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FOREWORD

This report documents a demonstration of areawide water resources
planning by the Metropolitan Washington, D.C. Council of Governments
(MWOOG). The study was initiated prior to the current 208 program,
and although the purposes and approaches are similar to a typical 208
project, the results should not be viewed as a prototype for the water
quality analytical methods, evaluative procedures, scope and level of
detail expected by the U. S. Environmental Protection Agency (EPA) in
certifiable 208 plan reports. Certain agencies may find that some or
all of the techniques described are applicable to their local situation,
but many others will have neither staff nor data, time and financial

resources to utilize the spectrum of tools described.

Publication by EPA does not indorse MWOOG techniques, nor does it
imply that utilization of these detailed techniques are requisite to
preparation of an adequate 208 plan. EPA has, for instance, recently
published an Areawide Assessment Procedures Manual (EPA Report
600/9-76-014, July 976) which describes a much simpler set of
techniques which may be more relevant in areas where the systems are

neither so large nor complex as those in Washington, D.C.
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ABSTRACT

The MWCOG Framework Water Resources Planning Model developed and
tested under this study is a camprehensive analytical tool for use

in areawide water resources management planning.

The physical simulation portion was formed by linking component
canputer models which test alternative future commmnity development
patterns by small area, estimate water demands by usage categories,
calculate sewage flows based on water demands and add infiltration/inflow,
simlate stormwater runoff, test application of alternative waste treatment
management systems, and simulate the quality response of region's major

water body.

The impact assessment portion of the Framework Model includes
methodologies for assessing the fiscal, social, and environmental impacts
of alternatives. The Framework Model has been tested for the Metropolitan
Washington region by identifying the cost—effectiveness of six alternative
areawide water resources management strategies, and is currently in use

planning programs.,
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CONCLUSIONS AND RECOMMENDATIONS

The conclusions and recommendations of this study are grouped
under four major headings. First, general findings of the
study are presented. Next, improvements in planning tools
and methodologies as a result of development of the MWCOG
Framework Water Resources Planning Model are detailed for
each model component and element.

Next, conclusions from exercising the Framework Model to sim-
ulate the application of six alternative areawide water re-
sources management strategies in metropolitan Washington for
1992 are discussed. Finally, recommendations for future im-
provements in the Framework Model during areawide waste
treatment management planning are described.

GENERAL FINDINGS

1. The MWCOG Framework Water Resources Planning Model devel-
oped during the study is a sophisticated and versatile
analytical tool for simulating the physical areawide water
resources system, and for analyzing the fiscal, environmental
and social impacts of alternative areawide water resources
management strategies.

2. The Framework Model can serve as a major planning tool for
agencies designated to conduct areawide waste treatment man-
agement planning as provided in Section 208 of the Federal
Water Pollution Control Act Amendments of 1972. The Frame-
work Model has been designed to satisfy or to assist with
satisfying the following requirements of the Section 208
planning process:

° Identifying future development patterns and
sewage flows, including infiltration/inflow

° Testing alternative structural waste treat-
ment control techniques

° Testing alternative non-structural control
techniques, such as land use regulation and
water conservation practices

° Evaluating alternative waste load alloca-
tions

° Identifying water quality impacts of alter-
natives



° 1Identifying costs and financial arrangements
including user charges

° Comparing cost-effectiveness of alternative
strategies

° Assessing the environmental and social
impacts of plan implementation

° Assisting public participation and plan review

3. The submodels which have been linked to create the
Framework Model physical components are generally available,
and in many cases, have newly created counterparts which can
be substituted in applications of the Framework Model in many
metropolitan areas of the country.

4. Basic policies for water quality management planning,
water supply, and stormwater control planning should be con-
sidered together in the Washington metropolitan area.

5. The Framework Water Resources Planning Model should con-
tinue to be integrated into the continuing planning process
of the Council of Governments and be used in the emerging
areawide waste treatment management planning process and the
formulation of the Metropolitan Growth Policy Program.

6. Use of the Framework Water Resources Planning Model
physical components requires that many assumptions of river
flow and background conditions be made. These assumptions
influence each simulation and therefore the conditions under
which questions of policy are answered using the Framework
must be clearly stated.

7. As part of the Reexamination of the Year 2000 Policies
Plan conducted by the Council of Governments and its member
local governments, the water quality-related management
"options for action" available to the metropolitan Washington
region have been identified.

8. The associated costs and benefits of the various water
quality-related management options have been assessed in
qualitative terms, using a three-budget framework for analyz-
ing fiscal, natural resource, and community response impacts,
as part of the Year 2000 Policies Plan Reexamination.

9. From this reexamination has emerged a consensus that the
available resources within these three hypothetical budgets
that can be devoted to the solution of a problem such as
water quality are finite, and that there will need to be



difficult tradeoffs among these budgets.

10. A definition of the "effectiveness" of an areawide
strategy has been developed combining measures of the extent,
constituent, concentration, duration, and annual joint
probability of occurrence of the response of a receiving
water to the areawide water resources management strategy.

11. To illustrate applications of the Framework Model in the
areawide planning process, the cost-effectiveness of six al-
ternative areawide water resources management strategies for
metropolitan Washington in 1992 have been compared.
ﬁEFINEMENTS/IMPROVEMENTS MADE BY FRAMEWORK MODEL

Framework For Physical Simulation

1. Community Development Component

a. The EMPIRIC Activity Allocation Model is used
as the Community Development Component to pro-
ject the areawide distribution of growth for
alternative forecast years as a prerequisite
to simulating the future water resources system
in the Washington Metropolitan Area.

b. Many of the Community Development Component
parameters of importance to the simulation of
the water resources system are also important
to other areas of planning.

2. Water Demand Component

a. Water demand is forecast by the following sec-
tors of usage: single-family domestic (in-
house), single~-family sprinkling, apartment
domestic, apartment sprinkling, commercial/
industrial by major employment group, free
service, and distribution losses.

b. Forecasting techniques are based on principal
factors influencing water demand including
economic level of consumer, climate, number of
households and the type of billing.

c. Projections by usage sector are made for up to
200 user-specified geographical areas for use
in detailed water supply and waste treatment
planning activities.
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3. Sewage Generation Component

a. Residential domestic and commercial/industrial
sewage flows are inferred directly from the
Water Demand Component output of residential
domestic and commercial/industrial water de~-
mands, respectively, by small geographic area.
(Residential sprinkling and public/unaccounted
water demand do not contribute to sewage flows).
No other agency or government in Metropolitan
Washington calculates sewage flows based dir-
ectly on water demands.

b. Infiltration/inflow is determined separately
by small area based on the amount of land
developed during the forecast period as pro-
jected by the Community Development Component,
thus providing useful information for Infiltra-
tion/Inflow studies. Residential domestic flows,
commercial/industrial flows, and infiltration/
inflow are added to produce annual average daily
sewage flow. ‘

c. Pollutant loads for user-specified parameters
are determined for residential and commercial/
industrial sectors separately, thus facilitat-
ing use of the model in establishing user
charges as required by EPA guidelines.

4, Stormwater Runoff Component

a. The rainfall analysis prepared for use in the
Framework Model provides the basis from which
to estimate the volume and recurrence of storm
events in the region by storm decile.

b. Forecasts of stormwater runoff and quality are
made using the Stormwater Runoff Component.
The Component incorporates the EPA Stormwater
Management Model and uses projections of
population, households, and employment densities
provided by the Community Development Component.,

c. Since the scale of application of the Storm-
water Runoff Component did not permit detailed
analysis of the potential for combined sewer
overflows, all combined flows were considered
to receive the same level of treatment as sani-
tary sewage in all simulations in this report.
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5. Waste Treatment Management Component

a.

Sewage flows and stormwater runoff (to be
treated) are aggregated into user-specified
sewage service areas, therefore allowing
different service areas for treatment works
to be tested.

Alternative pollutant removal efficiencies
for each pollutant are user-specified, thus
permitting the simulation of alternative
waste treatment management systems.

6. Receiving Water Component

a.

The EPA Estuary Model, originally designed

to simulate steady state point discharges

has been modified as a part of the Receiving
Water Component to simulate time varying
non-point discharges from storm events as
well as point discharges from treatment works.

The Receiving Water Component contains pre-
sentation and analytical programs to summarize
the water guality effects of alternative water
resources management strategies through three-
dimensional estuary profiles for each con-
stituent under examination.

Framework For Impact Analysis

7. Water Quality Objectives Element

Q.

Using the three-dimensional estuary profiles
and summary tables for dissolved oxygen pro-
duced by the Receiving Water Component, the
"capability" of an areawide water resources
management strategy can be defined as the ex-
tent of a constituent concentration of less
than or equal to a stated beneficial consti-
tuent concentration, or greater than or equal
to a stated harmful constituent concentration,
for greater than or equal to a stated dura-
tion.

The annual joint "probability of occurrence"
of the .conditions simulated all occurring
during a stated time period can be determined,
such as for the assumed river flow, or pro-
jected storm event.
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The product of the "capability" of an area-
wide strategy and the annual joint "probabil-
ity of occurrence" of simulated conditions is
the expected "effectiveness" of the areawide
strategy.

Using cost estimates from the Cost Element,
the cost-effectiveness of alternative strate-
gies can be compared.

Natural Resources Impact Element

a.

The approach contained in the Framework Model
will assist in satisfying the reguirements of
the Federal National Environmental Policy Act
(NEPA) and state-adopted EPA's, and may ful-
fill the environmental impact analysis require-
ments of Section 208 areawide waste treatment
management planning processes under PL 92-500.

Under this approach the user selects or com-
bines any of the following five detailed meth-
odologies identified in the study: 1) ad hoc;
2) overlays; 3) checklists; 4) matrices; and
5) networks. A review of these methodologies
revealed significant similarities among them.

An analysis by MWCOG of the methodologies used
during the performance of recent water resource
studies conducted in the metropolitan Washington
area revealed that:

1. Environmental impact analyses are conducted
by organizations other than local govern-
ment staffs (i.e., consultants, regional
planning agencies, EPA) although they may
be commissioned by the local government.

2. The environmental impact analysis techniques
employed by these organizations differ mark-
edly in content and scope but generally fall
into the "ad hoc" and '"checklist" categor-
ies. The level of detail is often consider-
ably less than that suggested in "textbooks"
on the subject.

3. Most studies emphasize the mitigation and
minimization of possible adverse impacts.



The impacts assessed are primarily from
capital~intensive structural treatment
facilities.

Methodologies which lend themselves to
"carrying capacity" considerations (i.e.,
overlays and networks) are not being
used in impact studies or in large scale
planning development.

Significant decisions have been made by
local governments based on the results
of many of these studies.

From this discussion, the following conclusions
regarding the Natural Resources Impact Element
were made:

1.

No single impact assessment methodology
yet developed is appropriate to all
metropolitan regions under all conditions.
Therefore, the Element should not be re-
stricted to only one methodology.

There are significant similarities in the
five types of impact assessment methodolo-
gies which should serve as the major steps
in the Natural Resources Impact Element.

The Element should permit the ready identi-
fication of adverse impacts to be minimized,
eliminated, or recognized as unavoidable or
overriding.

Because of limited reserves of air, land
and energy resources, impact assessment
methodologies which assess the carrying
capacity of these resources should begin
to be utilized in metropolitan Washington.

Adverse impacts are identified in the procedure
as either capable of being minimized or elimin-
ated by "mitigating" measures, as "vnavoidable"
but not in themselves sufficient to eliminate

the alternative from selection, or as "overriding"

enough to eliminate the alternative.



10.

11.

Cost Element

a. Conventional techniques of engineering economics
and guidelines published by EPA are adequate to
fully consider the comparative resource costs of
capital-intensive alternatives and are incorpor-
ated in the Framework Model.

b. Methods tc compute the costs of non-capital in-
tensive programs such as water conservation
public education are lacking.

Financial Arrangements Element

a. Debt service on bonds for given years is calculat-

ed using construction costs provided by the Cost
Element.

b. Revenue requirements for given years for alter-
native waste treatment management systems are
compared under different grant assumptions.

c. Operation, Maintenance, Repair (OM&R) user
charges are determined consistent with EPA
guidelines based on OM&R costs provided by
the Cost Element.

d. Generalized customer charges for given years
are estimated using population and household
projections provided by the Community Develop-
ment Component.

Social Impact Element

a. The approach will assist in satisfying federal
and state Environmental Policy Acts, fulfill
the social and economic impact analysis re-
quirements of the Section 208 areawide waste
treatment management planning process, and
comply with requirements of several associated
Federal Acts.

b. Social factors are identified and grouped into
three categories: (a) individual-related; (b)
neighborhood-related; and (c) regional.

c. The analysis procedure outlined in the Natural
Resources Impact Element is also utilized in
this element.



12. Implementability Element

a. This Element identifies points during the
procedure outlined in the Framework Model
where public participation consistent with
EPA guidelines is essential.

b. Mechanisms useful in gauging the implemen-
tability of alternative areawide water re-
sources management strategies are identified.

CONCLUSIONS FROM MODEL TESTING

1. Calibration model runs of the Water Demand Com-
ponent for the metropolitan area in 1968 were
within four percent of the recorded water de-
mands for 1968.

2. Model estimates of water demand by usage cate-
gory for the metropolitan area were generally
within seven percent of the recorded results,
with a detailed demonstration in the subregional
element of the District of Columbia producing
comparable results.

3. Model estimates for 1968 of 314.6 MGD of aver-
age daily metropolitan Washington sewage flow
compare favorably with the value of 319.4 MGD
recorded for that year.

4. Utilization of water-saving devices in new
construction after 1976 will result in water
savings for the metropolitan area of up to
25 million gallons per day by 1992 in the
residential sector alone, with substantial
savings in the commercial sector expected as
well.

5. Results of Framework Model runs to date have
been used extensively by state water pollu-~
tion control agencies, U.S, Army Corps of
Engineers, several local govermnments, MWCOG,
and numerous consultants,

6. Water supply planning will play an increas-
ingly important role in estuary quality
management planning as demand for water in-
creases.
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10.

11.

12.

The cost-effectiveness of the following six
areawlde water resources management strategies
for 1992 have been identified and compared:

Strategy No.l - Secondary Waste Treatment
Strategy No.2 - Advanced Waste Treatment
Strategy No.3 -~ Stormwater Treatment
Strategy No.4 - Water Conservation
Strategy No.5 - Dry Waste Collection
Strategy Wo.6 - Indirect Estuary Re-use

A description of these strategies is contained in
Chapter IV. The storm event and river flow condi-
tions used in the simulations are relatively
"normal”, not unusually severe conditions.

None of these areawide water resources management
strategies is projected to meet adopted state
minimum dissolved oxygen standards for the upper
Potomac Estuary in the year of simulation, 1992.

As less kilometers of the estuary are affected
by depressed dissolved oxygen levels, the costs
of the strategies employed to gain this improve-
ment rise. Strategy No.l (Secondary Treatment)
has the least "effectiveness" and lowest cost.
Strategy No.3 (Stormwater Treatment) has the
greatest "effectiveness" and highest cost.

Although Strategies No.2, 4, and 5 have the same
"effectiveness”, the Water Conservation Strategy
has the lowest relative cost.

The areawide strategy which results in the
greatest increment of "effectiveness" for the
least increment of cost is Strategy No.4 -
Water Conservation.

Urban runoff is a source of water pollution too important
to be ignored in water resources management planning in the
region for year 1992 even if all combined sewer overflows
are eliminated.

RECOMMENDATIONS FOR FUTURE IMPROVEMENTS

1.

The Community Development Component should be
refined to the small area level and should be
altered as needed as part of the Growth Policy
Program in the Washington Metropolitan Area.
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A Water Supply Component should be added to
the Framework Model to simulate the impacts
of various water supply alternatives for use
in detailed water supply studies.

The Sewage Generation Component should be
further refined to include more information
on user-specified pollutant concentration
factors, and possibly be linked to the runoff
data produced by the Stormwater Runoff Com-
ponent to estimate infiltration/inflow.

The Rainfall Analysis of the Stormwater Runoff
Component should be expanded to include further
study of area storm distribution and severities.

The Stormwater Management Model of the Storm-
water Runoff Component should be calibrated
for the heavily developed watersheds of the
region.

The Receiving Water Component should be expanded
to simulate water quality in embayments and
tributaries to the Potomac Estuary, and should
be further calibrated for the estuary during

and immediately succeeding storm events.

Water demand coefficients utilized in the
commercial sector of the Water Demand Component
should be refined based on future field surveys
in metropolitan Washington.

Methods to compute the costs of non-capital in-
tensive programs such as water conservation
public education need to be developed.

Additional studies are needed to assess the magni-
tude and freguency of combined sewer overflows

in the metropolitan Washington region to permit
their simulation in the Stormwater Runoff
Component. The Framework Model analysis should then be
repeated to determine any changes in the most effective
water. resources management strategy.
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CHAPTER I

OBJECTIVES AND IMPLICATIONS OF THE STUDY

NEED FOR THE STUDY

While signing the Federal Water Pollution Control Act of 1965,
President Johnson declared that within ten years the Potomac
would be @ model river. Today, as a visitor to the Nation's
Capital stands alongside the Tidal Basin under the cherry
blossoms and gazes across at the Jefferson Memorial, he need
only turn his head a few feet to read the following sign:

POLLUTED WATER

NO FISHING
FISH CONTAMINATED

National Park Service

Or, on a stroll or bicycle ride by the banks of the Potomac
Estuary, be greeted by such signs as:

POLLUTED
WATER

BATHING
HAZARD

since water contact sports are prohibited in the upper estuary
and its tributaries by regulations of the District of Columbia.

In October of 1972 the Congress overrode a presidential veto

to enact the Federal Water Pollution Control Act Amendments.
This Act declares as a national goal that the Nation's waters
provide for the protection and propagation of fish and wild-
life, and provide for recreation in and on the water, by July 1,
1983. Can the metropolitan Washington region accomplish
during the next ten years what it has been unable to achieve
during the past ten years?
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A key to answering this question may rest with Section 208

of the Act.l’? Section 208 provides for establishment of a
continuing areawide waste treatment management planning pro-
cess and development of annual plans in areas throughout the
country which have substantial water quality control problems
as a result of urban-industrial concentrations or other
factors. The metropolitan Washington region is one such
area,** and the success or failure in meeting the 1983 objec-
tives may depend in large measure on the region's ability to
accurately assess its future needs and to analyze a wide
variety of alternate methods for meeting these needs.

Until very recently sophisticated tools for performing these
assessments and analyses were not readily available, and
where available were not actually being incorporated into

the continuing and comprehensive planning processes of local
governments. The need for such tools is recognized in the
Section 208 planning guidelines prepared by the U.S. Environ-
mental Protection Agency.65 Consideration of both the need
for better planning tools, and the need to incorporate the
results into the areawide planning process, led to the con-
clusion by EPA, even before passage of the 1872 Act, that the
Metropolitan Washington Council of Governments was uniquely
suited to undertake development and application of such
planning tools.

