �9�5�%� �1� �d�u�p�.� �f�o�r� �e�a�c�h� �s�a�m�p�l�e� �A�P�H�A� �9�2�3�0� 
�(�M�e�m�b�r�a�n�e� �c�o�n�f�i�d�e�n�c�e� 

�f�i�l�t�r�a�t�i�o�n�)� �l�i�m�i�t� 

�M�i�n�e�r�a�l�s� �+� �1�0�%� �1� �d�u�p�.� �p�e�r� �2�0� �s�a�m�p�l�e�s� �i�c�p� 
�r�e�l�a�t�i�v�e� �1� �s�t�a�n�d�a�r�d� �p�e�r� �5� �s�a�m�p�l�e�s� 

�e�r�r�o�r� � � � � � � � � � � � � � � � � 

�*� 

� � 

� � � � 
�T�h�e� �Q�A� �p�r�o�t�o�c�o�l� �w�a�s� �d�e�s�i�g�n�e�d� �a�s� �a� �m�i�n�i�m�u�m� �a�l�l�o�w�e�d� �Q�C� �p�r�o�c�e�d�u�r�e�s� �t�o� �f�o�l�l�o�w� �b�a�s�e�d� �o�n� �t�h�e� �d�a�t�a� �q�u�a�l�i�t�y� 
�o�b�j�e�c�t�i�v�e�s� �f�o�r� �t�h�i�s� �p�r�o�j�e�c�t�.� �D�e�t�e�c�t�i�o�n� �l�i�m�i�t�s� �a�r�e� �l�a�b� �v�a�l�u�e�s� �b�a�s�e�d� �o�n� �t�h�e� �h�e�i�g�h�t� �o�f� �r�e�c�o�r�d�e�r� �n�o�i�s�e� �a�t� �m�a�x�i�m�u�m� 
�s�e�n�s�i�t�i�v�i�t�y�.� �(�G�a�s� �C�h�r�o�m�a�t�o�g�r�a�p�h�,� �D�r�.� �H�.� �M�c�N�a�i�r�,� �1�9�8�5� �A�C�S� �S�h�o�r�t�c�o�u�r�s�e� �p�u�b�l�i�c�a�t�i�o�n�)�.� 
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�s�t�u�d�y� �p�e�r�i�o�d� �(�m ��)�.� �T�h�e� �p�e�r�c�e�n�t� �o�f� �c�h�a�n�g�e�,� �i�n� �l�o�a�d�i�n�g� �a�n�d� �f�l�o�w� �w�e�i�g�h�t�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �w�h�i�c�h� 

�o�c�c�u�r�e�d� �d�u�r�i�n�g� �t�h�e� �p�o�s�t�-�B�M�P� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d� �w�a�s� �t�h�e�n� �c�a�l�c�u�l�a�t�e�d� �f�o�r� �e�a�c�h� �p�o�l�l�u�t�a�n�t�.� 

�S�t�a�t�i�s�t�i�c�a�l� �c�o�m�p�a�r�i�s�o�n�s� �w�e�r�e� �a�l�s�o� �p�e�r�f�o�r�m�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �i�f� �a� �s�t�a�t�i�s�t�i�c�a�l� �d�i�f�f�e�r�e�n�c�e� �e�x�i�s�t�e�d� 

�b�e�t�w�e�e�n� �t�h�e� �w�a�t�e�r� �f�o�u�n�d� �i�n� �a� �s�p�r�i�n�g�-�f�e�d� �t�r�o�u�g�h� �a�n�d� �i�n� �a�n� �a�d�j�a�c�e�n�t� �s�t�r�e�a�m�.� �S�u�c�h� �a� �d�i�f�f�e�r�e�n�c�e� 

�i�n� �w�a�t�e�r� �q�u�a�l�i�t�y� �m�a�y� �a�c�c�o�u�n�t� �f�o�r� �a�n� �o�b�s�e�r�v�e�d� �p�r�e�f�e�r�e�n�c�e� �o�f� �c�a�t�t�l�e� �t�o� �d�r�i�n�k� �w�a�t�e�r� �f�r�o�m� �t�h�e� 

�t�r�o�u�g�h� �r�a�t�h�e�r� �t�h�a�n� �f�r�o�m� �t�h�e� �a�d�j�a�c�e�n�t� �s�t�r�e�a�m�.� �S�u�c�h� �a� �d�i�f�f�e�r�e�n�c�e� �m�a�y� �a�l�s�o� �s�u�g�g�e�s�t� �a� �b�e�n�e�f�i�t� �t�o� 

�c�a�t�t�l�e� �w�h�i�c�h� �u�t�i�l�i�z�e� �a�n� �o�f�f�-�s�t�r�e�a�m� �w�a�t�e�r� �s�o�u�r�c�e� �a�s� �t�h�e�i�r� �p�r�i�m�a�r�y� �w�a�t�e�r� �s�o�u�r�c�e� �e�v�e�n� �w�h�e�n� �t�h�e�y� 

�h�a�v�e� �e�q�u�a�l� �a�c�c�e�s�s� �t�o� �a�n� �a�d�j�a�c�e�n�t� �s�t�r�e�a�m�.� �T�h�e� �a�n�a�l�y�s�i�s� �w�a�s� �p�r�e�f�o�r�m�e�d� �b�y� �c�o�m�p�a�r�i�n�g� �t�h�e� 

�a�v�e�r�a�g�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �f�r�o�m� �W�T�3� �a�n�d� �Q�R�R�-�6� �o�n� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �F�a�r�m� �(�F�i�g�u�r�e� �3�-�2�)� �d�u�r�i�n�g� 

�t�h�e� �p�o�s�t�-�B�M�P� �p�e�r�i�o�d�.� 

�T�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �f�a�r�m� �p�o�n�d� �i�n� �r�e�d�u�c�i�n�g� �w�a�t�e�r� �p�o�l�l�u�t�a�n�t�s� �w�a�s� �a�l�s�o� 

�e�v�a�l�u�a�t�e�d�.� �T�h�e� �t�e�s�t� �w�a�s� �p�r�e�f�o�r�m�e�d� �b�y� �c�o�m�p�a�r�i�n�g� �t�h�e� �p�r�e�-� �a�n�d� �p�o�s�t�-�B�M�P� �a�v�e�r�a�g�e� �a�n�d� �f�l�o�w� 

�w�e�i�g�h�t�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�n�d� �l�o�a�d�i�n�g�s� �f�r�o�m� �t�h�e� �p�o�n�d� �i�n�l�e�t� �(�Q�R�R�-�5�)� �a�n�d� �t�h�e� �p�o�n�d� �o�u�t�l�e�t� 

�(�Q�R�R�-�6�)�.� 

�E�c�o�n�o�m�i�c� �A�n�a�l�y�s�i�s� 

�T�h�e� �e�c�o�n�o�m�i�c� �c�o�s�t� �o�f� �w�a�t�e�r� �d�e�v�e�l�o�p�m�e�n�t� �o�n� �t�h�e� �t�w�o� �s�t�u�d�y� �f�a�r�m�s� �i�n� �s�o�u�t�h�w�e�s�t� �V�i�r�g�i�n�i�a� �w�a�s� 

�c�o�m�p�a�r�e�d� �t�o� �t�h�e� �c�o�s�t� �o�f� �i�m�p�l�e�m�e�n�t�i�n�g� �p�r�o�p�o�s�e�d� �p�r�a�c�t�i�c�e�s� �f�o�r� �r�e�d�u�c�i�n�g� �h�e�r�d� �i�m�p�a�c�t� �o�n� �s�t�r�e�a�m� 
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�s�t�a�b�i�l�i�z�a�t�i�o�n� �a�n�d� �w�a�t�e�r� �q�u�a�l�i�t�y�.� �T�h�e� �i�m�p�a�c�t� �o�f� �v�a�r�i�o�u�s� �p�r�o�p�o�s�e�d� �m�a�n�a�g�e�m�e�n�t� �p�r�a�c�t�i�c�e�s�,� �i�.�e�.� 

�s�t�r�e�a�m� �b�a�n�k� �f�e�n�c�i�n�g�,� �w�a�s� �e�v�a�l�u�a�t�e�d� �o�n� �t�h�e� �B�e�n�d�e�r� �a�n�d� �R�i�v�e�r� �R�i�d�g�e� �f�a�r�m�s�.� �T�h�e� �c�o�s�t� �o�f� 

�m�a�t�e�r�i�a�l�s�,� �i�n�s�t�a�l�l�a�t�i�o�n�,� �m�a�i�n�t�e�n�a�n�c�e� �a�n�d� �t�h�e� �l�o�s�s� �o�f� �l�a�n�d� �f�r�o�m� �p�r�o�d�u�c�t�i�o�n� �w�a�s� �c�o�m�p�a�r�e�d�,� �a�t� 

�v�a�r�i�o�u�s� �b�u�f�f�e�r� �z�o�n�e� �d�i�s�t�a�n�c�e�s� �f�r�o�m� �t�h�e� �s�t�r�e�a�m�,� �t�o� �t�h�e� �c�o�s�t� �o�f� �i�n�s�t�a�l�l�i�n�g� �t�h�e� �p�r�o�p�o�s�e�d� �B�M�P�.� 

�F�a�r�m� �a�n�d� �p�a�s�t�u�r�e� �b�o�u�n�d�a�r�i�e�s�,� �a�c�r�e�a�g�e�,� �a�n�d� �s�t�r�e�a�m� �l�e�n�g�t�h� �w�e�r�e� �l�o�c�a�t�e�d� �a�n�d� �e�s�t�i�m�a�t�e�d� �f�r�o�m� 

�a�e�r�i�a�l� �p�h�o�t�o�g�r�a�p�h�s� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� �F�l�o�y�d� �a�n�d� �G�r�a�y�s�o�n� �c�o�u�n�t�y� �A�g�r�i�c�u�l�t�u�r�a�l� �S�t�a�b�i�l�i�z�a�t�i�o�n� �a�n�d� 

�C�o�n�s�e�r�v�a�t�i�o�n� �S�e�r�v�i�c�e� �(�A�S�C�S�)� �o�f�f�i�c�e�s�,� �o�r� �U�n�i�t�e�d� �S�t�a�t�e�s� �G�e�o�l�i�g�i�c�a�l� �S�u�r�v�e�y� �(�U�S�G�S�)� �q�u�a�d�r�a�n�g�l�e� 

�m�a�p�s�.� �F�o�u�r� �f�i�x�e�d�-�w�i�d�t�h� �b�u�f�f�e�r� �l�e�n�g�t�h�s� �[�1�0�-�f�t� �(�3�-�m�)�,� �5�0�-�f�t� �(�1�5�-�m�)�,� �1�0�0�-�f�t� �(�3�0�-�m�)�,� �2�0�0�-�f�t� �(�6�0�-� 

�m�)�]� �w�e�r�e� �u�s�e�d�.� �T�w�o� �v�a�r�i�a�b�l�e�-�w�i�d�t�h� �c�o�m�b�i�n�a�t�i�o�n�s� �u�t�i�l�i�z�i�n�g� �t�h�e� �f�o�u�r� �b�u�f�f�e�r� �l�e�n�g�t�h�s� �i�n� �t�e�r�m�s� 

�o�f� �t�h�e� �o�r�d�e�r� �o�f� �t�h�e� �s�t�r�e�a�m� �i�n� �w�h�i�c�h� �t�h�e�y� �a�r�e� �p�r�o�t�e�c�t�i�n�g� �w�e�r�e� �a�l�s�o� �c�o�m�p�a�r�e�d�.� �F�o�r� �t�h�e� �f�i�r�s�t� 

�b�u�f�f�e�r� �z�o�n�e� �c�o�m�b�i�n�a�t�i�o�n�,� �r�e�f�e�r�r�e�d� �t�o� �a�s� �F�e�n�c�i�n�g� �B�M�P�-�1�,� �a�l�l� �s�t�r�e�a�m�s� �o�f� �f�i�r�s�t� �a�n�d� �s�e�c�o�n�d� �o�r�d�e�r� 

�w�e�r�e� �a�s�s�u�m�e�d� �t�o� �h�a�v�e� �b�u�f�f�e�r� �l�e�n�g�t�h�s� �o�f� �5�0�-�f�t�.� �T�h�i�r�d� �o�r�d�e�r� �s�t�r�e�a�m�s� �w�e�r�e� �g�i�v�e�n� �b�u�f�f�e�r� �l�e�n�g�t�h�s� 

�o�f� �1�0�0�-�f�t� �a�n�d� �s�t�r�e�a�m�s� �l�a�r�g�e�r� �t�h�a�n� �t�h�i�r�d� �o�r�d�e�r� �w�e�r�e� �a�s�s�u�m�e�d� �t�o� �b�e� �p�r�o�t�e�c�t�e�d� �b�y� �f�e�n�c�e�d� �b�u�f�f�e�r�s� 

�o�f� �2�0�0�-�f�t�.� �T�h�e� �s�e�c�o�n�d� �b�u�f�f�e�r� �c�o�m�b�i�n�a�t�i�o�n�,� �F�e�n�c�i�n�g� �B�M�P�-�2�,� �w�a�s� �t�h�e� �s�a�m�e� �a�s� �F�e�n�c�i�n�g� �B�M�P�-�1�,� 

�e�x�c�e�p�t� �t�h�a�t� �a�l�l� �t�h�e� �s�t�r�e�a�m�s� �e�q�u�a�l� �t�o� �o�r� �g�r�e�a�t�e�r� �t�h�a�n� �t�h�i�r�d� �o�r�d�e�r� �w�e�r�e� �p�r�o�t�e�c�t�e�d� �w�i�t�h� �1�0�0�-�f�t� 

�f�e�n�c�e�d� �b�u�f�f�e�r�s�.� 

�T�h�e� �a�r�e�a� �o�f� �t�h�e� �f�o�u�r� �b�u�f�f�e�r�s� �a�n�d� �t�h�e� �p�e�r�i�m�e�t�e�r� �o�f� �f�e�n�c�i�n�g� �r�e�q�u�i�r�e�d� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �b�y� 

�a�s�s�u�m�i�n�g� �a� �b�u�f�f�e�r� �d�i�s�t�a�n�c�e� �f�r�o�m� �a�n� �a�v�e�r�a�g�e� �s�t�r�e�a�m� �e�d�g�e� �a�n�d� �t�h�e� �f�e�n�c�i�n�g� �p�e�r�i�m�e�t�e�r� �l�o�c�a�t�e�d� �a�t� 

�a� �d�i�s�t�a�n�c�e� �e�q�u�a�l� �t�o� �t�h�e� �b�u�f�f�e�r� �l�e�n�g�t�h� �a�w�a�y� �f�r�o�m� �t�h�e� �s�t�r�e�a�m� �o�r�i�g�i�n�.� �B�u�f�f�e�r�s� �f�o�r� �p�a�s�t�u�r�e�s� �a�l�o�n�g� 

�t�h�e� �N�e�w� �R�i�v�e�r� �o�n� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �F�a�r�m� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �b�y� �a�s�s�u�m�i�n�g� �o�n�l�y� �a� �o�n�e� �s�i�d�e�d� �f�e�n�c�e�d� 

�p�e�r�i�m�e�t�e�r� �a�l�o�n�g� �t�h�e� �r�i�v�e�r�.� 
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�T�h�e� �c�o�s�t� �o�f� �f�e�n�c�i�n�g�,� �f�e�n�c�e� �m�a�i�n�t�e�n�a�n�c�e�,� �a�n�d� �l�a�n�d� �r�e�n�t�a�l� �f�e�e�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �u�s�i�n�g� �d�a�t�a� 

