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ABSTRACT 

In areas designated as having complex water quality problems, the chal
lenge for 208 planning is to develop nonpoint pollution control strategies 
that are acceptable to the affected political jurisdictions and interest 
groups. This study's thesis is that acceptance of a nonpoint pollution 
control strategy by an individual jurisdiction requires the expectation 
of receiving positive net benefits. The overal I objective of this research, 
therefore, was to investigate how local compensation payments can be 
used to encourage acceptance of nonpoint pollution control strategies 
to ensure that no jurisdiction incurs costs in excess of benefits. 

Using a I inear programming (LP) framework that al lows the integration 
of physical, economic, and political aspects of pollution control policy, 
the report uses Northern Virginia's Occoquan Basin as a case study to 
illustrate the potential of distributional factors in discouraging accept
ance of pollution control strategies that maximize net benefits. Also illus
trated within the LP framework is the cost of encouraging acceptance 
of strategies by allocating nonpoint control according to other criteria. 
The findings of the research shou Id encourage planners and researchers 
to consider explicitly the distributional impediments to successful imple
mentation of non point pollution control. The report cal Is for the devel
opment of regional water quality management agencies with authority 
to raise revenues and offer compensation payments. 

Key Words: Nonpoint Pollution Control, 208 Planning, Water Quality, 
Cost Distribution, Benefit Distribution, Occoquan Basin 





INTRODUCTION 

I. General Background: 208 Planning 

The Clean Water Act of 1977 is the most recent expression of national 
concern over the quality of the nation's waters. Perhaps the most unique 
feature of the Act, in contrast to previous legislation, is its recognition 
that water quality problems derive from nonpoint as well as point sources 
of waste discharges. Point sources, predominantly industrial and munici
pal pipe discharges, have been the objects of previous programs. Nonpoint 
(or diffuse) sources refer to discharges that are carried off the land by 
storm runoff. Research indicates that if sufficient attention is not given 
to nonpoint sources, the goals of the Act cannot be attained [U.S. Gen
eral Accounting Office, 1978a]. Continued efforts to reduce point dis
charges are called for in Section 201 of the Act, which provides for sew
age treatment facilities planning; Section 402, which established the 
National Pollutant Discharge Elimination System (NPDES), a program 
limiting by permit the amount of pollutants discharged by point sources 
into receiving waters; and Section 303(e), which provides for river basin 
plans to establish the overall framework for point source control in each 
river basin. 

The Act's attention to nonpoint waste discharges that lead to water qual
ity deterioration is found in Section 208, which was included "for the 
purpose of encouraging and facilitating the development and implemen
tation of areawide waste treatment management plans .. . [which] sh al I 
contain alternatives for waste treatment management, and be applicable 
to all wastes generated in the area involved" (emphasis added). Section 
208 called for designation by the states of multijurisdictional areas with 
complex water quality problems. In Virginia, 7 of these areas cover 34 
of the state's 94 counties. Designated agencies-in most cases, existing 
planning agencies or combinations thereof-received 100 percent federal 
funding to develop 208 plans. The Virginia State Water Control Board 
is responsible for 208 planning in nondesignated areas of the state. The 
208 planning process initially concentrated on point source control, but 
now its primary focus has shifted to control of non point waste discharges 
with in the designated areas, which encompass several local political ju ris
dictions. 

The multiple jurisdictions within the 208 area have two planning activi
ties that must be considered simultaneously. One activity is to establish 
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the water quality goals that will be pursued. Industrial and municipal 
point sources must meet effluent discharge standards determined outside 
the 208 process. However, there are few, if any, legally specified receiving 
water quality standards or nonpoint discharge standards which constrain 
the 208 agency in developing set specific nonpoint control strategies. 
Therefore, the jurisdictions are faced in the course of the 208 planning 
process with determining how much nonpoint control, as an incremental 
addition to point source control, is justifiable on broadly defined benefit 
and cost grounds. 

The second activity is to identify alternative nonpoint control strategies 
to be implemented for meeting water quality goals. These include specific 
nonpoint control measures such as streetsweeping in urban areas or shifts 
in agricultural land use practices. Since implementation of non point con
trol measures by local jurisdictions is voluntary, one may assert that a 
nonpoint control strategy must be acceptable to all affected jurisdictions 
if the plan is to be adopted. Many factors may affect the acceptability 
of a multijurisdictional nonpoint control strategy by individual local 
jurisdictions. However, one of the most important would be the individ
ual local jurisdiction's perception of the benefits and costs that can be 
expected to accrue to its residents if a particular strategy is implemented. 
For purposes of this analysis, the assertion is made that acceptance by 
an individual local jurisdiction will require expected net benefits to the 
jurisdiction to be positive. -Thus, a jurisdiction which expects a small 
amount of benefits associated with water quality improvement to accrue 
to its residents wou Id not be expected to accept a strategy that wou Id 
result in its residents bearing a larger amount of costs. Acceptance may 
also be expected to depend on the intrajurisdiction distribution of net 
benefits. Though a jurisdiction may face positive net benefits overall, a 
strategy may not be acceptable if groups within the jurisdiction face sig
nificant net costs. 

A more comprehensive analysis of the acceptability of nonpoint pollu -
tion control strategies in a particular area might include consideration 
of the potential for trade-offs within a multi-issue framework, the power 
to coerce, or the threat of state or federal intervention. The possibility 
of "vote-trading" in political decision making expands the range of issues 
over which a net benefit criterion must hold [ Kneese and Bower, 1979]. 
It is conceivable, too, that some local jurisdictions may have the power 
to force another local jurisdiction to agree to a control strategy which 
results in negative net benefits to it, evidently because it expects to be 
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worse off in some way if it does not agree [Dorfman and Jacoby, 1972]. 
Also, the threat of intervention by the state or federal government may 
lead a local jurisdiction to implement "Best Management Practices" 
(BM P's) against its apparent best interests. BM P's are defined as "a prac
tice or combination of practices determined ... to be the most effec
tive, practicable means of preventing or reducing the amount of pollution 
generated by nonpoint sources to a level compatible with water quality 
goals" (State Water Control Board). These additional factors that may 
influence acceptability deserve further attention in the context of 208 
planning for designated areas. 

The challenge for the 208 planning process, then, is to develop nonpoint 
control strategies which at the same time promise positive net social 
benefits and are acceptable to the various political jurisdictions. The ideal 
would be to identify the strategy that maximizes net social benefits, 
while also being acceptable. 

However, the nonpoint control strategy that maximizes net social bene
fits is unlikely to result in positive benefits to each 208 jurisdiction and 
to all groups within each 208 jurisdiction. For example, maximization 
of net benefits to a two-jurisdiction area may require that nonpoint con
trol measures be applied only to land in the first jurisdiction (i.e., if non
point control is more cost effective in the first), when benefits accrue 
exclusively to persons in the second jurisdiction. Though extreme, such a 
case illustrates how distributional factors may prohibit consensus among 
jurisdictions on the strategy that maximizes net social benefits. 

This potential problem of multijurisdictional acceptance of net benefit
maximizing strategies suggests a role for mechanisms for providing pay
ments by those who benefit to those who bear costs. There is some prece
dent for such payment mechanisms in the area of water quality manage
ment. In the United States, funds have been given to municipalities from 
the general treasury to improve sewage treatment processes. Since the 
1930's federal funds have been offered to farmers, through the Agricul
tural Conservation Program (ACP), for implementing agricultural prac
tices that reduce soil erosion and thus improve water quality. The new 
Rural Clean Water Program, funded in fiscal year 1980 on an experimen
tal basis to provide federal cost-sharing funds for projects on 13 critical 
watersheds across the nation, will involve extensive implementation of 
agricultural BMP's. However, federal funding for payment programs 
directed at urban and agricultural nonpoint control will almost certainly 
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be far less than necessary to overcome distributional impediments to 
mu ltiju risdictional acceptance of nonpoint control strategies in most 
designated 208 areas. Therefore, given a lack of significant federal fund
ing, local compensation is likely to be required in order to ensure multi
jurisdictional acceptance of nonpointcontrol strategies designed to maxi
mize net social benefits [see Hartley and Price, 1975; Allee et al., 1977; 
Castrilli and Dines, 1978; U.S. General Accounting Office, 1978b; Hamil
ton and Libby, 1979]. 

The Occoquan River Basin in Northern Virginia can serve as a case study 
to illustrate arguments made above. The Occoquan Basin example is used 
here only to illustrate the potential for distributional factors to discour
age basinwide acceptance of nonpoint pollution control strategies that 
maximize net benefits. Additional analyses would need to be conducted 
before specific recommendations for the Occoquan Basin could be made. 

11. The Occoquan River Basin Situation 

The Occoquan River Basin in Northern Virginia is included in the Wash
ington, D.C., metropolitan 208 planning area. The 9.8-billion-gallon Oc
coquan Reservoir, constructed in 1957, drains the 584-square-mile Basin. 
Included in the Basin are parts of six political jurisdictions: the four 
counties of Fairfax, Fauquier, Loudoun, and Prince William; and the two 
cities of Manassas and Manassas Park (Figure 1 ). The current and pro
jected extent of urbanization decreases while the proportion of land in 
agricultural uses increases from Fairfax County to Prince William County 
to Fauquier County. Water quality management in the Occoquan Basin 
has had an interesting history. 
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In the late 1960's, classical symptoms of "cultural eutrophica
tion" were observed in the water supply impoundment. Follow
ing a one-year study of water qua I ity problems in the watershed, 
the State Water Control Board (SWCB) in 1971 promulgated a 
policy for regional wastewater management which has proven to 
be one of the nation's most ambitious, far-reaching water qua I ity 
management programs. The SWCB 's ''Occoquan Pol icy" required 
that the jurisdictions in the basin replace eleven major secondary 
sewage treatment plants with a regional advanced wastewater 
treatment (AWT) plant that would be situated immediately up
stream from the Occoquan Reservoir. The $83-million Occoquan 
treatment plant began treatment operations in mid-summer 1978. 



The Occoquan Policy was founded on the assumption that sec
ondary wastewater treatment plants and agricultural runoff rep
resented the major sources of plant nutrients that were degrading 
the quality of Occoquan Reservoir waters. Consequently, at the 
time of policy promulgation, it was assumed that construction 
of the regional AWT plant would not only eliminate wastewater 
sources of the contaminants but that it would also reduce non
point pollution loadings by accelerating the conversion of agri
cultural land to suburban development [Northern Virginia Plan
ning District Commission (NVPDC), 1978, p. 2] . 