First, the Metropolitan Washington Council of Governments,

as the official Metropolitan planning agency for the Washing-
ton Standard Metropolitan Statistical Area, was in a position
to insure that the results would be applied to the areawide
comprehensive planning process. MWCOG's members are the
elected officials of governments in the metropolitan area.
Specifically, they represent:

¢ The District of Columbia

* Numbers indicate references at end of report.

**gSubsequent to completion of this study, the Metropolitan
Washington Council of Governments was designated by EPA in
March, 1975, as the Section 208 areawide waste treatment
management planning agency for the National Capital area.
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°© All surrounding counties in Maryland and
Virginia which are in the SMSA (except
Charles County, Maryland, recently added
to the SMSA).

° All independent cities in the Virginia
part of the SMSA.

° Most cities over 10,000 in the Maryland
part of the SMSA.

° Members of the Maryland and Virginia legis-
latures who represent districts in the
metropolitan area.

° Members of the U.S. Congress who represent,
in whole or part, parts of the metropolitan
area.

Member jurisdictions are represented on policy committees

and advisory boards of MWCOG by these officials and represen-
tatives of special purpose and state agencies. The actions
of policy board representatives, with recommendations from
MWCOG staff, technical committees, and citizen advisory
committees, determine development goals and policy for the
region. The program areas in which MWCOG staff is actively
involved include regional planning, transportation planning,
public safety, human resources, housing, health and environ-
mental protection.

Secondly, MWCOG has incorporated into its planning program
a sophisticated analysis tool called the EMPIRIC model to
evaluate the impacts of alternative public policies on the

distributions and rate of growth within the region.37 The
model distributes metrdapolitan control totals of households

and employment into small areas based on policy inputs which
specify transportation, open space and water and sewer pro-
grams.

In addition, in the summer of 1969 the Potomac Enforcement
Conference, which had met originally in the late 1950's, was
reconvened because of continued deterioration of river water
quality. Recommendation No.4 of the May, 1969, Potomac En-
forcement Conference directed the Federal Water Quality
Administration (now the Environmental Protection Agency), in
cooperation with state, interstate, and local agencies, to
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initiate detailed analysis of alternate methods of meeting
future waste requirements and sewage needs in the Metropolitan
area.

One of the work elements recommended by the Short-Term
Planning Committee to accomplish Recommendation No.4 was a
long-term future needs study to be performed by the
Metropolitan Washington Council of Governments 12% It was
envisioned that a joint research proposal would be submitted
by MWCOG to the Office of Water Resources Research of the U.S.
Department of the Interior, and to the predecessor of the
Environmental Protection Agency, as part of an effort to
develop a "Comprehensive Urban Water Resources Planning Pro-
gram for the Washington Metropolitan Area”. In 1971 the
Council of Governments received grant awards from these
agencies for the joint study.125'126'127

OBJECTIVES OF THE STUDY

Thus, this overall study effort was undertaken with a princi-
pal objective "to find a way in which the Metropolitan

Washington Council of Governments as a planning and political
organization, can effectively develop and implement a compre-
hensive planning program which utilizes both sophisticated
analytical and technical tools and political sensitivity to
structure an optimum water resources development program".125

The purpose of the portion of the overall study supported by
the U.S. Department of the Interior Office of Water Resources
Research was to identify and evaluate effects of water and
sewage facilities on growth, and to develop and evaluate
methods for expressing relationships between water and sewage
service and urban growth in a form useful for urban water
resources planning. That research is described in the final
report of that portion of the project, Water Resources Manage-
ment for Metropolitan Washington: Analysis of the Joint
Interactions of Water and Sewage Service, Public Policy, and
Land Development Patterns in an Expanding Metropolitan Area,
published in December of 1973 by the Council of Governments.

The EPA-sponsored portion of the study, discussed in detail
in the remainder of this report, had several major project
objectives. How these objectives were attained during the
study is depicted in Table 1. The first objective was to
develop an operational definition of the metropolitan scale
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Objectives of Siudy

. Develop an oporataional

definition of sy:siom

. Choosc appropriate com

ponent mexiels, nethods,
& approaches; medify as
necessary and link to
form Framcework Model

. I¢entify water gquality-

relatud runagement
options available to
Metro Washington; identify
in qualitative texms their
associated costs and bene-
fits.

. Test framsvork by identify-

ing cost-effectiveness of
selected! arcawide water re-
sources management strate—
gies.

5. Make conclusions and

recamendations

Table 1
DEVLIOUHMENT OF FRAMEWORK MODEL

Physical Simulation
Comxients

Irpact Analysis

Elewents

T

A 4
MATH I1- Cost Elemcent
Water Uemand basod on EPA
tdel cost-effectiveness
idelines

Participated in developwent of
Reexamination of Year 2000 Policies Plan
Identified “oitions for action"
and assessed using "three-budget system™

Grouped options for action into six areawide strategies
v v

Identified cost of
6 strategies

Model exercised us-
ing 1992 develop-
ment pattexrn for 6

strategies a Py
cost-effectiveness
of strategies
a.
b.
c.




water resources system. The physical system begins with the
community development pattern of the region, from which both
water demands and stormwater runoff can be estimated. Based
on water demands, sewage flows can be directly calculated and,
with infiltration/inflow added, "treated" through the appli-
cation of alternative waste treatment management systems.
Finally, this wastewater, and stormwater runoff is dis-
charged to the region's major water bodies, or is recycled
or applied to the land. 1In addition, the impact analysis
portion of the operating definition incorporates considera-
tion of the fiscal, social, and environmental impacts of
alternative systems and assumed conditions.

A second objective was to select and modify appropriate com-
puter models, methods, and approaches capable of simulating
each of the components of the physical water resource system,
and to link these components to form a model of the metropoli-
tan water resources system. The resulting analytical tool

has been termed the MWCOG Framework Water Resources Planning
Model. The Framework Model also includes elements for
applying fiscal, social, and environmental impact assessment
methodologies in the region. The attainment of these first
two project objectives is described in a Technical Summary

of the Framework Water Resources Planning Model published by
MWCOG in May, 1974,% and is further discussed in this report
in Chapter III.

The third objective of the study was to identify the water
quality management options available to the metropolitan
Washington region. This activity was undertaken as an inte-
gral part of the Year 2000 Policies Plan Reexamination con-
ducted by the Council of Governments and its member local
governments as discussed in Chapter II. A three-budget
framework for analyzing the fiscal, environmental, and social
impacts of the various "options for action" in all problem
areas of regional concern was developed and used during the
Year 2000 Policies Plan Reexamination to fulfill the next
study objective. This objective was to identify in qualita-
tive terms the associated costs and benefits of various
water quality-related management options. This is also pre-
sented in Chapter II.

The final study objective was to test the Framework Model for
the metropolitan Washington region by identifying the cost-
effectiveness of selected areawide water resources management
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strategies. Six areawide strategies were identified by com-
bining various water quality-related options for action.

The final chapter includes highlights from a typical computer
run of the Framework Model physical simulation components,
and identifies the water quality effects and compares the
cost-effectiveness of the alternative areawide strategies.
The conclusions and recommendations from the overall study
are contained at the beginning of this report.

CURRENT APPLICATION OF FRAMEWORK MODEL

Many portions of the Framework Model have been tested and
used for planning within the Metropolitan Washington Council
of Governments and other organizations during various stages
of the Model's development. Where this has happened, it has
been possible to test the assumptions and procedures dis-
cussed in this report.

Initial water demand and sewage flow estimates have been used
extensively by the water agencies of the states of Maryland
and Virginia and the District of Columbia as part of the
Washington Area Interstate Water Resources Program.3r4 The
U.S. Army Corps of Engineers has used the water demand es-
timates in its water supply study of the Washington Metropoli-
tan area,5 as has The Johns Hopkins University in a study
for the Maryland Power Plant Siting Program.® Such estimates
are also useful in the preparation of Environmental Assess-—
ments and Impact Statements as required under Section 102

of the National Environmental Policy Act.’ Examples of
studies utilizing results from the Framework Model are those
undertaken by consultants for the Washington Suburban Sani-
tary Commission® and the Baltimore District of the U.S. Army
Corps of Engineers.9

The results and estimating techniques of the Stormwater Run-
off Component have also found widespread application. A
stormwater management study for the District of Columbia by
an engineering consultant utilized some of the findings of
the stormwater runoff component.lo An Environmental Impact
Statement prepared by EPA for North Fulton County, Atlanta,
Georgiall applied an urban runoff estimating technique de-
veloped by MWCOG for use in the Framework Model.l? 1n fact,
a report prepared by the U.S. Environmental Protection Agency
Region IV, and presented at the 1973 Confer-In, cited this
method of estimating imperviousness and specific curb length
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developed by MWCOG as the prime example of currently avail-
able stormwater estimating techniques.3

Because the Framework Model is the first effort by the
Metropolitan Washington Council of Governments to relate
projections of future growth to future demands for an essen-
tial environmental resource, it provides a useful guide to
similar activities underway in the region. The Framework
Model has beenand is being applied by the Council of Goverg—
ments in its Reexamination of the Year 2000 Policies Plan?
and in the preparation of an Air Quality Maintenance Plan
for the National Capital Interstate Air Quality Control
Region, where the recommended control strategies will be
analyzed for both air and water impacts.

The Framework Model is likely to be useful in similar
environmental planning in other metropolitan regions in the
Country. The EMPIRIC Model, (which serves as the Community
Development Component) and, therefore, the rest of the
Framework Model, is not restricted to the Washington Metro-
politan area. The EMPIRIC Model has been or soon will be in
full operation by the Minneapolis-St. Paul Metropolitan
Council, the Canadian Council of Urban and Regional Research
in the Winnipeg region, the Denver Regional Council of
Governments, and the Boston Metropolitan Area Planning
Council.l> Thus, the Framework Model could be linked direct-
ly to the EMPIRIC Model in these urban areas as well.

IMPLICATION FOR SECTION 208 AREAWIDE WASTE TREATMENT
MANAGEMENT PLANNING

The Framework Model's ability to measure the effect of land
use, stormwater management, waste treatment management, and
non~-structural measures on the region's major water resource,
and to analyze fiscal, social, and environmental impacts, is
particularly important in light of the Section 208 areawide
waste treatment management planning requirements of the
Federal Water Pollution Control Amendments of 1972.17 section
208 provides for the establishment of a continuing areawide
waste treatment management planning process and deyelopment

of an annual areawide plan in those regions in the country
which, as a result of urban-industrial concentrations or

other factors, have substantial water quality control problems.
Section 208 identifies the mechanisms by which an area and an
agency may be designated by EPA for the conduct of this con-
tinuing planning process, and specifies what the annual area-
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wide waste treatment management plan must contain.

The Framework Model can serve as a major analytical tool for
agencies designated to conduct areawide waste treatment
management planning. The Framework Model has been designed
to satisfy or to assist with satisfying the following re-
qguirements of the Section 208 planning process:6 r 65

° Identifying future development patterns and
sewage flows, including infiltration/inflow

° Testing alternative structural waste treat-
ment control techniques

° Testing alternative non-structural control
techniques, such as land use regulation
and water conservation practices

° Evaluating alternative waste load alloca-
tions

° Identifying water gquality impacts of alter-
natives

° TIdentifying costs and financial arrangements
including user charges

° Comparing cost-effectiveness of alternative
strategies

° Assessing the environmental and social
impacts of plan implementation

° Assisting public participation and plan re-
view

The remainder of this section illustrates how the Framework
Model can be applied to meet the above requirements,

Identifying Future Development Patterns and Sewage Flows

The Framework Model physical simulations begin with the
Community Development Component, which for metropolitan
Washington includes as the basic computational tool the
EMPIRIC Activity Allocation Model. EMPIRIC is designed to
distribute regional "control totals" of future households
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and employment among a set of small sub-areas based on alter-
native public policies and market forces. Sub+-models are
used to generate estimates of population, land use by type,
income by group, and other desired characteristics by small
area. The EMPIRIC model can be used, and has been used in
metropolitan Washington, to test the effects of alternative
future metropolitan development patterns; i.e., corridor
cities vs urban sprawl.

Using output from EMPIRIC, the Water Demand Component estim-
ates future water requirements by small area for various

usage categories, such as single-family domestic (in-house)
demands, sprinkling, commercial/industrial demand by major
employment category, and public-unaccounted demand. Dry
weather sewage flows are derived directly from the residential
in-house and commercial/industrial water demands as part of
the Sewage Generation Component. Infiltration/inflow, which
must also be examined in Section 208 planning, is calculated
based on EMPIRIC output also, and added to dry weather sewage
flows. Pollutant load characteristics of sewage are also cal-
culated.

Testing Structural Control Techniques

The Section 208 planning process is required to satisfy the
facilities planning provisions of the Act under Section 201
(so-called Step 1 planning).8 This facilities planning must
include an evaluation of technologies for treating wastewater
and disposing of the effluent by: 1) discharging to receiving
waters, 2) reusing, and 3) applying to the land. The Waste
Treatment Management Component of the Framewoirk Model is de-
signed to test alternative waste treatment management sys-
tems by applying user-specified removal efficiencies to the
projected sewage flows. The effluent can be discharged to
user-specified points of discharge in the Potomac Estuary, or
withheld from such discharge (to simulate either re-use ox
land application).

According to guidelines prepared by the Environmental Protec-
tion Agency,l8 in the required municipal facilities planning
under Section 201 of the Act and therefore under Section 208,
all measures for preventing, reducing, and abating municipal
wastes (including stormwater wastes) other than conventional
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structural facilities shall be considered. These wastewater
management techniques include the regulation of land use and
development, a technigque which can be tested directly by
using the Framework Model. Guidelines published by the
Council on Environmental Quality also require consideration
of land use control and other non-structural devices in the
preparation of Environmental Impact Statements and Assess-

ments.

Another wastewater management technique to be considered in
Section 208 planning is the control of surface runoff. The
effectiveness of this technique is directly measured by exer-
cising the Stormwater Component of the Framework Model to
estimate future runoff, and then applying alternative control
strategies such as stormwater storage or treatment in the
Waste Treatment Management Component.

Another technique for reducing wastewater flows identified

in the EPA guidelines is water conservation. Since the Water
Demand Component estimates commercial usage, public-unaccount-
ed usage, and both residential in-house domestic usage and
sprinkling separately, the effectiveness of instituting water
conservation practices such as water-saving toilets and

shower heads can be evaluated. This is important not only

for wastewater management analyses under the Act but also

for water supply/demand planning in the metropolitan area.

In revising its model plumbing code for the region to require
water conserving devices??, the Council of Governments deter-

mined by applying the Water Demand Component that up to 25
million gallons of water per day could be saved in residen-
tial usage alone by 1992 if local governments adopt the
plumbing code revisions.?21

In addition, the effectiveness of measures to reduce infil-
tration/inflow can be tested since infiltration/inflow is
calculated separately' in the Sewage Generation Component.
From this estimate a determination can be made as to

whether excessive infiltration/inflow will occur, and there-
fore whether a sewer system evaluation survey must be con-
ducted.l8

Evaluating Waste Load Allocations

An important requirement under Section 303 (e) of the Act is
the establishment by appropriate agencies of pollutant load
limits for the major water bodies of a region.2 '17  phe
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estuary model which serves as the Receiving Water Component
of the Framework Model was developed for and exercised by

the Environmental Protection Agency in 1969 to establish
effluent limits which are the basis for the current expansion
and upgrading of treatment plants discharging to the Upper
Potomac Estuary.25 However, a report prepared in 1973 by
consultants for the Maryland Environmental Seryice challenged
the validity of those limits and the current effluent load
allocation scheme.26 This estuary model has been revised and
improved by MWCOG for use in the Framework Model, and could
be exercised to evaluate other load allocation schemes to meet
the Section 303 (e) requirements. The Section 208 planning
guidelines identify the testing of alternative waste load
allocations as a major activity within the Section 208 plan-
ning process as well.

Identifying Water Quality Impacts

The ability of alternative control strategies to achieve
desired water quality objectives is a necessary and obvious
consideration in the areawide water resources planning pro-
cess. The Receiving Water Component of the Framework Model
can simulate the effects of alternative point and non-point
sources of pollution, and can produce three-dimensional
estuary profiles for each of the water gquality constituents
of interest. These computer plots are very useful in
presenting complicated results in a simplified and under-
standable format to elected and appointed decision-makers
and citizens.

Identifying Costs and Financial Arrangements

To assist in identifying the fiscal impacts of the Section 208
plan, the Fiscal Budget portion of the Framework Model in-
cludes a Cost Element and a Financial Arrangements Element.

The Cost Element is used to determine and compare the capital
and OM&R costs of proposed alternatives, while the Financial
Arrangements Element is used to determine the need for Federal/
State grants, bond indebtedness, and required user charges.

Various portions of the Framework Model, both in the physical
simulation components and in the impact assessment elements,
can be used to assist in determining these user charges for
operation and maintenance of publicly owned treatment works.
Regulations published by EPA under the Act?3 require that the
user charge system shall result in the distribution of the
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cost of operation and maintenance of treatment works in pro-
portion to the user's contribution to the total wastewater
loading of the treatment works. Factors such as strength,
volume, and delivery flow rate characteristics shall be con-
sidered and included as the basis for the user's contribution.
1f the concentrations for BOD or other pollutants from a user
exceed the range of concentration of these pollutants in
normal domestic sewage, a surcharge added to the base charge
can be levied. The Sewage Generation Component can be used
to simulate effects of different strengths to serve as a

basis for determination of user charges in the Financial
Arrangement Element.

Comparing Cost—-Effectiveness of Strategies

The facilities planning portion of the Act requires that a
cost~effectiveness analysis of alternatives be conducted,

and that Federal grant funds be given only for treatment
works found to be the most cost—-efficient. A principal
objective of this study was to develop a definition of cost-
effectiveness applicable in highly complex regions, and to
test the cost-effectiveness of alternative areawide water re-
sources management strategies in metropolitan Washington.
Under the Water Quality Objectives Element in Chapter III,
the definition of cost-effectiveness is explained, while
Chapter IV includes the comparison of alternative strategies.

Assessing Environmental and Social Impacts

Regulations published by EPA require the preparation of an
Environmental Impact Assessment on the areawide waste treat-
ment management plan by the designated planning agency. This
will serve as the basis for development of an Environmental
Impact Statement by EPA. The Natural Resources Impact
Element and Social Impact Element of the Framework Model have
been designed specifically to assist with the identification
of environmental and social impacts during the planning pro-
cess,

Assisting Public Participation

The Act and implementing EPA regulations encourage active
public participation during the areawide planning process.

The Implementability Element of the Framework Model addresses
this need, and emphasizes the responsibility of the designat-
ed planning agency to obtain citizen points of view during the
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program for presentation to the responsible policy board.

These are some of the uses of the Framework Water Resources
Planning Model in the Section 208 areawide waste treatment
management planning process. The illustrated uses stress
that each component or element of this model can be used
independently or they can be linked, as was done in the full
Framework Model. Either way, the Framework Model is easily
the most flexible and comprehensive water resource planning
model available in the Washington Metropolitan Area, and will
continue to be used by the Council of Governments in its
areawide water resources planning program.