�p�r�o�v�i�d�e�d� �b�y� �t�h�e� �N�R�C�S� �a�n�d� �V�i�r�g�i�n�i�a� �C�o�o�p�e�r�a�t�i�v�e� �E�x�t�e�n�s�i�o�n� �S�e�r�v�i�c�e� �(�H�u�n�n�i�n�g�s�,� �1�9�9�4�)�.� �A� 

�f�o�u�r�-�s�t�r�a�n�d� �b�a�r�b�e�d� �w�i�r�e� �f�e�n�c�e� �a�t� �a� �c�o�s�t� �o�f� �$�1�.�3�0� �p�e�r� �f�o�o�t� �o�f� �f�e�n�c�i�n�g� �w�a�s� �u�s�e�d� �f�o�r� �a�l�l� 

�c�a�l�c�u�l�a�t�i�o�n�s�.� �T�h�e� �$�1�.�3�0� �c�o�s�t� �i�n�c�l�u�d�e�s� �a�l�l� �m�a�t�e�r�i�a�l�s� �a�n�d� �l�a�b�o�r�.� �T�h�e� �c�o�s�t� �o�f� �f�e�n�c�e� �m�a�i�n�t�e�n�a�n�c�e� 

�f�o�r� �a� �t�w�e�n�t�y� �y�e�a�r� �d�e�s�i�g�n� �l�i�f�e� �w�a�s� �a�s�s�u�m�e�d� �t�o� �b�e� �t�e�n� �p�e�r�c�e�n�t� �o�f� �t�h�e� �i�n�i�t�i�a�l� �c�o�s�t� �o�r� �$�0�.�1�3� �p�e�r� 

�f�o�o�t�.� �T�h�e� �c�o�s�t� �o�f� �l�o�s�t� �g�r�a�z�i�n�g� �a�r�e�a�,� �w�i�t�h�i�n� �t�h�e� �f�e�n�c�e�d� �b�u�f�f�e�r�,� �w�a�s� �a�s�s�u�m�e�d� �t�o� �b�e� �$�1�5�.�0�0� �p�e�r� 

�a�c�r�e� �p�e�r� �y�e�a�r� �(�H�u�n�n�i�n�g�s�,� �1�9�9�4�)�.� �T�h�e� �r�e�n�t�a�l� �c�o�s�t� �o�v�e�r� �t�h�e� �d�e�s�i�g�n� �l�i�f�e� �o�f� �t�h�e� �f�e�n�c�e� �w�o�u�l�d� �e�q�u�a�l� 

�$�3�0�0�.�0�0� �p�e�r� �a�c�r�e� �o�f� �l�o�s�t� �g�r�a�z�i�n�g� �a�r�e�a�.� �N�o� �c�o�s�t� �o�f� �p�e�r�i�m�e�t�e�r� �f�e�n�c�i�n�g�,� �m�a�i�n�t�e�n�a�n�c�e� �o�r� �c�o�s�t� �o�f� 

�l�o�s�t� �a�r�e�a� �w�a�s� �a�c�c�r�u�e�d� �w�h�e�n� �6�9�%� �o�r� �g�r�e�a�t�e�r� �o�f� �t�h�e� �g�r�a�z�i�n�g� �a�r�e�a� �w�a�s� �l�o�s�t� �w�h�e�n� �e�s�t�i�m�a�t�i�n�g� �t�h�e� 

�c�o�s�t� �f�o�r� �F�e�n�c�i�n�g� �B�M�P� �|� �a�n�d� �2�.� 

�T�h�e� �c�o�s�t� �o�f� �w�a�t�e�r� �d�e�v�e�l�o�p�m�e�n�t� �w�a�s� �e�s�t�i�m�a�t�e�d� �f�o�r� �t�h�e� �t�w�o� �f�a�r�m�s�.� �T�h�e� �c�o�s�t� �o�f� �w�a�t�e�r� 

�d�e�v�e�l�o�p�m�e�n�t� �f�o�r� �e�a�c�h� �p�a�s�t�u�r�e� �i�n� �g�r�a�z�i�n�g� �p�r�o�d�u�c�t�i�o�n� �a�t� �t�h�e� �t�i�m�e� �o�f� �t�h�e� �s�t�u�d�y� �w�a�s� �c�a�l�c�u�l�a�t�e�d� 

�b�y� �e�s�t�i�m�a�t�i�n�g� �t�h�e� �c�o�s�t� �t�o� �i�n�s�t�a�l�l� �t�h�e� �w�a�t�e�r� �s�y�s�t�e�m� �a�l�r�e�a�d�y� �i�n� �p�l�a�c�e�,� �e�s�t�i�m�a�t�i�n�g� �t�h�e� �c�o�s�t� �o�f� �a� 

�p�l�a�n�n�e�d� �w�a�t�e�r� �d�e�v�e�l�o�p�m�e�n�t�,� �o�r� �e�s�t�i�m�a�t�i�n�g� �t�h�e� �c�o�s�t� �o�f� �a�n� �u�n�p�l�a�n�n�e�d� �w�a�t�e�r� �d�e�v�e�l�o�p�m�e�n�t�.� �T�w�o� 

�t�y�p�e�s� �o�f� �w�a�t�e�r� �d�e�v�e�l�o�p�m�e�n�t� �s�y�s�t�e�m�s� �f�o�r� �g�r�a�z�i�n�g� �c�a�t�t�l�e� �w�e�r�e� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�:� �s�p�r�i�n�g� 

�d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �l�o�w�-�f�l�o�w� �s�o�l�a�r� �p�u�m�p�s�.� �T�h�e� �i�t�e�m�i�z�e�d� �c�o�s�t� �o�f� �t�h�e� �t�w�o� �t�y�p�e�s� �o�f� �s�y�s�t�e�m�s� �w�a�s� 

�d�e�t�e�r�m�i�n�e�d� �b�y� �u�s�i�n�g� �t�h�e� �e�s�t�i�m�a�t�e�s� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� �N�R�C�S� �a�n�d� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �3�-�4�.� 

�T�h�e� �a�c�t�u�a�l� �c�o�s�t� �o�f� �w�a�t�e�r� �d�e�v�e�l�o�p�m�e�n�t� �f�o�r� �t�h�e� �t�w�o� �t�y�p�e�s� �o�f� �s�y�s�t�e�m�s� �c�o�u�l�d� �v�a�r�y� �b�e�t�w�e�e�n� �s�i�t�e�s�.� 

�T�h�i�s� �i�s� �e�s�p�e�c�i�a�l�l�y� �t�r�u�e� �f�o�r� �t�h�e� �s�p�r�i�n�g� �d�e�v�e�l�o�p�m�e�n�t� �s�i�t�e�s� �w�h�i�c�h� �w�o�u�l�d� �r�e�q�u�i�r�e� �a� �s�p�e�c�i�f�i�c� �a�m�o�u�n�t� 

�o�f� �v�e�r�t�i�c�a�l� �f�a�l�l� �f�r�o�m� �t�h�e� �c�a�p�t�u�r�e�d� �s�p�r�i�n�g� �t�o� �a� �s�u�i�t�a�b�l�e� �w�a�t�e�r� �t�r�o�u�g�h� �l�o�c�a�t�i�o�n�.� �I�n� �s�o�m�e� �s�i�t�e�s� �a� 

�t�r�o�u�g�h� �l�o�c�a�t�i�o�n� �c�o�u�l�d� �b�e� �f�o�u�n�d� �7�5� �f�t� �(�2�3� �m�)� �a�w�a�y� �f�r�o�m� �t�h�e� �c�a�p�t�u�r�e�d� �s�p�r�i�n�g�,� �w�h�i�l�e� �o�n� �a�n�o�t�h�e�r� 
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�s�i�t�e� �a� �p�i�p�i�n�g� �d�i�s�t�a�n�c�e� �o�f� �5�0�0� �f�t� �(�1�5�2� �m�)� �m�a�y� �b�e� �r�e�q�u�i�r�e�d� �t�o� �a�c�h�i�e�v�e� �t�h�e� �r�e�q�u�i�r�e�d� �v�e�r�t�i�c�a�l� �f�a�l�l�.� 

�T�h�e�r�e�f�o�r�e�,� �a� �3�0�0� �f�t� �(�9�1� �m�)� �p�i�p�i�n�g� �d�i�s�t�a�n�c�e� �w�a�s� �a�s�s�u�m�e�d� �f�o�r� �b�o�t�h� �t�y�p�e�s� �o�f� �s�y�s�t�e�m�s� �o�n� �a�l�l� �s�i�t�e�s�.� 

�T�h�e� �c�o�s�t� �o�f� �i�n�s�t�a�l�l�i�n�g� �s�t�r�e�a�m� �b�a�n�k� �f�e�n�c�i�n�g� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �s�i�x� �b�u�f�f�e�r� �s�c�e�n�a�r�i�o�s� �a�n�d� �t�h�e� �c�o�s�t� 

�o�f� �w�a�t�e�r� �d�e�v�e�l�o�p�m�e�n�t� �o�n� �t�h�e� �t�w�o� �f�a�r�m�s� �w�a�s� �c�o�m�p�a�r�e�d� �i�n� �t�e�r�m�s� �o�f� �t�o�t�a�l� �c�o�s�t� �o�f� �i�m�p�l�e�m�e�n�t�i�n�g� 

�t�h�e� �p�r�a�c�t�i�c�e�s�.� �C�o�m�p�a�r�i�s�o�n�s� �w�e�r�e� �a�l�s�o� �m�a�d�e� �i�n� �t�e�r�m�s� �o�f� �c�o�s�t� �p�e�r� �a�c�r�e�,� �p�e�r� �f�o�o�t� �o�f� �s�t�r�e�a�m�,� �a�n�d� 

�p�e�r� �w�a�t�e�r� �t�r�o�u�g�h� �t�o� �b�e� �i�n�s�t�a�l�l�e�d�.� 
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�T�a�b�l�e� �3�-�4�.� �I�t�e�m�i�z�e�d� �c�o�s�t� �o�f� �s�p�r�i�n�g� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �l�o�w�-�f�l�o�w� �s�o�l�a�r� �p�u�m�p� �w�a�t�e�r� 
�d�e�v�e�l�o�p�m�e�n�t� �s�y�s�t�e�m�s� �f�o�r� �g�r�a�z�i�n�g� �c�a�t�t�l�e�.� 

�S�y�s�t�e�m� �T�y�p�e� �|� �C�o�m�p�o�n�e�t� �M�a�t�e�r�i�a�l� �U�n�i�t� �C�o�s�t� 

�S�p�r�i�n�g� �D�e�v�e�l�o�p�m�e�n�t� �|� �B�a�c�k�h�o�e� �1�5� �h�o�u�r�s� �$�6�7�5�.�0�0� 
�D�e�v�e�l�o�p�m�e�n�t� 

�C�o�n�c�r�e�t�e� �2� �y�a�r�d�s� �$�1�0�3�.�3�4� 

�4�"� �P�V�C� �S�c�h�.� �4�0� �P�i�p�e� �1�0� �f�e�e�t� �$�1�3�.�1�0� 

�4�"� �C�o�r�r�u�g�a�t�e�d� �D�r�a�i�n� �T�i�l�e� �4�0� �f�e�e�t� �$�1�6�.�0�0� 

�G�r�a�v�e�l� �1�0� �t�o�n�s� �$�8�0�.�0�0� 

�C�o�l�l�e�c�t�i�o�n� �B�o�w�l� �$�5�0�.�0�0� 

�L�a�b�o�r� �2�0� �h�o�u�r�s� �$�1�0�0�.�0�0� 

�T�r�o�u�g�h� �T�r�o�u�g�h� �(�4�0�0� �g�a�l�l�o�n�)� �$�4�3�8�.�0�0� 

�C�o�n�c�r�e�t�e� �3� �y�a�r�d�s� �$�1�5�5�.�0�0� 

�1�2�"� �C�o�r�r�u�g�a�t�e� �P�l�a�s�t�i�c� �P�i�p�e� �3� �f�e�e�t� �$�1�7�.�0�0� 

�G�r�a�v�e�l� �4� �t�o�n�s� �$�3�2�.�0�0� 

�P�i�p�e�l�i�n�e� �D�i�t�c�h�i�n�g�,� �P�i�p�e� �I�n�s�t�a�l�l�a�t�i�o�n� �&� �f�o�o�t� �$�1�.�0�7� 
�C�o�v�e�r�i�n�g� 

�1�"� �1�6�0� �P�S�I� �P�l�a�s�t�i�c� �P�i�p�e� �f�o�o�t� �$�0�.�4�0� 

�S�p�r�i�n�g�-�H�e�a�d� �|� �4�-�S�t�r�a�n�d� �B�a�r�b�e�d� �W�i�r�e� �f�o�o�t� �$�1�.�3�0� 
�F�e�n�c�i�n�g� 

�R�e�-�S�e�e�d�i�n�g� �S�e�e�d�,� �F�e�r�t�i�l�i�z�e�r�,� �L�i�m�e� �&� �$�1�7�5�.�0�0� 
�M�u�l�c�h� 

�M�e�t�h�o�d�o�l�o�g�y� �7�8� 

� 



�T�a�b�l�e� �3�-�4� �(�c�o�n�t�i�n�u�e�d�)�.� �I�t�e�m�i�z�e�d� �c�o�s�t� �o�f� �s�p�r�i�n�g� �d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �l�o�w�-�f�l�o�w� �s�o�l�a�r� �p�u�m�p� 
�w�a�t�e�r� �d�e�v�e�l�o�p�m�e�n�t� �s�y�s�t�e�m�s� �f�o�r� �g�r�a�z�i�n�g� �c�a�t�t�l�e�.� 
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�S�y�s�t�e�m� �T�y�p�e� �|� �C�o�m�p�o�n�e�t� �M�a�t�e�r�i�a�l� �U�n�i�t� �C�o�s�t� 

�L�o�w�-�F�l�o�w� �S�o�l�a�r� �S�y�s�t�e�m� �|� �L�o�w�-�F�l�o�w� �P�u�m�p� �(�2�4� �V�D�C�)�:� �$�1�,�7�0�0�.�0�0� 
�S�o�l�a�r� �P�u�m�p� �1�-�4� �G�P�M�,� �6�0� �W�a�t�t� �S�o�l�a�r� 

�:� �P�a�n�e�l�s� �(�2�4� �V�D�C�)�,� �W�i�r�i�n�g�,� 
�V�o�l�t�a�g�e� �B�o�o�s�t�e�r� �&� �S�o�l�a�r� 
�P�a�n�e�l� �G�r�o�u�n�d� �M�o�u�n�t� 

�S�o�l�a�r� �T�r�a�c�k�e�r� �$�4�7�5�.�0�0� 

�W�a�t�e�r� �B�a�c�k�h�o�e� �7�.�5� �h�o�u�r�s� �|� �$�3�3�8�.�0�0� 
�C�o�l�l�e�c�t�i�o�n� 

�C�o�n�c�r�e�t�e� �2� �y�a�r�d�s� �$�1�0�3�.�3�4� 

�4�"� �P�V�C� �S�c�h�.� �4�0� �P�i�p�e� �1�0� �f�e�e�t� �$�1�3�.�1�0� 

�4�"� �C�o�r�r�u�g�a�t�e�d� �D�r�a�i�n� �T�i�l�e� �4�0� �f�e�e�t� �$�1�6�.�0�0� 

�G�r�a�v�e�l� �1�0� �t�o�n�s� �$�8�0�.�0�0� 

�C�o�l�l�e�c�t�i�o�n� �B�o�w�l� �$�5�0�.�0�0� 

�L�a�b�o�r� �1�0� �h�o�u�r�s� �$�5�0�.�0�0� 

�T�r�o�u�g�h� �P�r�e�-�C�a�s�t� �C�o�n�c�r�e�t�e� �R�e�s�e�r�v�o�i�r� �$�8�9�0�.�0�0� 
�(�1�,�5�0�0� �g�a�l�l�o�n�)� 