However, monitoring of surface water quality and nonpoint pollution 
loads by the Occoquan Watershed Monitoring Laboratory (OWM L), 
which was created in 1972, had indicated that the AWT plant may not 
resolve all water quality problems. The discovery that rates of nutrient 
loading from urban land uses were generally higher than rates from agri
cultural land (other than conventionally tilled cropland) suggested that 
conversion of much of the rural land to urban uses could be expected 
to increase over time the level of nutrient loading from nonpoint runoff 
to the Occoquan Reservoir [NVPDC, 1978]. Thus, even with the AWT 
plant on line, increasing levels of nonpoint waste loading may be expected 
to lead to further water quality deterioration. 

The water quality in the Occoquan Reservoir is of concern because the 
reservoir is a major water supply source and recreational fishing site in 
the area. It currently provides water supply for more than 600,000 per
sons. Most reside in Fairfax County, with almost 100,000 in Prince Wil 
liam County, and slightly more than 100,000 in the City of Alexandria, 
which is outside the Occoquan Basin. In addition, annual recreational 
fishing visits are currently about 41,000, made primarily by residents of 
Fairfax County, Prince William County, and the jurisdictions located be
tween the Occoquan Basin and Washington, D.C. (because of the locali
ties' locations and relatively large populations). 

In January 1978, a basinwide nonpoint pollution management pol icy 
was formulated by a multijurisdictional study group for inclusion in the 
Washington, D.C., metropolitan area's 208 plan . The policy was approved 
by the six jurisdictions in the basin during the formal review of the 208 
plan in the spring of 1978. 

[The 208 Occoquan Policy] requires the basin's jurisdictions to 
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develop local programs to control nonpoint pollution from future 
development and establishes a regional nonpoint pollution man
agement program that is to be administered by a Policy Board 
composed of either governing board representatives or chief ad
ministrative officers of participating jurisdictions. The program 
will rely upon a computer-based model of the Occoquan Basin 
which will be used to establish nonpoint loading targets for the 
basin's jurisdictions and to monitor the multijurisdictional im
pacts of local land-use changes [ NVPDC, 1978, p. 1]. 

Although the jurisdictions have not established nonpoint loading targets, 
they have endorsed a goal of minimizing further deterioration of Occo
quan Reservoir water quality through voluntary implementation by the 
jurisdictions of urban and agricultural BM P's. The establishment of this 
goal achieves the first of two purposes of 208 planning. The remaining 
task is to specify a plan of action to gain implementation of agricultural 
and urban BMP's to achieve the goal. 

As of early 1979 the 208 planning process had been focused primarily on 
implementation of urban nonpoint source control. Detailed analyses 
were conducted on the effectiveness of streetsweeping programs imple
mented by public agencies for controlling runoff from existing urban 
development, and on the effectiveness of sediment detention basins to 
be built by private developers. Since then, increased attention has been 
given to the potential for agricultural BMP implementation by private 
landowners. There is little question that urban development will contrib
ute to a future decline in crop and pasture land acreage in the basin. 
However, significant acreages of agricultural land will remain, with the 
potential for contributing to water quality degradation. 

111. Objectives of the Study 

The overall objective of this study was to investigate how local compen
sation payments can be employed to encourage acceptance of nonpoint 
pollution control strategies that maximize net social benefits. The spe
cific objectives were: 

8 

1. To develop a general empirical model for identifying the net 
benefits and the distribution of net benefits associated with al
ternative nonpoint pollution control strategies. 



2. To illustrate, using the case of the Occoquan Basin, how non
point pollution control strategies that maximize net social bene
fits are likely to have net benefit distributions that discourage 
acceptab i I ity. 

3. To illustrate, using the case of the Occoquan Basin, how local 
compensation payments can be employed to encourage accept
ability of nonpoint pollution control strategies. 

4. To illustrate, using the case of the Occoquan Basin, the cost 
of encouraging acceptability of nonpoint pollution control strat
egies without employment of compensation payments. 

IV. Outline of the Report 

"Theory and Model" (p. 1 O) presents the underlying theory and empiri
cal model. "Case Study Analysis" (p. 18) examines the acceptability of 
alternative nonpoint pollution control strategies, and "Recommenda
tions" (p. 24) outlines the results for 208 planning and further research. 
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THEORY AND MODEL 

An empirical model was designed to address the principal thesis of this 
study: the nonpoint pollution control strategy that maximizes net bene
fits may have a net benefit distribution that makes it politically unaccept
able. A brief theoretical discussion will help to explain the model's devel
opment. 

I. Theoretical Considerations 

Consider a 208 planning situation in which there are two separate politi
cal jurisdictions which must implement a nonpoint pollution control 
strategy. Each jurisdiction has urban and agricultural sources of nonpoint 
pollution, and each receives benefits from water quality improvement. 
Figure 2(a) indicates the marginal cost of improving water quality by 
application of urban and agricultural BMP's in jurisdiction 1 (MC1) and 
the marginal benefits to th is jurisdiction of improvements in water qua I ity 
(MB 1 ). Figure 2(b) indicates the marginal costs of improving water quality 
by application of urban and agricultural BMP's in jurisdiction 2 (MC2 ) 

and the marginal benefits to this jurisdiction of improvements in water 
quality (MB2 ). 

The areawide marginal cost and marginal benefit curves in Figure 2(c) 
are derived from those of the individual jurisdictions in Figures 2(a) and 
2(b) in the following ways. The areawide marginal cost curve, r.MC, is 
the horizontal sum ofthe two individual jurisdiction marginal cost curves, 
MC 1 and MC2 . The areawide marginal benefit curve, r.MB, however, is 
the vertical sum of the individual jurisdiction marginal benefit curves, 
MB 1 and MB2 . This is so because each unit of water quality improve
ment provides benefits to both jurisdictions; that is, it is a "public" rather 
than a "private" good. 

The net benefit-maximizing level of water quality improvement is indi
cated in Figure 2(c) by the intersection of the "f-MB and r.MC curves. If 
less than 0 * units of improvement are provided, net benefits are less 
than maximum because the benefits of providing additional units up to 
0 * are greater than the cost of doing so. If more than 0 * units of im
provement are provided, net benefits are less than maximum because 
the cost of providing additional units beyond 0 * are greater than the 
benefits of doing so. To provide 0 *units of water quality improvement 
at minimum cost and thus maximize net benefits, nonpoint control be-
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tween the two jurisdictions must be distributed according to the equi
marginal cost principle. Jurisdiction 1 provides Q 1 units of water quality 
improvement by implementing nonpoint control up to point B on MC 1, 

while jurisdiction 2 provides 0 2 units by implementing nonpoint con
trol up to point Hon MC2 . If more nonpoint control were provided by 
jurisdiction 1 and less by jurisdiction 2, the total cost of providing Q * 
units of water quality improvement would be higher than the minimum, 
because the cost of additional units of nonpoint control beyond B on 
MC 1 wou Id be greater than the cost of additional units of non point 
control up to Hon MC2 . 

Now the net benefits accruing to each jurisdiction can be identified by 
reference to the area under their marginal cost and marginal benefit 
curves. For jurisdiction 1, total costs are equal to OABC, while total 
benefits are equal to ODED*, indicating a large surplus of benefits over 
costs. However, for jurisdiction 2, total costs of OGHI are greater than 
total benefits of OJ KO*. It is uni ikely then that the net benefit-maxim iz
ing nonpoint control strategy would be acceptable to jurisdiction 2, with
out interjurisdictional compensation from jurisdiction 1. In addition, to 
the extent that water quality beneficiaries within any jurisdiction differ 
from those expected to implement BM P's, intergroup compensation may 
be required to ensure acceptability. 

The alternative to encouraging acceptance by reallocating costs with local 
compensation is encouraging acceptance by reallocating nonpoint control 
itself-from jurisdiction 2 to jurisdiction 1, in this case. However, as noted 
above, this involves a departure from adherence to the equi-marginal cost 
principle and thus higher-than-minimum total cost for providing Q* units 
of water quality improvement. 

11. The Empirical Model 

It was necessary to develop a model capable of identifying both the net 
benefits and distribution of net benefits of alternative nonpoint pollu
tion control strategies for a multijurisdictional 208 planning area. The 
most practical empirical approach for such an analysis is linear program
ming. This approach is illustrated by Dorfman and Jacoby [1972], whose 
linear programming model for analysis of water pollution control policy 
is directed toward point sources. The purpose of their model was to pro
vide a basis for explaining or predicting the outcome of the public deci
sion process. They assumed a regional commission with the power to 
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impose technical control strategies, but with no power to implement 
tax or subsidy schemes. The objective was to minimize costs of attaining 
a given level of water qua I ity, subject to technical constraints and "prac
ticability" constraints on the magnitude of negative expected net bene
fits that could be imposed on jurisdictions or groups. They illustrated 
how the model functions with hypothetical data applied to a hypotheti
cal situation. Of particular interest is their conclusion that a compen
sation scheme would allow the economically efficient (or net benefit
maximizing) control strategy to meet the "practicability" constraint. 

With minor modifications, the Dorfman-Jacoby linear programming ap
proach is used in this analysis. It is appropriate both for positive analysis 
of what kind of nonpoint pollution control strategy can be expected to 
result if implementation is to be accomplished without compensation 
and for normative analysis of what compensation payments wi 11 make 
net benefit-maximizing control strategies acceptable. Though the empir
ical model cou.ld be presented in complete generality, its specific charac
terization and use for the case of the Occoquan Basin is outlined below, 
in the hope that concreteness will contribute to understanding. 

The NVPDC water quality model mentioned in the introduction to this 
report simulates the typical hydrometeorological year, projecting runoff 
of several pollutants from the land in the Occoquan Basin and water 
quality response in the Occoquan Reservoir in terms of several param
eters. Discussion with NVPDC and OWM L staff suggested that to simplify 
the analysis, reductions in April-October average chlorophyll a concen
tration (CLA) in the Occoquan Reservoir could be used as a water quality 
indicator. Admittedly, CLA reflects only one aspect of water quality
algal productivity. However, from the standpoint of the problem of eu
trophication in the Occoquan Reservoir, C LA is perhaps the best single 
indicator of changes in water quality. For this reason, NVPDC staff rec
ommends that goals for nonpoint pollution management in the Occoquan 
Basin be established in terms of April-October CLA [NVPDC, 1979b]. 