TOWARDS A METROPOLITAN GROWTH POLICY

The discussion of the Section 208 areawide waste treatment
management planning process would be incomplete without an
explanation of where that program fits within the comprehen-
sive areawide planning process of the Council of Governments.
A basic reason for this Council of Governments' interest in
Section 208 planning is that water resources planning is
recognized as an integral and inseparable part of the over-
all planning program at MWCOG aimed towards development of

a metropolitan growth policy for the region.

During the Year 2000 Policies Plan Re-examination (which is
discussed in Chapter II) over the past year and a half, the
need for developing a metropolitan growth policy has been
reiterated by many local governments, citizens, and technical
staff representatives in the Washington area. Public dis-
cussions have gone beyond the guestion of whether there should
be a metropolitan growth policy for the region. The ques-
tions now being asked include: What should this policy add-
ress? How should it be developed?

As this study was being completed {(summer of 1974), the MWCOG
staff had begun an attempt to answer these guestions and to
structure a proposed Metropolitan Growth Policy Program for
consideration by the region's officials. Preliminary staff
analysis identified the need for a cooperative forecasting
process as a foundation for the development of the growth
policy, an emphasis on impact analysis, and a series of
action programs including a Metropolitan Capital Improve-
ments Program and fair-share interjurisdictional agreements
on key growth issues.
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It is envisioned that the metropolitan growth policy at MWCOG
would integrate a greater extent possibkle than before, the
following functional programs:

® Land Use and Housing programs sponsored by HUD

° Water Resources program sponsored by EPA

° Air Quality program sponsored by EPA

° Transportation planning program sponsored by DOT

° Proposed energy program under HUD sponsorship
The metropolitan growth policy would be intended to serve as
the foundation for legal and constitutional defense of local
growth management efforts, would assure consistency among the
MWCOG functional planning activities noted above, and would

increase coordination among local, state, and Federal agencies
within the region.
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CHAPTER II
IDENTIFICATION OF AREAWIDE WATER

RESOURCES MANAGEMENT STRATEGIES

EXPANDING RANGE OF OPTIONS

One of the primary objectives of the project is the identifi-
cation of water quality management options available to the
metropolitan region. Too often in the past this task has
been undertaken as a narrow engineering design study of a
proposed physical structure to determine the desired treatment
units. An option has been defined frequently as simply
where to put a wastewater treatment plant, rather than as
alternatives to building such a facility at all. The dis-
cussions of the interrelated elements of the Metropolitan
Washington water resources system in this report reveals that
there is justification for broadening this approach. Indeed,
several significant actions which have occurred at the
Federal and State levels in recent years require that a
broader range of water resources management strategies be
considered by local communities.

One such action was the passage by Congress of the Federal
Water Pollution Control Act Amendments of 1972, Public Law
92-500, which establishes national water quality goals and
prescribes the system through which Federal financial aid

to municipalities for constructing waste treatement works is
channeled. Under the Act the definition of treatment works
eligible for Federal grants has been broadened considerably

to include any method or system for preventing, abating, re-
ducing, storing, treating, separating or disposing of muni-
cipal waste, including storm water runoff, or industrial
waste.l? Waste treatment management techniques which must

be evaluated in every case include: (i) biological of physical-
chemical treatment and discharge to receiving waters; (ii)
treatment and reuse; and (iii) land application techniques.27
Flow and waste reduction measures such as infiltration/inflow
reduction, water conservation technigques, and regulation of
land use and construction practices must also be evaluated

in every planning effort, as discussed in Chapter I.

Another significant Federal action was the passage of the
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National Environmental Policy Act (NEPA) which requires all
Federal departments and agencies to prepare environmental
impact statements (EIS) for major Federal actions signifi-
cantly affecting the quality of the human environment. ’ Thus,
before the Environmental Protection Agency can give a con-
struction grant to a community, the EPA must prepare an EIS
for the project. Alternatives to the proposed action, in-
cluding those not within the authority of the responsible
agency, must be considered in the EIS, including the alterna-
tive of taking no action, or action of a significantly
different nature such as non-structural programs.

State action in the form of the imposition in the early
1970's of moratoria on further connections to certain munici-
pal wastewater treatment plants in the metropolitan area has
caused the local jurisdictions to actively consider, and in
some cases already approve, the construction of "interim"
treatment facilities to control public health hazards and to
promote orderly growth within the community.28:2% rocal
governments have also taken actions which now prohibit cer-
tain practices of waste treatment management, such as Prince
George's County's recent limited ban on the incineration of
sludge within the county.30

Thus for a number of reasons, not the least of which has been
the inability of traditional treatment facilities alone

to achieve desired water quality goals, a much broader range
of water resources management options must be assessed than
appeared to be necessary even five years ago.

RE-EXAMINATION OF THE YEAR 2000 POLICIES PLAN

The identification of water quality-related management options
under this project was achieved as an integral part of a much
larger metropolitan effort by MWCOG and its member jurisdic-
tions, commonly referred to as the "Reexamination of the Year
2000 Policies Plan." This Policies Plan31:32,33,34 phag been
the basic planning guide for the Washington region since it
was published by MWCOG's predecessor, the National Capital
Regional Planning Council, in 1961l. Sometimes called the
"wedges and corridors plan," it recommended development of the
Washington area in a series of corridors radiating from a
central core along which new communities and towns would be
concentrated. Areas between the corridors ("wedges") would

be preserved as open space as shown in Figure 1.
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Source:" A Policies Plan For The Year 2000" NCRPC & NCPC, 1961.

Figure 1 YEAR 2000 RADIAL CORRIDOR PLAN
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Since the late 1960's a continuing review and comparative
evaluation of existing plans has been conducted by MWCOG

in three phases.l4 Phase One included a series of qualita-
tive evaluations of metropolitan development trends cul-
minating in a Metropolitan Conference on the Year 2000 Plan
held in July, 1971. 1In Phase Two, four alternative devel-
opment patterns, including the original wedges and corri-
dors concept, were evaluated and discussed in an extensive
process of public briefings and hearings before local
governing bodies and in meetings with technical staffs and
the public. This discussion resulted in a re-affirmation in
mid - 1972 of public preference for the wedges and corridors
concept and a refinement of the plan's basic goals.

Beginning in early 1973, Phase Three of the plan review,
through a series of workshops and public meetings and inten-
sive staff effort, concentrated on extending the subject
areas dealt with in metropolitan policy beyond the relative-
ly narrow confines of the original year 2000 Policies Plan
and into such areas as health, criminal justice, and natural
resources planning including water resources planning.

WORKSHOP ON PHYSICAL ENVIRONMENT

A workshop during Phase III which established the context
within which the water resources management options would be
identified in the Year 2000 Policies Plan Reexamination was
held in June of 1973. This "Joint Workshop on the Physical
Environment" was conducted by the Land Use Policy Committee
and the Health and Environmental Protection Policy Committee
of MWCOG to discuss environmental resources management issues
through discussion of issue papers. In one of the issue
papers,121 the environmental resources management system was
depicted to these elected officials of the region in the
simplified manner shown in Figure 2, where urban activities
place demands on and generate wastes to environmental re-
sources in a closed cycle.

Drawing from research conducted by Resources for the
Future,l22 it was emphasized that management techniques
could be grouped into four major types based on the "loci of
control" where they are imposed. These groupings are:

1. Reduce waste emissions within urban activity
(such as changing generation patterns and
limiting growth)
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Source: MWCOG Joint Workshop on the Physical Environment,
Environmental Management Issue #4, June 18,1973.

Figure 2 ENVIRONMENTAL RESOURCES MANAGEMENT SYSTEM

-20-



2. Reduce or transform wastes after generation
(such as treating sewage and incinerating
or recycling sclid wastes)

3. Decrease demand - increase supply (such as
water-saving home fixtures and reservoirs)

4. Affect environmental resources directly
(such as instream aeration to increase
assimilative capacity).

The issue paper noted that a major problem which the region
faces is where and to what extent in the environmental re-

sources management system the management techniques should

be introduced.

The need to manage the area's natural resources within the
limits of their "capabilities" or "carrying capacities"

was highlighted throughout the workshop. Environmental
resource capability or carrying capacity means the measured
ability of a resource to support use and development commen-
surate with desired environmental gquantity and quality of
that resource.23 It was recognized that these resource
carrying capacity limits which make up the area's natural
resource budget have not yet been fully determined. The
most current expression of resource carrying capacity is
the air and water guality standards adopted or approved by
the States and the Environmental Protection Agency.

During the workshop it was noted that in recent years local
jurisdictions have attempted to "trade"” land quantity for
improved air and water quality. Through use of block dia-
grams such as those in Figure 3, the staff demonstrated how
resource tradeoffs can and do occur. The figure illustrates
that between 1967 and 1973 the region had achieved a decrease
in particulates in the air from open burning and solid waste
incineration (by banning them in local ordinances) to the
point that Federal-State particulate air gquality standards
are now being met. However, as a result the amount of land
required to landfill material which had previously been
burned or incinerated has increased substantially.

Through use of these block diagrams, the sources of waste
emissions or resource demands can be depicted by parameter,
and potential tradeoffs among media can be highlighted.
Emerging from the workshop was a consensus that there is
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Figure 3 RESOURCE TRADE-OFFS
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a need for intensifying efforts to develop a natural re-
sources budget for the metropolitan area which is more
sophisticated and meaningful than the current set of Federal-
State air and water quality standards.l?¢

OPTIONS FOR ACTION

As a direct result of the workshop and this study, a much
broader and more useful range of water quality-related
management options has been prepared and incorporated, as
part of a comprehensive set of "options for action" for
each problem topic, into the two-volume "Reexamination of
the Year 2000 Policies Plan" published by MwCOG in early
1974.14 This document identifies the water quality-related
"target" for the metropolitan area as: "maintain or achieve
by 1983 existing state-adopted standards for protection and
propagation of fish and wildlife and for recreation in and
on the water." This target is entirely consistent with the
stated goals of the Federal Water Pollution Control Act

and of Section 208 areawide waste treatment management
planning.

To achieve this target, a set of "options for action" have
been identified and generally grouped according to the
loci of control identified in the workshop. These options
for action are as follows:

1. Reduce sewage flows by:

a. Water demand reduction through:

1. watersaving devices required by codes

2. use restrictions during water shortages
3. water rate changes
4. public education
5. water service moratoria
b. Reduction of infiltration/inflow into collection
systems

c. Moratoria on sewer connections

-23~



2. Transfer residuals to air or land by:

a. Interim package treatment plants

b. Expansion and upgrading of the treatment efficiencies
of existing waste treatment plants

c. Construction of new advanced waste treatment plants

d. Land application of secondary effluent from treatment
plants

e. Septic tanks

f. Multi-residual processing (such as sewage and solid
waste recycling)

g. In-house devices to transfer residuals or to with-
hold wastes from water-carried systems (such as
chemical or incinerating toilets or holding tanks)

3. Improve stormwater management by:
a. Erosion and sediment control during construction
b. On-site retention of stormwater (after construction)
c. Collection and removal of residuals from stormwater
4. Utilize assimilative capacity of water resource by:
a. In-stream aeration
b. Extension of effluent outfalls

Although most of these options are structural, there are
several others on the list, such as public education and
water pricing, which seek to change people's habits and con-
sumption patterns. Each of these options share a common
characteristic in that each has received serious considera-
tion in Metropolitan Washington by one or more local juris-
dictions in recent years. Even though there are perhaps
other water quality-related options which may be added dur-
ing the public review process, and there are water supply-
related options in the Year 2000 Policies Plan Reexamination
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not shown here, this list provides a basis from which to
assess the relative benefits and costs to the metropolitan
region of the options available to it.

IMPLICATIONS FOR FISCAL, NATURAL RESOURCE, AND COMMUNITY
RESPONSE BUDGETS

Another objective of this study was the identification in
gualitative terms of the associated costs and benefits of

the various water quality-related management options. This
has been accomplished in part also during the Year 2000
Policies Plan Reexamination. In his study for MWCOG of the
concepts of optimum growth and balanced communities, a con-
sultant suggested that the decision-making process, whereby
problem solving occurs on an incremental basis, can generate
new problems because, without an appreciation of the resources
available, relative priorities cannot be thoroughly examin-
ed.35 He suggested that the decision-making process use as

a tool three "budgets" =-- natural resource, fiscal, community
response -- as a method of weighing the various and sometimes
conflicting considerations that must be included in resolu-
tion of growth-related problems.

In its Year 2000 Policies Plan Reexamination, MWCOG has eval-
uated in a qualitative fashion each of the "options for ac-
tion" in housing, jobs, safety and justice, juvenile delin-
quency, health and education, recreation, general welfare,
natural resources including water resources, community
balance, and transportation relative to the three-budget
system. Under the budget concept, the available resources
(whether monetary, natural, or human) at any given time that
can be devoted to the solution of a problem such as water
guality are finite,l4 For this reason, it 1is necessary to
weigh social, economic, and environmental factors and to

make difficult tradeoffs in allocating limited resources to
the solution of the problem. The fiscal budget includes
economic censiderations such as tax base and public revenues,
costs of services, and impact upon the private sector
economy. The natural resources budget is defined by the
"carrying capacity" of the air, land and water. The communi-
ty response budget encompasses not only the social impact

on a neighborhood but also current public values and the
local government decision-making process.

It is believed that the budgets can be useful at two points
in the planning process. First, they can be used in evaluat-
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Table 2

WATER QUALITY-RELATED OPTIONS FOR ACTION

(Extracted from Metropolitan Washington Council of Governments

implications for

Necd for Metro-

1974)

Problem Tarzet Options for N ~ politan Agree- o Key Cr.nten'z
d B Action Fiscal atural Community ment on Imple Responsibility for Momtor_mg
Budgpet Hesources Response mentation an and Evaluation
Budget Budget 2.
Water
Resources
The Upper Pato- Maintain or achieve | 1. Reduce gewage flows
muc Fstuary, the by 1983 cxisting by Demand Reduction
Occoquan, and the |state-acopted fill’Ol;g}l,'
Patu.ent regularly  :standards for
experience high boac t protection & a. Water saving devices | New develop- Reduce Permit consu- Modification of COG Completed. Number of devices
terial counts, low propagatior of required by codes. ments will requirements mer to feel he Mode! Plumbing Code. installed by type.
dissolved oxygen fish and wildlife bear cost which | for new water | is participant
levels, and nuisance |and for recreation. will likely be facilities. in effort to
algne growths such  {(p()-8) passed on to the help environ- )
that adopted state | (72.13) consumer. Reduce flow ment. Adoption of che WSSC, D.C. Co.uncﬂ,
water quality to water change to require water- | Va. Stalg Housing
standards are regu- pollution con- saving devices. Board.. City of
larly violated. trol facilities. Rockville Council.

b. Use restrictions
during water shortage.

c. Water rate changes.

d. Public education.

e. Water service
moratoria.

Place hardship
on selected com-
mercial enter-
prises such as
car washes.

Rates gencer-

ally set based on
revenue needed
to nperate at

no profit.

Source of funds
for such a pro-
gram would be
necded.

‘Tax base
affected.
Builders/
developers
restricted.

Permit water
to be available
for longer dura-
tion.

Reduction in
demand that
could be
achieved in
question.

Assist in
reducing
demand for
water,

Reduce future
demand for
water. Reduce
future sewage
flows.

Require
sacrifices on
water use by
public.

Could adversely
affect lew and
moderale in-
come families.

Purpose is to
change peaple's
water consump-
tion habits.

Housing stock
diminished.

Water shortage
emergency plan.

Adoption of ordinance
as part of emer~ency
plan.

Resolution of question
of effects of rate
chanyes on demand.

Modification of rate
schedules.

Determine whether
metropolitan-wide pro-
gram is needed.

Devclop program.

Interim solution to
batance construction
with supply develop-
ment.

Water utilities,

local governments,
state water agencies,
COG and other
regional planning
agencies.

Water utilities,

local govemments.

Water utilities, local
governments, state
wuter agencies, COG
ara other regional
plarning agencies,
consultants,

Water utilities, jocal
governments.

COG and other
regione! plaining
agencies, water
utilities.

COG and other
regional planning
agencies, water
utilitivs, local govern
ments.

Local governments,
COG and other
regivnal planning
agencics, develop-
ers and building
associations, cham-
 bers of commerce.

MGD of water
saved during
restrictions.

Change in rates
vs. MGD of water
saved.

Number of people
informed.

MGD of water
suved as direct
result.

Number of housing
and commercial
units affected

by type.
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b. Reduction of
infiltration/inflow
into collection
systems.

¢. Sewer moratoria.

Trans{er Residuals
to Air or Land by:

a. Intenim package
plants.

b. Expension cnd up-
gra:ling to AWT of

existing water pollution

control pleats (Arling.
toi, Alexandviia, Prince
Georges County, Fair-
fox County, D.C.,
Loudoun Co.

¢. New AWT plants
(Occoquan, Prince
Williamn County, Mont-
gomery County).

dJ. Land application of
secondary effluent
from plants,

Trade-off of
repaining collec:
tion miuns versus
expanding capa:
city of water
pollution control
plants.

Builders/
developers
restricted. Tax
base affected.

Financia)
responsibility
nol established.

Feonomes of

Increase-re-

of plants by
concentrating
load.

Reduce future
sewage flows.

Performance of
lplanu to pro-
tect water
bodies ques-
tioned, Assist
in eliminating
overflaws,

Ffivcliveness

seair. $0% Federal-jof AWT to re-

state fundin,?
availability based
on cost-effeclive
ess.

duce loads.
['transfors
Iresiduals to aic
by incineration
lor Jund by
\sludge pro-
lcessing.

t

Cost-cffectiveness: Effectiveness

versus upgrading
existing piants.

L of AWT to
reduce loads.

90% Federal-statey Effect of new

funding avail-
ability.

Developable
land removed
from use. Cost.
effectiveness.
Land cost
allowable under

grant.

discharge to
use of water
bodies as
potable water
source. Trans

ta air or land.
Energy re-
quircments.

quantity of
groundwater.
Effect on sur-
face topo-
graphy and
vegetation.
Recycling of
valuabie
nulricnts.

fers of res:duals

Public incon-

mova] efficiency venience of

construction
and repair.

Housing stock
diminished.

Lack of quali-
fiod and avuil.
able operutions
personnel.

|

:Prnh'(:& public
‘health, Bffect
of plant o
leurraunding
‘community.
iResponse to

Federat enforee.
1

ment s tion,

I'rotect public
healtn. Effect
of plant on
surtounding
community.
Failsafe re-
quirements.
Difficuity of
sludge disposal.

Possible ground- Public health
water contamin<dnsks not
ation. Increased fully invest.

iigated.

Undertake studies on
infiltration/inflow
required by EPA.

Intenm solution to
balance construction
with plant capacity.

Compatibility of per-
formance standards
avross junsdictional lines
and financing.