�B�a�c�k�h�o�e� �2� �h�o�u�r�s� �$�9�0�.�0�0� 

�P�i�p�e�l�i�n�e� �D�i�t�c�h�i�n�g�,� �P�i�p�e� �I�n�s�t�a�l�l�a�t�i�o�n� �&� �f�o�o�t� �$�1�.�0�7� 
�C�o�v�e�r�i�n�g� 

�1�"� �1�6�0� �P�S�I� �P�l�a�s�t�i�c� �P�i�p�e� �f�o�o�t� �$�0�.�4�0� 

�M�e�t�h�o�d�o�l�o�g�y� �7�9



�I�V�.� �R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� 

�I�n� �t�h�i�s� �c�h�a�p�t�e�r� �r�e�s�u�l�t�s� �o�b�t�a�i�n�e�d� �o�n� �f�e�s�c�u�e� �t�o�x�i�c�i�t�y�,� �c�a�t�t�l�e� �b�e�h�a�v�i�o�r�,� �s�t�r�e�a�m� �b�a�n�k� �e�r�o�s�i�o�n�,� �w�a�t�e�r� 

�q�u�a�l�i�t�y� �a�n�d� �t�h�e� �e�c�o�n�o�m�i�c� �a�n�a�l�y�s�i�s� �a�r�e� �p�r�e�s�e�n�t�e�d�.� �T�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �B�M�P� �i�n� �r�e�d�u�c�i�n�g� �c�a�t�t�l�e�'�s� 

�i�m�p�a�c�t� �o�n� �s�t�r�e�a�m� �b�a�n�k� �e�r�o�s�i�o�n� �a�n�d� �w�a�t�e�r� �q�u�a�l�i�t�y� �i�s� �a�l�s�o� �d�i�s�c�u�s�s�e�d�.� 

�F�e�s�c�u�e� �T�o�x�i�c�i�t�y� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �t�i�s�s�u�e� �s�t�a�i�n� �t�e�s�t� �o�f� �t�a�l�l� �f�e�s�c�u�e� �s�a�m�p�l�e�s�,� �f�o�r� �t�h�e� �e�n�d�o�p�h�y�t�e� �A�c�r�e�m�o�n�i�u�m� 

�c�o�e�n�o�p�h�i�a�l�u�m�,� �f�o�r� �t�h�e� �B�e�n�d�e�r� �a�n�d� �R�i�v�e�r� �R�i�d�g�e� �f�a�r�m�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �4�-�1�.� �T�h�e� �t�a�b�l�e� 

�a�l�s�o� �p�r�o�v�i�d�e�s� �t�h�e� �d�a�i�l�y� �g�a�i�n� �l�o�s�s� �w�h�i�c�h� �w�o�u�l�d� �b�e� �e�x�p�e�c�t�e�d� �a�s� �c�o�m�p�a�r�e�d� �t�o� �c�a�t�t�l�e� �w�h�i�c�h� �w�e�r�e� 

�f�e�d� �e�n�d�o�p�h�y�t�e�-�f�r�e�e� �f�e�s�c�u�e�.� 

� � 

� � 

� � 

� � 

�T�a�b�l�e� �4�-�1�.� �P�e�r�c�e�n�t� �o�f� �e�n�d�o�p�h�y�t�e� �i�n�f�e�c�t�i�o�n� �a�n�d� �l�o�s�s� �o�f� �g�a�i�n� �f�o�r� �t�h�e� �B�e�n�d�e�r� �a�n�d� �R�i�v�e�r� 
�R�i�d�g�e� �f�a�r�m�s�.� 

�F�a�r�m� �P�a�s�t�u�r�e� �|� �%� �F�e�s�c�u�e�i�n� �|� �E�n�d�o�p�h�y�t�e� �|� �G�a�i�n� �l�o�s�t� �a�s� �c�o�m�p�a�r�e�d� �t�o� �c�a�t�t�l�e� 
�p�a�s�t�u�r�e� �I�n�f�e�c�t�i�o�n� �g�r�a�z�i�n�g� �e�n�d�o�p�h�y�t�e�-�f�r�e�e� �f�e�s�c�u�e� 

�(�%�)� �(�I�b�s�/�d�a�y�)� 

�B�e�n�d�e�r� �N�o�r�t�h� �4�0� �7�2� �1�.�4�4� 

�B�e�n�d�e�r� �S�o�u�t�h� �4�5� �7�8� �1�.�5�6� 

�R�i�v�e�r� �P�o�n�d� �4�0� �7�7� �1�.�5�4� 
�R�i�d�g�e� � � � � � � � � � � � � � � 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �8�0



�T�h�e� �p�e�r�c�e�n�t� �o�f� �i�n�f�e�c�t�i�o�n� �o�f� �t�h�e� �e�n�d�o�p�h�y�t�e� �A�c�r�e�m�o�n�i�u�m� �c�o�e�n�o�p�h�i�a�l�u�m� �w�i�t�h�i�n� �t�h�e� �t�h�r�e�e� 

�p�a�s�t�u�r�e�s� �i�n�v�o�l�v�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �"�p�r�o�b�a�b�l�y� �d�a�m�a�g�i�n�g�"� �b�y� �t�h�e� �F�e�s�c�u�e� �D�i�a�g�n�o�s�t�i�c� 

�C�e�n�t�e�r� �a�t� �A�u�b�u�r�n� �U�n�i�v�e�r�s�i�t�y�.� �D�u�e� �t�o� �t�h�e� �h�i�g�h� �p�e�r�c�e�n�t�a�g�e� �o�f� �e�n�d�o�p�h�y�t�e� �i�n�f�e�c�t�i�o�n� �o�n� �t�h�e� �t�h�r�e�e� 

�s�t�u�d�y� �p�a�s�t�u�r�e�s� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �o�f� �t�h�e� �p�o�s�s�i�b�l�e� �e�f�f�e�c�t�s� �o�f� �f�e�s�c�u�e� �t�o�x�i�c�o�s�i�s� �o�n� �c�a�t�t�l�e� �b�e�h�a�v�i�o�r�,� 

�s�t�r�e�a�m� �b�a�n�k� �e�r�o�s�i�o�n� �a�n�d� �w�a�t�e�r� �q�u�a�l�i�t�y� �s�h�o�u�l�d� �b�e� �m�a�d�e� �b�e�f�o�r�e� �a�s�s�e�s�s�i�n�g� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �B�M�P�.� 

�C�a�t�t�l�e� �B�e�h�a�v�i�o�r� 

�I�n� �t�h�i�s� �s�e�c�t�i�o�n� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �t�h�r�e�e� �d�a�y� �l�o�n�g� �o�b�s�e�r�v�a�t�i�o�n�s� �d�u�r�i�n�g� �t�h�e� �p�r�e�-� �a�n�d� �p�o�s�t�-�B�M�P� 

�t�r�e�a�t�m�e�n�t� �p�h�a�s�e�s� �a�r�e� �p�r�e�s�e�n�t�e�d�.� �O�b�s�e�r�v�a�t�i�o�n�s� �o�f� �c�a�t�t�l�e� �b�e�h�a�v�i�o�r� �w�e�r�e� �m�a�d�e� �o�n� �5�-�m�i�n�u�t�e� �t�i�m�e� 

�i�n�t�e�r�v�a�l�s� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �d�a�y�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �c�a�t�t�l�e� �g�r�a�z�i�n�g�,� �t�h�e� �n�u�m�b�e�r� �o�f� �c�a�t�t�l�e� �w�i�t�h�i�n� 

�t�h�e� �s�t�r�e�a�m� �a�n�d� �t�r�o�u�g�h� �a�r�e�a�s� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f� �c�a�t�t�l�e� �d�r�i�n�k�i�n�g� �f�r�o�m� �t�h�e� �s�t�r�e�a�m� �o�r� �t�r�o�u�g�h� �w�a�s� 

�r�e�c�o�r�d�e�d� �d�u�r�i�n�g� �e�a�c�h� �5�-�m�i�n�u�t�e� �i�n�t�e�r�v�a�l� �(�A�p�p�e�n�d�i�x� �C�)�.� �T�h�e� �s�t�r�e�a�m� �a�n�d� �t�r�o�u�g�h� �a�r�e�a�s� �w�e�r�e� 

�d�e�f�i�n�e�d� �a�s� �t�h�e� �l�e�n�g�t�h� �o�f� �t�w�o� �a�d�u�l�t� �c�o�w�s� �o�r� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3�.�7� �-� �4�.�6� �m�.� 

�T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� �t�h�e� �c�o�w�-�d�a�y� �(�5�:�3�0� �a�m� �t�o� �8�:�3�0� �p�m�)� �w�h�e�r�e� �o�n�e� �o�r� �m�o�r�e� �c�o�w�s� �w�a�s� �o�b�s�e�r�v�e�d� 

�i�n� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �4�-�2�.� �C�a�t�t�l�e� �w�e�r�e� �f�o�u�n�d� �t�o� �b�e� �p�r�e�s�e�n�t� �i�n� �t�h�e� �s�t�r�e�a�m� 

�a�r�e�a� �a�n� �a�v�e�r�a�g�e� �o�f� �5�6�%� �o�f� �t�h�e� �d�a�y� �d�u�r�i�n�g� �t�h�e� �p�r�e�-�B�M�P� �p�e�r�i�o�d� �a�n�d� �4�3�%� �o�f� �t�h�e� �d�a�y� �d�u�r�i�n�g� �t�h�e� 

�p�o�s�t�-�B�M�P� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�.� �I�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �c�a�t�t�l�e� �i�n� �t�h�e� �s�t�r�e�a�m� �a�r�e�a�,� 

�r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �o�b�s�e�r�v�e�d� �a�c�t�i�v�i�t�y�,� �d�u�r�i�n�g� �t�h�e� �p�r�e�-� �a�n�d� �p�o�s�t�-�B�M�P� �p�e�r�i�o�d�s� �i�s� �i�l�l�u�s�t�r�a�t�e�d� �i�n� 

�F�i�g�u�r�e� �4�-�1�.� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �8�1



�T�h�e� �r�e�s�u�l�t�s� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e� �4�-�1� �s�h�o�w� �t�h�e� �r�e�d�u�c�t�i�o�n� �i�n� �c�a�t�t�l�e� �u�s�e� �o�f� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� �d�u�r�i�n�g� 

�t�h�e� �p�o�s�t�-�B�M�P� �p�e�r�i�o�d�,� �d�u�e� �t�o� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�n� �o�f�f�-�s�t�r�e�a�m� �w�a�t�e�r� �s�o�u�r�c�e�.� �T�h�e� �g�r�e�a�t�e�s�t� 

�p�e�r�c�e�n�t�a�g�e� �o�f� �c�a�t�t�l�e� �u�s�e� �o�f� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� �d�u�r�i�n�g� �t�h�e� �p�r�e�-� �a�n�d� �p�o�s�t�-�B�M�P� �p�e�r�i�o�d�s� �w�e�r�e� �f�o�u�n�d� 

�t�o� �b�e� �1�7�%� �a�n�d� �4�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �P�e�a�k� �p�e�r�c�e�n�t�a�g�e� �o�f� �h�e�r�d� �u�s�e� �o�f� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� �d�u�r�i�n�g� �t�h�e� 

�p�o�s�t�-�B�M�P� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d� �w�a�s� �7�6�.�5�%� �l�e�s�s� �t�h�a�n� �t�h�e� �p�r�e�-�B�M�P� �p�e�r�i�o�d�.� �T�h�e� �s�t�r�e�a�m� �a�r�e�a� 

�d�u�r�i�n�g� �t�h�e� �p�o�s�t�-�B�M�P� �p�e�r�i�o�d� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �u�s�e�d� �b�y� �o�n�l�y� �4�%� �o�f� �t�h�e� �h�e�r�d�.� 

�T�a�b�l�e� �4�-�2�.� �_ ��_ �� �P�e�r�c�e�n�t�a�g�e� �o�f� �t�i�m�e� �s�p�e�n�t� �i�n� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� �b�y� �o�n�e� �o�r� �m�o�r�e� �c�o�w� �d�u�r�i�n�g� 
�t�h�e� �p�r�e�-� �a�n�d� �p�o�s�t�-�B�M�P� �p�e�r�i�o�d�.� 
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�D�a�t�e� �F�a�r�m� �P�e�r�c�e�n�t�a�g�e� �o�f� �d�a�y� �w�h�e�r�e� �o�n�e� �o�r� �m�o�r�e� 
�c�o�w� �w�a�s� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� 

�P�r�e�-�B�M�P� 

�1�1�-�2�2�-�9�4� �S�B� �6�5� 

�1�2�-�0�3�-�9�4� �R�R� �5�1� 

�1�-�1�0�-�9�5� �N�B� �5�1� 

�A�v�e�r�a�g�e� �2�8� 
�P�o�s�t�-�B�M�P� 

�6�-�2�9�-�9�5� �R�R� �4�6� 

�8�-�2�2�-�9�5� �S�B� �5�5� 

�9�-�2�6�-�9�5� �R�R� �2�8� 

�A�v�e�r�a�g�e� �4�3� � � � � 

�N�B�:� �N�o�r�t�h� �B�e�n�d�e�r�;� �S�B�:� �S�o�u�t�h� �B�e�n�d�e�r�;� �R�R�:� �R�i�v�e�r� �R�i�d�g�e� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �8�2
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�2�0� 

�1�5� �p�e�r�c�e� �c�e�c�e� �e� �e�e�e� �e�e�e� �e�e�e� �e� �e�e�r� �e�e�e� �e� �c�e�c�e� 
�c�s� �=� 

�a� �7� �B�e� �1�0� �e�e�e� �e�e�f�e� �e�e�e� �r�e�e�r� �\� 
�O�o� �l�e� �S� �i�e� 

�5� �f�e�e�b� �-� �[�i�p� �-�-� �2�2�-�2�2�-�2�2�2�2� �2�p� �e�+� �-� �v�o�n� 

�a� �S�S�e�S� �F�a� �B�E�I� �S�u�n� �f�e�e� �V�i� �3� 
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�F�i�g�u�r�e� �4�-�1�.� �C�a�t�t�l�e� �u�s�e� �o�f� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� �d�u�r�i�n�g� �p�r�e�-� �a�n�d� �p�o�s�t�-�B�M�P� �p�e�r�i�o�d�s�.� 
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�T�a�b�l�e� �4�-�3� �s�h�o�w�s� �t�h�e� �a�v�e�r�a�g�e� �p�e�r�c�e�n�t� �o�f� �a�n�i�m�a�l�s� �o�b�s�e�r�v�e�d� �d�r�i�n�k�i�n�g� �f�r�o�m� �t�h�e� �s�t�r�e�a�m� �o�r� �t�r�o�u�g�h� 

�o�r� �f�o�u�n�d� �w�i�t�h�i�n� �t�h�e� �s�t�r�e�a�m� �o�r� �t�r�o�u�g�h� �a�r�e�a�s� �b�e�t�w�e�e�n� �5�:�3�0� �a�m� �t�o� �8�:�3�0� �p�m�.� �T�h�e� �t�a�b�l�e� �i�n�c�l�u�d�e�s� 