Marginal cost functions for control of CLA in the Occoquan Reservoir 
were developed on a jurisdictional basis for each of the six jurisdictions 
with land in the Occoquan Basin. A marginal benefit function for the 
208 area was specified, based upon the 208 planning goal of minimizing 
further deterioration in the Occoquan Reservoir's water quality. The 
basis for the benefit calculation is discussed below. Jurisdictional mar
ginal benefit functions are based upon a distribution of municipal water 
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supply use and recreational fishing use of the Occoquan Basin impound
ments. Other benefits (for example, aesthetic benefits to nonusers) are 
assumed to be distributed as one of these two types is distributed or 
as some weighted average of the two distributions. A seventh marginal 
benefit function is specified for the City of Alexandria, the only juris
diction without land in the basin which stands to receive water supply 
benefits. An eighth marginal benefit function encompasses all jurisdic
tions which stand to receive recreational fishing benefits other than the 
six with land in the basin and the City of Alexandria. 

Since over the 27-year (1979-2005) planning period used by the NVPDC, 
land use and population are expected to change significantly, the mar
ginal cost and benefit functions can be expected to change as well. Thus, 
the net benefit-maximizing level of water qua I ity improvement and cost
minimizing set of BMP's may change over time. For this reason, three 
nine-year periods are represented by their mid-years-1983, 1992, and 
2001. Annual marginal cost and benefit functions are developed, and 
the LP analysis is carried out for each of these representative years. 

The following is a mathematical description of the basic linear program
ming model. Explanations of the objective function and each constraint 
are then given. 

The objective function to be maximized is represented as: 
8 8 
L NB(+); - L NB(-); ( 1) 

i = 1 i = 1 

subject to the following constraints: 

xij ~ X;i wherei = 1,2, ... ,6;j = 1,2, . .. ,n (2) 

6 n n 
- L L X ·· + L q ~ O IJ 

(3) 

i = 1 j = 1 j = 1 

q ~ Q (4) 

- q + Y; ~ 0 i = 1, 2, ... I 8 (5) 

- q + Z; ~ 0 i = 1, 2, ... I 7 (6) 
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n 
b(y); Y; + b(z); Z; - ~ cij X;j - NB(+);+ NB(-);~ 0 

j = 1 
(i = 1, 2, ... , 8) (7) 

n 
b ( y) r Y; + b ( z) i z i - ~ c ij x ij ~ pi ( i = 1 I 2 I • • • I 8) (8) 

j = 1 

where: 

i = 1, 2, , • • I 6 

i = 7 

i = 8 

NB(+); 

NB(-); 

q 

Q 

yfz;l 

14 

the six jurisdictions in the Occoquan Basin, 

the jurisdiction outside the Occoquan Basin that 
receives water supply benefits-the City of Alex
andria, 

= recreation beneficiaries outside the Occoquan 
Basin other than those in the City of Alexandria, 

the level of annual positive net benefits to bene
ficiary i, 

the level of annual negative net benefits to bene
ficiary i, 

the reduction in C LA (mg/I) in the Occoquan Res
ervoir per acre of control measure j applied in ju
risdiction i, 

the maximum acreage to which control measure 
j can be applied in jurisdiction i, 

units of C LA reduction in the Occoquan Reser
voir, 

a minimum bound on q, 

units of CLA reduction in the Occoquan Reser
voir along jurisdiction i's marginal benefit func
tion for recreation [water supply], 



b(y); [b(z) ;l 

P. 
I 

the cost (in 1979 dollars) per acre of apply ing 
control measure j in jurisdiction i, 

the recreational [water supply] benefits (in 1979 
dollars) to jurisdiction i per unit of CLA reduc
tion in the Occoquan Reservoir, 

a minimum bound on annual net benefits to bene
ficiary i. 

The maximand of the linear programming model is total annual net 
benefits associated with water quality improvement in the Occoquan 
Reservoir. The form results from the way in which benefits and costs 
are summed within the model. Only one of NB(+); or NB(-); will be non
zero for each beneficiary group. 

Within the linear programming model, the jurisdictional marginal cost 
functions for nonpoint control in the 208 area are stepwise horizontally, 
as depicted in Figure 3. Each segment represents a single BMP. The height 
of each segment in Figure 3 depends upon the cost per acre of applying 
the BMP and the effectiveness of the BMP in reducing CLA in the Occo
quan Reservoir. The type 2 constraints limit the length of each segment, 
as determined by the number of acres to which the BMP may be applied. 
An additional constraint is included where the alternative agricultural 
BMP's are substitutes for each other. The empirical analysis that estab
lished the position and length of each cost segment proceeded in four 
steps. 

First, the acreages of various land uses were estimated on a jurisdictional 
basis. Acreages of agricultural and urban land uses are reported for each 
year in Tables 1 and 2, respectively. Second, appropriate BMP's were 
identified for each land use. Third, the annual cost (in 1979 dollars) of 
employing these BMP's was estimated on a per-acre basis. Fourth, the 
effectiveness of these BMP'S in terms of CLA reductions in the Occo
quan Reservoir was estimated on a per-acre basis. The estimates of cost 
and effectiveness were made on a jurisdictional basis where possible. 
Though cost and effectiveness information is incorporated separately 
into the LP model, the information on costs and effectiveness per acre 
for each BMP considered is combined to arrive at cost per unit of CLA 
reduction in the Occoquan Reservoir, which is reported in Tables 3 and 

I 

4. Detailed discussion of the analysis of BMP costs and effectiveness is 
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found in Appendix A (agricultural) and Appendix B (urban). 

Constraint 3 sums the CLA reductions resulting from all BMP applica
tions across all jurisdictions. Constraint 4 allows a minimum CLA reduc
tion to be set exogenously. 

Type 5 and 6 constraints allocate the CLA reduction to the marginal 
benefit functions for each beneficiary. The marginal benefit functions 
are horizontal throughout, as in Figure 4, because data and resource limi
tations did not permit confident estimates of the two major types of 
water quality benefits. Thus, analysis of the acceptability of strategies 
that maximize net benefits was conducted under the assumption that 
marginal benefits were constant and of a level sufficient to justify main
taining the 1979 level of water quality in the Occoquan Reservoir by 
the least-cost strategy, as the 208 planning goal was interpreted for pur
poses of the least-cost analysis. "Case Study Analysis" (p. 18) examines 
the sensitivity of conclusions of this study to this assumption. To deter
mine the necessary level of marginal benefits, the minimum CLA reduc
duction was initially set at one unit and then increased successively by 
one unit, tracing out a marginal cost curve for basinwide control. In this 
process, BMP's were selected in decreasing order of cost effectiveness, 
which represents moving up the areawide marginal cost curve of Figure 
2(c). Marginal benefits were set to equal marginal cost at the CLA reduc
tion necessary to attain the goal, as in Figure 5. This was done for each 
of the three representative years in the planning period. 

Then, marginal benefits were alternatively distributed among jurisdic
tions in the same way that recreational fishing activity days and MG D's 
of water supply use are distributed among jurisdictions. Though benefits 
(including aesthetic benefits to nonusers) are almost certainly distributed 
according to some weighted average of the distributions of these two 
benefit types, the use of the two extreme cases allowed the results of 
intermediate alternatives to be deduced by interpolation. Table 5 shows 
the distribution of water supply use by jurisdiction, while Table 6 shows 
the distribution of recreational fishing use by jurisdiction. A detailed 
discussion of these distributions is found in Appendix C. 

Constraint 7 sums the costs and benefits accruing to each beneficiary to 
arrive at net benefit figures for each. To complete the second and third 
objectives of this research, the elements of vector P; in constraint 8, 
which represent the minimum acceptable level of net benefits for each 
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beneficiary, were set at negative infinity (that is, the distributional con
straint for acceptance is relaxed). The model was run to determine wheth
er any jurisdictions face negative net benefits under the strategy that 
maximizes net social benefits (that is, whether the strategy is likely to 
be unacceptable). The results of this model run suggested the type and 
extent of local compensation payments which may be necessary to en
courage acceptability of this strategy. To complete the fourth objective 
of the study, the cost of several alternative methods for encouraging 
acceptance by reallocating nonpoint control itself was determined as 
follows. 

First, the elements of vector P; in constraint 8 were set at zero (that is, 
the distributional constraint for acceptance was imposed). The cost of 
meeting the 208 goal while meeting the distributional constraint without 
compensation was determined for comparison with the minimum cost 
of meeting the 208 goal. Second, the model was constrained to require 
the distribution of nonpoint control costs to be the same as the distri
bution of benefits. In this way, no matter what the absolute magnitude 
of total benefits, net benefits would be distributed among jurisdictions 
in the same proportion as costs. This would reflect a more restrictive 
distributional requirement for acceptance than the non-negative net bene
fit requirement. Again, the cost of meeting the 208 goal without compen
sation payments was determined. Third, the model was constrained to 
require the distribution of nonpoint control, as indicated by water qua I ity 
improvement, to be the same as the distribution of future increases in 
nonpoint pollution loading, as represented by the distribution of future 
urban development. Once again, the cost of meeting the 208 goal with
out compensation payments was determined. 
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CASE STUDY ANALYSIS 

The analysis of the problem of acceptance of nonpoint pollution control 
strategies proceeded as follows. The information on the cost effective
ness of BMP's was incorporated into the LP model. The cost-minimizing 
strategy for reducing C LA in the Occoquan Reservoir from its projected 
level without any nonpoint control to the 1979 level was determined for 
1992 and 2001 only. This was done because expected continuation of 
the shift from conventional tillage to minimum tillage suggested that the 
water quality in the Occoquan Basin would not be significantly poorer 
in 1983 than in 1979. However, only the 1992 analysis is reported below 
since the results of the 2001 analysis were not qualitatively different. 

I. Least-Cost Solution Without Acceptance Constraint 

The LP model application identified the cost-minimizing strategy for at
taining the 1.75 unit reduction in CLA needed to meet the 208 goal in 
1992 without any requirement that all jurisdictions receive positive net 
benefits. Table 7 shows for each jurisdiction the acreage of agricultural 
and urban BMP's, total costs for agricultural and urban BMP's, and the 
benefits distributed according to water supply use and recreation use. 
The solution shown involves a shift of 60 percent of the land in contin
uous corn to CCAAAA or CC(WH)HH and multipurpose modification 
of stormwater detention basins for all new development. With marginal 
benefits set at $275,000 per unit reduction in CLA, a level sufficient to 
justify a 1.75 unit reduction in CLA, the net benefit distributions asso
ciated with this strategy were determined, as indicated in Table 8, col
umns a and b. Though net benefits overall are $146,925, at least two 
jurisdictions face negative net benefits, as is illustrated in Table 8. Thus, 
a problem with acceptance could be expected. 