!Rnccive Federal-state
.funding and construct
tand operate facilities.

i
|
;
j

Fnsure new plants will
perform as expected.
Obtain Federal-state
spproval and financing.
Construct and operate
facilities.

[nvestigation of feasi-
bility of pilot project.
Obtain Federal-state
approval and financing.
Construct and operate
facilities.

|

Local public works
depts., state water
agencies, loca
govemments, COG
and other regional
planning agencies,
EPA.

State water agencies,
local govemments,
COG and other
regional planning
agencies, developers
and builders

of commerce.

Loca) govermnments,
state water agencies,
developers and
buidling assoctations.

Contractors, local
public works depts.
EPA, state water
agencies.

EPA, state water
apencics, lucal
governments, COG
and uther regional
planning agencies,
citizens' groups,
contractors.

Local governments,
state water
spencies, local
public works depts.,
COG and other
regional planning
agencies, EPA,
citizens' groups.

associations, chamber]

MGD of infiltration/
nflow reduced.

Number nf housing
and commercial
units affected by
type.

MGD proressed by
plants. Removal
efficiencies.
Pounds of residual
transfercd.

MGD processed by
plants. Removal
efficiency.

Pounds of residuals
transfered.

Same as above.

MGD transfered
o land. Amount
of nulricnts
discharged to
land.
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{mpiicstions for

Need for Metru-

Problem Target OPLIW.“ for . Naturul Community politan Agree-
Action Fiscal : ment on Imple-
Audget Resnurces Response mentauon Pro
Budget Budgpet &
e. Septic tanks. Cost horne by Possible effect |Potential Identify areas with septic
consumer on ground- health hazard tank potential or
directy. water. Many in future. problems.
soils not suited |Permit de-
: to septic tanks. |velopment
i without
isewers.

(=]

f. Multi-residual
processing (sewage
and solid waste}.

g. in-house device to
teansfer residuals (such
as chemical of incine-
rating toilets and
garbage disposals).

. Improve stormwater

management by:

a. Krosion and sediment
conlrol during con-
struction.

b. On-site retention of
stormuwater (cfter
conslruction).

Cost-effectiveness|
versus transfering
residuals in

separate processest

Economies of
scale. Cost alloca-
tion among
pirticipants
Biminate or
minimize need
for collection
system and pol-
lution control
facilities.

Technological
state-of-the-art
availability ques-
tioned. Could
increase private
cost Vo deve-
lopers, reduce
public costs.

Requires ex-
penditures by
developers.

Requires
expenditures
by developers.

Reuse and
recycling of
residuals.
Encryy
conservation.

Transfer
residuals to
air or Jand.

Eliminate
sedimentation
of water
resources from
scanficd land.

Minimize
impact of
storm Inads on
water resources.

'Multiple use
of facilities.

Public health
risk associated
with break-
down of
equipment,

Improve
aesthetics of
water
resources,

Minimize
flooding of
streets during
storms. Re-
yuires main-
tenance.

{dentify positive retums
to jurisdictions, economid
incentives, management
efficiencies.

Encourage rescarch

to determine feasibility
of instailing as pilot
such as in a “new town"',

Insure ordinances are
compatible and enforced.

Development, adoption
of enforcement of
compatible ordinances

Responsibility

Key Critenia
for Monitoring
and Evaluation

Local public works,
state water agencies.

EPA, state water
agencies, local
governments, public
service utilities,
COG and other reg-
ional planning
agencies, citizen
KTOupSs.

Developers, local
governments, COG
and other reginnal
planning agei ies,
local health depts.,
state water aguncies,
manufacturers,

Local public works
and other depls.,
state water agencies,
COG and other
regional planning
agencics, developers,
soil and water con-
servation districts.

Local public works
depts., COG and
other regional plan-
ning tgencies,
developers, property

ments, soil and
waler conservation

owners, local govern-

Number of septic
tanks.

MGD processed.
Amount of resi-
duals reused and
recycled.

Amount of resi-
duals transfered.

Amount of siit
discharge.

Number of viola-
tions of ordinunces
reporied and
prosecuted.

Amount of storm-
water flow reduced
during peak periods.

districts.
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¢. Colliction and re-
meoval of residuals
from stormwater.

. Utilize assimilative

capacity of water re-
sonrce by:

a. instream aeration,

b. Extension of ef-
fluent outfalls (such

as Piscataway plant).

Tradveoff of
conlrolling
stormwater
versus sewage
flow,

Cost-effectiveness,
Pumping costs.

Cost-effectiveness,|
Availability of
Federal grant.

Transfer
residuals to

air or land.
Provide source
of nanpotable
water for reuse
and recycling.

Increase dis-
salved oxygen
level of water.

Permit beiter
dispersion of
effluent. im-
pact during

constrcticn.

Temporary
disruption of

Investigation of
feasibility as a pilot

neighborhood |project.

during con-
struction.

Effect on rec- |Investigation of

reation and
navigation,
Acsthetic ef-
fects of foun-
taing,

image of
reducing pols
lution by
dilution.

feasibility.

Investigation of
feasibility for each
treatment plant.

COG and other Pounds of
regional planning  |residuals removed.
agencies, local

government depts.,

state water agencies,

soil and water con-

servation districts.

State water
agencies, local
governmen!s.

COG and other
regional planning

Change in dis-
solved oxygen level
of water resource.

Change in dissolved
oxygen level and

agencies, state water | cutrophication in

agencies.

waler resource.




ing the desirability of each individual option for action.
Then, they are useful in facilitating the tradeoff process
that must occur when proposed solutions to one problem are
evaluated in relation to other problems. An example is
given in the Year 2000 Policies Plan Reexamination where the
most desirable solution to a water resource problem such as
prohibiting new connections to overloaded treatment plants
may prove detrimental to efforts to solve a human resource
problem such as the need for increasing the supply of
reasonably priced housing.

Table 2 on the preceding pages presents, in abbreviated form,
the implications for the three budgets of the water quality-
related management options listed earlier. The table and
others like it included in the Year 2000 Policies Plan
Reexamination constitute a written guide for the conduct of
a decision-making process that leads toward solution of the
problems facing the Washington metropolitan area. They
illustrate a process in which:

1. Problems are identified. (See column headings
that appear on the following tables.)

2. Targets are established for solving the
problem.

3. A series of options for action are identified
including all known, reasonable alternatives.

4. The options are explored and evaluated in
terms of three sets of criteria or three
"budgets": fiscal, natural resource, and
community response.

5. The necessary extent of metropolitan agree-
ment on an action program is discussed and
agreed upon.

6. Responsibility is agreed upon for all
necessary actions designed to carry out the
option and to reach the target.

7. Key Criteria (quantitative measures) for
monitoring and evaluating progress toward
reaching the target are established.
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It is interesting to note that when participants at an EPA
Conference on the Quality of Life (QOL) concept were asked
during an experiment to develop a consensus list of QOL
factors, the component headings which resulted -- economic,
political/social, and environment -- are parallel to those
of the MWCOG three-budget system. And, when the specific
o0L factors in each heading were then weighted and totalled,
the three component headings ended up being rated relatively
equal to each other in importance.

SIX STRATEGIES FOR DEMONSTRATION OF FRAMEWORK MODEL

It is neither necessary nor within the resources available
to the study to undertake a more detailed analysis of all

of these options for action. Rather, since the primary pur-
pose of the project is the development of systematic tools
and techniques for use in the areawide planning process, a
‘lesser number of water resources management strategies in-
corporating a variety of options will be used to demonstrate
these tools in later chapters.

Six possible strategies for the year 1992 in metropolitan
Washington have been selected for detailed discussion. They
were formed by combining various options for action from Table
2. These strategies have been termed "areawide water resour-
ces management strategies" because they are tested for appli-
cation across the entire metropolitan region, because treat-
ment works are not site-specific (except for outfall loca-
tion), and because they include options beyond simply waste-
water treatment. These six strategies are summarized in

Table 3 and include:

Strategy No.l - Secondary Waste Treatment. The level
of wastewater treatment in all municipal treatment plants dis-
charging into the estuary is assumed at only secondary treat-
ment. Water demand and sewage flow estimates predicted by the
Framework Model are used with no control of stormwater runoff.

Strategy No.2 - Advanced Waste Treatment. Wastewater
entering the Potomac Estuary in 1992 is assumed treated to
advanced standards (AWT). The remaining strategies are
alternative extensions of this strategy.

Strategy No.3 - Stormwater Treatment. This strategy
assumes AWT, as well as operation of structural options
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Table 3.

SUMMARY OF AREAWILE

W2 TER RESOURCES MANAGEMENT ST:ATEGIES

Areawide
Strategies

Secondary
Waste Treatment

Advanced
Waste Treatment

tormwater
Treatment

water
Conservation

Dry Vaste
Collection

Indirect
Estuary Re-use

Yes No
i
0
No i Yes
No i Yes
No Yos
No Yes
No Yes

No

Yes

No

No

Ne

Yes

Yes

No

No

No

No

Yes

No

No

Yes

No

Yes

All strategies

assume sare projected 1992 metropolitan
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resulting in 50% average reduction in waste load reaching
estuary from stormwater runoff.

Strategy No.4 -~ Water Conservation. This strategy in-
corporates plumbing code changes requiring water-saving
devices for all new construction after 1976. A 20% reduction
in new residential domestic (in-house) water demands and

sewage flows, and equivalent reductions in commercial/indus-
trial sectors is simulated to reflect this. Advanced waste

treatment for all wastewalter 1is also simulated, while treat-

ment of stormwater is not simulated. Sewer infiltration/
inflow is assumed to be reduced by seven percent by stricter

construction specifications and programs.

Strategy No.5 - Dry Waste Collection. This strategy
assumes non-water carried waste removal of residential and
commercial wastes in new construction after 1976 resulting
in 50% reduction in residential domestic and commercial/
industrial water demands and elimination of sewage flows in
new construction while assuming AWT for existing sewage flows.
This strategy also assumes water conservation measures are
required for new construction causing an additional 10%
reduction in residential domestic and commercial/industrial
water demands. Reduced sewer infiltration/inflow as in
Strategy No.4 is also assumed.

Strategy No.6 - Indirect Estuary Reuse. This strategy
envisions obtaining a portion of the needed water supply
from the Potomac Estuary during emergencies. This strategy
also assumes water conservation and sewer infiltration/inflow
reduction measures and AWT from Strategy No.4 are in effect,
and that emergency water use restrictions are also imposed.

The six strategies were chosen to reveal the impacts of dif-
ferent treatment efficiencies, and different public policies
that influence the use of water resources. With the excep-
tion of Strategy No.5, these strategies are in various
stages of consideration within the metropolitan Washington
region. A detailed description of the assumptions made in
operating the Framework Model for these six strategies is
included in Appendix A. A comparison of the results of the
Framework Model simulations is presented in Chapter IV.
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CHAPTER III
COMPONENTS AND ELEMENTS OF THE

FRAMEWORK WATER RESOURCES PLANNING MODEL

OVERVIEW

The Framework Water Resources Planning Model can be depicted
as a series of components and elements relating to one
another in the manner shown in Figure 4. A major objective
of the study was to describe the interrelationships among
the components of the metropolitan scale water resources
system. The physical simulation portion of the Framework
Model begins with a Community Development Component which
projects the nature and distribution of future growth in the
metropolitan area for various forecast years, producing es-
timates of numbers of households, employment by type, and
other socio-economic and demographic data by small geograph-
ic area.

The Water Demand Component is designed to estimate water
demand by usage category for each combination of development
plan and forecast year provided by the Community Development
Component. Water requirements are estimated by small area
separately for the residential, commercial/industrial, and
public-unaccounted sectors. Within these sectors, require-
ments are further estimated for individual categories of
usage such as apartment domestic (in-house), apartment
sprinkling, single-family domestic, single-family sprinkling,
commercial use by type, distribution losses, and free service.
The Water Demand Component also provides essential information
for the Sewage Generation Component.

The Sewage Generation Component projects the burden future
growth imposes on the sanitary sewer and sewage treatment
system of the region. It provides estimates by small area

of average dally sewage flow and average daily pollutant
loads by parameter based on appropriate output from the

Water Demand Component, exogencusly-calculated infiltration/
inflow based on output from the Community Development Compon-
ent, and user-specified pollutant load coefficients.
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The Stormwater Runoff Component projects the impacts of non-
point sources of pollution for future patterns of urban de-
velopment. This component also uses output from the
Community Devleopment Component to calculate runoff volume
and hydrographs by watershed for each storm selected for
analysis. In addition, the Stormwater Runoff Component pro-
duces associated biochemical oxygen demand (BOD) washoff

and BOD pollutographs by watershed.

The Waste Treatment Management Component next simulates the
application of alternative waste treatment management tech-
niques to the wastewater and stormwater flows and loads gen-
erated by the Sewage Generation Component and Stormwater
Runoff Component respectively. The results are effluent
flows and loads by parameter for all sewade service areas

in the region.

These projected flows and locads are then simulated as dis-
charges at selected points in the receiving water. These
flow quantities and pollutant loads, along with initial con-
ditions and constant data, are the inputs to the Receiving
Water Component, which simulates the water quality response,
in this case, of the upper Potomac Estuary. The estuary
simulation can be performed on three different types of in-
puts: (a) "dry weather" sewage discharges only; (b) sewage
discharges and treated stormwater runoff; or (c) sewage dis-
charges and untreated stormwater runoff. Output from the
Receiving Water Component consists of a computer-printed
three-dimensional estuary profile for each pollutant or
parameter simulated, with axes including the extent of
Potomac Estuary affected (length in statute miles), time (ir
hours), and the concentration of parameter under investiga-
tion (such as milligrams per liter of dissolved oxygen).

It was the intent of the study to integrate existing physical
simulation models into the Framework Model wherever possible,
rather than developing new and untested models. Thus, the
Community Development Component consists of the EMPIRIC
Activity Allocation Model utilized by the Council of
Governments for several years in other planning areas such as
transportation. The basic computational model used in the
Water Demand Component is the "MAIN II System", which was
developed by Hittman Associates based on extensive research
conducted by The Johns Hopkins University during the 1960's.
The Stormwater Runoff Component incorporates portions of the
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EPA Stormwater Management Model, while the Receiving Water
Ccomponent includes the Potomac Estuary Model developed for
the U.S. Environmental Protection Agency.

The following section of this chapter describes in detail
each of these Framework Model components used to simulate

the metropolitan water resources system. A flow diagram

is presented for each component to illustrate how it operates
and how the various submodels interrelate. Methods used to
validate the results of the Framework Model components are
also discussed.

The final section of the chapter describes the framework for
analyzing the fiscal, environmental, and social impacts of
alternative water resources management strategies. This
framework 1s presented schematically in Figure 4 as the im-
pact analysis elements of the Framework Water Resources
Planning Model. The approach used was derived directly

from the Year 2000 Policies Plan Reexamination discussed in
the previous chapter, where three hypothetical budgets, a
fiscal budget, a natural resources budget, and a community
response budget,were shown to describe limits to resource use.
Every allocational decision made by government, whether it
be in water resources planning or another functional area,
impacts upon or consumes a portion of each of these budgets.
For each of these three budgets, existing methodologies for
analyzing impacts of water resources management strategies
are discussed and proposed procedures for their use in the
Framework Model are presented.
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FRAMEWORK FOR PHYSICAL SIMULATIONS OF THE WATER RESOURCES
SYSTEM

Each of the major physical simulation components of the
Framework Water Resources Planning Model, presented schemati-
cally in Figure 4, is discussed in detail in this section.
The purpose of this section is to provide a better under-
standing of the development and applicability of the Frame-
work Model for areawide waste treatment management planning.
A demonstration of the entire physical simulation portion

of the Framework Model for six areawide water resources man-
agement strategies for 1992 in metropolitan Washington is
contained in the next chapter.

Community Development Component

The Community Development Component of the Framework Model
provides estimates of detailed socio-economic and demographic
characteristics for future years as input to the Water Demand
and Stormwater Runoff Components. The "EMPIRIC" Activity
Allocation Model, developed by the Council of Governments
and its consultants, Peat, Marwick, Mitchell & Co., serves

as the Community Development ComponentsS’/ although any model
which provides the necessary socio-economic and demographic

data can be used for this purpose. EMPIRIC* is one of a
family of regional planning models which are designed to
allocate projected metropolitan population, employment and
land use totals among a set of smaller subregions or dis-
tricts.

The model is designed to perform three specific functions:

° To allocate metropolitanwide control
totals of future population, employ-
ment, and land use growth among a set
of small subregions or districts,
based upon exogenously specified
metropolitan planning policies;

° To estimate the probable impact of
alternative public and private plann-
ing policy decisions on the future dis-
tribution of metropolitan growth; and

*A detailed explanation of the design and use of "EMPIRIC" is
contained in references 37 and 38.
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In essence,

To provide an analytical foundation for
the evaluation and coordination of
public policy decisions in many func-
tional areas.

the EMPIRIC Model is a set of simultaneous

linear equations used to evaluate the effect of public poli-
cies and public investments on private market forces and
development trends. The market forces are expressed by:

]

Patterns of subregional household and
employment development over a past
period of time

Future employment and population
projections by time period for the
entire metropolitan area

Large scale private and public devel-
opments

The public policies are expressed in the following ways:

o

Transportation Service: the accessibility
of a given area to activity centers, via
both automobile and public transportation
for specific future points in time;

Water and Sewer Service: the land area to
be served by public systems in each portion
of the area, as of stated points in time;

Density Constraints: the density at which
new development will take place is speci-

fied for various categories of residential
and employment-oriented activities. Addi-
tionally, it is possible to place activity
"ceilings" upon small areas in simulating

moratoria or holding capacity constraints.

Household and employment levels divided into various cate-
gories are called "activities" in the modeling terminology.
The EMPIRIC model allocates these activities to subregional
areas called "Policy Analysis Districts" (or PAD's). The
Washington metropolitan area is divided into 146 of these
Policy Analysis Districts as shown in Figure 22. In addi-
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tion to the EMPIRIC "Main" module which estimates household
and employment distribution, there is a land consumption
submodel which estimates future acreage, by type of land use,
for each PAD, and supplementary submodels which divide "Main"
model outputs into component distributions of population by
age, household size, and so forth. Listed in Appendix C are
the outputs available from the full EMPIRIC model.

The EMPIRIC Model has been "calibrated" (adapted to the
Washington metropolitan area) using activity and policy data
developed for two points of time, in this case 1960 and
1968. Forecasts of the future metropolitan distribution of
activity are then generated by specifying anticipated
metropolitan wide control totals of households and employ-
ment, together with a set of future development and planning
policies for the forecast intervals 1968-1976, 1976-1984, and
1984-1992, and by operating the model recursively to gener-
ate future activity distributions by small geographic area.
A demonstration of the EMPIRIC model for the metropolitan
Washington area as the base from which to estimate water
resource impacts is contained in the final chapter of this
report.