�v�a�l�u�e�s� �f�r�o�m� �a�l�l� �c�o�w�-�d�a�y� �o�b�s�e�r�v�a�t�i�o�n�s� �f�o�r� �b�o�t�h� �t�h�e� �p�r�e�-� �a�n�d� �p�o�s�t�-�B�M�P� �p�e�r�i�o�d�s�.� �T�h�e� �a�v�e�r�a�g�e� 

�d�a�i�l�y� �h�e�r�d� �u�s�e� �d�r�i�n�k�i�n�g� �f�r�o�m� �t�h�e� �s�t�r�e�a�m� �d�u�r�i�n�g� �t�h�e� �p�r�e�-�B�M�P� �a�n�d� �p�o�s�t�-�B�M�P� �p�e�r�i�o�d�s� �w�e�r�e� 

�1�.�0�6�%� �a�n�d� �0�.�0�3�%� �o�f� �t�h�e� �o�b�s�e�r�v�e�d� �c�o�w�-�d�a�y�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �A� �9�7�.�5�%� �r�e�d�u�c�t�i�o�n� �i�n� �a�v�e�r�a�g�e� �d�a�i�l�y� 

�h�e�r�d� �u�s�e� �o�f� �t�h�e� �s�t�r�e�a�m� �a�s� �a� �s�o�u�r�c�e� �o�f� �d�r�i�n�k�i�n�g� �w�a�t�e�r� �r�e�s�u�l�t�e�d� �d�u�e� �t�o� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�n� �o�f�f� 

�s�t�r�e�a�m� �w�a�t�e�r� �s�o�u�r�c�e�.� �A�v�e�r�a�g�e� �d�a�i�l�y� �h�e�r�d� �u�s�e� �o�f� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� �f�o�r� �a�l�l� �u�s�e�s�,� �i�n�c�l�u�d�i�n�g� 

�d�r�i�n�k�i�n�g� �w�a�t�e�r�,� �d�u�r�i�n�g� �t�h�e� �p�r�e�-� �a�n�d� �p�o�s�t�-�B�M�P� �p�e�r�i�o�d�s� �w�e�r�e� �1�.�9�5�%� �a�n�d� �0�.�1�6�%� �o�f� �t�h�e� 

�o�b�s�e�r�v�e�d� �c�o�w�-�d�a�y�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �T�h�e� �a�v�e�r�a�g�e� �d�a�i�l�y� �h�e�r�d� �u�s�e� �o�f� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� �w�a�s� �r�e�d�u�c�e�d� 

�b�y� �9�1�.�9�%� �a�s� �a� �r�e�s�u�l�t� �o�f� �B�M�P� �i�n�s�t�a�l�l�a�t�i�o�n�.� 

�T�h�e� �a�v�e�r�a�g�e� �p�e�r�c�e�n�t� �o�f� �t�h�e� �h�e�r�d� �d�r�i�n�k�i�n�g� �f�r�o�m� �t�h�e� �t�r�o�u�g�h� �o�r� �s�p�e�n�d�i�n�g� �t�i�m�e� �i�n� �t�h�e� �t�r�o�u�g�h� �a�r�e�a� 

�w�a�s� �0�.�3�0�%� �a�n�d� �0�.�6�4�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �o�f� �t�h�e� �o�b�s�e�r�v�e�d� �c�o�w�-�d�a�y�.� �T�h�e� �r�e�s�u�l�t�s� �s�h�o�w� �a� �d�e�f�i�n�i�t�e� 

�r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �t�i�m�e� �w�h�i�c�h� �c�a�t�t�l�e� �s�p�e�n�t� �i�n� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� �a�n�d� �i�n� �t�h�e� �u�s�e� �o�f� �t�h�e� �s�t�r�e�a�m� �a�s� �a� 

�d�r�i�n�k�i�n�g� �w�a�t�e�r� �s�o�u�r�c�e� �d�u�r�i�n�g� �t�h�e� �p�o�s�t�-�B�M�P� �p�e�r�i�o�d�.� �T�h�e�s�e� �v�a�l�u�e�s� �r�e�p�r�e�s�e�n�t� �t�h�e� �a�v�e�r�a�g�e� 

�p�e�r�c�e�n�t�a�g�e� �o�f� �h�e�r�d� �w�h�i�c�h� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �r�e�s�p�e�c�t�i�v�e� �a�c�t�i�v�i�t�i�e�s� �d�u�r�i�n�g� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d�.� 

�T�h�e� �f�i�g�u�r�e�s� �d�o� �n�o�t� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �l�e�n�g�t�h� �o�f� �t�i�m�e� �s�p�e�n�t� �b�y� �t�h�e� �a�n�i�m�a�l�s� �d�u�r�i�n�g� �e�a�c�h� �a�c�t�i�v�i�t�y� �o�r� 

�t�h�e� �n�u�m�b�e�r� �o�f� �c�a�t�t�l�e� �w�h�i�c�h� �w�a�s� �i�n�v�o�l�v�e�d� �w�i�t�h� �a� �c�e�r�t�a�i�n� �a�c�t�i�v�i�t�y� �a�t� �a� �s�p�e�c�i�f�i�c� �t�i�m�e� �o�r� �d�u�r�i�n�g� �t�h�e� 

�c�o�w�-�d�a�y�.� 
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�T�a�b�l�e� �4�-�3�.� �A�v�e�r�a�g�e� �p�e�r�c�e�n�t� �o�f� �h�e�r�d� �u�s�e� �o�f� �t�h�e� �s�t�r�e�a�m� �a�n�d� �t�r�o�u�g�h� �a�r�e�a�s� �a�n�d� �p�e�r�c�e�n�t� 
�o�f� �h�e�r�d� �o�b�s�e�r�v�e�d� �t�o� �b�e� �d�r�i�n�k�i�n�g� �f�r�o�m� �t�h�e� �s�t�r�e�a�m� �o�r� �t�r�o�u�g�h�.� 

�D�a�t�e� �F�a�r�m� �|� �P�e�r�c�e�n�t� �o�f� �h�e�r�d� �|� �P�e�r�c�e�n�t� �o�f� �h�e�r�d� �|� �P�e�r�c�e�n�t� �o�f� �h�e�r�d� �|� �P�e�r�c�e�n�t� �o�f� �h�e�r�d� 
�d�r�i�n�k�i�n�g� �f�r�o�m� �|� �i�n�s�t�r�e�a�m� �a�r�e�a� �|� �d�r�i�n�k�i�n�g� �f�r�o�m� �|� �i�n� �t�r�o�u�g�h� �a�r�e�a� 

�s�t�r�e�a�m� �t�r�o�u�g�h� 

�P�r�e�-�B�M�P� 

�1�1�-�2�2�-�9�4� �S�B� �0�.�9�1�2� �1�.�9�8�]� �N�A� �N�A� 

�1�2�-�0�3�-�9�4� �R�R� �1�.�1�0�6� �1�.�8�0�8� �N�A� �N�A� 

�1�-�1�0�-�9�5� �N�B� �0�.�9�0�1� �1�.�8�7�2� �N�A� �N�A� 

�A�v�e�r�a�g�e� �t�t� �0�6�2� �t�S� �N�A� �N�A�.� 
�P�o�s�t�-�B�M�P� 

�6�-�2�9�-�9�5� �R�R� �0�.�0�6�9� �0�.�3�9�9� �0�.�7�7�7� �1�.�6�8�8� 

�8�-�2�2�-�9�5� �S�B� �0�.�0�0�2� �0�.�0�1�5� �0�.�0�1�4� �0�.�0�2�2� 

�9�-�2�6�-�9�5� �R�R� �0�.�0�0�3� �0�.�0�0�4� �0�.�0�0�4� �0�.�0�0�8� 

�A�v�e�r�a�g�e� �0�.�0�2�7� �0�.�1�5�8� �0�.�2�9�9� �0�.�6�4�1� 

�P�e�r�c�e�n�t� �9�7�.�5� �9�1�.�9� �N�A� �N�A� 
�R�e�d�u�c�t�i�o�n� � � � � � � � � � � � � � � � � 

�N�B�:� �N�o�r�t�h� �B�e�n�d�e�r�,� �S�B�:� �S�o�u�t�h� �B�e�n�d�e�r�;� �R�R�:� �R�i�v�e�r� �R�i�d�g�e�,� �N�A�:� �N�o�t� �A�p�p�l�i�c�a�b�l�e� 

�T�h�e� �a�v�e�r�a�g�e� �c�u�m�u�l�a�t�i�v�e� �t�i�m�e� �p�e�r� �c�o�w� �s�p�e�n�t� �w�i�t�h�i�n� �t�h�e� �s�t�r�e�a�m� �d�r�i�n�k�i�n�g� �a�n�d� �s�t�r�e�a�m� �a�r�e�a� �a�r�e� 

�d�e�p�i�c�t�e�d� �i�n� �F�i�g�u�r�e�s� �4�-�2� �a�n�d� �4�-�3�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �a�v�e�r�a�g�e� �t�i�m�e� �s�p�e�n�t� �p�e�r� �c�o�w� �w�i�t�h�i�n� �e�a�c�h� 

�o�f� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d�s� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �4�-�4�.� �T�h�e� �a�v�e�r�a�g�e� �l�e�n�g�t�h� �o�f� �t�i�m�e� �s�p�e�n�t� �b�y� 

�e�a�c�h� �c�o�w� �d�r�i�n�k�i�n�g� �f�r�o�m� �t�h�e� �s�t�r�e�a�m� �w�a�s� �6�.�7�2� �m�i�n�u�t�e�s� �a�n�d� �0�.�7�2� �m�i�n�u�t�e�s� �f�o�r� �t�h�e� �p�r�e�-� �a�n�d� �p�o�s�t�-� 

�B�M�P� �p�e�r�i�o�d�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�i�s� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �a�n� �8�9�.�4�%� �r�e�d�u�c�t�i�o�n� �i�n� �l�e�n�g�t�h� �o�f� �t�i�m�e� �e�a�c�h� 

�c�o�w� �w�a�s� �d�r�i�n�k�i�n�g� �f�r�o�m� �t�h�e� �s�t�r�e�a�m�.� �T�h�e�s�e� �r�e�d�u�c�t�i�o�n�s� �a�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �r�e�p�o�r�t�e�d� �b�y� 

�C�l�a�w�s�o�n� �(�1�9�9�3�)� �w�h�o� �o�b�s�e�r�v�e�d� �a� �d�r�o�p� �f�r�o�m� �4�.�7� �t�o� �0�.�9� �m�i�n�u�t�e�s� �p�e�r� �c�o�w� �w�h�e�n� �c�a�t�t�l�e� �w�e�r�e� 

�d�r�i�n�k�i�n�g� �o�n�l�y� �f�r�o�m� �a� �s�t�r�e�a�m� �a�n�d� �w�h�e�n� �a�n� �o�f�f� �s�t�r�e�a�m� �w�a�t�e�r� �s�o�u�r�c�e� �w�a�s� �a�v�a�i�l�a�b�l�e�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
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�1�2�-�0�3�-�9�4� �R�R� �6�.�6�2� �1�2�.�7�1� 
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�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �9�0
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�F�i�g�u�r�e� �4�-�4�.� �C�a�t�t�l�e� �w�a�t�e�r� �s�o�u�r�c�e� �p�r�e�f�e�r�e�n�c�e� �d�u�r�i�n�g� �t�h�e� �p�o�s�t�-�B�M�P� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�.� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �9�1



�n�e�x�t� �c�l�o�s�e�s�t� �t�r�o�u�g�h�.� �O�n�l�y� �f�i�v�e� �c�o�w�s� �(�3�%� �o�f� �t�h�e� �h�e�r�d�)� �w�e�r�e� �o�b�s�e�r�v�e�d� �d�u�r�i�n�g� �t�h�a�t� �t�i�m�e� �t�o� �s�e�l�e�c�t� 

�t�h�e� �s�t�r�e�a�m� �(�3�5� �m� �a�w�a�y�)� �a�s� �t�h�e�i�r� �s�o�u�r�c�e� �o�f� �w�a�t�e�r� �r�a�t�h�e�r� �t�h�a�n� �c�o�n�t�i�n�u�i�n�g� �t�o� �t�h�e� �m�i�d�-�p�a�s�t�u�r�e� 

�t�r�o�u�g�h�.� �T�h�e� �l�a�c�k� �o�f� �s�u�f�f�i�c�i�e�n�t� �s�t�o�r�a�g�e� �f�o�r� �t�h�e� �w�a�t�e�r�i�n�g� �s�y�s�t�e�m�s� �c�a�n� �b�e� �i�d�e�n�t�i�f�i�e�d� �a�s� �t�h�e� �r�e�a�s�o�n� 

�f�o�r� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �d�r�i�n�k�i�n�g� �f�r�o�m� �t�h�e� �s�t�r�e�a�m� �d�u�r�i�n�g� �t�h�e� �l�a�t�e�r� �h�o�u�r�s� �o�f� �t�h�e� �o�b�s�e�r�v�a�t�i�o�n� �p�e�r�i�o�d�s�.� 

�T�h�e� �1�5�2�0�-� �L� �(�4�0�0�-�g�a�l�)� �w�a�t�e�r� �t�r�o�u�g�h�s� �i�n�s�t�a�l�l�e�d� �o�n� �t�h�e� �B�e�n�d�e�r� �F�a�r�m� �w�e�r�e� �f�o�u�n�d� �t�o� �h�a�v�e� 

�s�u�f�f�i�c�i�e�n�t� �c�a�p�a�c�i�t�y�.� 

�T�a�b�l�e� �4�-�6� �f�u�r�t�h�e�r� �d�e�s�c�r�i�b�e�s� �t�h�e� �o�b�s�e�r�v�e�d� �c�a�t�t�l�e� �p�r�e�f�e�r�e�n�c�e� �f�o�r� �t�h�e� �o�f�f�-�s�t�r�e�a�m� �a�l�t�e�r�n�a�t�i�v�e� �w�a�t�e�r� 

�s�o�u�r�c�e� �d�u�r�i�n�g� �t�h�e� �p�o�s�t�-�B�M�P� �p�e�r�i�o�d�s�.� �T�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�n� �o�f�f� �s�t�r�e�a�m� �w�a�t�e�r� �s�o�u�r�c�e� �f�o�r� �g�r�a�z�i�n�g� 

�c�a�t�t�l�e� �r�e�d�u�c�e�d� �t�h�e� �t�i�m�e� �s�p�e�n�t� �b�y� �t�h�e� �c�a�t�t�l�e� �i�n� �t�h�e� �s�t�r�e�a�m� �w�a�t�e�r�i�n�g� �b�y� �a�n� �a�v�e�r�a�g�e� �o�f� �9�1�.�7�%�,� 

�a�s�s�u�m�i�n�g� �t�h�e� �t�i�m�e� �w�h�i�c�h� �c�a�t�t�l�e� �s�p�e�n�d� �d�r�i�n�k�i�n�g� �r�e�m�a�i�n�s� �c�o�n�s�t�a�n�t� �r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �s�o�u�r�c�e�.� �T�h�i�s� 

�a�s�s�u�m�p�t�i�o�n� �s�e�e�m�s� �t�o� �b�e� �r�e�a�s�o�n�a�b�l�e� �s�i�n�c�e� �t�h�e� �a�v�e�r�a�g�e� �c�u�m�u�l�a�t�i�v�e� �t�i�m�e� �p�e�r� �c�o�w� �s�p�e�n�t� �d�r�i�n�k�i�n�g� 