11. Local Compensation Payments 

Local compensation payments might be offered to encourage acceptance 
of the net benefit-maximizing strategy. In the first instance, with bene
fits distributed according to water supply use, it would appear that an 
acceptance criterion requiring non-negative net benefits to each jurisdic
tion overall could be met by transferring $140,704 from Fairfax County 
and the cities of Manassas and Alexandria to Fauquier, Loudoun, and 
Prince William counties and the City of Manassas Park. However, the dis
tribution of net benefits within jurisdictions is also an important factor 
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in consideration of a strategy's acceptability to a jurisdiction. In practice, -
then, the compensation flow will need to be from water quality bene
ficiaries to those agricultural landowners and private developers who 
implement BM P's ·and those jurisdictions which implement urban street
sweeping. Thus, total BMP cost is used to represent the maximum amount 
of revenue that may need to be raised from water quality beneficiaries 
to provide for compensation. However, since the cost of private and 
public urban BMP's such as those in this study is likely to be spread 
broadly among many urban residents, these BM P's could perhaps be re
quired without providing compensation. This would reduce the amount 
of revenue to be raised from water quality beneficiaries. 

The total BMP cost is $335,633, and includes $101,407 for agricultural 
BMP's and $234,226 for urban BMP's. If the total BMP cost is raised 
from water quality beneficiaries based on the distribution of water supply 
use and the revenue is given as compensation payments to those who 
actually implement BMP's, the resulting interjurisdictional distribution 
of net benefits would be as indicated in column c of Table 8. Those who 
actually bear the cost of private BM P's would be fully compensated for 
that cost and thus better off to the extent that they personally benefit 
from water quality improvement. 

One mechanism for raising funds for compensation in this case would 
be a water bill surcharge for customers served by Occoquan Basin water 
supplies. Given an estimated population of 832,700 which would be 
served in 1992, the annual per capita surcharge required would need to 
be $0.40. Given the existing billing systems, additional administrative 
costs would be minimal. 

Second, consider the case in which benefits are distributed according to 
recreational fishing use. In this case, compensation of $80,666 to Fau
quier and Loudoun counties from the other jurisdictions would meet 
the narrow interjurisdictional acceptance criterion. As above though, 
compensation up to the total BMP cost may be required to adjust the dis
tribution with in jurisdictions. Transfer of th is amount from water qua I ity 
beneficiaries, raised according to the distribution of recreational fishing 
use to those who actually implement BMP's, results in the interjurisdic
tional distribution of net benefits presented in column d of Table 8. 

The most appropriate mechanism for raising funds for compensation in 
this case would be a recreational fishing use fee. Given approximately 
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67 ,000 visits in 1992, a fee of $5.00 per visit would be necessary to pro
vide the total BMP cost if the fee did not affect the level of use. Since a 
fee of this magnitude would undoubtedly reduce use, it would appear 
necessary to supplement the recreational fishing use fee. Since certainly 
some level of nonuser benefits would accrue to the area population in 
general, one possibility would be to raise funds for compensation with 
a per capita fee from all the jurisdictions in the general area, distributed 
according to estimates of recreational fishing use perhaps. With a pro
jected area population of 1.3 million in 1992, the average per capita fee 
necessary to provide the total BMP cost would be $0.26. Of course, a 
combination of recreation fees and water bill surcharges could also be 
used to raise revenues. 

111. Encouraging Acceptance by Reallocating Control 

The fourth objective of this study was to estimate the cost of encourag
ing acceptance by reallocating nonpoint control itself rather than by 
reallocating costs with local compensation. First, an attempt was made to 
estimate the cost of a 1.75 unit reduction in CLA with the non-negative 
benefit constraint in effect, for comparison with the minimum cost. How
ever, given the set of BMP's and applicable acreages in the model, such a 
CLA reduction could not be attained because BMP's could be applied 
on a very limited scale in jurisdictions which received relatively small pro
portions of the benefits. Under the water supply benefit distribution, 
the maximum CLA reduction possible was 0.51 at a cost of $82,258. 
For comparison, the minimum cost for a CLA reduction of 0.51 was 
$51, 774. Under the recreational fishing benefit distribution, the maxi
mum CLA reduction possible was 1.13 at a cost of $232,581, while the 
minimum cost for a CLA reduction of 1.13 was $170,515. Thus, the 
cost of meeting the non-negative net benefit constraint by reallocating 
nonpoint control itself was 36 to 59 percent higher than by real locating 
costs with local compensation. Also, the above analyses do not account 
for with in-jurisdiction distribution problems. If these were considered, 
costs would rise still further. 

IV. Alternative Acceptance Criteria 

Two alternative acceptance criteria were considered in the context of 
the fourth objective. The first criterion was that costs be distributed 
among the jurisdictions in the Occoquan Basin in the same proportion 
as benefits. Thus, net benefits would be distributed in the same propor-
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ti on as costs; or to state it differently, the benefit-cost ratio for each juris
diction would be equal. This criterion requires the surplus of benefits 
over costs to be shared in an "equitable" way. With costs distributed 
according to the water supply distribution of use, the maximum CLA 
reduction attainable was 1.56 units at a total cost of $500, 163. The mini
mum total cost to attain a 1.56 unit of reduction in CLA was $283,281. 
With costs distributed according to the recreational fishing distribution 
of benefits, the total cost to attain a 1.75 unit reduction in CLA was 
$502,898, compared to the minimum cost of $335,633. The cost of 
these strategies designed to encourage acceptance by real locating control 
itself according to th is criterion was thus 50 to 76 percent higher than 
the minimum total cost. 

The other criterion considered was based on a proposal for the al location 
of pollutant loading reductions made by the Occoquan Basin Study 
Group (see "Introduction," p. 3). This criterion required the distribu
tion of pollutant loading reductions among jurisdictions in the Occoquan 
Basin to be proportional to the distribution of pollutant loading increases 
associated with projected urban development. This criterion was opera
tionalized in the LP model by requiring CLA reduction by jurisdiction 
to be distributed according to the distribution of total phosphorus load
ing increases associated with projected urban development. With non
point control distributed in such a way as to satisfy this requirement, 
total cost of a 1.75 unit reduction in CLA was $525, 176, which is 56 
percent higher than the minimum total cost. 

V. Sensitivity to Benefit Estimates 

The interjurisdictional distributions of net benefits associated with the 
net benefit-maximizing control strategy are dependent upon the nature 
of the marginal benefit curve assumed; so, too, are the maximum CLA 
reductions possible and higher costs associated with reallocation of non
point control itself to encourage acceptance. If, instead of being hori
zontal at a level sufficient to justify attainment of the water quality goal, 
the marginal benefit curve were steeply downward-sloping with the same 
marginal benefits at 1.75, each jurisdiction's net benefits would be higher, 
and acceptance would be more likely. In addition, the maximum possible 
C LA reductions wou Id be larger, and the cost differentials for the two 
methods of encouraging acceptance would be smaller. This is because 
jurisdictions whose BMP implementation was constrained by virtue of 
their receiving relatively small proportions of the benefits would receive 
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more benefits per unit of CLA reduction up to 1.75 units and thus be 
willing to implement additional BMP's. 

The level of benefits assumed for a 1. 75 reduction in C LA (marginal bene
fits were constant at $275,000 per unit reduction) implied that total 
benefits were $482,558, compared with total costs of $335,633. This 
represents a benefit-cost ratio of 1.44. Of interest here is how large total 
benefits wou Id need to be to give all jurisdictions positive net benefits 
for the least-cost control strategy. 

Under the water supply use distribution of benefits, total benefits would 
have to be $2,341,376 in order for Fauquier County to face non-negative 
net benefits with the cost-minimizing strategy for attaining a CLA reduc
tion of 1.75. This would represent a benefit-cost ratio of6.97. However, 
in this instance, Loudoun County and Manassas Park City do not receive 
any water supply benefits, so some interjurisdictional compensation may 
still be needed unless these jurisdictions receive recreational benefits suf
ficient to compensate them for their costs. Loudoun County would bear 
costs of $26,331 and receive approximately 2,580 days of recreational 
use. For recreation benefits to equal BMP costs within the jurisdiction, 
the addition to recreation value of the improved water quality would 
need to be $10.21 per day. This is a value for this type of recreation well 
beyond that found in the literature on recreational values [Dwyer, Kelly, 
and Bowes, 1977]. 

Of course, the above discussion focuses only upon the interjurisdktional 
net benefit distribution. To the extent that the least-cost strategy calls 
for implementation of some agricultural BM P's, then recreation and water 
supply benefits would need to be still higher for individual farmers to 
receive positive net benefits without compensation. Clearly, still higher 
benefits are unlikely to be the case. Thus, conclusions regarding the like
lihood of a problem with acceptance of net benefit-maximizing nonpoint 
control strategies, the potential for use of local compensation to encour
age acceptance, and the cost of encouraging acceptance by reallocating 
nonpoint control itself rather than reallocating costs with local compen
sation can be made with some confidence. 

VI. Conclusion 

In concluding this discussion of the Occoquan Basin, it should be noted 
that there are certainly factors other than the narrow benefit-cost assess-
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ment incorporated into the LP model which may affect local jurisdic
tions' attitudes toward participation in a nonpoint pollution management 
program. On the positive side, trade-offs could occur within a multi-issue 
framework; that is, cooperation in the area of nonpoint pollution man
agement might be given in order to encourage reciprocal cooperation on 
other regional issues. Also, local jurisdictions might succumb to formal 
or informal pressure from state and federal agencies to implement BM P's. 
On the negative side, the alleged inequity in the distribution of costs asso
ciated with the advanced waste treatment (AWT) plant which recently 
began operation in the Occoquan Basin may be discouraging coopera
tion in nonpoint pollution management. At this time, some of the same 
upstream jurisdictions which are being asked to participate in the non
point pollution management program perceive that they are paying ex
tremely high sewage rates to provide for tertiary treatment while many 
of the water quality beneficiaries are paying nothing. The idea of com
pensation from water quality beneficiaries to the AWT plant customers 
has been discussed in the past but without any action being taken. 
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RECOMMENDATIONS 

Th is research has suggested a potential for distributional factors to im
pede multijurisdictional acceptance of nonpoint pollution control strate
gies designed to maximize net social benefits. The linear programming 
(LP) framework developed allowed for integration of physical, economic, 
and political aspects of nonpoint pollution control policy in a case study 
setting. Despite data and resource limitations, the information derived 
from the model did allow for illustration of the basic distributional prob
lem. In particular, illustration was provided of the way in which local 
compensation could be employed to increase the likelihood of multi
jurisdictional acceptance and the cost of encouraging acceptance by allo
cating nonpoint control according to some other criterion. This empirical 
framework should prove useful to planners and researchers who recog
nize a need to consider exp I icitly distributional impediments to success
ful implementation of nonpoint pollution control strategies. 