The EMPIRIC Model may be used both as a straight-forward fore-
casting device and also as a mechanism for comparing the
efficacy of alternative planning policies over one or more
specific time periods. Both of these methods are illustrat-
ed in Figure 5. EMPIRIC, or a substitute planning system

for predicting the distribution of growth in an area, should
be identical to the system used in developing metropolitan-
wide transportation, air quality, housing and other related
plans. This will ensure that the accepted basis for planning
is used as input to the Water Demand Component and Stormwater
Runoff Components of the Framework Model.

Water Demand Component

The Water Demand Component of the Framework Model is designed
to estimate water demand by usage category for up to 200 user-
specified geographic areas for each combination of development
plan and forecast year provided by the Community Development
Component. In addition, these water demand estimates serve

as a basis for inferring uninfiltrated waste flows in the
Sewage Generation Component.
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A schematic representation of the Water Demand Component is
presented in Figure 6. The basic computational model is

the "MAIN II System", which was developed by Hittman Asso-
ciates, Inc. based on extensive research conducted by The
Johns Hopkins University during the 1960's. The system
itself is a set of formalized precedures, approaches, and
equations which have been developed specifically for use in
planning for municipal water supply. Water requirements

are estimated separately for the residential, commercial/
industrial and public/unaccounted sectors for each of the

50 "planning units" identified in the study and illustrated
in Figure 22 as aggregated EMPIRIC Policy Analysis Districts.
Within these sectors, requirements are further estimated for
individual categories of water uses such as apartment
domestic use, apartment sprinkling, single-family household
domestic use, single-family sprinkling, commercial use by
type of establishment, free-service, and distribution losses.
Estimates are made of average daily, maximum day, and peak
hour requirements for each category. Complete verification
and documentation of the "MAIN II System" has been completed
by Hittman Associates, Inc.39'40

To estimate water demands for each combination of development
plan and forecast year, the MAIN II System as utilized in
the Framework Model requires one hundred and five data ele-
ments for each planning unit. Because over 5000 data ele-~
ments are therefore required to exercise the MAIN II System
each time, a new computer program identified as the "Inter-
face" program has been developed to manage this data. To
accomplish this interfacing, the new program constructs a
matrix of planning units by data elements for each combina-
tion of development plan and forecast year. These matrices
can be formed, manipulated and revised as necessary.

Figure 6 indicates how data is entered into the Interface
Program from three sources - a "constants" data file, an
EMPIRIC output file from the Community Development Component,
and user-specified data elements on cards. Sixty-five of

the 105 data elements required by the MAIN II System for each
planning unit are considered to remain constant throughout
all development plans and forecast years for metropolitan
Washington. These data elements, such as latitude, longitude,
and home value range, are stored in the "constants" data file.
The remaining forty-two data elements vary for each develop-
ment plan and forecast year. The values for all of these

-42-~



USER-SPECEFTEY

MANDAL DATA

CONSTANTS

DaTa
Flue

PRINTED
MAIN 11 INPUT

FRON CONMUNITY
DEVELOPHENT COMPONENT |

l

EMPIRIC
ouTpuUT
DATA FIlLE

®SELECTS APPRQPRIATE EMPIRIC CuTAUT DATA

@®AGGREGATES EMPIRIC & CCONSTAIT DATA INTO
MATRIX FORMAY FOR USER-SPECIFIED
NUNBER OF PLAMNING UNITS

INTERF ACE
PROGRAM

@ARRANGES DATA INTO FORMAT REIUIRED
BY MAIN 1! SYSTEM

"
|

y _____]L_J___

FILE IN
MATRIX
FORHAT

MAIN 11
INPUT FILE

4

SESTIMATES SINGLE-FAMILY HOUSEMOLD OOMESTIC
AND SPRINKLING WATER OEMAND FOR EACH PLANNING UNIY

OESTIMATES APARTMENT DOMESTIC AND
SPRINKLING WATER QEMAND FOR EACH PLANNING UNIT

MAIN 11

SESTIMATES COMMERCIAL /INDUSTRIAL WaTER SYSTE
M

OEMAND BY CATEGORY FOR EACH PLANNING UMITY

OESTIMATES PUBLIC/UNACCOUNTED WATER DEMAND
8Y FREE SERVICE AND DISTRIBUTION LOSS FOR
EACH PLANNING UNIY L

L

MaIN It
QUTPUT FILE

3

OREFORMATS MAIN |1 OUTPUT FILE FOR USE
IN SEWAGE GENERATION COMPONENT AND
MUNNATRE PROGRAM

PRINTED WATER

OEMAND ESTIMATES
8Y PLANNING UNIT

FIXSEWER
PROGRAM

REFORMATTED
FILE OF
WATER DEMAND

TO SEWAGE GENERATION
mw wm@s COMPONENT !

Repeat procedure for

*

each development plan
and forecast year.

OSUMMAR I ZES WATER OEMAND ESTIMATES FOR
HMETROPOLITAN AREA 8Y CATEGORY

'y

Figure 6

PRINTED SUMMARY

OF WATER DEm™AND

ESTIMATES

-43-~

MUNWATRE
PROGRAM

FLOW DIAGRAM OF WATER DEMAND COMPONENT



variables are either direct EMPIRIC output or are computed
from EMPIRIC data produced by the Community Development
Component. For each combination of development plan and
forecast year an unmodified EMPIRIC data file 1s obtained
and input to the Interface program. In addition, user-
specified data elements on cards may be used to override
any of the 'constant' or 'variable' data elements.

The Interface program reformats these inputs to produce

three different outputs illustrated in Figure 6. One is

a printout of data elements. The second is a data file disc
that can be input directly to the MAIN II System to estimate
water demands. The third is the same data file in matrix
format convenient for revising the MAIN II input if necessary
by rerunning the "Interface" program. The final two programs
in the Water Demand Component serve to reaggregate MAIN II
output for use in the Sewage Generation Component and to
produce a printed metropoclitan summary of water demand
estimates.

As indicated earlier, the rationale behind the estimating
procedures of the MAIN II System 1s based on extensive
studies of residential, commercial and industrial water use
conducted by The Johns Hopkins University. The research

of residential water use conducted by Johns Hopkins4l’42’43'44
revealed that the principal factor influencing total annual

water use in residential areas is the total number of homes.
Thus, the EMPIRIC Model, which distributes the number of
households throughout the metropolitan area based upon
alternative development policies, provides ideal projections
of this parameter. In addition to the number of households,
the Johns Hopkins study identified three other important
factors which affect water use in residential areas. These
are the economic level of consumers as indicated by the
market value of their homes, the climate, and whether cus-
tomers are metered (single-family households) or are billed
on a flat-rate basis (apartments).

Since the EMPIRIC Model projects the number of single-family
and multi-family households separately, the latter factor is
directly indicated by EMPIRIC. Similarly, since EMPIRIC
distributes total families into four income quartiles, and
based on an analysis by MWCOG to relate home value ranges
and income quartiles}zgnother important factor is accounted
for by EMPIRIC. Finally, as part of the original MAIN II
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system, a Library of Water Use Coefficients contains the
required climatic data.

The MAIN II System permits the commercial/institutional and
industrial segments of the community to be divided into
categories by type of establishment or industry, and water
demand to be estimated for each type. Commercial establish-
ments in the model include businesses of all kinds, mostly
retail, which are not included in the Bureau of the Census
standard Industrial Classifications. Because of the
similarity of the MAIN II computational techniques for the
commercial/institutional and the industrial categories {i.e.
multiplying each parameter by a water usage coefficient) the
format of the EMPIRIC data to be used, and the fact that
there is little industry in the Metropolitan Washington area,
these two categories were under a commercial/industrial head-
ing. Because commercial/industrial usage is relatively less
important than residential usage in Metropolitan Washington
and because EMPIRIC distributes employment into five major
categories as indicated in Appendix C, eight commercial/
industrial categories are used in the Water Demand Component.
These consist of the five employmant categories by EMPIRIC
along with three of the original 28 commercial categories
included in the basic MAIN II Model. Appropriate water usage
coefficients were developed for these categories by MWC0OG129
based on the results of the comwgrcial and industrial studies

by The Johns Hopkins University and the County Business
Patterns published by the Bureau of the Census.?%®

The public-~unaccounted submodel computes water which is pump-
ed without subsequent recovery of revenue from a residential,
commercial, or industrial customer. This usage is divided
into the following three categories: free service, losses
(probably due to leakage), and usage by airports. Computa-
tion is based on national average per—-capita usage coeffi-
cients. For free service and losses categories the usage

is determined within the model by multiplying the appropriate
usage coefficient by the total population of the planning
unit. For the airport category the average daily number of
passengers at National Airport is input. Projections of
passengers at other area airports are under development in
the MWCOG Air Transportation System Plan and Program, and

can be incorporated into the Water Demand Component when
available.l30
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To demonstrate on a macro-scale the validity of the MAIN II
model for application in Metropolitan Washington, published
water consumption data for 1968 was first collected by MWCOG
and tabulated by the water service areas indicated in Figure
22 in the following chapter. This recorded information was
then compared by MWCOG to the output from the Water Demand
Component exercised for 196819%0r the metropolitan area as
a whole, the model results are within four percent of the
recorded water demands for 1968. Because individual wells
prevalent in the outer portions of the region are not in-
cluded in the recorded information, the model output actually
was closer than four percent. Model estimates by individual
usage category for the metropolitan area were generally with-
in seven percent of the recorded data. A more detailed
demonstration of the model has also been performed by MWCOG
for the water resource planning units within the District of
Columbia, with excellent results.

Sewage Generation Component

The Sewage Generation Component provides estimates of average
daily sewage flow and average daily pollutant loads by para-
meter based on appropriate output from the Water Demand
Component, exogenously-calculated infiltration/inflow based
on output from the Community Development Component, and
user-specified pollutant load coefficients. Sewage flow and
load estimates serve as input to the Waste Treatment Manage-
ment Component along with appropriate Stormwater Runoff
Component output. A schematic representation of the Sewage
Generation Component is presented in Figure 7. Uninfiltrated
average daily sewage flows are inferred by planning unit
directly from the Water Demand Component output of domestic
(in-house) residential water demand and commercial/industrial
water demand. Since they do not contribute to sewage flow,
residential sprinkling and public-unaccounted water estimates
are not used in the Sewage Generation Component. It is
interesting to note that no agencies in the metropolitan
Washington area, including local jurisdictions, state agencies,
water utilities, or wastewater treatment plant operating
agencies, calculate sewage flows based directly on water
demand.

Infiltration/inflow is calculated exogenously for each plan-
ning unit by multiplying the Community Development Component
output of developed acres in the forecast year by a user-
specified infiltration/inflow factor. In the initial runs
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of the Sewage Generation Component an infiltration/inflow
factor developed by the Washington Suburban Sanitary
Commission of 200 gal/developed acre/day is used.47 1In

many areas more sophisticated information from formal infil-
tration/inflow studies may be available. Total average
daily sewage flow by planning unit is thus the sum of the
residential sewage flow, commercial/industrial sewage flow,
and infiltration/inflow. An option available within the
Sewage Genration Component is to calculate infiltration/
inflow by applying an adjustment factor to the uninfiltrated
flow produced by the Water Demand Component instead of cal-
culating it exogenously. The method of calculating infiltra-
tion/inflow could perhaps be improved by linking it to run-
off generated in the Stormwater Runoff Component.

It is assumed in the Sewage Generation Component that the

effect of infiltration/inflow is to dilute the pollutant strength
of sewage generated by households and businesses, and that the
pollutant contribution from infiltration/inflow is minimal

on an average daily basis when compared to other sources of
wastewater. Thus, pollutant loads for such parameters as
biochemical oxygen demand (BOD), nitrogen, and phosphorus

are calculated by the Sewage Generation Component by multi-
plying, in turn, the residential sewage flow and the
commercial/industrial sewage flow by user-specified pollut-

ant load coefficients. Based on a survey of water pollution
control plants in the metropolitan area, concentrations in
milligrams per liter for each pollutant were determined and

used in initial runs of the Sewage Generation Component.108
Output consists of the total pounds per day for each pollut-

ant by planning unit. The Sewage Generation Component exer-
cised for 1968 using MAIN II output and infiltration/inflow lbased
on EMPIRIC output predicted 314.6 MGD. The value actually
recorded in the region for that year was 319.4 MGD, repre-
senting accuracy well within the expectations of the model.l08

Stormwater Runoff Component

The Stormwate Runoff Component is made up of four models:
the Prestorm Model, the EPA Stormwater Management Model, the
Split Runoff Model, and the Rainfall Analysis Model. The
flow diagram of the Stormwater Runoff Component is illustrat-
ed in Figure 8. The Community Development Component, the
source of population and growth forecasts used in estimating
water demand, is also used as an input to the Stormwater

-48-



FROM COMMUNITY

DEVELOPMENT COMPONENT

EMPIRIC
DATA
FILE

)

(SEE Figure 9) RAINFALL ANALYSIS

MODEL

USER SPECIFIED

WATERSHED
MEASUREMENTS

CONSTANT

RUNOFF BLOCK
INPUT DATA

® Allocates EMPIRIC Population and Land Use
from EMPIRIC PAD'S to Watersheds

® Applies Correlation Equations Relating EMPIRIC
Output to Stormwater Management Model Input

® Calculates Watershed Input Data From
Topographic Map Measurements

PRESTORM MODEL

INPUT TAPE
TO STORMWATER

MODEL

PRINTED INPUT

® CALCULATES BOD
BY WATERSHED BY STORM DECILE

® CALCULATES RUNOFF VOLUMES AND HYDROGRAPHS
BY WATERSHED BY STORM DECILE

WASHOFF AND POLLUTOGRAPHS

EPA STORMWATER
MANAGEMENT MODEL

)

STORMWATER
MODEL
OUTPUT TARE

!

-1

PRINTED OUTPUT
OF STORMWATER MODEL

® ALLOCATES RUNOFF VOLUME AND BODg
WASHOFF BY WATERSHED
** TO COMBINED SEWER INLETS OR
** TO STORM SEWER AND NATURAL DRAINAGE
SYSTEM

SPLIT
RUNOFF
MODEL

Figure 8

L]

TO RECEIVING WATER

COMPONENT

FLOW DIAGRAM OF STORMWATER RUNOFF COMPONENT

-49-



Runoff Component. Stcrmwater runoff is linked, in research

conducted as part of this project12 to the measures of urban
growth which come from the EMPIRIC Model. The effects of

growth on the accumulation of pollutants and subsequent
washoff from the ground surface are linked in the Prestorm
Model. This link provides an essential interface between

the variables commonly projected by urban planners (popula-
tion, employment and households) to variables required in
stormwater forecasting models. It allows the element of
urban planning to be related to the management of stormwater.
The Stormwater Management Model48 developed for the U.S.
Environmental Protection Agency serves as the major element
of the Stormwater Component of the Framework Model. 1In the
EPA Stormwater Management Model, the pollutant accumulation
is ‘related to the length of curbs in an area. MWCOG staff
research developed the relationship of population, households,
and employment to curb length,12 providing the key to the
connection between the predictive EMPIRIC and the EPA
Stormwater Management Models.

In order to project the changes in the volume of runoff
carrying pollutants from impervious surfaces, a sensitivity
analysis was performed by MWCOG to determine the relative
importance of the twenty-one parameters (shown in Appendix
D, representing watershed, stream hydraulics and land use)

in the EPA Stormwater Management Model?? on runoff volume
per storm and BOD washoff per storm. The greatest impact

on stormwater runoff volume for a given storm was found to
be watershed imperviousness. Estimating this parameter over
time required that EMPIRIC be used to project changes in a
variable related to imperviousness. The correlation between
impervious surfaces and population density by MWCOG allowed
this link between projected growth forecasts and the storm-
water runoff quantities. The equations correlating EMPIRIC
output parameters and inputs required by the EPA Stormwater
Management Model were applied in the Prestorm Model. The
remaining variables required to project runoff were pro-
cessed by the Prestorm Model either as inputs passed
directly to the EPA Stormwater Management Model or as an
input that requires further calculation or allocation before
being passed on to the EPA Stormwater Management Model.

Watershed geographic parameters are based on three topo-

graphic map measurements: longest stream length, its change
in elevation, and the average change in elevation from stream
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to ridge measured at the midpoint of stream length. The Pre-
storm Model then calculates the required slopes and overland
flow distances from these measurements and watershed areas

by land use. Watershed areas by land uses are obtained from
the output of the Community Development Component from an
allocation by the Prestorm Model of one hundred and forty-
six policy analysis districts (PAD's) to sixty-five water-
sheds. Only those watersheds directly tributary to the
Potomac River have been studied in this project.

The EPA Stormwater Management Model calculates runoff volume
and hydrographs by watershed for each storm selected and, in
addition, produces the associated BOD washoff and BOD pollu-
tograph. During the initial runs of the Framework Model a
storm with a two year return frequency50 was used to simulate
the rainfall in the region. Because antecedent dry periods
(during which ground pollutants accumulate) and detailed in-
tensities during a storm are required by the EPA Stormwater
Management Model, a more sophisticated analysis has been

made of rainfall actually experienced in the regionSl.

The objective of the rainfall analysis was to produce a small
set of storms representative of an actual series of many
storms. The storm characteristics that are important include
the rainfall intensity variation with time, the duration of
the period antecedent to the storm event, and the duration

of the period succeedant to the storm event. The antecedent
duration is important in the EPA Stormwater Management Model148
because the constituent accumulation rate is directly propor-
tional to antecedent duration. The rainfall intensity varia-
tion is important in the EPA Stormwater Management Model be-
cause the constituent washoff ‘fraction is simulated as an
exponential function of rainfall intensity. The succeedent
duration is important for estimating available treatment
time.

The flow diagram of the Rainfall Analysis Model is presented
in Figure 9. Storm events were formed from continuousSBOurly
rainfall recoxrds obtained from the U.S. Weather Bureau -
Storm deciles were formed by dividing all of the series of
storms of record into ten groups called deciles containing
the same number of storms. The first decile storm group
contained the largest storms on a volume basis. Each storm
decile was then grouped by hour from start of storm and ten
intensity groups were formed for each of the hours. The
highest tenth intensity group was then interpreted to repre-
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sent the intensity that applies during the first tenth of
each hour; the second highest tenth intensity group is sim-
ilarly interpreted to represent the second highest tenth of
each hour - and so on through the remainder of the hour.

This form of analysis preserved the proportion of the various
hourly intensities for each storm decile. Because of this
analysis, simulations of stormwater runoff resulting from
more frequent storms than those normally considered when
solving the more conventional stormwater piping problems can
be made by the Framework Model.

The Split Runoff Model is used to allocate the runoff volume
and BOD washoff by watershed to either combined sewer inlets
(for subsequent treatment) or to the storm sewer and natural
drainage system. These results are used directly as input to
either the Waste Treatment Management or to the Receiving
Water Components. In this study combined sewerage was
assumed to be completely treated. At the time of the study,
no data correlating the rainfall to combined sewer overflows
existed. When such data becomes available, it can be intro-
duced into the simulation at this point.