�f�r�o�m� �t�h�e� �s�t�r�e�a�m�,� �w�i�t�h�o�u�t� �a� �t�r�o�u�g�h� �p�r�o�v�i�d�e�d�,� �a�n�d� �d�r�i�n�k�i�n�g� �f�r�o�m� �a� �w�a�t�e�r� �t�r�o�u�g�h� �a�r�e� �c�o�m�p�a�r�a�b�l�e� 

�w�i�t�h� �m�e�a�n� �v�a�l�u�e�s� �o�f� �6�.�7�8� �m�i�n�u�t�e�s� �a�n�d� �7�.�2�4� �m�i�n�u�t�e�s�,� �r�e�s�p�e�c�t�i�v�e�l�y� �(�T�a�b�l�e� �4�-�4� �&� �4�-�5�)�.� �G�o�d�w�i�n� 

�(�1�9�9�4�)� �a�l�s�o� �f�o�u�n�d� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �c�u�m�u�l�a�t�i�v�e� �t�i�m�e� �c�a�t�t�l�e� �o�r� �h�o�r�s�e�s� �s�p�e�n�t� 

�d�r�i�n�k�i�n�g� �f�r�o�m� �a� �s�t�r�e�a�m�,� �w�h�e�n� �a�n� �o�f�f� �s�t�r�e�a�m� �w�a�t�e�r� �s�o�u�r�c�e� �w�a�s� �n�o�t� �p�r�o�v�i�d�e�d�,� �a�n�d� �t�h�e� �t�i�m�e� 

�s�p�e�n�t� �d�r�i�n�k�i�n�g� �f�r�o�m� �a�n� �o�f�f�-�s�t�r�e�a�m� �w�a�t�e�r� �s�o�u�r�c�e� �w�h�e�n� �i�t� �w�a�s� �m�a�d�e� �a�v�a�i�l�i�b�l�e�.� �I�t� �c�a�n� �b�e� 

�c�o�n�c�l�u�d�e�d� �t�h�a�t� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�n� �o�f�f� �s�t�r�e�a�m� �w�a�t�e�r� �s�o�u�r�c�e� �r�e�d�u�c�e�d� �t�h�e� �t�i�m�e� �w�h�i�c�h� �c�a�t�t�l�e� 

�s�p�e�n�d� �d�r�i�n�k�i�n�g� �f�r�o�m� �t�h�e� �s�t�r�e�a�m� �b�y� �9�1�.�7�%�.� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �9�2



�T�a�b�l�e� �4�-�6�.� �O�f�f�-�s�t�r�e�a�m� �w�a�t�e�r� �s�o�u�r�c�e� �p�r�e�f�e�r�e�n�c�e� �d�u�r�i�n�g� �t�h�e� �p�o�s�t�-�B�M�P� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�.� 
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�D�a�t�e� �F�a�r�m� �R�e�d�u�c�t�i�o�n� �i�n� �%� �o�f� �t�i�m�e� �s�p�e�n�t� �d�r�i�n�k�i�n�g� �i�n� �s�t�r�e�a�m� �d�u�e� 
�t�o� �t�r�o�u�g�h� �i�n�s�t�a�l�l�a�t�i�o�n� 

�6�-�2�9�-�9�5� �R�R� �9�2� 

�8�-�2�2�-�9�5� �S�B� �9�0� 

�9�-�2�6�-�9�5� �N�B� �9�3� 

�A�v�e�r�a�g�e� �9�1�.�7� � � � � � � � � � � 
�N�B�:� �N�o�r�t�h� �B�e�n�d�e�r�;� �S�B�:� �S�o�u�t�h� �B�e�n�d�e�r�;� �R�R�:� �R�i�v�e�r� �R�i�d�g�e� 

�T�h�e� �u�s�e� �o�f� �t�h�e� �s�t�r�e�a�m� �a�n�d� �t�r�o�u�g�h� �a�r�e�a�s� �f�o�r� �a�c�t�i�v�i�t�i�e�s� �o�t�h�e�r� �t�h�a�n� �d�r�i�n�k�i�n�g� �w�a�s� �h�i�g�h�l�y� �s�i�g�n�i�f�i�c�a�n�t� 

�e�s�p�e�c�i�a�l�l�y� �a�f�t�e�r� �t�h�e� �i�n�s�t�a�l�l�a�t�i�o�n� �o�f� �a�n� �o�f�f� �s�t�r�e�a�m� �w�a�t�e�r� �s�o�u�r�c�e� �(�T�a�b�l�e� �4�-�7�)�.� �T�h�e� �p�e�r�c�e�n�t�a�g�e� �o�f� 

�t�i�m�e� �i�n� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� �s�p�e�n�t� �o�n� �a�c�t�i�v�i�t�i�e�s� �o�t�h�e�r� �t�h�a�n� �d�r�i�n�k�i�n�g� �d�u�r�i�n�g� �t�h�e� �p�r�e�-�B�M�P� �p�e�r�i�o�d� �w�a�s� 

�3�8�%� �w�h�i�l�e� �t�h�e� �v�a�l�u�e� �f�o�r� �t�h�e� �p�o�s�t�-�B�M�P� �p�e�r�i�o�d� �w�a�s� �8�8�%�.� �T�h�e� �r�e�a�s�o�n� �f�o�r� �t�h�e� �i�n�c�r�e�a�s�e� �i�s� �t�w�o� 

�f�o�l�d�.� �F�i�r�s�t�,� �t�h�e� �t�i�m�e� �s�p�e�n�t� �w�a�t�e�r�i�n�g� �i�n� �t�h�e� �s�t�r�e�a�m� �w�a�s� �p�r�e�v�i�o�u�s�l�y� �r�e�p�o�r�t�e�d� �t�o� �d�e�c�r�e�a�s�e� �b�y� 

�8�9�.�4�%� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�n� �a�l�t�e�r�n�a�t�i�v�e� �w�a�t�e�r� �s�o�u�r�c�e�.� �S�e�c�o�n�d�,� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� �o�n� �t�h�e� �R�i�v�e�r� 

�R�i�d�g�e� �F�a�r�m� �w�a�s� �u�s�e�d� �h�e�a�v�i�l�y� �f�o�r� �s�h�a�d�e� �d�u�r�i�n�g� �t�h�e� �h�o�t� �p�o�r�t�i�o�n�s� �o�f� �t�h�e� �d�a�y�.� �A�l�s�o�,� �a�s� �p�r�e�v�i�o�u�s�l�y� 

�m�e�n�t�i�o�n�e�d�,� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� �w�i�t�h�i�n� �t�h�e� �S�o�u�t�h� �B�e�n�d�e�r� �F�a�r�m� �w�a�s� �u�t�i�l�i�z�e�d� �f�o�r� �i�t�s� �f�o�r�a�g�e� �r�e�s�o�u�r�c�e�s� 

�a�n�d� �a�s� �a� �t�r�a�v�e�l�i�n�g� �z�o�n�e� �b�e�t�w�e�e�n� �t�h�e� �m�a�i�n� �g�r�a�z�i�n�g� �a�r�e�a� �a�n�d� �t�h�e� �m�o�r�n�i�n�g� �t�i�m�e� �s�h�a�d�e� �a�r�e�a� 

�l�o�c�a�t�e�d� �s�o�u�t�h� �o�f� �t�h�e� �s�t�r�e�a�m� �a�n�d� �a�d�j�a�c�e�n�t� �t�o� �t�h�e� �w�h�i�t�e� �p�i�n�e� �w�o�o�d�l�o�t� �o�n� �t�h�e� �n�e�i�g�h�b�o�r�i�n�g� 

�p�r�o�p�e�r�t�y�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �a�r�e� �s�u�p�p�o�r�t�e�d� �b�y� �t�h�e� �f�i�n�d�i�n�g�s� �o�f� �C�l�a�w�s�o�n� �(�1�9�9�3�)� �w�h�o� �f�o�u�n�d� �t�h�a�t� 

�l�o�a�f�i�n�g� �a�c�c�o�u�n�t�e�d� �f�o�r� �9�1�.�2�%� �o�f� �t�h�e� �t�i�m�e� �s�p�e�n�t� �i�n� �t�h�e� �s�t�r�e�a�m� �c�o�r�r�i�d�o�r� �w�h�i�l�e� �g�r�a�z�i�n�g� �a�c�c�o�u�n�t�e�d� 

�f�o�r� �o�n�l�y� �2�.�1�%�.� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �9�3



�T�a�b�l�e� �4�-�7�.� �P�e�r�c�e�n�t� �o�f� �c�o�w�-�d�a�y� �i�n� �t�h�e� �s�t�r�e�a�m� �a�n�d� �t�r�o�u�g�h� �a�r�e�a�s� �s�p�e�n�t� �o�n� �a�c�t�i�v�i�t�i�e�s� 
�o�t�h�e�r� �t�h�a�n� �d�r�i�n�k�i�n�g�.� 
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�D�a�t�e� �F�a�r�m� �|� �T�r�e�a�t�m�e�n�t� �|� �%� �o�f� �c�o�w�-�d�a�y� �i�n� �s�t�r�e�a�m� �|� �%� �o�f� �c�o�w�-�d�a�y� �i�n� �t�r�o�u�g�h� 
�a�r�e�a� �s�p�e�n�t� �o�n� �a�c�t�i�v�i�t�i�e�s� �a�r�e�a� �s�p�e�n�t� �o�n� �a�c�t�i�v�i�t�i�e�s� 

�o�t�h�e�r� �t�h�a�n� �d�r�i�n�k�i�n�g� �_� �o�t�h�e�r� �t�h�a�n� �d�r�i�n�k�i�n�g� �_�_�|� 

�1�1�-�2�2�-�9�4� �S�B�_� �|� �P�r�e�-�B�M�P� �5�3� �N�A� 

�1�2�-�0�3�-�9�4� �|� �R�R�_� �|�}� �P�r�e�-�B�M�P� �3�2� �N�A� 

�1�-�1�0�-�9�5� �N�B�_� �|� �P�r�e�-�B�M�P� �2�7� �N�A� 

�N�N� �h�t� 
�6�-�2�9�-�9�5� �R�R�_� �|�}� �P�o�s�t�-�B�M�P� �8�3� �5�3� 

�8�-�2�2�-�9�5� �S�B� �|� �P�o�s�t�-�B�M�P� �8�9� �3�4� 

�9�-�2�6�-�9�5� �R�R�_� �|� �P�o�s�t�-�B�M�P� �9�]� �4�8� 

�A�v�e�r�a�g�e� �8�3� �4�5� � � � � � � � � � � � � � � 

�N�B�:� �N�o�r�t�h� �B�e�n�d�e�r�;� �S�B�:� �S�o�u�t�h� �B�e�n�d�e�r�;� �R�R�:� �R�i�v�e�r� �R�i�d�g�e�,� �N�A�:� �N�o�t� �A�p�p�l�i�c�a�b�l�e� 

�E�v�e�n� �t�h�o�u�g�h� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�i�s� �s�t�u�d�y� �a�n�d� �t�h�o�s�e� �o�f� �C�l�a�w�s�o�n� �(�1�9�9�3�)� �m�a�y� �b�e� �d�i�f�f�e�r�e�n�t�,� �b�o�t�h� 

�s�t�u�d�i�e�s� �i�l�l�u�s�t�r�a�t�e� �t�h�a�t� �w�h�i�l�e� �a�n� �o�f�f� �s�t�r�e�a�m� �w�a�t�e�r� �s�o�u�r�c�e� �i�s� �e�x�t�r�e�m�e�l�y� �e�f�f�e�c�t�i�v�e� �i�n� �r�e�d�u�c�i�n�g� �t�h�e� 

�t�i�m�e� �s�p�e�n�t� �i�n� �t�h�e� �s�t�r�e�a�m� �d�r�i�n�k�i�n�g�,� �t�h�e� �d�e�p�e�n�d�e�n�c�y� �o�f� �c�a�t�t�l�e� �o�n� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� �s�t�i�l�l� �e�x�i�s�t�s�.� �T�h�i�s� 

�d�e�p�e�n�d�e�n�c�y� �i�s� �m�a�i�n�l�y� �d�u�e� �t�o� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �p�e�r�c�e�n�t� �o�f� �t�i�m�e� �s�p�e�n�t� �i�n� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� �o�n� 

�a�c�t�i�v�i�t�i�e�s� �o�t�h�e�r� �t�h�a�n� �d�r�i�n�k�i�n�g�,� �e�v�e�n� �t�h�o�u�g�h� �t�h�e� �t�o�t�a�l� �u�s�e� �o�f� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� �w�a�s� �r�e�d�u�c�e�d�.� 
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�S�t�r�e�a�m� �B�a�n�k� �E�r�o�s�i�o�n� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �m�e�a�s�u�r�e�m�e�n�t�s� �t�a�k�e�n� �f�r�o�m� �r�a�n�d�o�m�l�y� �p�l�a�c�e�d� �c�r�o�s�s� �s�e�c�t�i�o�n�s� �a�l�o�n�g� �t�w�o� �s�t�r�e�a�m�s� 

�o�n� �t�h�e� �B�e�n�d�e�r� �F�a�r�m� �a�n�d� �o�n�e� �s�t�r�e�a�m� �o�n� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �F�a�r�m� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �t�h�i�s� �s�e�c�t�i�o�n�.� 

�M�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �t�a�k�e�n� �t�h�r�e�e� �t�i�m�e�s� �d�u�r�i�n�g� �e�a�c�h� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d� �i�n� �o�r�d�e�r� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� 

�a�m�o�u�n�t� �o�f� �s�t�r�e�a�m� �b�a�n�k� �e�r�o�s�i�o�n�,� �s�t�r�e�a�m� �c�h�a�n�n�e�l� �m�o�v�e�m�e�n�t� �a�n�d� �s�t�r�e�a�m� �w�i�d�t�h� �v�a�r�i�a�t�i�o�n� �w�h�i�c�h� 

�t�o�o�k� �p�l�a�c�e� �d�u�e� �t�o� �t�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �g�r�a�z�i�n�g� �c�a�t�t�l�e� �a�n�d� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�n� �o�f�f�-�s�t�r�e�a�m� �w�a�t�e�r� 

�s�o�u�r�c�e� �(�A�p�p�e�n�d�i�x� �D�)�.� 

�T�h�e� �a�v�e�r�a�g�e� �v�a�l�u�e�s� �f�o�r� �s�t�r�e�a�m� �b�a�n�k� �e�r�o�s�i�o�n� �f�o�r� �t�h�e� �t�h�r�e�e� �s�t�r�e�a�m�s� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �4�-�8�.� 
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�T�a�b�l�e� �4�-�8�.� �R�e�s�u�l�t�s� �o�f� �s�t�r�e�a�m� �b�a�n�k� �c�r�o�s�s�-�s�e�c�t�i�o�n�a�l� �s�u�r�v�e�y�s�.� 

�R�i�v�e�r� �N�o�r�t�h� �S�o�u�t�h� 
�R�i�d�g�e� �B�e�n�d�e�r� �B�e�n�d�e�r� 

�P�r�e�-�B�M�P� �|� �P�o�s�t�-�B�M�P� �|� �D�!� �P�r�e�-�B�M�P� �|� �P�o�s�t�-�B�M�P� �D� �P�r�e�-�B�M�P� �|� �P�o�s�t�-�B�M�P� �D�!� 

�P� �-�v�a�l�u�e� �0�.�0�0�6�*� �0�.�0�2�0�*� �0�.�0�1�4�*� 

�m�e�a�n� �2�.�0�4� �0�.�4�8� �1�.�6�8� �0�.�7�9� �0�.�3�1� �0�.�5�4� �1�.�3�5� �0�.�8�5� �0�.�5�3� 