The findings of this study indicate that 208 planning should lead to the 
development of a regional water quality management agency, which 
(among other things) would have authority to raise revenues and offer 
compensation payments deemed necessary for implementation of non
point pollution control strategies. Such an agency may have a much 
broader mandate, however. The authority given such an organization 
may include, for example, planning for integration of point and nonpoint 
source control or implementation of certain BMP's such as large-scale 
sediment detention basins, Bromley et al. [1977], for example, discuss 
both existing and potential regional organizational structures for the 
provision of environmental quality services in Wisconsin. 

The agreement to create an agency with th is compensation mission might 
facilitate multijurisdictional acceptance and implementation of nonpoint 
source controls. A new agency might be created specifically for water 
quality management, or the authorities needed may be given to an exist
ing agency. The discussion that follows illustrates how a new agency 
might be designed and how it would operate. 

The agency would have a board of directors comprised of public officials 
for each jurisdiction in the 208 area. The board would have responsibility 
for setting general policy direction. Also, the agency would have its own 
administrative staff to implement the specific agency authorities. In par
ticular, raising and disbursing of funds for offering compensation as 
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necessary to encourage adoption of BMP's would be a primary agency 
mission. 

To complete this mission, the agency would pursue the following course 
of action. The agency staff would conduct an analysis to identify the least
cost means of achieving a water quality goal specified by the agency's 
board of directors. This analysis would indicate the location and distri
bution of costs among BMP types. Analysis would also be undertaken 
to determine the distribution of water quality benefits. The water qua I ity 
agency would then negotiate with agencies representing water quality 
beneficiaries (for example, water supply or recreational authorities) to 
reach agreement on one or more mechanisms for raising revenue for 
offering compensation to those who bear the costs of BMP implementa
tion. To the extent that the agency felt that certain BM P's cou Id be 
required without offering compensation, the revenue needs would be 
reduced. This point is discussed below. 

While the advantages of local compensation schemes may appear defen
sible, the practicality of such a scheme may be questioned. However, such 
a program was used in the past in the Miami River Conservancy District 
(MCD) following a 1913 flood. The problem was one of securing agree
ment among local people on a flood control plan for the river. 

[Though] the strategy of detention reservoirs along with certain 
channel improvements ... seemed to be the least cost solution 
to providing protection, the implementation of such a plan pre
sented some serious problems. The plan if implemented wou Id 
provide wide-ranging benefits along much of the river although 
many upstream areas on the Miami and some of its tributaries 
above the dams would be subjected to higher probabilities of 
flooding. This then presented a problem of potential income re
distribution between the upper and lower sections of the valley 
which meant that voluntary cooperation (without compensa
tion) was unlikely amongthedifferentpartsofthevalley [Giertz, 
1974, p. 65]. 

There was no regional agency with the necessary financial powers to carry 
out a flood control project; nor was there state or federal government 
cost sharing available as there is now. What occurred was the passage of 
the Ohio Conservancy Act which: 
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set up procedures for establishing districts as well as rules of gov
ernance. The districts were given broad powers such as the right 
of eminent domain and the power to tax both individuals and 
governments within the district with few restrictions. Two of the 
most important qualifications of the Act were that for any plan 
to be approved, the benefits must exceed the costs, and that there 
must be an equitable distribution of the costs assessed according 
to the benefits received [ G iertz, 197 4, p. 66]. 

The Miami Conservancy District came into being within a matter of days 
and, in the course of implementing the flood control project, interpreted 
equity to require that "each individual's benefit from increased flood 
protection plus compensation payment was supposed to exceed the sum 
of any damage plus the required tax payment" [Giertz, 1974, p. 68]. 
Giertz concludes: 

[T]he case of the MCD indicates that such a policy was an impor
tant asset in gaining the political acceptance of the program .... 
Without the payment of compensation to the losers from the 
beneficiaries of the program, the problem of reconciling the con
flicting interests of the various geographical segments along the 
river could well have grown to unmanageable proportions. It is 
likely, therefore, that the taxation and compensation scheme 
was not just desirable from the standpoint of equity, but in fact 
was such a vital part of the program that the provision of flood 
protection on an area-wide basis would have been impossible 
without it at that time [p. 69]. 

However, while an agency with authority to raise revenue and offer com
pensation may appear both desirable and feasible, such an agency would 
need to deal with several areas of uncertainty. First, it may be the case 
that urban BMP's can be required without compensation. Underlying 
the issue of acceptability is the question of who ultimately bears the 
cost burden for BMP implementation. In the case of urban BM P's im
plemented by public agencies (such as streetsweeping), it is clear that 
the cost burden is spread broadly across many individuals in proportion 
to their share of the local tax burden. In the case of private urban BM P's 
such as sediment detention basins, there is some reason to believe that 
most of the cost burden is passed on from developers to residents or 
businesses in the form of slightly higher sales or rental prices. Thus, the 
cost burden of private urban BMP's, too, is spread broadly over many indi-

26 



viduals, suggesting that acceptance of such urban BM P's may be gained 
without compensation. 

In the case of agricultural BM P's, however, the cost burden can generally 
be expected to remain with the individual farmer. Where BMP's are to 
be applied to only a very small fraction of the nation's agricultural land, 
prices will not be perceptibly affected. The individual farmer is a price 
taker and cannot pass on his higher costs in the form of higher prices. It 
is unlikely, therefore, that agricultural BMP'scould be implemented with
out compensation. 

This first point raises a second area of uncertainty-whether agricultural 
BMP implementation should be required or voluntary. One approach 
would be to require BMP's on selected acres and then offer full compen
sation for costs incurred. An approach based on voluntary adoption of 
BMP's would offer payment to whoever installs a BMP. These two al 
ternative approaches will have different information and enforcement 
costs-therefore making a choice between them difficult. The differences 
between these two approaches can be illustrated in two separate ways. 
First, suppose the cost of agricultural BM P's (in terms of expected reduc
tions in net returns) is not the same across al I acres and al I farmers, but 
rather is distributed symmetrically around the level for the average farm. 
In this case, requiring BMP adoption and then offering the average cost 
of adoption as the level of compensation would result in increases in ex
pected net returns on half the acreage and decreases on the other half. 
In such cases enforcement costs cou Id be expected to be relatively high 
since some farmers would be made worse off by regulation. In attempting 
to avoid relatively high enforcement costs, the information costs involved 
in identifying which half of the acreage would have lower-than-average 
costs would be relatively high. On the other hand, compensation at aver
age cost would be expected to result in voluntary BMP implementation 
on half of the acreage with less-than-average cost. Information costs 
would be relatively low. Since those farmers would be better off, enforce
ment costs would be relatively low. Increased rates of compensation 
could be used to induce BMP implementation on higher proportions of 
acreage, though total compensation would increase rapidly since the 
higher rates would have to be offered on all acreage. 

The above argument would appear to favor a voluntary approach since 
it has lower information and enforcement costs. However, from another 
perspective, this choice may not be as clear. Not only cost but also the 
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effectiveness of BMP's will vary across acreages within a land-use type. 
To the extent that research could determine the basis for such a variance, 
regulations could require (with compensation) BM P's for those areas 
where the cost effectiveness is highest first. This would reduce nonpoint 
waste loading at least BMP cost. However, the information costs for this 
regulatory program would be high. A voluntary approach, although it 
has minimum information and enforcement costs, would not ensure that 
maximum waste loading reductions per dollar of compensation were 
achieved unless the situation held that the acres causing the greatest pol
lution were those with the lowest cost for BMP adoption. A basic con
sideration, therefore, is the cost of research information necessary to 
establish which particular areas within a land type should adopt BMP's 
for maximum cost efficiency. 

The above discussion highlights the need to reduce the technical uncer
tainty faced by agencies with regard to costs and effectiveness of BMP's. 
In the area of agricultural BMP cost, little is known about how farm 
operator objectives other than expected net returns affect the rate of 
compensation necessary to induce BMP implementation. For example, 
elimination of the variance in a farmer's expected net returns may be of 
positive value to him. This may well be the case with no-till practices 
which hold spring moisture and lessen yield reductions in drought years. 
As a result, the variance associated with expected net returns would be 
reduced. In addition, the farmer may have non-income objectives, relat
ing to tradition or custom-for example, growing what he has always 
grown how he has always grown it. Surveys of farmers aimed at eliciting 

~ realistic estimates of what level of subsidy would be required to induce 
adoption of various BM P's may be a fruitful research endeavor. 

Additional information, too, on effectiveness of BMP's would certainly 
be of value. For agricultural BMP's in general, technical linkages between 
practices and pollutant loss remain to be firmly identified, as is illustrated 
in Appendix 8 . For urban BMP's, analysis of the effectiveness of non
structural alternatives which may be implemented at relatively low cost 
would likely be a fruitful endeavor-for example, a public education pro
gram designed to limit the amount and affect the timing of residential 
lawn fertilizer application. 

A final area of uncertainty facing the agency is the evaluation of water 
quality benefits. Better understanding of these benefits would appear 
particularly important given the likelihood that local compensation will 
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be necessary to encourage acceptance of nonpoint pollution control 
strategies. If the perception of water quality beneficiaries is that benefits 
are relatively low, their willingness to provide compensation for BMP 
implementation will be limited. 