The projections of the Stormwater Management Component consist
of the expected runoff volume and BODg washoff by storm and
by annual total. The area studied is 737,000 acres divided
in the model into fifty-three watersheds. These fifty-three
watersheds are expected to have a population density greater
than 0.5 persons per acre in 1992. The specific ground
pollutant accumulation rates used to produce these BODg
washoff results are 5.73, 28.3, 36.3, and 12.3 grams/curb
meter/day, respectively, for residential, commercial, indus-
trial, and undeveloped or parkland user. In order to oper-
ationally apply the Stormwater Management Model 48 to the
737,000 acre area of the Metropolitan Washington Region
directly tributary to the Potomac River only one of the

two sources of pollution used in the model was utilized.

The catchbasin source of pollution is included with the curb
accumulation of ground pollutants. The resulting annual
average BOD concentration of stormwater runoff ranges
between 2 and 39 mg/l depending roughly on the watershed
population density. The resulting fifty-three watershed
average BOD concentration of stormwater runoff ranges
between 11 and 18 mg/l depending on storm decile.?
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Waste Treatment Management Component

This Component, depicted in Figure 10, simulates the appli-
cation of alternative waste treatment management options to
the wastewater and stormwater flow and loads generated by
the Sewage Generation Component and Stormwater Runoff Com-
ponent respectively. An earlier chapter has mentioned the
various management options available to the metropolitan
community, many of which do not involve "treatment" of flows
by conventional structural facilities. However, this com-
ponent is designed to test load reduction by structural
facilities where applicable.

Operation of the NEWTREAT program of the Waste Treatment
Management Component permits the user to simulate the per-
formance of existing or proposed facilities designed to re-
move pollutants from stormwater or wastewater by inputing
user—-specified levels of treatment. Within the Component
the appropriate outputs of the Sewage Generation Component
by planning unit and Stormwater Runoff Component by watershed
(important for watersheds served by combined sewers or for
which stormwater is "treated") are first aggregated into a
user—-specified set of sewage service areas. Figure 22 in
the following chapter depicts the service areas used in the
initial runs of the Framework Model. 2an option available
in the Waste Treatment Management Component but not used in
the initial runs is to put portions of a single planning
unit's flow into more than one sewage service area.

For each sewage service area, a set of user-specified pollu-
tant removal efficiencies (which indicate the actual or desir-
ed level of treatment) are applied by the Waste Treatment
Management Component. The results are effluent flows and
loads by parameter for all sewage service areas. If the
effluent will be discharged to the Potomac Estuary, this
data is transferred to a data file for input to the
Receiving Water Component. If an option such as land
application of partially treated effluent is being simulated,
then the effluent loads and flow for direct discharge to the
Potomac Estuary will be zero.

Receiving Water Component

The Receiving Water Component of the Framework Model is com-
prised of a Preestuary Model developed by MWCOG and two sub-
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models of the Potomac Estuary Model developed by the U.S.
Environmental Protection Agency53'54. The Preestuary Model
is used to facilitate data preparation for use in the EPA
Estuary Model. The EPA Estuary Model as applied in the
Framework Model produces dissolved oxygen profiles of the
Potomac River from statute mile 116 at Chain Bridge to
statute mile 18 at Piney Point, Md., in response to the bio-
chemical oxygen demand, ammonia, and dissolved oxygen loads
from tributary streams and wastewater treatment plant dis-
charges. The EPA Estuary Model was modified by MWCOG?> so
that storm flows and constituent loads to the estuary are
superimposed for the duration of the storm event on a
background dry weather estuary condition.

A further modification of the EPA Estuary Model was made by
MWCOG to produce three-dimensional estuary profiles of con-
stituent concentration vs river mile vs time and to calcu-
late in tabular format the extent and duration of receiving
water dissolved oxygen response. These outputs are used in
the Water Quality Objectives Element of the Framework Model.
During a storm simulation, constituent profiles by river
mile are produced for a series of times from the start of a
storm simulation. The Receiving Water Component can be used
to investigate alternative treatment levels for both waste-
water and stormwater as provided by the Waste Treatment
Management Component for comparison to state standards
applicable to each water gquality segment in the Water Quality
Objectives Element.

Estuary simulation using three different types of inputs can
be performed by the Receiving Water Component. In Figure 11,
the flow diagram of the Receiving Water Component, these types
of inputs are designated as Option A, Option B, and Option C
which represent (a) "dry weather" sewage flow discharges
only, (b) sewage flow discharges and treated stormwater run-
off; and (c) sewage flow discharges and untreated stormwater.
Also identified in Figure 11 are the calculations performed
by the Preestuary, Estuary Hydrodynamics, and Estuary Quality
Models comprising the Receiving Water Component. The input
shown as "impact of extra-regional policies" represents the
incoming water quantity and quality upstream of the Washing-
ton metropolitan area. The incoming water quantity is ad-
justed for the effect of power plant comsumptive uses and
water supply withdrawals in the Potomac Basin. This is a
very important input to this model as will be seen in later

~-56-



FROM WASTE TREATMENT
MANAGEMENT COMPONENT

FROM STORM WATER
RUNOFF COMPONENT

EFFLUENT FLOW AND
LOAD ESTIMATED BY
SEWAGE SERVICE AREA

USER-SPECIFIED
TABLE OF WATERSHEDS
& SERVICE AREAS TO

ESTUARY SECMENTS

STORM WATER FLOW
& LOAD ESTIMATES
BY WATERSHED

| )

1

*CALCULATE WASTEWATER
CONCENTRATLONS BASED ON
FLOW AND LOAD

Option A
Waste Water
Discharges
*ASSIGN WASTEWATER Only
CONCENTRATEIONS & FLOWS

TO ESTUARY SEGMENT

*CALCULATE STORM WATER
CONCENTRATIONS AFTER

r S

*CALCULATE STORM WATER
CONCENTRATIONS (WITHOUT
TREATMENT) BASED ON

Option C

4

TREATMENT BASED ON Option B
FLOW AND LOAD Waste Waste FLOW AND LOAD Waste Hate;

& Treated N & Untreate

- ASSIGN STORMWATER
* 2 * Storm Water
ASSICN STORMJATER Storm Yater CONCENTRATION & FLOWS °
CONCENTRATION & FLOWS Discharge. (RITHOUT TREATMENT) Discharges
AFTER TREATMENT TO BY WATERSHED Tbh
ESTUARY SEGMENT ESTUARY SEGMENT
PREESTUARY
MODEL

y

QUTPUT OF FLOW A
& CONCENTRATION A

OUTPUT OF FLOW B
& CONCENTRATION B

BY WATERSHED &

OUTPUT OF FLOW C
& CONCENTRATION C
BY WATERSHED &

BY ESTUARY SECMENT SECMENT SEGMENT
INITIAL HYDRODYNAMIC
’ FLOW A OR B OR € CONDITIONS & CONSTANT
| ESTUARY DATA
* CALCULATES FLOW RATE VS. TIME ESTUARY
INTO & OUT OF EACH ESTUARY SEGMENT HYDRODYNAMIC
MODEL
}
, ] | INITIAL QUALITY
CONCENTRATIONS HYDRODYNAMIC I f“PAiﬁ_gioﬂAL CONDITIONS
AORBORC MODEL OUTPUT ' EXTREI;S d & CONSTANT
FILE Lmu ESTUARY DATA
[ 2 L 2 1
CALCULATES LEVELS OF 5 CONSTITUENTS
FOR ZACH ESTUARY SEGMENT AT SPECIFIC ESTUARY
TIME INTERVALS QUALITY
MODEL

| l

PRINTED THREE~-DIMENSIONAL
ESTUARY PROFILES FOR EACH
CONSTITUENT

PRINTED TABLE OF DISSOLVED
OXYGEN DEFICIT

' ‘

TO WATER QUALITY NBJECTIVES ELEMENT

Figure 11

FLOW DIAGRAM OF RECEIVING WATER COMPONENT

-57-



discussions of the river flows modeled.

The Preestuary Model is used to assign effluent flows and
constituent concentrations calculated by the Waste Treatment
Management Component, with or without treated or untreated
stormwater runoff flows and associated constituent concen-
trations, to the appropriate segment of the estuary to simu-
late waste treatment plant outfall locations.

The Estuary Model is comprised of two blocks, the Estuary
Hydrodynamic Block and the Estuary Quality Block. The
Estuary Hydrodynamic Block is used to calculate the flow
rate versus time into and out of each segment of the Potomac
Estuary, based on stated inflows, tidal conditions, and
withdrawals by segment.56 The output of the Hydrodynamic
Block is used in the Quality Block to transfer constituents
between segments and to calculate dissolved oxygen trans-
ferred between the atmosphere and the estuary.

The Estuary Quality Model is used to calculate the con-
stituent concentrations for each segment of the Potomac
Estuary. The five constituents chosen for analysis in the
study are five day biochemical oxygen demand (BOD), ammonia (NF3),
nitrate(NO3), chlorophyll 'a' of photosynthetic phytoplankton
and dissolved oxygen. The interaction of these constituents
is shown in Figure 12. The dissolved oxygen constituent

is depleted by oxidation of carbonaceous and nitrogenous
matter. The product of the oxidation of nitrogenous matter
in the nitrification process is nitrate. The nitrate is
used as a nutrient source by photosynthetic phytoplankton;
whose population is depleted by predation and sinking. The
photosynthetic phytoplankton, measured as a concentration

of chlorophyll 'a', alternately perform photosynthesis by
day adding oxygen to the water and respiration by night de-
pPleting the dissolved oxygen level of the water. Depressed
oxygen levels are counteracted by aeration at the air-water
surface.

Similarly, oxygen levels in excess of the equilibrium satur-
ation concentration result in a transfer of excess oxygen to
the atmosphere. An additional consumption of oxygen is re-
moved by reaction with the benthos in a proportion to the
bottom area. The interactions of these constituents take
place at different rates which vary with temperature. At

a temperature of 20° C the half-life of ammonia used in the
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simulation due to its reaction with oxygen is 3.0 days. The
half-life of BOD in the simulation due to its recaction with
oxygen is 4.0 days. The half-life of nitrate in the simula-
tion due to uptake by photosynthetic phytoplankton is 7.7
days. The half-life of chlorophyll 'a' in the simulation
due to predation and sinking is 17.3 days. All of these
half-lives are adjusted when simulations are conducted at
other than 20°C. In addition to these chemical and biologi-
cal reactions, the physical processes of advection of the
constituents in the direction of flow, and diffusion of the
constituents in the direction of lower concentration are
simulated in the Estuary Model.

The results of the operation of the Estuary Mcdel are pre-
‘sented as constituent concentrations versus river: mile by
time from simulation start. Simulation length is set to
approximate three times the BOD half-1life or about 12 days
at 20°C. 1Initial conditions for storm and non-storm simula-
tions are held constant so that the additive effect of a
storm event is determined even if the initial constituent
concentrations set at the start of the simulation are not at
equilibrium flow and quality conditions averaged over a
tidal cycle. The timing of the arrival of the storm loads
from the various watersheds is assumed to occur evenly over
the same twenty-four hour period. This is an operational cde-
cision as the more distant and least developed watersheds
from the uppermost estuary segment have the smallest con-
stituent washoff amounts. Additionally, from an examination
of the constituent half-lives, it is thought that a differ-
ence of twenty-four hours in arrival time of watershed BOD
washoff amounts to the uppermost segment is small relative
to the BOD half-life of 4 days.

Besides intermediate outputs used to link the various sub-
models, output from the Receiving Water Component is computer-
printed in two readily-useable formats. First, three-dimen-
tional estuary profiles are produced for each of the five
constituents modeled. Axes on each plot include the extent

of Potomac Estuary affected (length in statute miles), duration
(in hours), and the concentration of the constituent under
investigation (such as milligrams per liter of dissolved
oxygen). The first section of Chapter IV presents a typical
three-dimensional estuary plot. The second section includes
the profiles for each of six areawide water resources manage-
ment strategies analyzed in Chapter IV.
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A second output from the Receiving Water Components is a
table summarizing the three-dimensional estuary profiles

for dissolved exygen. The table shows the extent in area,
estuary length, and estuary volume affected by various levels
of dissolved oxygen for stated durations. Examples of these
tables are included in Chapter IV and Appendix A.

Both the three-dimensional estuary profiles and the tables
for dissolved oxygen are utilized in the Receiving Water
Component of the Framework Model to assist in defining the
"capability" and the "effectiveness" of each areawide
water resources management strategy.
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FRAMEWORK FOR ANALYZING THE FISCAL, ENVIRONMENTAL, AND
SOCIAL IMPACTS OF ALTERNATIVE STRATEGIES

The Need for the Framework

That a water gquality management option must be formally
assessed for not only its fiscal impact, but also for its
environmental and social effects beyond meeting water quality
standards, is a relatively new requirement in local water
resources planning,stimulated in large part by state and
Federal regulations.>8 To date the most influential Federal
legislation in this regard has been the National Environment-
al Policy Act of 1969 which requires that Federal agencies
prepare detailed statements on "major Federal actions sig-
nificantly affecting the quality of the human environment”,’
including such actions as providing Federal financial assist-
ance to construct treatment works and preparing the Section

208 areawide waste treatment management plans.i’ In addition,
fifteen states including Virginia and Maryland now require

impact statements for a wide range of state government, local
government, or private industry activities significantly
affecting environmental quality.59'60'61 These requirements
do not appear out of the ordinary. According to results

of an extensive survey conducted in 1973 by the International
City Management Association, 30% of cities and 35% of counties
responding also have formal requirements for environmental
impact statements.

Thus, in a four year period the preparation of environmental
analyses has become a major activity at all levels of govern-
ment. However, despite federal guidelines defining uniform
procedures for EIS preparation, a recent study conducted for
EPA concludes that an obstacle to meaningful review of en-
vironmental impacts has been the "general lack of adequate
methodological tools" actually being put to use in the
governmental decision-making processes.

The development of a framework within which such existing
and emerging tools can be used in assessing and displaying
the fiscal, environmental, and social impacts of water
gquality managementalternatives as required by Federal, state
and local law was a major objective of this project. There
are several reasons for employing such a framework in the
water resources planning and impact assessment process of
the Washington Metropolitan Area. First, many levels of
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government and groups of citizens are involved in arriving
at any water resource management decision. For example, a
wastewater treatment plant in Maryland must receive local
government and state health approval as an amendment to

the county's "Ten Year Water & Sewer Plan", undergo pubklic
hearings, and receive local permits. The treatment plant
must also be included in the state basin water quality
management plan and any Section 208 areawide waste treatment
management plan. If it is to be funded by a Federal grant,
it must also undergo review by other local governments and
the metropolitan planning agency as part of OMB Circular
A-95 procedures, qualify for and receive state and federal
grant funds where applicable and obtain an NPDES permit. It
is expected that an acceptable framework for identifying and
analyzing background information and planning assessments
might facilitate decision making processes as complicated as
this one.

It was also throught that the framework could serve as a major
tool for agencies designated to conduct areawide waste
treatment management planning under Section 208 of PL 92-500,
by being designed to satisfy or assist with satisfying the
following regulatory requirements under Section 208:

° Cost-effectiveness analysis22

° User charge determination?3

° Financial arrangements to implement the planl7

° Facilities planning requirementsZ’

° TImpacts of plan implementationl?

° public participation and plan review®3:64

Perhaps more importantly, however, the framework can be used
to present the relevant data and points of view to an area-
wide waste treatment management agency's policy board in a
manner which will aid the board's decision as to whether a
particular strategy should or should not be part of the
annual areawide plan.

The same basic premise used in developing the framework for
simulating the water resources system was used to structure
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the impact analysis; i.e., to link existing methodologies
wherever feasible into a framework for use by the area's
decision makers, rather than developing all-new and thus
untested techniques. As discussed earlier, there has
developed during the Year 2000 Policies Plan Reexamination

a growing consensus that conceptually there are three budgets
which define the limits or consitrain the range of resource
allocation choices that can be nade by elected officials in
the Washington Metropolitan area. These three budgets are
the fiscal budget, the natural resources budget, and the
community response budget. While only the first budget deals
in a recognized currency (dollars), it is recognized that
every allocational decision madz by local governments impact
upon or consume a portion of eech of these budgets. In this
chapter existing methodologies for analyzing the impacts

of water quality management options will be discussed and
the proposed procedures for use in the Framework Water
Resources Planning Model will bz described.

Fiscal Budget

The community fiscal budget is well known to urban managers.
On the revenue side it is defined as the fiscal capacity of
the jurisdiction, whether local, state or Federal, to
generate from its income and from intergovernmental transfers
(i.e., revenue sharing) adequat= revenues to support its
wide~ranging capital and operating programs. On the expendi-
tures side it is a process of buaying the services and use of
capital required to support the needs of the community.
Expenditures are made with the administrative and often

legal requirement that the desired product or service be
purchased at the lowest attainable price following a program
to guarantee that costs will be equitably shared and that
long—-term expenditures are carefully programmed. In this
report the fiscal budget will be discussed as two elements,

a "cost" element and a "financial arrangements" element.

EPA guidelines suggest that the evaluation of monetary costs
for water pollution control projects should not be influ-

enced by adopted financial arrangements,65 thus lending
credence to the separation of these two elements.

Cost Element-

Existing Methodologies - In waste treatment management
planning, local governments in Metropolitan Washington and
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their engineering consultants have extensive experience in
estimating and comparing the direct costs of proposed capital
facilities using methods long known to engineering economicCs
and SE%C%Sied in Federal cost-effectiveness analysis guide-
linesv "’ Direct costs consist of both capital construction
costs and annual costs for operation, maintenance, and repair
(OM & R), with the latter divided between fixed annual costs
and costs which would be dependent on the annual quantity of
wastewater processed. The cost of an alternative water
resources management strategy is computed by discounting its
costs over the selected planning period to "present worth
values" or the "average annual equivalent values." Table 4
illustrates in simplified form the derivation of present

worth and average annual equivalent cost for a hypothetical
sewage treatment plant. Alternative systems are then com-
pared by ranking the estimated present worth values, or to
identify where estimated values are identical within the
accuracy of the analysis. An example of this for a recent
study in Montgomgery County, Maryland, is shown in Table 5.
The approach is relatively straightforward once the appro-
priate interest rate and planning period are selected, al-
though there may be a need to give special treatment to
elements of operating costs that are projected to inflate

in cost at a rate well above any inflation experiences by

the rest of the economy. This can be done by discounting
them in present worth analysis at a rate less than that
chosen for other items of cost. The cost of chemicals, fuels,
or power may qualify for such treatment in present value
analysis.

Most water quality management alternatives chosen in the
past have been capital-intensive, thus lending themselves
to straightforward engineering economic analysis. As more
comprehensive water resource management strategies are con-
sidered, it will be necessary to consider such things as
flow reduction devices and use of pricing to reduce water
consumption. These programs do not fit easily into conven-
tional cost analyses. Therefore the framework must be
designed to permit calculation and comparison of the costs
associated with these alternatives as well.