�s�t�.� �d�e�v�.� �3�.�2�1� �0�.�5�6� �3�.�2�5� �0�.�9�5� �0�.�3�9� �1�.�0�3� �1�.�8�2� �1�.�5�6� �2�.�5�0� 

�%� �7�6�.�5� �6�0�.�8� �3�6�.�9� 
�R�e�d�u�c�t�i�o�n� � � � � � � � � � � � � � � � � � � � � � � � � 

�M�e�a�n�s� �a�n�d� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�s� �a�r�e�a� �e�x�p�r�e�s�s�e�d� �i�n� �t�e�r�m�s� �o�f� �f�e�e�t� �o�f� �s�t�r�e�a�m� �b�a�n�k� �e�r�o�s�i�o�n�.� �(�*�)� �s�i�g�n�i�f�i�c�a�n�t� �a�t� �0�.�0�5� �l�e�v�e�l�.� 
�i� �=� �D�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �p�r�e�-� �a�n�d� �p�o�s�t� �B�M�P� �v�a�l�u�e�s�.� 

�T�h�e� �a�v�e�r�a�g�e� �s�t�r�e�a�m� �b�a�n�k� �l�o�s�s� �d�u�r�i�n�g� �t�h�e� �p�r�e�-�B�M�P� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �2�.�0�4� �f�t� 

�(�0�.�6�2� �m�)�,� �0�.�7�9� �f�t� �(�0�.�2�4� �m�)� �a�n�d� �1�.�3�5� �f�t� �(�0�.�4�1� �m�)� �f�o�r� �t�h�e� �R�i�v�e�r� �R�i�d�g�e�,� �N�o�r�t�h� �B�e�n�d�e�r� �a�n�d� �S�o�u�t�h� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �9�5



�B�e�n�d�e�r� �s�t�r�e�a�m�s� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �a�v�e�r�a�g�e� �p�o�s�t�-�B�M�P� �l�o�s�s�e�s� �w�e�r�e� �0�.�4�8� �f�t� �(�0�.�1�5� �m�)�,� �0�.�3�1� �f�t� 

�(�0�.�1�0� �m�)�,� �a�n�d� �0�.�8�5� �f�t� �(�0�.�2�6� �m�)�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�i�s� �r�e�s�u�l�t�e�d� �i�n� �r�e�d�u�c�t�i�o�n�s� �o�f� �7�6�.�5�%�,� �6�0�.�8�%� �a�n�d� 

�3�6�.�9�%� �d�u�r�i�n�g� �t�h�e� �p�o�s�t�-�B�M�P� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�.� �T�h�e� �l�o�s�s�e�s� �w�h�i�c�h� �o�c�c�u�r�r�e�d� �d�u�r�i�n�g� �t�h�e� �p�o�s�t�-� 

�B�M�P� �p�e�r�i�o�d� �o�n� �t�h�e� �t�h�r�e�e� �f�a�r�m�s� �w�e�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �(�a� �=� �0�.�0�5�)� �l�e�s�s� �t�h�a�n� �t�h�o�s�e� �w�h�i�c�h� �o�c�c�u�r�r�e�d� 

�d�u�r�i�n�g� �t�h�e� �p�r�e�-�B�M�P� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�.� 

�T�h�e� �a�v�a�i�l�a�b�i�l�i�t�y� �o�f� �s�h�a�d�e�,� �t�h�e� �d�e�g�r�e�e� �o�f� �s�t�r�e�a�m� �c�r�o�s�s�i�n�g�,� �a�n�d� �t�h�e� �a�b�u�n�d�a�n�c�e� �o�f� �f�o�r�a�g�e� �w�i�t�h�i�n� 

�t�h�e� �s�t�r�e�a�m� �a�r�e�a� �c�a�n� �l�a�r�g�e�l�y� �e�x�p�l�a�i�n� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �p�e�r�c�e�n�t� �r�e�d�u�c�t�i�o�n�s� �o�f� �s�t�r�e�a�m� �b�a�n�k� 

�e�r�o�s�i�o�n� �o�n� �t�h�e� �t�h�r�e�e� �s�t�r�e�a�m�s�.� �T�h�e� �S�o�u�t�h� �B�e�n�d�e�r� �s�t�r�e�a�m� �w�a�s� �c�r�o�s�s�e�d� �m�o�r�e� �t�h�a�n� �t�h�e� �o�t�h�e�r� 

�s�t�r�e�a�m�s� �o�b�s�e�r�v�e�d�.� �F�i�r�s�t�l�y�,� �t�h�e� �s�t�r�e�a�m� �w�a�s� �c�r�o�s�s�e�d� �f�r�e�q�u�e�n�t�l�y� �i�n� �o�r�d�e�r� �f�o�r� �c�a�t�t�l�e� �t�o� �m�o�v�e� �f�r�o�m� 

�t�h�e� �p�r�i�m�a�r�y� �g�r�a�z�i�n�g� �a�r�e�a� �(�o�n� �t�h�e� �n�o�r�t�h� �s�i�d�e� �o�f� �t�h�e� �s�t�r�e�a�m�)� �t�o� �s�h�a�d�e� �d�u�r�i�n�g� �t�h�e� �m�o�r�n�i�n�g� �a�n�d� 

�e�a�r�l�y� �a�f�t�e�r�n�o�o�n� �h�o�u�r�s�.� �T�h�e� �R�i�v�e�r� �R�i�d�g�e� �a�n�d� �N�o�r�t�h� �B�e�n�d�e�r� �p�a�s�t�u�r�e�s� �b�o�t�h� �p�o�s�s�e�s�s� �s�h�a�d�e� �a�w�a�y� 

�f�r�o�m� �t�h�e� �s�t�r�e�a�m� �a�r�e�a�.� �S�e�c�o�n�d�l�y�,� �t�h�e�r�e� �a�r�e� �n�o� �s�t�r�e�a�m� �c�r�o�s�s�i�n�g�s� �p�r�e�s�e�n�t� �a�l�o�n�g� �t�h�e� �S�o�u�t�h� 

�B�e�n�d�e�r� �s�t�r�e�a�m�,� �a�s� �t�h�e�r�e� �w�a�s� �o�n� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �F�a�r�m�.� �F�i�n�a�l�l�y�,� �t�h�e� �a�r�e�a� �s�o�u�t�h� �o�f� �t�h�e� �S�o�u�t�h� 

�B�e�n�d�e�r� �s�t�r�e�a�m�,� �a�l�t�h�o�u�g�h� �s�i�g�n�i�f�i�c�a�n�t�l�y� �s�m�a�l�l�e�r� �t�h�a�n� �t�h�e� �p�r�i�m�a�r�y� �g�r�a�z�i�n�g� �a�r�e�a� �p�r�o�v�i�d�e�d� �a� 

�s�i�g�n�i�f�i�c�a�n�t� �a�m�o�u�n�t� �o�f� �f�o�r�a�g�e�.� �A�s� �s�t�a�t�e�d� �e�a�r�l�i�e�r�,� �t�h�e� �r�e�d�u�c�t�i�o�n� �i�n� �a�r�e�a�,� �w�a�s� �d�u�e� �t�o� �t�h�e� �p�r�i�m�a�r�y� 

�g�r�a�z�i�n�g� �a�r�e�a� �n�o�r�t�h� �o�f� �t�h�e� �s�t�r�e�a�m� �b�e�i�n�g� �c�u�t� �f�o�r� �h�a�y� �p�r�i�o�r� �t�o� �g�r�a�z�i�n�g�.� �T�h�i�s� �h�a�r�v�e�s�t�i�n�g� �p�r�o�d�u�c�e�d� 

�a� �g�r�a�d�i�e�n�t� �w�h�i�c�h� �f�o�r�c�e�d� �t�h�e� �c�a�t�t�l�e� �t�o� �u�t�i�l�i�z�e� �t�h�e� �l�a�r�g�e�l�y� �l�o�w�e�r� �q�u�a�l�i�t�y�,� �b�u�t� �m�o�r�e� �a�b�u�n�d�a�n�t� 

�f�o�r�a�g�e� �a�n�d� �b�r�o�w�s�e� �a�l�o�n�g� �t�h�e� �s�t�r�e�a�m� �c�o�r�r�i�d�o�r�.� �T�h�e� �r�e�p�e�a�t�e�d� �d�a�i�l�y� �c�r�o�s�s�i�n�g�s� �r�e�s�u�l�t�e�d� �i�n� �e�r�o�s�i�o�n� 

�o�f� �t�h�e� �s�t�r�e�a�m� �b�a�n�k�s� �w�h�i�c�h� �a�r�e� �t�h�e� �p�r�o�d�u�c�t� �o�f� �f�a�c�t�o�r�s� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �t�h�o�s�e� �p�r�o�v�i�d�e�d� �f�o�r� �b�y� �t�h�e� 

�B�M�P�.� 
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�T�w�o� �o�t�h�e�r� �t�e�s�t�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �i�n� �o�r�d�e�r� �t�o� �d�e�s�c�r�i�b�e� �t�h�e� �i�m�p�a�c�t� �o�f� �c�a�t�t�l�e� �o�n� �t�h�e� �s�t�r�e�a�m� �a�r�e�a� 

�d�u�r�i�n�g� �t�h�e� �t�w�o� �B�M�P� �t�r�e�a�t�m�e�n�t� �p�h�a�s�e�s�.� �T�h�e� �d�e�g�r�e�e� �o�f� �s�t�r�e�a�m� �c�h�a�n�n�e�l� �m�o�v�e�m�e�n�t� �d�u�r�i�n�g� �e�a�c�h� 

�t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d� �i�s� �d�e�p�i�c�t�e�d� �i�n� �T�a�b�l�e� �4�-�9�.� �T�h�e� �t�a�b�l�e� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �a�v�e�r�a�g�e� �d�i�s�t�a�n�c�e� �(�f�t�)� �w�h�i�c�h� 

�t�h�e� �e�d�g�e�s� �o�f� �s�t�r�e�a�m� �m�o�v�e�d� �d�u�r�i�n�g� �t�h�e� �t�w�o� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�s�.� �T�h�e� �a�v�e�r�a�g�e� �s�t�r�e�a�m� �c�h�a�n�n�e�l� 

�m�o�v�e�m�e�n�t� �w�i�t�h�i�n� �t�h�e� �p�r�e�-�B�M�P� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d� �w�a�s� �1�.�3�6� �f�t� �(�0�.�4�2� �m�)�,� �0�.�7�9� �f�t� �(�0�.�2�4� �m�)� �a�n�d� 

�0�.�5�3� �f�t� �(�0�.�1�6� �m�)� �o�n� �t�h�e� �R�i�v�e�r� �R�i�d�g�e�,� �N�o�r�t�h� �B�e�n�d�e�r� �a�n�d� �S�o�u�t�h� �B�e�n�d�e�r� �s�t�r�e�a�m�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
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�T�h�e� �a�v�e�r�a�g�e� �v�a�l�u�e�s� �f�o�r� �t�h�e� �v�a�r�i�a�t�i�o�n� �o�f� �s�t�r�e�a�m� �w�i�d�t�h�s� �o�n� �t�h�e� �t�h�r�e�e� �s�t�r�e�a�m�s� �d�u�r�i�n�g� �t�h�e� �p�r�e�-� �a�n�d� 

�p�o�s�t�-�B�M�P� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �4�-�1�0�.� �T�h�e� �a�v�e�r�a�g�e� �s�t�r�e�a�m� �w�i�d�t�h� �v�a�r�i�a�t�i�o�n� 
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�t�h�e� �R�i�v�e�r� �R�i�d�g�e�,� �N�o�r�t�h� �B�e�n�d�e�r� �a�n�d� �S�o�u�t�h� �B�e�n�d�e�r� �s�t�r�e�a�m�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� 
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�s�t�r�e�a�m� �c�h�a�n�n�e�l� �w�i�d�t�h� �d�u�r�i�n�g� �t�h�e� �p�o�s�t�-�B�M�P� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�.� �H�o�w�e�v�e�r�,� �n�o� �s�i�g�n�i�f�i�c�a�n�t� 

�d�i�f�f�e�r�e�n�c�e�s� �i�n� �a�v�e�r�a�g�e� �s�t�r�e�a�m� �w�i�d�t�h� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �t�r�e�a�t�m�e�n�t�s� �w�e�r�e� �f�o�u�n�d� �a�t� �t�h�e� �a� �=� �0�.�0�5� 

�l�e�v�e�l�.� �T�h�e� �r�e�s�u�l�t�s� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �w�i�d�t�h�s� �o�f� �t�h�e� �s�t�r�e�a�m� �o�n� �e�a�c�h� �f�a�r�m� �w�e�r�e� �n�o�t� �a�f�f�e�c�t�e�d� �b�y� �t�h�e� 

�p�r�e�s�e�n�c�e� �o�f� �c�a�t�t�l�e�,� �r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �p�r�e�s�e�n�c�e� �o�r� �a�b�s�e�n�c�e� �o�f� �a�n� �a�l�t�e�r�n�a�t�i�v�e� �w�a�t�e�r� �s�o�u�r�c�e�.� �I�n� 

�a�d�d�i�t�i�o�n� �,� �s�i�n�c�e� �t�h�e� �v�a�r�i�a�t�i�o�n� �i�n� �s�t�r�e�a�m� �w�i�d�t�h� �o�f� �t�h�e� �N�o�r�t�h� �B�e�n�d�e�r� �F�a�r�m� �w�a�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�,� 

�r�e�s�u�l�t�s� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �w�i�d�t�h� �o�f� �t�h�e� �c�h�a�n�n�e�l� �w�a�s� �n�o�t� �s�i�g�n�i�f�i�c�a�n�t�l�y� �c�h�a�n�g�e�d� �w�h�i�l�e� �t�h�e� �c�h�a�n�n�e�l� 

�l�a�t�e�r�a�l�l�y� �c�h�a�n�g�e�d� �i�t�s� �p�o�s�i�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �p�r�e�-� �a�n�d� �p�o�s�t�-�B�M�P� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�s�.� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �a�n�a�l�y�s�i�s� �o�n� �t�h�e� �t�h�r�e�e� �f�a�r�m�s� �d�u�r�i�n�g� �t�h�e� �p�r�e�-�B�M�P� �p�e�r�i�o�d� �s�h�o�w�e�d� 

�t�h�a�t� �t�h�e� �r�e�g�r�e�s�s�i�o�n� �v�a�r�i�a�b�l�e�s� �o�n�l�y� �s�l�i�g�h�t�l�y� �e�x�p�l�a�i�n�e�d� �t�h�e� �l�e�v�e�l� �o�f� �e�r�o�s�i�o�n� �o�b�s�e�r�v�e�d�.� �T�h�e� 

�c�o�e�f�f�i�c�i�e�n�t� �o�f� �d�e�t�e�r�m�i�n�a�t�i�o�n� �(�R ��)� �a�n�d� �t�h�e� �a�d�j�u�s�t�e�d� �c�o�e�f�f�i�c�i�e�n�t� �o�f� �d�e�t�e�r�m�i�n�a�t�i�o�n� �(�A�d�j�u�s�t�e�d� �R ��)� 

�v�a�l�u�e�s� �r�a�n�g�e�d� �f�r�o�m� �0�.�0�1� �t�o� �0�.�1�5� �f�o�r� �a�l�l� �p�o�s�s�i�b�l�e� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �t�h�e� �s�e�v�e�n� �p�a�r�a�m�e�t�e�r�s� �t�e�s�t�e�d�.� 

�E�v�e�n� �t�h�o�u�g�h� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �d�i�d� �n�o�t� �f�u�l�l�y� �e�x�p�l�a�i�n� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� �i�n� �t�h�e� �a�m�o�u�n�t� �o�f� �s�t�r�e�a�m� �b�a�n�k� 