However, efforts to reduce decision-making uncertainty can be expected 
to go only so far in improving our information base in the area of non
point pollution control, and at some time the benefits of further research 
in this area can be expected to fall below costs. What may be needed 
instead are experimental projects where the response of landowners to 
particular levels and forms of compensation for BMP implementation, 
the response of beneficiaries to particular levels of fees for raising reve
nue, and the response of water quality to BMP implementation can be 
observed under real-world conditions. Based upon such experience, ap
propriate adjustments in existing programs, as well as new programs, 
could be designed. 
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FIGURES 



FIGURE 1 
Location of the Occoquan Basin in Northern Virginia 
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FIGURE 3 
Stepwise Marginal Cost Curve for Jurisdiction i 

$ 

0 CLA reduction 

FIGURE 4 
Marginal Benefits Curve for Jurisdiction i 

$ 

0 CLA reduction 

FIGURE 5 
Specification of the Level of Marginal Benefits 
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TABLE 2 
Estimated Total Existing and Future Acreages 

of Urban Land Use in the Occoquan Basin 

Existing Acreage Future Acreage: 1979 to 

Jurisdiction 1979 1983 1992 2001 

Fairfax County 7,297 3,362 10,926 18,466 
Fauquier County 5,536 936 3,042 5, 141 
Loudoun County 1,158 486 1,590 2,669 

Manassas 2,502 306 988 1,669 
Manassas Park 525 65 209 352 
Prince William County 16,275 2,944 9,566 16, 168 

TABLE 3 
Agricultural BMP's Together with Cost and Cost Effectiveness* 

Average Annual CLA Reduction in the 
Cost per Acre bccoquan Reservoir per 

BM Pt (1979 dollars) * $1,000 of Application 

Shift from continuous corn 
to CCAAA rotation 7.00 .0149 

Shift from continuous corn 
to CC(WH)HH 18.25 .0068 

Shift from continuous corn 
to (WH)HH 30.25 .0056 

Shift from continuous corn 
to continuous hay 35.75 .0051 

Shift from CC(WH)HH to 
(WH)HH rotation 17.00 .0022 

Shift from CC(WH)HH to 
continuous hay 22.50 .0022 

*No significant difference in cost or effectiveness was expected across jurisdictions. 
tC =corn; A= alfalfa; W =wheat; and H = hay. 
* Reduction in expected net returns for shift from existing cropland use to rotation 
noted. 
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TABLE 4 
Urban BMP's Together with Cost 

and Cost Effectiveness by Jurisdiction 

BMP 

Average Annual 
Cost per Acre 
(1979 dollars) 

CLA Reduction in the 
Occoquan Reservoir per 
$1,000 of Application 

Vacuum Streetsweeping 

Fairfax County 
Fauquier County 
Loudoun County 
Manassas 
Manassas Park 
Prince William County 

Modified Stormwater Detention Basins 

Fairfax County 
Fauquier County 
Loudoun County 
Manassas 
Manassas Park 
Prince William County 

34.00 
19.00 
24.25 
31.25 
32.25 
21.25 

8.00 
7.50 
8.00 
9.00 
9.25 
7.75 

TABLE 5 
Projected Distribution of MGD's of 

.0014 

.0016 

.0016 

.0015 

.0013 

.0017 

.0040 

.0036 

.0040 

.0045 

.0054 

.0037 

Water Supply Use Benefits in the Occoquan Basin 

Percentage Distribution 

Jurisdiction 1979 1983 1992 

Fairfax County 62.6 63.0 63.4 
Fauquier County 0.6 1.6 3.4 
Loudoun County 0.0 0.0 0.0 
Manassas 2.8 2.7 2.8 

Manassas Park 0.0 0.0 0.0 
Prince William County 11.0 11.9 13.2 
Alexandria 23.0 20.8 17.2 

Total 100.0 100.0 100.0 
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2001 

62.8 
5.5 
0.0 
2.9 

0.0 
14.7 
14.1 

100.0 



TABLE 6 
Projected Distribution by Residence of Recreational 

Fishing Activity Days in the Occoquan Basin 

Percentage Distribution 

Jurisdiction 1979 1983 1992 2001 

Inside Occoquan Basin 

Fairfax County 37.9 38.6 39.5 39.7 
Prince William County 19.8 21.4 24.6 27.1 
Loudoun County 3.1 3.4 3.9 4.3 
Fauquier County 1.4 1.4 1.4 1.3 
Manassas 3.1 3.1 3.0 2.8 
Manassas Park 2.2 2.3 2.3 2.2 

Subtotal 67.5 70.2 74.7 77.4 

Outside Occoquan Basin 

Alexandria 9.2 8.2 6.7 5.7 
Other jurisdictions 23.3 21.6 18.6 16.9 

Subtotal 32.5 29.8 25.3 22.6 

Total 100.0 100.0 100.0 100.0 
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TABLE 8 
Net Benefits With and Without Local Compensation Payments for 1992 

Without Compensation With Compensation 

Water Recreational Water Recreational 
Supply Fishing Supply Fishing 

Jurisdiction Distribution Distribution Distribution Distribution 

(a) (b) (c) (d) 

Fairfax County $200,999 $85,667 $93, 150 $58,036 
Fauquier County -63,204 -72,855 4,995 2,057 
Loudoun County -26,631 -7 ,811 0 5,730 
Manassas 3,632 4,597 4,114 4,408 

Manassas Park -2,142 8,957 0 3,379 
Prince William County 48,727 6,284 19,395 36, 143 
Alexandria 83,000 32,331 25,271 9,844 
Other 0 98,756 0 27,328 

Total $146,925 $146,925 $146,925 $146,925 

TABLE 9 
Cost and Effectiveness of Agricultural BMP's 

BMP 

Average Annual 
Cost per Acre 
(1979 dollars) 

Cropland in continuous corn, 
minimum till 
Shift to CCAAAA, minimum till 
Shift to CC(WH)HH, minimum till 
Shift to (WH)HH, minimum till 
Shift to continuous hay 

Cropland in CC(WH)HH, 
minimum till 
Shift to (WH)HH, minimum till 
Shift to continuous hay 

($49.50)* 
7.00 

18.25 
30.25 
35.75 

($35.50)* 
17.00 
22.50 

*Expected net returns for existing cropland use. 

CLA Reduction in the 
Occoquan Reservoir per 
$1,000 of Application 

.0149 

.0068 

.0056 

.0051 

.0022 

.0022 
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TABLE 10 
Costs of Urban BMP's (in 1979 dollars) 

Development Type 

Modified Sediment Detention Ponds 

Large lot single family 
Medium density single family 
Town house garden apartment 
High -rise 
Commercial 

Vacuum Streetsweeping 

Incremental 
Capital Cost* 

$2,782 
$3,167 
$3,985 
$3,785 
$4,074 

Capital Cost 
$45,000 

Annual Operation 
and Maintenance 

$840 
$1 ,120 
$1,247 
$1,647 
$1,907 

Annual Operation 
and Maintenance 

$18,500 

*Cost difference between single -purpose flood control basin and multi -purpose flood 
control-sediment basin. 

TABLE 11 
Fairfax County Water Authority's ( FCWA) Water Supply from 

the Occoquan Reservoir and the Potomac River 

1978* 1995t 
Jurisdiction (MGD) (MGD) 

Fairfax County 38.7 71 

Prince William County 6.5 12 

Alexandria 14.2 17 

Total 59.4 100 

*Based on actual use from FCWA annual report. 
tBased on personal communication with Craig Cameron of the FCWA. 
:f Based on extrapolation of 1978-1995 trend. 
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TABLE12 
FCWA's Water Supply from the Occoquan Reservoir 

1978 1983 1992 2001 
Jurisdiction (MGD) (MGD) (MGD) (MGD) 

Fairfax County 38.7 41.8 48.0 54.3 

Prince William County 6.5 7.0 8.1 9.2 

Alexandria 14.2 13.8 13.0 12.2 

Total 59.4* 62.6* 69.1 * 75.7* 

*Based on constant rate of increase in supply from Potomac River from zero to 45 
MGD over period from 1978 to 2001. 
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TABLE13 
Projected Distribution of Water Supply from the Occoquan Reservoir 

Occoquan* Laket Warrenton=!= 
Jurisdiction Reservoir Manassas Reservoir Total Percentage 

1978 (MGD) 

Fairfax County 38.7 38.7 62.6 
Fauquier County 0.4 0.4 0.6 
Manassas 1.7 1.7 2.8 
Prince William County 6.5 0.3 6.8 11.0 
Alexandria 14.2 14.2 23.0 

Total 59.4 2.0 0.4 61.8 100.0 

1983 (MGD) 

Fairfax County 41.8 41.8 63.0 
Fauquier County 1 .1 1. 1 1.6 
Manassas 1.8 1.8 2.7 
Prince William County 7.0 0.9 7.9 11.9 
Alexandria 13.8 13.8 20.8 

Total 62.6 2.i 1 .1 66.4 100.0 

1992 (MGD) 

Fairfax County 48.0 48.0 63.4 
Fauquier County 2.6 2.6 3.4 
Manassas 2.1 2.1 2.8 
Prince William County 8.1 1.9 10.0 13.2 
Alexandria 13.0 13.0 17.2 

Total 69.1 4.0 2.6 75.7 100.0 

2001 (MGD) 

Fairfax County 54.3 54.3 62.8 
Fauquier County 4.8 4.8 5.5 
Manassas 2.5 2.5 2.9 
Prince William County 9.2 3.5 12.7 14.7 
Alexandria 12.2 12.2 14.1 

Total 75.7 6.0 4.8 86.5 100.0 

*From Table 10. 
tBased on personal communication with John Hartigan of the NVPDC; allocation to 
Manassas on basis of population growth with the remainder to Prince William County. 
=!=Based on NVPDC [1979b]; includes possible use of other nearby impoundments. 
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TABLE14 
Estimates of Fishing Use for 
Occoquan Reservoir in 1979 

Location of Residence 

Inside Occoquan Basin 

Fairfax County 
Prince William County 
Loudoun County 
Fauquier County 
Manassas 
Manassas Park 

Subtotal 

Outside Occoquan Basin 

Alexandria 
Arlington County 
Fairfax (city) 
Falls Church 
Other 

Subtotal 

Total 

Percentage Distribution 

37.9 
19.8 
2.5 
1 .1 
3.1 
2.2 

66.6 

9.5 
5.6 
5.1 
4.5 
8.7 

33.4 

100.0 

49 





APPENDIX A 
Agricultural BMP's: Cost and Effectiveness 

I. Agricultural BMP Cost 

For consideration of agricultural BMP's, an understanding of the area's 
agriculture was needed. The NVPDC, with the help of local planning 
agencies as well as SCS and ASCS offices, estimated total cropland acre
age for each of the four counties in the Basin. Discussions with SCS and 
Extension personnel in the Basin indicated that a rapid shift from con
ventional tillage to minimum tillage has been occurring (such that two 
of the counties now have little or no conventional tillage) and can be 
expected to continue. Thus, the base case from which agricultural BMP 
effectiveness and costs were analyzed was one of minimum tillage exclu
sively. 

The three major groups of crops in each county in the Basin are corn 
(both for grain and silage), small grains (primarily wheat, barley, and rye), 
and hay (primarily orchard grass-red clover). Some land in the Basin is 
planted in corn and hay continuously, while some is planted in a rota
tion. This is important from the standpoint of suggesting potential BM P's 
involving shifts in rotations. The predominant rotation in the area in
volves two years of corn (C), a small grain (usually wheat) planted in the 
fall after the second-year corn harvest (WH), overseeding of hay (H) the 
following spring, and two more years of hay alone-a five-year rotation 
abbreviated by CC(WH) H H. Estimates of total current cropland acreage 
and its distribution among these cropland uses in each county are pre
sented in Table 1. (Al I Tables discussed in Appendices A, 8, and Care 
found in the preceding section.) The future acreages of various land uses 
were estimated in the following manner. Given NVPDC estimates for 
future acreage of urban land use in each jurisdiction,, conversion of land 
from nonurban to urban land uses was assumed to proceed so that the pro
portions of nonurban land in forest, cropland, pasture, and idle uses 
remain the same as current proportions. However, for Fairfax County, 
an adjustment was made wherein more agricultural land and less forest 
was converted to urban uses. This conversion pattern was based on the 
judgment by NVPDC staff that the projections would otherwise be un
realistic for the future years. 