As emphasized by the MWCOG three-budget system, local govern-
ments are faced with providing other community services such
as roads, schools and police in addition to water resource
facilities. Each of these have direct costs as well which
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Table 4. EXAUPLE OF PRESENT WORTH ANU
AVLCRAGE AUJNUAL EQUIVALENT COST CALCULATION
{adapted from example by EPA in reference 18)

GIVEN:
sewage trcatrent plant §2

capacity: 10 mgd
average flow through plant: increases linearly
from 2 mgd to 10 mgd over 20 years

planaing period: 20 years (as required by EPA gquide-
line“*

salvage value at end of 20 years: $9

initial cost of plant: $3,000,000
constant annual operation and maintenance cost:
$126,000

variable annual operation and maintenance cost:
increases lincarly from $0 to $68,000 in year 20

interest rate: 7.0% (as cstahlished by Water Re-
sources Council??

DETERMINE:

Present worth and average annual equivalent cost
of this plant over 20 years.

METHOD :

Present worth equals the sum of initial cost, pre-
sent worth of constant 0O&M cost, and the present
worth of the gradient series of the variable O&M
cost. Average annual equivalent cost equals the
present worth times the appropriate capital recovery
factor. Use engineering economics textbook to find
table at 7.0% compound intcrest factors (present
worth of a gradient scrics)

Step 1

Initial cost = $3,000,000

Step 2

To find the present worth cf operating cocsts
be necessary to calculate the present worth
constant costs and the variable rosts s

a. Present worth of constant annual coais ey
that cost times the uniform series gresent
tor @ 7.0% for 20 years. Thus:

5w
¢t

v,

o}
LXINeS

$126,000 (10.594) =

b. Present worth of a variable cost increesing 1
early 1s found by first finding the amouut of :ncr
per year. This amount is $68,000/20 vearz or $3.4
per year. This incrcase 1s known as a gradic:
Thnis series times the correct gredient scriec
worth factor @ 7.0% for 20 years yield the preszuen
worth of the variable cost. Thus:

o

$3,400 (77.5091) = S

Step 3

Sum of numbers cbtained in the steps above yields
present worth:

present worth of constant 0&M costs = $1,332,000

)

present worth of variable O&i cost $ 254,000

present worth = $4,529,0%0

Step 4

To find average annual eguivalent cost multipl; opre-
sent worth obtained above times the capital reccvery
factor & 7.0% for 20 years. Thus:
$4,599,000 (.09439) = $ 434,1CO
which is the average annual equivalent cost of the
plant for 20 years.
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Table 5.

(All vValues in Thousands of Dollars)

ECONOMIC CONMPARISON OF AWT ALTERNATES IN MONTGOMLRY CO., MD.

SITE

M-2/R- 2
W-2/R-2
AWT at PEPCO

M-2,
Line to PEPCO

Clear Water

INITIAL
CAPITAL
COSTS*
$125,398
$122,627
$129,350
$129,784
$146,945
$151,983

$124,521

$130,978

RANGL OF
ANNCUCAL
O&l
COSsTS
$3,615-$13,493
$3,613-313,410
$3,676-513,663
$3,665-513,659
$3,777-$13,913
$3,828-$14,070

$3,342-5811,502

$3,882-513,645

TOTAL
CAPITAL
COSTS
1973-2000
$224,309
$218,358
$227,378
$225,761
$245,744
$256,610

$229,247

$226,664

RATIO OF PRESENT
PRESENT VALUE OF COSTS VALLE TS LOW
o&M CATITAL TOTAL CGst siTt

$83,897 $154,917 $238,314 1.23
$83,036 $151,327 $234,362 1.01
$84,487 $158,906 $243,393 1.05
$84,549 S15¢,148 $243,697 1.05
$86,414 $176,784 $263,198 1.13
$87,379 383,701 $271,080 1.17
$75,426 $156,841 $232,267 1.00
$85,785 $158,857 $244,642 1.05

*Expenditure for 1973-1976 period exclusive

of local lateral collector sewers.

AWT plant capacity is 60 mgd.
year planning period and 5.5% interest rate.

Adapted from Reference 66.

Initial

Assumed 27
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will influence the decisions of local elected officials. EPA
guidelines recognize that waste treatment works must be
evaluated on the basis of "opportunity costs", which means
that when funds are invested in any particular capital goods,
the opportunity is foregone to obtain a return from the in-
vestment of funds elsewhere. The Framework Model should have
the capability for describing these competing programs when-
ever desired by decision makers.

Finally, it is universally recognized in urban areas (parti-
cularly in metropolitan Washington where sewer moratoria con-
tinue) there will likely be large "private" expenditures by
developers or industry for new development within the comm-
unity in a metropolitan area where additional waste treatment
capacity is provided. Guidelines from EPA indicate that
these types of "indirect" costs or benefits should be in-
cluded, as appropriate, in the social and economic impact
evaluations rather than in the direct cost calculations.®?
The justification for this is the fact that these costs cannot
be accurately quantified, although, it can be argued, that
the costs of infrastructure and service systems induced by
sewer systems are more important than differences between
most engineering choices. Lacking detailed quantitative
tools for assessing induced costs, they will be considered
later in this chapter under the Community Response Budget.

Proposed Cost Element - The Cost Element is used to compare
the costs of alternative management strategies. The techni-
gque involves the reduction of anticipated resource costs

of an alternative- capital, operations, maintenance, fuel

and utilities -to a present value. To do this, a planning
period must be chosen, cost estimates must be made, and the
time value of money must be estimated.

The cost element is used only to compare alternatives. Cer-
tain simplifications are made during the process that make
the selection process inappropriate for use in programming
implementation or in determining mechanisms for covering the
costs of the alternative chosen by this selection process.
Cost estimates made to compare two or more alternatives may
be only approximate. The effects of inflation or of varying
interest rates are ignored since they are considered to
affect each alternative with equal uncertainty. The overhead
costs to be experienced by the agency or grant subsidies to
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be obtained by the agency responsible for the overation of
the planned facility, while important components of costs,
are ignored in cost comparisons. These costs are considered
in the Financial Arrangements Element.

Figure 13 presents a flow diagram of the Cost Element. It
is used to calculate the total present value cost per plan-
ning period at a specified date and to show the incremental
present value cost differential among alternative strategies.
To apply the Cost Element to alternative water resource
management strategies, each strategy is first segmented into
devices. The cost of each device is then determined.

The total planning period capital cost element requires the
following information: the total capital cost at a stated

cost index, the length of the construction period, and the
life of the capital structure. The equation for performing
the calculation is presented in Appendix B as Equation (1).

Operation and maintenance costs are divided into a fixed and
variable portion with the variable portion further divided
into a base component and a growth component. Thus the
elements of operation and maintenance cost are a fixed
element, a variable-base element, and a variable-growth
element. The total planning period fixed operations and
maintenance cost element requires an estimate of the fixed
annual operations and maintenance cost at the end of the
planning period, and is therefore based on the design capa-
city at the end of the planning period. The fixed portion
of the total planning period operation and maintenance cost
is calculated using Eguation (2) of Appendix B.

The total planning period variable operation and maintenance
base element cost requires an estimate of the annual variable
operations and maintenance costs which are based on the
capacity of each device in use at the start of the planning
period and on a variable operations and maintenance cost per
unit capacity for each device evaluated at the midpoint of
the planning period. This variable-base element equation

is shown as Equation (3) of Appendix B.

The total planning period variable operations and maintenance
variable element requires an estimate of the annual variable
operations and maintenance costs which are based on the
amount of growth in used capacity of each device during the

-69-



® TOTAL CAPITAL COST AT CONSTANT ENR
® LENGTH OF CONSTRUCTION PERIOD
® LIFE OF CAPITAL STRUCTURE

® FIXED ANNUAL O & M COST AT
END OF PLANNING PERIOD

® LENGTH OF PLANNING PERIOD
® DISCQUNT RATE

® VARIABLE ANNUAL O & M COST
BASE COMPONENT

® WASTE TRFATMENT
MANAGEMENT DEVICE

® VARIABLE ANNUAL O & M COST
GROWTH COMPONENT

1

FROM WASTE TREATMENT
MANAGEMENT COMP'ONENT

LAY L RN TR RN RRY RN RN YR R RS RNN RS RN R RS DAL E LR DA LA R 4 LAY
FOR EACH DEVICE OF AN ALTERNATIVE STRATEGY CALCULATES
TOTAL PLANNING PERIOD COSTS ON PRESENT VALUE BASIS

® CAPITAL COST(Eq.1 in Appendix B)

® FIXED OPERATIONS & MAINTENANCE COST(Eq.Z)

® VARIABLE OFEKATIONS & MAINTENANCE COST BASE
COMPONENT(Eq. 3)

® VARIABLE OPERATTONS & MAINTENANCE COST
GROWTH COMPONENT(Eq.4)

I T Ry N T P E L R R R R Y R L N L N AL DL Y

L Ny Y Y e LY

SUMMARY OF ALTERNATIVE STRATEGY COST BY ABOVE COST
ELEMENT ON PRESENT VALUE BASIS

® TOTAL COST P&R PLANNING PERIOD AT SPECIFIED DATE
® INCREMENTAL COST BETWEEN ALTERNATIVE STRATEGIES
AT SPECIFIED DATE

fenmesavecsanccssaaanansy

|

WATER QUALITY
OBJECTIVES ELEMENT

(Cost-Effectiveness Analysis)

Figure 13

~70~-

|

TO FINANCIAL
ARRANGEMENTS ELEMFNT

FLOW DIAGRAM OF COST ELEMENT




planning period and on the above mentioned variable opera-
tions and maintenance cost per unit capacity for each device
evaluated at the midpoint of the planning period. This
variable-growth component is calculated from Equation (4) of
Appendix B. Use of this equation implies an assumption of a
linear growth rate in used capacity of each device.

The results produced by the Cost Element are used in conjunc-
tion with the Water Quality Objective Element during compari-
sons of both the cost and the effectiveness of alternative
water resources management strategies. The results produced
by the Cost Element are also used in conjunction with the
Financial Arrangement Element for comparison of alternative
methods of covering these resource costs.

Financial Arrangements Element

Existing Methodologies - The other portion of the fiscal
budget consists of financial arrangements for meeting the
direct resource costs of proposed facilities and to other-
wise carry out the areawide waste treatment management plan
as required by Section 208(b) (2) (E) of PL 92-500. This is
far more complicated than simply choosing between alterna-
tives as was done in the Cost Element.

For example, from data obtained as a result of interviews
with technical and financial personnel representing a sample
of the water resources utilities in the Washington region;
it was discovered that a third component of cost beyond cap-
ital and OM & R costs must be recognized in water resources
planning. This is the indirect operation, maintenance, and
overhead costs associated with the utility itself but not
assocliated with an particular project.

It was found that such costs ranged between twenty-five per-
cent and thirty-five percent of a utility's budget. The
Financial Arrangements Element must in some fashion deal with
this "third" cost. Such "general overhead costs" are often
assumed common to all alternatives and therefore are excluded
in the cost analyses,66 but cannot be ignored when consider-
ing required financial arrangements.

Sources of revenue for local jurisdictions include inter-
governmental transfers from state and local agencies, and
local revenues primarily through property taxes®? and user
charges. Property taxes are a primary source of local
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revenues, but user charges are more often used to finance
sewage treatment works. Normally, local jurisdictions seek
Federal grants for 75% of the costs for design and construc-
tion of such facilities as provided by PL 92-500, and meet
the remaining construction costs by a combination of state
grants and municipal bonds. 1In turn, jurisdictions gener-
ally utilize user charges to customers to pay annual operat-
ing, maintenance, and repair costs and debt services for the
principal and interest on the non-grant funded portion of
the capital. Local delivery and collection systems to in-
dividual homes are paid for through other charges such as
front~foot benefit assessments and house connection fees. 68

A consultant to Montgomery County, Maryland, explained the
method used to analyze financing arrangements for proposed
facilities to serve that county as follows:

To finance construction costs, bonds are assumed
to be sold as needed during the 1973-76 period,
for the initial costs of development (less ex-
pected grants), and at later dates, as required
by the construction schedules. Payment of inter-
est but no principal is assumed during the 1973-
76 period. Further, principal payments, together
with interest are assumed to begin in 1976, the
first year of system operation. Level debt ser-
vice, a term of 35 years, and a rate of 5.5 per-~
cent is assumed on the bonds. Bonds issued in
years subsequent to the initial development, for
phased construction, are also assumed to have

the same terms as the_bonds.issued. in the initial
development period. Federal and state grants are
assumed available to cover 80 percent of eligible
project costs. Possible effects of legislation
affecting grants are illustrated. Alternative
grant assumptions are 90 percent of eligible
project costs and 80 percent of all project costs,
including land costs.

A "revenue-requirement", or "cash basis", 1s used
in estimating user charges for the alternative
plans. User charges are defined for this study

as the amount of revenue required to pay debt ser-
vice on bond amounts required after deduction of
grants, plus the additional revenue required to pay
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operation and maintenance costs. Bond sales
and operation and maintenance costs are for
only the part of the sewerage system consider-
ed in this study. Therefore, the user charges
are for only the "sewer use charges", which
are billed to households and others on the
basis of water consumption.66

Annual user charges for alternative waste treatment options
can be compared just as present values were in a previous
table. This approach to presenting alternative financial
arrangements can easily mislead the public, however, by show-
ing relative costs to be confused with absolute costs. If
construction and operating costs are increased by inflation

or if an interest rate different from that assumed in the Cost
Element is actually paid for borrowed capital, or if the pro-
portion of grant support changes, the user charge may in-
crease substantially.

Several added points concerning financial arrangements are
necessary. First, Section 204 (b) (2) of PL 92-500 requires
that each industrial and nonindustrial recipient (such as
another local jurisdiction) of waste treatment services must
pay its proportionate share of operation and maintenance
costs based on guidelines published by EPA.17,23 The frame-
work developed under this project must therefore incorporate
methods recommended in such guidelines.

Next, as noted earlier there are non capital-intensive alter-
natives which must be evaluated under the areawide planning
process. Most are not eligible for Federal Title II grants
under PL 92-500, and therefore may be lower total cost alter-
natives, yet because they are unsubsidized be more costly to
individual users of the system. Table 6 illustrates that
"subsidies" for such alternatives may range substantially.

As the final column indicates, however, the costs will be
passed on to the consumer in some fashion. Therefore, it is
important that the framework display the expected cost to

the consumer of every alternative considered with appropriate
explanation to avoid the impression that these charges will
not change.

Thirdly, waste treatment management agencies in the past have
operated on the basis that revenues must be collected to
equal, but not to exceed, costs. Section 201 (e) of PL 92-500
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Table 6.

CATEGORIZATION OF WATER-SEWER FINANCING BY TYPE

Type of financing

Examples in waste treatment manage-
ment where this would apply

How cost pascsed on to consumer

100% local financing

1n0% local-state financing

75% federal - 25% local
and state financing

100% developer financing

100% industry financing

100% private citizen
financing

"no” financing

Street sewer lines, operating costs
of treatment plants

Sanitary landfills, resource re-
covery

Municipal treatment works capital
costs

"Interim" treatment plant, water
saving devices, "dry collection”
facilities

Industrial treatment works, indus-
try contribution of flow to muni-
cipal treatment plant

Pricing policy to encourage water
conservation

Water use restrictions during

water shortages, individual water
conservation practices
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Increase in customer water-sewer
rates, increase in front-foot
assessments

Increase in customer rates, state
income tax

Title II grant by Federal incore
tax, state income tax, increase
in customer rates

Increase in price of housing

Price of product produced or
service rendered

Surcharge on customer user rates

Loss of revenues by selected com~
mercial establishments



now provides that integration of facilities for sewage treat-
ment and other municipal and industrial wastes is encouraged,
and that such integrated facilities shall be designed and
operated to produce revenues in excess of capital and opera-
tion and maintenance costs. Such revenues are to be used to
aid in financing other environmental improvement programs.
Thus this concept of reinvesting the "profits" must be intro-
duced into the financial planning framework.

Finally and inevitably, the budgets of individuals, local
governments, states, and the Federal government must each
"balance” in some fashion. There will be constraints placed
on local government budgets, such as Maryland state limit on
chartered counties of maximum of 25% of local assessed valua-
tion allowed for sewerage facilities bonds, which must be
recognized in the fiscal budget portion of the framework to
ensure that it is of assistance to decision makers.

Proposed Financial Arrangements Element -~ Under this element
the financial arrangements for meeting the direct costs of
proposed capital facilities and non-capital programs are
identified. Figure 14 depicts the procedure to be used.

The procedure would be repeated for each alternative water
resources management strategy and comparative . tables pre-
pared accordingly.

For capital facilities, the financial arrangements to cover
construction costs generally consist of a combination of
grants from the Federal and State governments as provided for
by PL 92-500 and general obligation bonds by the local govern-
ment or special district. cConstruction cost estimates are
obtained directly from the Cost Element. User-specified
information includes the determination of which portions of
this construction cost are expected to be borne by grants

and which by bonds. Alternative grant assumptions should be
used for comparative purposes, such as 80% grant-20% bond vs.
100% bond. Additional user-specified information includes
the type of debt service (i.e. level), payment period,
expected interest rate, year interest payment begins, year
principal payment begins, and any constraints imposed. An
example of a constraint would be the limitation on municipal-
ities by the Commonwealth of Virginia of an 18 percent bond
rate limit applied against assessed property values.®’ For
that portion of construction costs to be financed by bonds,
the debt service is calculated for user-specified years.
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The equations used are presented in Appendix B. The time
periods are often in annual or five-year increments.

Next, revenue requirements are calculated for given years.
This is done by summing the debt service previously calculat-
ed, the operations, maintenance and replacement costs and
the costs for non-capital programs obtained from the Cost
Element. The revenue requirements represent the amount of
income which the local jurisdiction or special district must
collect for each specified year to cover costs associated
with the proposed facility or program. This income is gen-
erally obtained through the imposition of customer charges,
although some functions such as planning may not be fully
covered by these charges. Generalized customer charges
accurate enough for comparing alternative waste treatment
management systems are calculated for given years by divid-
ing the revenue requirement by the number of persons or the
number of households to be served. These later numbers are
generated by the Community Development Component.

Under PL 92-500 an applicant for a Federal construction
grant must adopt a system of user charges to assure that
each recipient of waste treatment services will pay its
proportionate share of operations, maintenance and replace-
ment.23 Guidelines published by the U.S. Environmental Pro-
tection Agency present alternative formulas for determining
these user charges encorporating such factors as strength,
volume, and delivery flow rate characteristics. As part of
the Financial Arrangements Element, operations, maintenance
and repair user charges can be calculated based on the

OM&R costs developed in the Cost Element and the pollutant
concentration and sewage flow resulting from the Sewage
Generation Component of the Framework Model.