�l�o�s�s� �o�b�s�e�r�v�e�d� �d�u�r�i�n�g� �t�h�e� �p�r�e�-�B�M�P� �p�e�r�i�o�d�,� �a�n� �i�n�t�e�r�e�s�t�i�n�g� �t�r�e�n�d� �w�a�s� �o�b�s�e�r�v�e�d�.� �T�h�e� �s�t�a�t�i�s�t�i�c�a�l� 

�m�o�d�e�l�s� �w�h�i�c�h� �i�n�c�l�u�d�e�d� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �o�f� �u�n�i�t� �d�a�y�s�,� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a� �s�t�r�e�a�m� �m�e�a�n�d�e�r�,� �s�h�a�d�e� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �9�8



�a�n�d� �r�a�m�p� �m�o�s�t�l�y� �e�x�p�l�a�i�n�e�d� �t�h�e� �v�a�r�i�a�b�i�l�i�t�y� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �p�r�e�-�B�M�P� �p�e�r�i�o�d�.� �H�o�w�e�v�e�r�,� �d�u�e� �t�o� 
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�p�o�s�t�-�B�M�P� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�s� �a�r�e� �t�h�e�n� �d�i�s�c�u�s�s�e�d� �i�n� �t�e�r�m�s� �o�f� �a�v�e�r�a�g�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �n�u�t�r�i�e�n�t� 

�l�o�a�d�i�n�g� �a�n�d� �f�l�o�w�-�w�e�i�g�h�t�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �f�o�r� �e�a�c�h� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�.� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �9�9



�R�a�i�n�f�a�l�l� �d�u�r�i�n�g� �b�o�t�h� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�s� �w�a�s� �n�o�r�m�a�l� �a�c�c�o�r�d�i�n�g� �t�o� �e�s�t�i�m�a�t�e�s� �p�r�o�v�i�d�e�d� �b�y� �t�h�e� 

�N�a�t�i�o�n�a�l� �O�c�e�a�n�i�c� �a�n�d� �A�t�m�o�s�p�h�e�r�i�c� �A�d�m�i�n�i�s�t�r�a�t�i�o�n� �(�N�O�A�A�,� �1�9�9�5�)�.� �T�h�e� �m�o�n�t�h�l�y� �r�a�i�n�f�a�l�l� 

�v�a�l�u�e�s� �o�b�s�e�r�v�e�d� �o�n� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �F�a�r�m� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �4�-�1�1�.� �T�h�e� �c�u�m�u�l�a�t�i�v�e� �r�a�i�n�f�a�l�l� 

�f�o�r� �t�h�e� �m�o�n�t�h�s� �o�f� �A�u�g�u�s�t�,� �1�9�9�4� �t�h�r�o�u�g�h� �O�c�t�o�b�e�r�,� �1�9�9�5�,� �w�h�i�c�h� �c�o�r�r�e�s�p�o�n�d�e�d� �w�i�t�h� �t�h�e� 

�t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �4�-�1�1�.� 

�F�l�o�w� �d�a�t�a� �f�r�o�m� �t�h�e� �t�w�o� �s�t�r�e�a�m�s� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �4�-�1�2�.� �F�l�o�w� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �a� 

�k�n�o�w�n� �v�o�l�u�m�e� �s�a�m�p�l�e� �o�n� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �s�t�r�e�a�m� �a�n�d� �f�r�o�m� �a� �r�a�t�i�n�g� �c�u�r�v�e� �d�e�v�e�l�o�p�e�d� �f�o�r� �t�h�e� 

�N�o�r�t�h� �B�e�n�d�e�r� �s�t�r�e�a�m�.� �T�h�e� �t�o�t�a�l� �s�t�r�e�a�m� �f�l�o�w� �v�o�l�u�m�e�s� �f�r�o�m� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �s�t�r�e�a�m�,� �d�u�r�i�n�g� 

�t�h�e� �p�r�e�-� �a�n�d� �p�o�s�t�-�B�M�P� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�s�,� �w�e�r�e� �r�e�l�a�t�i�v�e�l�y� �s�i�m�i�l�a�r� �a�n�d� �e�s�t�i�m�a�t�e�d� �t�o� �b�e� �8�5�,�3�0�0� 

�m�°� �a�n�d� �8�4�,�2�0�0� �m ��,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �H�o�w�e�v�e�r�,� �t�h�e� �t�o�t�a�l� �f�l�o�w� �v�o�l�u�m�e� �f�r�o�m� �t�h�e� �N�o�r�t�h� �B�e�n�d�e�r� 

�s�t�r�e�a�m� �w�a�s� �g�r�e�a�t�e�r� �d�u�r�i�n�g� �t�h�e� �p�o�s�t�-�B�M�P� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d� �(�6�3�,�6�3�0� �m ��)� �t�h�a�n� �t�h�e� �p�r�e�-�B�M�P� 

�p�e�r�i�o�d� �(�8�4�,�1�8�0� �m ��.� 

�W�a�t�e�r� �q�u�a�l�i�t�y� �s�a�m�p�l�e�s� �w�e�r�e� �t�a�k�e�n� �e�v�e�r�y� �t�w�o� �w�e�e�k�s� �f�r�o�m� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �a�n�d� �N�o�r�t�h� �B�e�n�d�e�r� 

�s�t�r�e�a�m�s�.� �A�d�d�i�t�i�o�n�a�l� �s�a�m�p�l�e�s� �w�e�r�e� �a�l�s�o� �t�a�k�e�n� �b�e�f�o�r�e�,� �a�f�t�e�r� �a�n�d� �d�u�r�i�n�g� �s�o�m�e� �o�f� �t�h�e� �c�a�t�t�l�e� 

�r�o�t�a�t�i�o�n�s� �o�n� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �F�a�r�m� �i�n� �o�r�d�e�r� �t�o� �c�o�o�r�d�i�n�a�t�e� �w�a�t�e�r� �q�u�a�l�i�t�y� �s�a�m�p�l�i�n�g� �w�i�t�h� �c�a�t�t�l�e� 

�m�o�v�e�m�e�n�t�.� �A� �t�o�t�a�l� �o�f� �1�9�3� �s�a�m�p�l�e�s� �w�e�r�e� �t�a�k�e�n� �f�r�o�m� �t�h�e� �s�i�x� �w�a�t�e�r� �q�u�a�l�i�t�y� �s�t�a�t�i�o�n�s� �(�F�i�g�.� �3�-�1�)� 

�o�n� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �F�a�r�m�,� �o�f� �w�h�i�c�h� �8�3� �w�e�r�e� �t�a�k�e�n� �d�u�r�i�n�g� �t�h�e� �p�r�e�-�B�M�P� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d� 

�(�8�/�1�7�/�9�4� �-� �3�/�1�7�/�9�5�)� �a�n�d� �1�1�0� �w�e�r�e� �t�a�k�e�n� �d�u�r�i�n�g� �t�h�e� �p�o�s�t�-�B�M�P� �(�3�/�1�8�/�9�5� �-� �1�0�/�1�5�/�9�5�)� �p�h�a�s�e�.� 

�A� �t�o�t�a�l� �o�f� �1�0�4� �s�a�m�p�l�e�s� �w�e�r�e� �t�a�k�e�n� �f�r�o�m� �t�h�e� �f�o�u�r� �w�a�t�e�r� �q�u�a�l�i�t�y� �s�t�a�t�i�o�n�s� �(�F�i�g�.� �3�-�2�)� �o�n� �t�h�e� �N�o�r�t�h� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �1�0�0



�B�e�n�d�e�r� �F�a�r�m�,� �o�f� �w�h�i�c�h� �5�4� �w�e�r�e� �t�a�k�e�n� �d�u�r�i�n�g� �t�h�e� �p�r�e�-�B�M�P� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d� �(�1�0�/�2�/�9�5� �-� 

�4�/�1�4�/�9�5�)� �a�n�d� �5�0� �w�e�r�e� �t�a�k�e�n� �d�u�r�i�n�g� �t�h�e� �p�o�s�t�-�B�M�P� �(�4�/�1�5�/�9�5� �-� �1�0�/�1�5�/�9�5�)� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�.� 

�T�a�b�l�e� �4�-�1�1�.� �M�o�n�t�h�l�y� �r�a�i�n�f�a�l�l� �o�b�s�e�r�v�e�d� �o�n� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �F�a�r�m�,� �I�n�d�e�p�e�n�d�e�n�c�e�,� �V�A� 
�a�n�d� �n�o�r�m�a�l� �m�o�n�t�h�l�y� �r�a�i�n�f�a�l�l� �o�b�s�e�r�v�e�d� �a�t� �G�a�l�a�x�,� �V�A�.� 
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�D�a�t�e� �C�u�m�u�l�a�t�i�v�e� �N�o�r�m�a�l� �M�o�n�t�h�l�y� 
�M�o�n�t�h�l�y� �R�a�i�n�f�a�l�l� �R�a�i�n�f�a�l�l� 

�(�c�m�)� �(�c�m�)� 

�A�u�g�u�s�t�,� �1�9�9�4� �2�.�0�3� �7�.�9�2� 

�S�e�p�t�e�m�b�e�r�,� �1�9�9�4� �3�.�3�3� �9�.�1�4� 

�O�c�t�o�b�e�r�,� �1�9�9�4� �1�0�.�0�8� �1�0�.�3�1� 

�N�o�v�e�m�b�e�r�,� �1�9�9�4� �6�.�3�2� �8�.�7�6� 

�D�e�c�e�m�b�e�r�,� �1�9�9�4� �6�.�2�0� �7�.�6�9� 

�J�a�n�u�a�r�y�,� �1�9�9�5� �1�8�.�7�2� �1�7�.�8�8� 

�F�e�b�r�u�a�r�y�,� �1�9�9�5� �1�2�.�7�5� �8�.�3�3� 

�M�a�r�c�h�,� �1�9�9�5� �1�0�.�2�6� �5�.�9�9� 

�A�p�r�i�l�,� �1�9�9�5� �1�.�7�5� �8�.�6�6� 

�M�a�y�,� �1�9�9�5� �1�2�.�9�5� �9�.�3�5� 

�J�u�n�e�,� �1�9�9�5� �2�4�.�4�6� �9�.�9�0� 

�J�u�l�y�,� �1�9�9�6� �1�5�.�3�7� �1�0�.�7�4� 

�A�u�g�u�s�t�,� �1�9�9�5� �1�1�.�3�0� �*�*� 

�S�e�p�t�e�m�b�e�r�,� �1�9�9�5� �1�8�.�9�0� �#�*� 

�O�c�t�o�b�e�r�,� �1�9�9�5� �2�2�.�5�3� �*�*� 
� � 

�*�*� �=� �D�a�t�a� �n�o�t� �a�v�a�i�l�i�b�l�e� �a�t� �t�i�m�e� �o�f� �s�t�u�d�y�.� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �1�0�1



�T�a�b�l�e� �4�-�1�2�.� �S�t�r�e�a�m� �f�l�o�w� �r�a�t�e�s� �f�o�r� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �a�n�d� �N�o�r�t�h� �B�e�n�d�e�r� �f�a�r�m�s�.� 
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�D�a�t�e� �F�l�o�w� �R�a�t�e� �(�0�.�0�0�1� �m�?�/�s�e�c�)� 

�R�i�v�e�r� �R�i�d�g�e� �S�t�r�e�a�m� �|� �N�o�r�t�h� �B�e�n�d�e�r� �S�t�r�e�a�m� 

�1�8� �A�u�g�,� �1�9�9�4� �2�.�3� �*�*� 

�5� �S�e�p�t�,� �1�9�9�4� �7�1� �x�e� 

�1�2� �S�e�p�t�,� �1�9�9�4� �3�.�1� �+�e� 

�2� �O�c�t�,� �1�9�9�4� �3�.�1�0� �3�.�1� 

�9� �O�c�,� �1�9�9�4� �3�.�4� �3�.�1� 

�2�7� �O�c�t�,� �1�9�9�4� �3�.�4� �e�e� 

�3�0� �O�c�t�,� �1�9�9�4� �3�.�4� �3�.�4� 

�1�4� �N�o�v�,� �1�9�9�4� �3�.�7� �3�.�5� 

�2�8� �N�o�v�,� �1�9�9�4� �1�1�.�9� �3�.�7� 

�1�1� �D�e�c�,� �1�9�9�4� �9�.�3� �5�.�4� 

�1�8� �D�e�c�,� �1�9�9�4� �3�.�7� �4�.�3� 

�8� �J�a�n�,� �1�9�9�5� �4�.�2� �4�.�1� 

�2�1� �J�a�n�,� �1�9�9�5� �3�.�7� �4�.�1� 

�1�2� �F�e�b�,� �1�9�9�5� �3�.�7� �4�.�3� 

�3� �M�a�r�,� �1�9�9�5� �4�.�2� �4�.�7� 

�1�8� �M�a�r�,� �1�9�9�5� �4�.�2� �4�.�6� 

�2� �A�p�r�,� �1�9�9�5� �4�.�0� �4�.�1� 

�1�5� �A�p�r�,� �1�9�9�5� �4�.�0� �4�.�1� 

�3�0� �A�p�r�,� �1�9�9�5� �3�.�4� �3�.�5� 

�1�4� �M�a�y�,� �1�9�9�5� �3�.�7� �4�.�1� 

�2�9� �M�a�y�,� �1�9�9�5� �3�.�7� �3�.�7� 

�1�1� �J�u�n�e�,� �1�9�9�5� �3�.�1� �3�.�8� 

�2�7� �J�u�n�e�,� �1�9�9�5� �3�.�4� �4�6� 

�2�9� �J�u�n�e�,� �1�9�9�5� �3�.�7� �i�d� 

�9� �J�u�l�y�,� �1�9�9�5� �3�.�4� �4�3� 

�2�3� �J�u�l�y�,� �1�9�9�5� �3�.�7� �4�.�3� 

�2�0� �A�u�g�,� �1�9�9�5� �2�.�0� �4�.�5� 

�5� �S�e�p�t�,� �1�9�9�5� �2�.�3� �4�6� 

�1�7� �S�e�p�t�,� �1�9�9�5� �1�7�.�0� �7�.�9� 

�2� �O�c�t�,� �1�9�9�5� �3�.�1� �5�.�7� 

�1�5� �O�c�t�,� �1�9�9�5� �6�.�5� �5�.�4� � � � � � � � � 

�*�*�-� �F�l�o�w� �w�a�s� �n�o�t� �c�a�l�c�u�l�a�t�e�d� �o�n� �t�h�i�s� �d�a�t�e�.� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �1�0�2



�T�h�e� �a�v�e�r�a�g�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �w�a�t�e�r� �q�u�a�l�i�t�y� �p�a�r�a�m�e�t�e�r�s� �f�r�o�m� �a�l�l� �s�t�a�t�i�o�n�s� �o�n� �b�o�t�h� �f�a�r�m�s� 

�r�e�f�l�e�c�t�e�d� �t�h�e� �s�i�g�n�i�f�i�c�a�n�t� �r�e�d�u�c�t�i�o�n�s� �i�n� �s�t�r�e�a�m� �b�a�n�k� �e�r�o�s�i�o�n� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� �p�r�e�v�i�o�u�s� �s�e�c�t�i�o�n�.� 

�S�i�g�n�i�f�i�c�a�n�t� �r�e�d�u�c�t�i�o�n�s� �w�e�r�e� �d�e�t�e�c�t�e�d�i�n� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�o�t�a�l� �s�u�s�p�e�n�d�e�d� �s�o�l�i�d�s� �(�T�S�S�)� �i�n� 