Based on discussions with SCS and Extension personnel in the Basin and 
Research-Extension personnel in the College of Agriculture at Virginia 
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Tech, a set of alternative agricultural BMP's was chosen. Because of data 
and time limitations, the set was limited to those that·could be widely 
applied and for which net cost and effectiveness could be estimated with 
some confidence. This eliminated site-specific BMP's such as livestock 
waste management systems; a shift to no-tillage for continuous corn, 
since a recent study has suggested that such a shift may actually increase 
biologically available phosphorus loading, even though sediment loss is 
significantly reduced [Meta Systems, Inc., 1979]; pasture improvement, 
because of a lack of data about the magnitude of its effect on phosphorus 
loading; and practices such as cross-sloping and stripcropping for which 
a "cost" is difficult to estimate. Contouring and terracing were excluded 
as a result of both the lack of steep slopes and difficulty posed by the 
large, heavy machinery currently being used. This left shifts to less in
tensive rotations as the only agricultural BMP's considered. 

However, this need not weaken the analysis from the standpoint of 
general policy implications. Since shifts to less intensive rotations in
volve substantial foregone income, there are likely other agricultural 
BMP's, of a more site-specific nature perhaps, which would be more 
cost effective. If agricultural BMP's such as rotation shifts still appear 
justifiable when compared with urban BMP's, the more general conclu
sion that agricultural BMP's would be part of the least-cost control strat
egy will be valid. 

The agricultural BMP's were as follows. For acreage currently in contin
uous corn, alternative BMP's considered included a shift to a six-year 
corn -alfalfa rotation, CCAAA, which is applicable to only 20 percent 
of the acreage; a shift to the five-year rotation described previously, 
CC(WH)HH; a shift to a three-year rotation with no corn, (WH)HH; and 
a shift to continuous hay. For acreage currently in CsC(WH) H H rotation 
(where Cs indicates corn for silage),alternative BM P's considered included 
a shift to (WH)HH and a shift to continuous hay. 

Average costs for the agricultural BMP's were calculated as reductions 
in expected net returns to land from changes in cropping patterns. Enter
prise budgets, 1974-1978 average yields, and 1974-1978 average prices 
plus 10 percent (to reflect the effect of inflation on expected prices in 
1979 dollars) were used to estimate expected net returns· for each of 
these alternatives. No adjustment was made to reflect on-site benefits 
in terms of long-term soil productivity maintenance for basically two 
reasons. The first is that relatively small levels of such benefits were found 
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in studies at the University of 1 llinois of soils with similar erodability 
(see Lee et al. [197 4], for example). The second is based on the expec
tation that given the large amount of projected urban development in 
the Basin, most farmers would discount such benefits significantly even 
though a smaller number would actually end up selling their land for 
urban development. 

The average annual costs per acre of the agricultural BMP alternatives 
are presented in the first column of Table 9. The cost for each is the 
difference between the expected net returns for the existing cropland 
use, which is reported in parentheses in the same column, and the less 
intensive cropland use. 

For use in the calculation of agricultural BMP cost effectiveness, an addi
tional $2.50 per acre was added to the costs shown in Table 9 because 
it was considered likely that farmers would be offered financial assistance 
to encourage adoption of these BMP's. Recent experience of the Prince 
William-Fauquier ASCS was used to estimate the level of implementation 
costs that could be expected to be associated with cost-sharing for agri- • 
cultural BMP's in the Occoquan Basin. In 1978,$69,000wascost-shared 
under the Agricultural Conservation Program (ACP) on 3,200 acres, pri
marily for permanent cover establishment and permanent cover improve
ment. The part of the budget the ASCS office allocated to ACP cost
sharing was $7,093. Dividing $7,093 by 3,200 acres gave implementation 
costs per acre of $2.22, which was adjusted upward by 10 percent to 
account for inflation and rounded off to $2.50 per acre in 1979 dollars. 

11. Agricultural BMP Effectiveness 

The Occoquan Basin WOS model developed by the NVPDC was calibrated 
with only two cropland uses, distinguished by tillage method (conven
tional or minimum), but not by crop rotation. Various parameters repre
senting characteristics such as percentage of vegetative cover, dry weather 
pollution accumulation rate, sediment potency, and seriousness of tillage 
disturbance were specified for each of these two cropland uses, in addi
tion to soil type, slope, and length of slope information. The quantity 
and quality of nonpoint runoff projected is thus dependent upon the 
level at which these parameters are set. Since some land in each tillage 
category is used for continuous corn production, some for continuous 
hay production, and some for a rotation involving corn, small grain, and 
hay, the vegetative cover parameter, as wel I as the other parameters, is 
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in effect, a weighted average over these three basic crop rotations. As a 
result, the was model could not be employed in a direct manner to simu
late a shift of some land from continuous corn to a CC(WH)HH rotation 
or to continuous hay. Therefore, the model could only be used as a start
ing point for making usable approximations of the effectiveness of agri
cultural BMP's in improving water quality. As a result, the effectiveness 
estimates used in this study should be viewed more as approximations 
rather than as precise simulations from the application of the NVPDC 
model. The procedure for approximating the effectiveness of agricultural 
BM P's is described below. 

The was model was employed to simulate the effect on C LA in the Oc
coquan Reservoir of a shift from an initial situation-involving the esti
mated current distribution of cropland use among the three rotations 
but exclusively minimum tillage-to a situation involving continuous 
hay throughout the entire Basin. This was done by adjusting the vegeta
tive cover parameter from its calibrated level for minimum tillage, which 
varies widely across months but averages 63 percent, to a reasonable level 
for continuous hay-95 percent for all months. (It should be noted that 
the calibrated level of the vegetative cover parameter for pastureland was 
99 percent.) However, this particular adjustment in the use of the model 
needs further discussion. NVPDC personnel believed that the sediment 
potency factor for phosphorus, which indicates the concentration of 
phosphorus per unit of sediment, should have been increased by some 
unknown amount with the increased level of vegetative cover. At the 
same time, the parameter reflecting the seriousness of tillage disturbance, 
which affects the amount of sediment loss from the initial storm follow
ing a specified tillage date, should have been reduced somewhat. Avail 
able information dictated that only the vegetative cover parameter adjust
ment could be used as a basis for making an approximation of agricul 
tural BMP effectiveness. 

Given the above caveats, the cover factor adjustment resulted in reduc
tion in CLA of 3.1 mg/I from shifting 10,857 acres from continuous corn 
to continuous hay and 17 ,679 acres of CC(WH) H H to continuous hay. 
The following procedure was used for disaggregating the total reduction 
in CLA into per-acre CLA reductions for these two shifts. Predicting 
gross soil erosion with the Universal Soil Loss Equation (USLE) involves 
calculating the product of factors representing soi I type ( K), slope (S) , 
length of slope (L), rainfall intensity (R), vegetative cover and cultural 
techniques (C), and erosion control practices (P) [Stewart et al., 1975]. 
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Thus, reductions in predicted average annual gross erosion in tons per 
acre are proportional to reductions in any one of the factors or the prod
uct of one or more factors. The product of the C and P factors (C·P) is 
0.19 for continuous corn, 0.06 for CC(WH) H H, and 0.01 for continuous 
hay. The C LA reductions per acre for these two shifts were considered 
to be in the same proportion as the USLE C·P factor reductions for these 
two shifts. That is, the C LA reductions per acre associated with the shifts 
from continuous corn to continuous hay and from CC(WH) H H to con
tinuous hay were assumed to be in the same proportion as 0.18 is to 0.05. 

Thus, the CLA reduction per acre of 0.000196 for continuous corn to 
continuous hay times 10,857 acres plus the CLA reduction per acre of 
0.000055 for CC(WH) H H to continuous hay times 17 ,679 acres equals 
the total CLA reduction of 3.7. The CLA reduction per acre for a shift 
from continuous corn to CC(WH)HH (or CCAAA, which has the same 
C·P factor) was then calculated by taking the difference in the CLA re
ductions of shifts from continuous corn to continuous hay and CC(WH)
H H to continuous hay. 

While the effectiveness estimates were approximations, the results of this 
analysis in terms of the underlying per-acre reductions in total phospho
rus loading to the Occoquan Reservoir can be compared to estimates 
available in the literature in order to gain some measure of confidence 
in them. The percentage reductions in total phosphorus loading for the 
shifts. from continuous corn to CC(WH) H H and from continuous corn 
to continuous hay associated with the projected impact on CLA in the 
Occoquan Reservoir were 52 percent (2.35 to 1.13 pounds of TP per 
acre) and 72 percent (2.35 to 0.66 pounds of TP per acre), respectively. 
(It should be noted that the calibrated projection for total phosphorus 
loading from pastureland in the Occoquan Basin is approximately 0.6 
pounds per acre. Continuous hay would certainly be expected to have a 
level of total phosphorus loading equal to or lower than pasture.) 

Three studies can be drawn on for comparison. Correll, Faust, and Pierce 
[1977] empirically estimated the reduction in total phosphorus loading 
associated with a shift from cultivated cropland to pasture in the Rhode 
River watershed in Maryland to be 79 percent. Robinson and Draper 
[1978] empirically estimated the reduction in total phosphorus loading 
associated with a decrease in the percentage of row crops in a watershed 
from 100 percent to 40 percent (reflecting a shift from continuous corn 
to CC(WH) H H) to be 66 percent; and from 100 percent to zero percent 
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(reflecting a shift from continuous corn to continuous hay) to be 83 per
cent. These results are consistent with the estimates used in this study. 