�t�h�e� �R�i�v�e�r� �R�i�d�g�e� �s�t�r�e�a�m� �a�f�t�e�r� �B�M�P� �i�n�s�t�a�l�l�a�t�i�o�n� �(�F�i�g�u�r�e� �4�-�5�)�.� �T�h�e� �r�e�d�u�c�t�i�o�n� �i�n� �T�S�S� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �r�e�f�l�e�c�t�s� �t�h�e� �r�e�d�u�c�t�i�o�n� �i�n� �s�t�r�e�a�m� �b�a�n�k� �e�r�o�s�i�o�n� �d�u�e� �t�o� �p�r�o�v�i�d�i�n�g� �t�h�e� �o�f�f�-�s�t�r�e�a�m� 

�w�a�t�e�r� �s�o�u�r�c�e�.� �T�h�e� �i�n�s�t�a�l�l�a�t�i�o�n� �o�f� �t�h�e� �w�a�t�e�r� �t�r�o�u�g�h� �r�e�d�u�c�e�d� �t�h�e� �t�i�m�e� �w�h�i�c�h� �c�a�t�t�l�e� �d�r�a�n�k� �f�r�o�m� 

�t�h�e� �s�t�r�e�a�m� �d�u�r�i�n�g� �t�h�e� �p�o�s�t�-�B�M�P� �t�r�e�a�t�m�e�n�t� �p�e�r�i�o�d�,� �a�n�d� �t�h�u�s� �r�e�d�u�c�e�d� �t�h�e� �T�S�S� �c�o�n�c�e�n�t�r�a�t�i�o�n� 

�i�n� �t�h�e� �s�t�r�e�a�m�.� 

�A�n� �8�9�%� �r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �f�l�o�w�-�w�e�i�g�h�t�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �T�S�S� �w�a�s� �r�e�s�u�l�t�e�d�a�t� �t�h�e� �p�o�n�d� �i�n�l�e�t� 

�o�n� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �F�a�r�m� �d�u�e� �t�o� �t�h�e� �i�n�s�t�a�l�l�a�t�i�o�n� �o�f� �t�h�e� �o�f�f�-�s�t�r�e�a�m� �w�a�t�e�r� �s�o�u�r�c�e� �(�T�a�b�l�e� �4�-�1�3�)�.� 

�A�t� �t�h�e� �s�a�m�e� �s�t�a�t�i�o�n�,� �t�h�e� �l�o�a�d�i�n�g� �o�f� �T�S�S� �p�e�r� �c�m� �o�f� �r�a�i�n�f�a�l�l� �d�u�r�i�n�g� �t�h�e� �p�o�s�t�-�B�M�P� �t�r�e�a�t�m�e�n�t� 

�p�e�r�i�o�d� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �r�e�d�u�c�e�d� �(�9�6�%�)�,� �a�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �p�r�e�-�B�M�P� �p�e�r�i�o�d�.� �B�o�t�h� �o�f� �t�h�e�s�e� 

�r�e�s�u�l�t�s� �f�u�r�t�h�e�r� �s�u�p�p�o�r�t� �t�h�e� �a�b�o�v�e�-�s�t�a�t�e�d� �f�i�n�d�i�n�g�s� �t�h�a�t�,� �w�h�e�n� �c�a�t�t�l�e� �h�a�v�e� �a�c�c�e�s�s� �t�o� �a�n� �o�f�f�-�s�t�r�e�a�m� 

�w�a�t�e�r� �s�o�u�r�c�e� �t�h�e� �t�o�t�a�l� �a�m�o�u�n�t� �o�f� �s�u�s�p�e�n�d�e�d� �s�o�l�i�d�s� �i�n� �a� �s�t�r�e�a�m� �c�o�u�l�d� �b�e� �s�u�b�s�t�a�n�t�i�a�l�l�y� �r�e�d�u�c�e�d�.� 

�E�v�e�n� �t�h�o�u�g�h� �t�h�e� �r�e�d�u�c�t�i�o�n�s� �i�n� �a�v�e�r�a�g�e� �s�t�r�e�a�m� �b�a�n�k� �e�r�o�s�i�o�n� �w�e�r�e� �s�i�m�i�l�a�r�,� �t�h�e� �T�S�S� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �m�e�a�s�u�r�e�d� �f�r�o�m� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �F�a�r�m� �a�n�d� �t�h�e� �N�o�r�t�h� �B�e�n�d�e�r� �F�a�r�m� �d�i�d� �n�o�t� 

�f�o�l�l�o�w� �t�h�e� �s�a�m�e� �t�r�e�n�d�s�.� �T�h�e� �T�S�S� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �d�a�t�a� �f�o�r� �a�l�l� �s�t�a�t�i�o�n�s� �o�n� �t�h�e� �N�o�r�t�h� �B�e�n�d�e�r� 

�F�a�r�m� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e� �4�-�6�.� �N�o� �s�i�g�n�i�f�i�c�a�n�t� �r�e�d�u�c�t�i�o�n�s� �i�n� �T�S�S� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� 

�f�o�u�n�d� �o�n� �a�n�y� �o�f� �t�h�e� �N�o�r�t�h� �B�e�n�d�e�r� �m�o�n�i�t�o�r�i�n�g� �s�t�a�t�i�o�n�s�.� �H�o�w�e�v�e�r�,� �a�t� �t�h�e� �s�t�r�e�a�m� �o�u�t�l�e�t� �(�Q�N�B�-� 

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �1�0�3



�4�)� �a� �5�2�7�%� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �T�S�S� �w�a�s� �o�b�s�e�r�v�e�d�.� �A�n� �i�n�c�r�e�a�s�e� �o�f� �5�9�6�%� �i�n� �t�h�e� 

�f�l�o�w�-�w�e�i�g�h�t�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�n�d� �a� �4�9�%� �i�n�c�r�e�a�s�e� �i�n� �l�o�a�d�i�n�g� �(�k�g�/�c�m� �r�a�i�n�f�a�l�l�)� �o�f� �T�S�S� �w�a�s� �a�l�s�o� 

�o�b�s�e�r�v�e�d� �a�t� �t�h�e� �s�t�r�e�a�m� �o�u�t�l�e�t�.� 

�T�a�b�l�e� �4�-�1�3�.� �F�l�o�w�-�w�e�i�g�h�t�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�n�d� �l�o�a�d�i�n�g� �o�f� �t�o�t�a�l� �s�u�s�p�e�n�d�e�d� �s�o�l�i�d�s� �f�o�r� 
�t�h�e� �o�u�t�l�e�t�s� �o�f� �t�h�e� �R�i�v�e�r� �R�i�d�g�e� �a�n�d� �N�o�r�t�h� �B�e�n�d�e�r� �f�a�r�m�s�.� 
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�P�r�e�-�B�M�P� �P�o�s�t�-�B�M�P� �%� �C�h�a�n�g�e� �P�r�e�-�B�M�P� �P�o�s�t�-�B�M�P�_� �|� �%� �C�h�a�n�g�e� 

�R�i�v�e�r� �1�3�2�.�3�5� �1�4�.�2�8� �8�9�.�2�1� �|� �2�9�2�.�8�4� �1�1�.�0�6� �-�9�6�.�2�2�$�*� 
�R�i�d�g�e� �;� 

�N�o�r�t�h� �6�.�7�6� �4�7�.�0�7� �5�9�6�.�4�4� �3�9�.�1�]� �5�8�.�3�1� �4�9�.�0�9� 
�B�e�n�d�e�r� � � � � � � � � � � � � � � � � � � 

�+� �=� �S�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �m�e�a�n�s� �a�t� �t�h�e� �a�l�p�h�a� �=� �0�.�0�5� �l�e�v�e�l�.� �*� �=� �A� �n�e�g�a�t�i�v�e� �v�a�l�u�e� �(�-�)� �i�n�d�i�c�a�t�e�s� �a� �r�e�d�u�c�t�i�o�n� 

�d�u�e� �t�o� �t�h�e� �i�n�s�t�a�l�l�a�t�i�o�n� �o�f� �t�h�e� �B�M�P�.� 

�T�h�e�s�e� �c�o�n�t�r�a�d�i�c�t�o�r�y� �r�e�s�u�l�t�s� �c�o�u�l�d� �b�e� �d�u�e� �t�o� �i�m�p�r�o�p�e�r� �s�i�t�e� �r�e�s�t�o�r�a�t�i�o�n� �f�o�l�l�o�w�i�n�g� �t�h�e� �s�p�r�i�n�g� 

�d�e�v�e�l�o�p�m�e�n�t� �a�n�d� �t�r�o�u�g�h� �i�n�s�t�a�l�l�a�t�i�o�n� �o�n� �t�h�e� �N�o�r�t�h� �B�e�n�d�e�r� �F�a�r�m�.� �I�n�s�u�f�f�i�c�i�e�n�t� �c�o�v�e�r� �a�n�d� 

�r�e�s�e�e�d�i�n�g� �o�n� �t�h�e� �a�r�e�a�s� �d�i�s�t�u�r�b�e�d� �d�u�r�i�n�g� �B�M�P� �c�o�n�s�t�r�u�c�t�i�o�n� �w�e�r�e� �o�b�s�e�r�v�e�d� �o�n� �t�h�i�s� �f�a�r�m�.� �F�o�u�r� 

�u�n�a�u�t�h�o�r�i�z�e�d� �r�e�t�e�n�t�i�o�n�-�t�y�p�e� �s�t�r�u�c�t�u�r�e�s� �w�e�r�e� �a�l�s�o� �c�o�n�s�t�r�u�c�t�e�d� �o�v�e�r� �t�h�e� �a�r�e�a� �d�i�s�t�u�r�b�e�d� �d�u�r�i�n�g� 

�t�h�e� �s�p�r�i�n�g� �d�e�v�e�l�o�p�m�e�n�t� �u�p�s�t�r�e�a�m� �o�f� �Q�N�B�-�1� �(�F�i�g�.� �3�-�2�)�.�.� �T�h�e� �s�t�r�u�c�t�u�r�e�s� �w�e�r�e� �i�n�t�e�n�d�e�d� �t�o� 

�i�m�p�o�u�n�d� �w�a�t�e�r� �u�n�t�i�l� �i�t� �c�o�u�l�d� �s�l�o�w�l�y� �p�e�r�c�o�l�a�t�e� �o�v�e�r� �t�h�e� �w�a�t�e�r� �c�o�l�l�e�c�t�i�o�n� �p�i�p�e�s�,� �t�h�u�s� �i�m�p�r�o�v�i�n�g� 

�t�h�e� �w�a�t�e�r� �c�a�p�t�u�r�i�n�g� �e�f�f�i�c�i�e�n�c�y� �o�f� �t�h�e� �s�p�r�i�n�g� �d�e�v�e�l�o�p�m�e�n�t�.� �F�o�l�l�o�w�i�n�g� �p�e�r�i�o�d�s� �o�f� �s�e�v�e�r�e�l�y� �h�i�g�h� 

�t�e�m�p�e�r�a�t�u�r�e�s� �a�n�d� �h�e�a�v�y� �r�a�i�n�f�a�l�l�s�,� �t�h�e�s�e� �i�m�p�o�u�n�d�m�e�n�t�s� �b�e�c�a�m�e� �w�a�l�l�o�w�s� �f�o�r� �t�h�e� �g�r�a�z�i�n�g� �c�a�t�t�l�e�.� 
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�A�v�e�r�a�g�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�o�t�a�l� �s�u�s�p�e�n�d�e�d� �s�o�l�i�d�s� �f�o�r� �a�l�l� �s�t�a�t�i�o�n�s� �o�n� �t�h�e� 
�R�i�v�e�r� �R�i�d�g�e� �F�a�r�m�.� �+� �=� �S�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �m�e�a�n�s� �a�t� �«� �=� �0�.�0�5� 
�l�e�v�e�l�.� 
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�B�e�c�a�u�s�e� �t�h�e� �s�t�r�u�c�t�u�r�e�s� �w�e�r�e� �n�o�t� �a�p�p�r�o�v�e�d� �i�n� �t�h�e� �N�R�C�S� �d�e�v�e�l�o�p�m�e�n�t� �d�e�s�i�g�n�,� �N�R�C�S� �a�n�d� �f�a�r�m� 

�p�e�r�s�o�n�n�e�l� �a�g�r�e�e�d� �t�o� �r�e�m�o�v�e� �t�h�e� �c�e�n�t�e�r� �p�o�r�t�i�o�n�s� �o�f� �t�h�e� �i�m�p�o�u�n�d�m�e�n�t�s�,� �t�h�u�s� �a�l�l�o�w�i�n�g� �t�h�e� 

�s�t�r�u�c�t�u�r�e�s� �t�o� �d�r�a�i�n�.� 

�T�h�e� �i�n�c�r�e�a�s�e�s� �i�n� �a�v�e�r�a�g�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �f�l�o�w�-�w�e�i�g�h�t�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �a�n�d� �l�o�a�d�i�n�g� �o�f� �t�o�t�a�l� 

�s�u�s�p�e�n�d�e�d� �s�o�l�i�d�s� �o�n� �t�h�e� �N�o�r�t�h� �B�e�n�d�e�r� �F�a�r�m� �a�f�t�e�r� �B�M�P� �i�n�s�t�a�l�l�a�t�i�o�n� �r�e�f�l�e�c�t� �i�m�p�r�o�p�e�r� �s�i�t�e� 

�r�e�s�t�o�r�a�t�i�o�n� �f�o�l�l�o�w�i�n�g� �B�M�P� �c�o�n�s�t�r�u�c�t�i�o�n� �a�n�d� �n�o�t� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �B�M�P�.� �I�t� �1�s� �b�e�l�i�e�v�e�d� �t�h�a�t� �t�h�e� 

�s�o�i�l� �u�s�e�d� �f�o�r� �t�h�e� �c�o�n�s�t�r�u�c�t�i�o�n� �o�f� �t�h�e� �r�e�t�e�n�t�i�o�n� �s�t�r�u�c�t�u�r�e�s� �a�n�d� �t�h�e� �s�p�r�i�n�g� �d�e�v�e�l�o�p�m�e�n�t� �i�s� �t�h�e� 

�s�o�u�r�c�e� �o�f� �t�h�e� �i�n�c�r�e�a�s�e�s� �i�n� �T�S�S� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�n�d� �l�o�a�d�i�n�g�s� �a�n�d� �n�o�t� �f�r�o�m� �s�o�i�l� �w�h�i�c�h� �w�o�u�l�d� 

�h�a�v�e� �b�e�e�n� �d�i�s�l�o�d�g�e�d� �f�r�o�m� �t�h�e� �s�t�r�e�a�m� �b�a�n�k� �d�u�e� �t�o� �c�a�t�t�l�e� �t�r�a�m�p�l�i�n�g�.� �T�h�i�s� �c�o�n�c�l�u�s�i�o�n� �i�s� 
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�C�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �t�o�t�a�l� �n�i�t�r�o�g�e�n� �(�T�N�)�,� �a�m�m�o�n�i�u�m� �(�N�H�4�)� �a�n�d� �s�e�d�i�m�e�n�t� �b�o�u�n�d� �n�i�t�r�o�g�e�n� �o�n� 
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�p�r�i�m�a�r�i�l�y� �s�u�m�m�e�r�t�i�m�e� �p�o�s�t�-�B�M�P� �p�e�r�i�o�d�,� �a�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �w�i�n�t�e�r�t�i�m�e� �p�r�e�-�B�M�P� �p�e�r�i�o�d�.� 
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