A third study by Meta Systems, Inc. [1979) estimated with a theoretical 
model the reduction in available phosphorus loading associated with a 
shift from continuous corn to a four-year rotation of corn-soybeans
wheat-hay (CBWH) to be 28 percent. Soybeans have approximately the 
same level of available phosphorus loading as corn, according to the Meta 
Systems, Inc. model. Thus, if wheat and hay account for equal amounts 
of reduction in phosphorus loading, reductions associated with shifts 
from continuous corn to CC(WH) H H and from continuous corn to con
tinuous hay would be expected to be approximately 34 percent and 56 
percent, respectively. This analysis that focuses on available phosphorus 
is referenced because consideration of total phosphorus alone ignores the 
importance of the form and timing of phosphorus loading on algal pro
ductivity. Reductions in total phosphorus loading could be made up 
almost entirely of reductions in unavailable phosphorus loading and thus 
have I ittle impact on algal productivity. Jhus, the projected C LA reduc
tions above, which reflect significant reductions in available phosphorus 
loading, are supported. However, even more can be said. The Occoquan 
Basin WQS model assumption is that all of the dissolved fraction of phos
phorus loading is available for algal productivity but only half of the sus
pended fraction is available. The estimated dissolved fraction for mini
mum tillage cropland in the Occoquan Basin was 58.2 percent. Assuming 
that all of the suspended fraction is eliminated by the shifts considered 
in this study, the minimum reductions in available phosphorus loading 
associated with the 52 percent and 72 percent reductions in total phos
phorus loading would be 32.1 percent and 52.1 percent, which are highly 
consistent with the 34 percent and 56 percent figures derived from the 
Meta Systems, Inc. resu Its. 

111. Agricultural BMP Cost Effectiveness 

Combination of the cost and effectiveness estimates gives cost effective
ness in terms of CLA reduction per $1,000 of BMP application. The re
sults are reported in Table 9. 
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APPENDIX B 
Urban BMP's: Cost and Effectiveness 

I. Urban BMP Cost 

Urban land was separated into two classes: that which is already devel
oped and that which is expected to be developed· in the future, as indi
cated in Table 2. The only urban BMP considered for existing develop
ment was vacuum streetsweeping, because of the NVPDC conclusion 
that costs of retrofitting existing development with structural measures 
would be prohibitively high. The streetsweeping BMP involved one pass 
per week for commercial land uses across all urban land in the Basin. 

Several, if not all, of the jurisdictions in the Basin will soon require storm
water detention basins for flood control on new development. In its 
evaluation of sediment detention basins for water quality control, the 
NVPDC considered a modified structural design for detention basins 
which would provide a level of flood control equivalent to what is now 
required in the Basin, while achieving significantly higher rates of sedi
ment and phosphorus removal [NVPDC, 1979b]. In such a case, the rele
vant cost and effectiveness are the incremental amounts associated with 
modification of the flood control structure. Evaluation of this urban 
BMP was based on its application to all land projected by the NVPDC 
to be developed for urban uses over the 1979-2005 planning period . 

The NVPDC evaluated other structural measures for future development, 
but these were dominated in terms of cost effectiveness by modified 
detention basins. Time and data limitations prohibited consideration of 
other urban BMP's such as lawn fertilizer management and land-use plan
ning. 

Estimates of annual cost ( 1979 dollars) per acre for the urban BM P's 
were based on engineering cost data developed by the NVPDC. Useful 
lives were assumed to be 6.7 years and 40 years for streetsweepers and 
sediment detention basins, respectively. Capital costs were annualized, 
assuming interest rates of 7 percent and 10 percent for streetsweeping 
and sediment detention basins, respectively, to reflect the differential 
between public and private costs of borrowing. Annual operation and 
maintenance costs were also calculated. Table 10 summarizes these costs. 
Per-acre costs were obtained by dividing the total number of applicable 
acres and are reported in the first column of Table 4. 
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Implementation costs for streetsweeping were assumed to be zero. There 
may actually be some implementation costs associated with streetsweep
ing if it is necessary for the jurisdictions as a whole to employ a person 
to monitor compliance by individual jurisdictions. 

For sediment detention basins, recent experience of the Plan Review 
Branch, Fairfax County Department of Environmental Planning, with 
basins for flood control was used to make a per-acre estimate of imple
mentation cost for detention basins. Developers are required to pay a 
fee when they submit a site plan for review. This fee is to cover the costs 
incurred for review of the plan, inspection of the site and improvements 
other than buildings, and other costs of enforcing county regulations 
governing development sites. The magnitude of the fee is determined by 
charging certain amounts per linear foot of sidewalk, sewer pipe, drain
age pipe, etc. The current charge per linear foot of drainage pipe is$1.2b 
and is meant to reflect the costs of reviewing plans for and inspecting 
stormwater management facilities as a whole, and if necessary, enforcing 
regulations governing stormwater management. Based on average linear 
feet of drainage pipe per acre for recent urban development, an estimate 
of the annual average implementation cost per acre for flood control 
basins was made. This estimate was multiplied by the ratio of the multi
purpose modification cost to the flood control basin cost to arrive at an 
annual average incremental implementation cost of approximately $1.00 
per acre in 1979 dollars. 

11. Urban BMP Cost Effectiveness 

Effectiveness estimates were based on simulations with the WOS model 
reported in terms of per-acre averages for basinwide application in 
NVPDC [1979b]. Cost effectiveness is presented in the second column 
of Table 4 and is comparable to the same column of Table 9 for the agri
cultural BMP's. The slight differences among the jurisdictions for the 
urban BMP's is due to their varying mixes of development between lower 
density residential and higher density commercial. 
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APPENDIX C 
Water Quality Benefit Distributions 

As indicated previously, the two predominant types of water qua I ity 
benefits relate to the Occoquan Reservoir's use for water supply and for 
recreational fishing. However, in addition to the Occoquan Reservoir 
itself, which has been given almost exclusive attention in the 208 planning 
process, upstream impoundments (Lake Manassas and Warrenton Reser
voir) in the Occoquan Basin currently provide, or can be expected in 
the future to provide, public water supply and recreational benefits. To 
the extent that BMP's are applied to land above these impoundments, 
water quality benefits will likely accrue to the users of these impound
ments. The benefit distributions are developed in such a way that these 
benefits are accounted for. 

I. Distribution of Water Supply Benefits 

A major uncertainty for allocation of water supply benefits surrounds 
the amount of water to be drawn from the Occoquan Reservoir in the 
future. Since the Potomac water treatment plant is to be in operation 
soon and has a capacity of 50 MG D, it was assumed that its production 
level wou Id increase at a constant rate from zero in 1978 to 45 MG D in 
2001. The remainder of the water supply needs would then be met from 
the Occoquan Reservoir (after an increase in the dam height). In order 
to calculate how much water would be taken from the Reservoir, it was 
necessary to project total Fairfax County Water Authority ( FCWA) with
drawals. Current projections show an increase from 1978 to 1995 of 
59.4 to 100 MGD. Extrapolating this rate of change to 2001 gives a 
projection of 123.9 MGD for 2001. The distribution among Fairfax, 
County, Prince William County, and Alexandria is expected to shift at a 
constant rate over the period. Total FCWA projection and distribution 
of use is given in Table 11. 

Given the results in Table 11, projection of total production and distri
bution of Occoquan Reservoir water for 2001 was made. First, the in
creasing amount of raw water supplied by the Potomac River was netted 
from total production to get Occoquan Reservoir production. Keeping 
the distribution among jurisdictions for the Reservoir the same, a total 
distribution of use for the Occoquan Reservoir alone was made. The re
sults are indicated in Table 12. The projected levels of water supply from 
Lake Manassas and Warrenton Reservoir are combined with the projec-
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tions for the Occoquan Reservoir from Table 12 to arrive at totals for 
the Occoquan Basin, which are presented in Table 13. 

The estimated distribution of water supply benefits was based then on 
the projected distribution of MGD's drawn from the Occoquan Basin. 
The distributions for 1978 and the three representative years in the 
planning period are presented in Table 5. 

Note should be made here of the effect of distributing water supply use 
on the basis of MG D's used from all impoundments in the Occoquan Basin 
rather than only the Occoquan Reservoir. These other impoundments 
drain only small portions of the Occoquan Basin and are of much less 
concern from the standpoint of water quality. The effect is to decrease 
the percentages of benefits accruing to Fairfax County and the City of 
Alexandria and to increase those accruing to Fauquier County, the City 
of Manassas, and Prince William County. This works in the direction of 
lessening the distributional conflicts. 

11. Distribution of Recreational Fishing Benefits 

Current recreational fishing use data for Occoquan Reservoir were avail
able from two sources. The Virginia Commission of Game and Inland 
Fisheries conducted a survey of fishermen through the 1976, 1977, and 
1978 seasons. On the basis of th is study, the Commission made estimates 
of total fishing use and distribution of user residence among four cate
gories: local, regional, state, and out-of-state. The Northern Virginia 
Regional Park Authority (NVRPA) surveyed users of the two public 
marinas on the Occoquan Reservoir one weekend a month from April 
through August of 1978 and 1979 as to their residence by jurisdiction. 
In addition, estimates of annual boat launchings at the two marinas were 
available from the NVRPA. On the basisofthis information, total fishing 
days at the Occoquan Reservoir for 1979 were projected to be 41,000, 
with the distribution of use as indicated in Table 14. 

Lake Manassas, the other major recreational fishing site, was estimated 
to have approximately 10,000 visits in 1979, but no information was 
available as to the distribution of user residence. Though all the impound
ments are within approximately 15 miles of one another, the upstream 
impoundments by virtue of their location would likely have somewhat 
higher percentages of users from Fauquier County and Loudoun County 
and somewhat lower percentages from the City of Alexandria and Arling-
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ton County (other jurisdictions). This was accounted for in allocating 
use from Lake Manassas. The distribution use for both impoundments 
in 1979 is shown in Table 6. 

Projections of future use distributions as indicated in Table 6 accounted 
for general population growth, including the expectation that popula
tion growth in Fairfax County and Prince William County will be rela
tively greater in areas nearer the Occoquan Reservoir. Total recreational 
use was projected to be 54,875 visits in 1983, 66,866 in 1992, and 77 ,268 
in 2001. It should be noted that recreational fishing users from jurisdic
tions outside the Occoquan Basin account for a decreasing but still sub
stantial proportion of total use. 
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The Virginia Water Resources Research Center is a federal-state partnn<ship 

agency attempting to find solutions to the state's water resources pro '. ; l ern~; 

through careful research and analysis. Established at Virginia Polytechr ii ; i · 1 -

stitute and State University under provisions of the Water Research and[ °' . .. 1 

opment Act of 1978 (P.L. 95-467), the Center serves six primary funcf. ... .; .. ;: 

• It studies the state's water and related land-use problems, includi1 ::.' 

their ecological, political, economic, institutional, legal, and soci c; , 

implications. 

• It sponsors, coordinates, and administers research investigations o-; 
these problems. 

• It collects and disseminates information about water resources and 

water resources research. 

• It provides training opportunities in research for future water scien

tists enrolled at the state's colleges and universities. 

• It provides other public services to the state in a wide variety o ·~ 

forms. 

• It facilitates coordinated actions among universities, state agencies, 

and other institutions. 

More information on programs and activities may be obtained by writinu -:;,t 

telephoning the Center. 
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