Summary tables are then prepared for each set of calculations
made in the Financial Arrangements Element. Typical tables
for a single waste treatment management system would include
debt service, revenue requirements and generalized customer
user charges for given years for each alternative grant
assumption, OM&R user charges, and costs for non-capital
programs. Comparative tables under all grant assumptions and
for all alternative water resources management strategies
woula complete the Financial Arrangements Element.
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Natural Resources Budget

The "Natural Resources Budget" is the second of the three
budgets identified by the Council of Governments during

the Year 2000 Policies Plan Reexamination. It includes con-
sideration of the limits or "carrying capacities" of the
region's land, air, and water resources, and other environ-
mental impacts. Because of the emphasis on water quality
considerations in this study, the Natural Resources Budget
has been divided into a Water Quality Objectives Element,

and a Natural Resources Impact Element.

Water Quality Objectives Element

Existing Methodologies - Waste treatment management plans
and practices are required by PL 92-500 to assist in achiev-
ing the goals of the Act in restoring and maintaining the
chemical, physical, and biological integrity of the Nation's
water. Thus, waste treatment works are required by Federal
law to demonstrate a beneficial influence on a natural re-
source media.

Since passage of the Federal Water Pollution Control Act of
1965, this beneficial effect has been defined for treatment
works as contributing to the attainment of water quality
standards adopted by each state and approved by EPA (or its
predecessors). These standards consist of (1) a set of
planned water uses, (2) qguality criteria, expressed as
limiting numerical values assigned to various water quality
indicators, selected to protect planned water uses, and (3)
a plan for implementation and enforcement of the criteria.®?
A significant feature of the 1965 Act was the absence of a
requirement that the states establish criteria governing

the quality of effluents, and non-point sources of pollution.
Enforcement efforts against alleged polluters during the
late 1960's were therefore often hampered by the difficulty
in tracing each pollutant back to a discharger or proving
that the discharger was causing sufficient damage to the
river or to public health to warrant special restrictions.’?

To remedy these difficulties, the Federal Water Pollution
Control Act Amendments of 1972 (PL 92-500) established
minimum effluent limitations to apply to industries and
municipalities nationwide, while retaining the former system
of state—-adopted water quality standards. However, the Act
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also recognized that there were water bodies in the nation,
such as the Upper Potomac Estuary, where these effluent
limitations alone would not be adequate to achieve desired
water quality. Therefore, the Act permits more stringent
limitations to be imposed by the states in those instances.
The Act also requires each state to classify its waters
into those segments by basin which will, and those which
will not, meet applicable water quality standards after the
application of the effluent limitations prescribed by the
Act. Those which will meet standards are termed "effluent
limitations" segments. Those which will not meet standards
are termed "water quality" segments.’l

This distinction is important to the development of the
Framework Model for two reasons. First, Section 208 area-
wide waste treatment management planning may occur in those
areas of the nation with substantial water quality control
problems. EPA regulations provide that classification of
substantial portions of major receiving wastes in an urban-
industrial area as "water gquality" segments will meet the
definition of having substantial problems. Secondly, these
regulations also require that each basin plan prepared by the
states shall include for each "water quality" segment the
total maximum daily loads of pollutants allowable for each
specific criterion being violated or expected to be violated,
with these maximum loads at least as stringent as necessary
to implement applicable water quality standards. These loads
are then to be allocated among significant discharges and,
whereever possible, other sources including non-point
sources.’? These allowable loads are then incorporated into
the National Pollutant Discharge Elimination System (NPDES)
permits required under Section 402 of the Act for all dis-
chargers.

Even before passage of the Act, the essentials of this pro-
cedure had been utilized in the Washington Metropolitan area.
As indicated in Figure 15 total maximum daily loads for bio-
chemical oxygen demand (BOD), total nitrogen (N) and total
phosphorus (P) were determined in 1969 for the Upper Potomac
Estuary by the U.S. Department of the Interior utilizing the
forerunner of the computer model which serves as the Receiv-
ing Water Component of the Framework Model. Then, waste load
allocations for each pollutant were made in May of 1969 by
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the Potomac Enforcement Conference* to the five wastewater
treatment plants discharging into the Estuary. These load
limits have served as the design target for the upgrading

of the facilities, and are being incorporated into the NPDES
permits being issued. Since 1969, however more sophisticat-
ed models have shown that different load limits/3 may be
applicable to the estuary but these revised "budget limits"
have not been recognized by those responsible for planning.
The two load limits for the upper fifteen miles of the
estuary are shown in Table 7. Newer models will doubtless
allow the estuary load allocation to be further revised.

This concept of a finite limit for given water bodies, to be
apportioned among discharges, is entirely consistent and
compatible with the concept of natural resources "budget
limit" which emerged during the Year 2000 Policies Plan
Reexamination. The budget limit is, in effect, a "carrying
capacity." The concept of carrying capacity or natural re-
source budget limit has received considerable support by local
governments and citizens as a major element of metropolitan
Washington growth policy.

It must be remembered, however, that the apportionment of
discharge rights to various sources is little more than

a goal if the technology to treat waste discharges is insuf-
ficient to provide the degree of treatment needed to remain
within the discharge limit, and therefore to attain water
quality within standards. In these cases, the strategies
for the control of any source of pollution must be carefully
justified as cost effective steps in a wider strategy of
water quality improvement. In regions such as metropolitan
Washington where application of the effluent limitations
required by the Act (i.e., secondary treatment) will not
achieve compliance with water quality standards, the defini-
tion of the term "effectiveness" in a cost effectiveness
calculation must be explicit so that a single project can be
gauged for its incremental effectiveness on water guality.

*Conference in the Matter of Pollution of the Interstate Waters
of the Potomac and Its Tributaries in the Washington Metro-
politan Area was initiated by the Secretary of the Interior
in 1957 and reconvened in 1958 and 1969 under the provisions
of Section 10 of the Federal Water Pollution Control Act, as
amended (33 U.S.C. 466, et.seq.).
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Table 7. COMPARISON OF
SUGGESTED LOAD LIMITS FOR
UPPER 15 MILES OF POTOMAC ESTUARY

(lbs./day)
BOD N 1%
Potomac Enforcement
Conference 16,500 8,000 740
5/8/692°
Technical Regort
No. 35, 477173 41,800 4,700 1,185
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In one sense, the projected effectiveness of a management
strategy can be measured in terms of the diminished adverse
effects on water quality caused by pollution. The value of
the removal of biochemical oxygen demand, as an example,
from any source must be gauged by the diminished effects of
all oxygen-demanding pollutants on water quality. This is
essential when management strategies are applied to differ-
ent elements of the water resources system and include both
structural and non-structural approaches, and programs
initiated by many different agencies. This approach
appears to also have merit in preventing commitments to
technologies that may prove unproductive and that may over-
commit the financial resources or community support available
without gaining the greatest degree of water quality im-
provement. The proposed Water Quality Objectives Element
of the Framework Model describes how these considerations
are dealt with.

Proposed Water Quality Objectives Element - A purpose of

the Water Quality Objectives Element is to state a method

of reporting the effectiveness of water resources management
strategies on receiving water properties, and to provide a
basis for cost-effectiveness analysis. The emphasis on re-
ceiving water quality is in contrast to the often-used pro-
cedure of determining the most cost effective method of pro-
viding a given degree of treatment, a practice which is
justified during plant design and along effluent limited
segments of receiving waters, but is inappropriate in plan-
ning and managing a water resource system of interrelated
facilities in "water quality"” areas.

For this reason, the definition chosen for a control strate-
gy's "effectiveness" incorporates measures of the extent,
constituent concentration, duration and annual probability
of occurrence of the response of the receiving water to an
areawlide water resources management strategy.

A strategy can be called an effective one when there is a
high probability that constituent concentrations will be
within the limits set in standards in all stretches of the
estuary and for all time periods.

The first measure incorporated into the definition of

effectiveness, the extent of the estuary response, is re-
quired to present the length, surface area or volume of re-
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ceiving water affected by depleted dissolved oxygen or by in-
creased concentrations of harmful constituents. Surface area
or length of receiving water affected may be appropriate

when water uses for protection or propagation of fish or for
recreation are to be evaluated. The volume measure may be
appropriate when water uses for industry, agriculture, or
public water supply are to be evaluated.

The constituent concentration of the estuary response is
measured as less than or equal to a stated beneficial con-
stituent concentration or as greater than or equal to a
harmful constituent concentration. Thus, either a beneficial
constituent such as dissolved oxygen, or a harmful consti-
tuent such as hitrate may be used in the Framework Model.

The duration of the receiving water response is measured

as greater than or equal to a stated duration which may be

a constant selected on the basis of the effects different
constituent concentrations are known to have on aquatic life.

By combining these first three measures, the "capability" of
an areawide water resources management strategy can be de-
fined as the extent of a constituent concentration of less
than or equal to a stated constituent concentration for
greater than or equal to a stated duration. By selecting,
for example, the state-adopted water quality criteria for
dissolved oxygen as the stated concentration for analysis,
the "capability" of an alternative strategy in meeting
standards can be described. These three measures can be
taken directly from the dissolved oxygen table output by
the Receiving Water Component. If a constituent other than
dissolved oxygen is utilized, the measures can be derived
from the three-dimensional estuary profile for that con-
stituent.

Figure 16 presents a flow diagram of the Water Quality
Objectives Element. In this study the capability, C, of a
management strategy is defined mathematically as:

C = Extentd’c

where Extent is the estuary length, volume or surface area
either 1) at or below a chosen beneficial constituent
concentration "c¢"; or
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Figure 16 FLOW DIAGRAM OF WATER QUALITY OBJECTIVES ELEMENT
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2) at or above a chosen harmful constituent
concentration "c"

for a chosen period of time of duration "d"

The definition and use of these terms may seem unnecessary,
but they allow an analyst to answer important questions in
resource management. What, for instance, is the best measure
of "extent" in a given water body? Are future water supply
withdrawals going to remove dilution waters needed to assist
in abating the impacts of effluents on the estuary? Will un-
treated stormwater obliterate water gquality improvements
thcught to be gained from the treatment of point sources?
The determination of an areawide management strategy's
capability permits analysis of the response of a receiving
water body subjected to steady state wastewater flows, inter-
mittent stormwater runoff, and less frequent combined sewer
overlfows.

In Chapter IV, the "capability" of alternative areawide water
resources management strategies are compared using extent,
constituent concentration, and duration measures which are
output by the Receiving Water Component.

The fourth and final measure incorporated into "effectiveness"
is the joint annual probability of occurrence of the extent,
constituent concentration, and duration of estuary gquality
response. The inverse of the annual probability of
occurrence may be called the return frequency in years or
the frequency of occurrence in years or the mean time in
years between occurrences of the estuary quality response.
The annual probability of the estuary response to an area-
wide water resources management strategy is based on return
frequency of storms, river inflows, and water demands, com-
prising the areawide water resources management strategy,

as well as on wastewater and stormwater treatment devices
reliability data. This fourth measure is the joint annual
probability of all of the above events occurring during a
stated time period.

When the "capability" of an alternative areawide water re-
sources management strategy is multiplied by the "joint

annual probability of occurrence" of the simulated conditions,
the resulting product is the expected "effectiveness".
Mathematically, the expected "effectiveness" is represented
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as:
Effectiveness = P(0) x C

where P(0O) is "joint annual probability of occurrence" of
conditions upon which the simulation is based., C is the
"capability" of the areawide water resources management
strategy.

Thus the term "effectiveness" includes the extent, duration,
constituent concentration, and joint annual probability of
occurrence of the receiving water's response to alternative
water resources management strategies.

Of particular significance is that the expected "effective-
ness" term provides a link between biocassay results used to
evaluate the toxicity of selected chemical constituents or
physical parameters to aquatic species which are expressed
as a 96-hour-median-tolerance limit, TL, or TLsg. This link
is important because it relates the alternative water re-
sources management strategies to their effects on shellfish,
fish, and wildlife which are required to be protected by the
Federal Water Pollution Control Act Amendments of 1972.

Cost-Effectiveness Determination - Although it is included as
the final activity in the Water Quality Objectives Element,
the determination of the cost-effectiveness of alternative
water resources management strategies links the Cost Element
and the Water Quality Objectives Element of the Framework
Model. ‘

Section 212(2) of the Act provides that Federal construction
grants can only be made for systems which are determined by
the U.S. Environmental Protection Agency to be "cost-
efficient" as defined by EPA cost-effectiveness guidelines.22
The EPA guidelines indicate that:

The most cost-effective alternative shall
be the waste treatment management system
determined from the analysis to have the
lowest present worth and/or equivalent
annual value without overriding adverse
non-monetary costs and to realize at least
identical minimum benefits in terms of
applicable Federal, State, and local stand-
ards for effluent quality, water quality,
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water reuse, and/or land and subsurface
disposal.

In the Framework Model the benefits are measured in terms of
water quality.

The Cost Element of the Framework Model is used to define

the present worth and/or equivalent annual value of the
areawide water resources management strategies. The com-
putation of expected "effectiveness" in the Water Quality
Objectives Element is the mechanism for comparing the minimum
benefits as required by the guidelines. The identification
of any "overriding adverse non-monetary costs" is included

in the Natural Resources Impact Element discussed next.

A demonstration of the cost-effectiveness analysis methodolo-
gy proposed under this study is included in the final chapter
of this report. The analysis is for several areawide metro-
politan Washington water resources management strategies
through the year 1992, using dissolved oxygen as the water
quality constituent and total planning period capital costs,
and operations and maintenance costs, discounted to January
1974 for the cost variable.

Natural Resources Impact Element

Existing Methodologies — Because improved water quality is

the objective of water resource planners, other natural
resource changes which result from strategies designed to
meet water quality objectives are considered to be impacts.
The emphasis to date has generally been on trying to identify
and minimize adverse impacts of such water quality strategies.
The Natural Environmental Policy Act requires that unavoidable
adverse environmental effects be identified and that avoidable
adverse environmental effects be "mitigated."19 Cost~
effectiveness guidelines by EPA require the recognition of

any "overriding adverse" impacts of alternatives.

Construction grant regulations specify that treatment works
will "comply with" requirements of Clean Air Act and other
applicable environmental laws and regulations.

In an earlier chapter the use of adopted air and water quality
standards or policies of nondegredation of these resources, as
the current expression of environmental resources carrying
capacity in the region was noted. A block diagram technique
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for presenting the current regional conditions versus these
standards, and for performing tradeoffs among media was
highlighted, as well as the concept of environmental re-
sources as highly related and interdependent. The expansion
of this technique into water supply, land and energy consid-
erations was noted.

Natural resources budget limits are relevant at the local
and Federal levels as well as at the regional leyel. 1In

two recent water-related cases in Montgomery County, Maryland,
wastewater treatment plant sites were rejected because of
overriding adverse impacts. In one instance, the EPA re-
gional office refused to consider locations of outfalls
which were within 20 miles of the upstream water supply in-
takes. In the other case, the proposed location for an
"interim" treatment plant was rejected by the County Council
after it was learned that brown trout inhabitated the

stream where the outfall was proposed. In both cases, how-
ever, these factors were discovered after a "firm" decision
had been made. In these cases a perceived budget for
drinking water quality or for desirable fish population
would have been violated.

As in the physical simulation components of the Framework
Model, the premise in the Natural Resources Impact Element
was to examine and utilize existing methodologies wherever
feasible, rather than to develop untested techniques. As
a starting point, existing environmental impact assessment
methodologies as categorized by Warner and Preston were
examined. The categorization of methodologies was into
the following five types based on the way impacts are
identified:®

(1) Ad hoc: Broad areas of possible impacts (i.e.,
impacts on lakes, forests, etc.) are suggested
rather than specific parameters for further in-
vestigation being defined.

(2) Overlays: Maps of environmental characteristics
are overlaid to provide composites from which
impacts can be identified.

(3) Checklists: A specific list of environmental
parameters to be investigated for possible
impacts is prepared, but direct cause-effect
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link to project activities is not established.

(4) Matrices: Two lists, one including project
activities and the other potentially impacted
environmental characteristics, are related in
a matrix which identifies cause-effect rela-
tionships between specific activities and
impacts.

(5) VNetworks: Cause-condition-effect networks are
prepared to illustrate a series of impacts
which may be triggered by a project action.

In the following discussion examples of existing methodologies
in each category are presented and then later evaluated.

(1) Ad hoc - The three-budget system developed by MWCOG
during the Year 2000 Policies Plan Reexamination and dis-
cussed earlier is, in its current state of refinement, re-
presentative of the "ad hoc" assessment methodology.
Statements such as "reduces particulate matter"”, "minimizes
impact of storm loads", or "improves aesthetics of water
resources” are examples of the way impacts are expressed in
an ad hoc methodology.

(2) Map Overlays - The use of map overlays as a technique
for land use planning has been groposed by McHarg in his
well-~known Design With Nature.’ In this approach an indivi-
dual map is prepared for each environmental characteristic

of interest. These maps are then overlayed to expose areas
which are conducive to certain types of development. McHarg
explains this urban suitability selection process as follows:

Phase I: Exclusion of flood plains, woodlands
for erosion control, steep slopes,
row-cropland, cropland

Phase II: Fxclusion in addition to Phase I of
aquifer ocutcrops, noise zones,

axisting forest cover

Phase III:Exclusion in addition to Phases I and
II of scenic and historic corridors.
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Ranking of urban suitability based
upon bearing capacities of soils
and suitability for septic tanks

Phase IV: Identification of aggregations of
urban suitable land.

In Design With Nature the Potomac River Basin and portions
of the metropolitan Washington region served as test cases
for application of this approach.

The Metropolitan Washington Council of Governments has utiliz-
ed the map overlay approach in two planning efforts to date.
In 1968, COG prepared an "ecological reconnaissance" of major
natural features of the metropolitan area in the form of
1:8000 scale mylar maps. The natural features included
geology, minerals, elevation, slope, soils, streams and
drainage basins, flood plains, ground water, and woodlands.
Several of these mags were then overlayed to form the "natural
featurescomposite.” 5 Where two or more features overlap,
only the most limiting one is shown. Although highly gener-
alized, the map illustrates how environmental interpretation
and evaluation could help shape metropolitan development
policies.

Map overlays were also used by COG in its open space planning
program. One of the purposes identified for preserving open
spaces in the region was the protection of irreplaceable and
ecologically sensitive natural resources. The areas not yet
publicly owned or controlled which were specified for primary
preservation considerations were designated as "Areas of
Maximum Environmental Quality" (AMEQ's), which comprise
approximately 176,000 acres within the metropolitan area as
shown in Figure 17. They were determined by superimposing
maps of streams, flood plains, slopes (over fifteen percent)
and woodlands. The resulting composite is a pattern of con-
tinuous, corridor-like lanes embracing the greatest concen-
tration of features contributing to environmental diversity.
AMEQ preservation is currently a major element of the COG
open space program.

Overlaying can also take the form of computer mapping. Data
on a large number of environmental characteristics are
collected and stored in the computer on a grid system. Alter-
native composite maps can be generated by giving subjective
weights to the various parameters. This technique has been
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AREAS OF MAXIMUM ENVIRONMENTAL
QGUALITY NOT IN PUBLIC OWNERSHIP

AREAS OF MAXIMUM ENVIRONMENTAL
QUALITY IN PUBLIC OWNERSHIP, 1971

Figure 17

AREAS OF MAXIMUM ENVIRONMENTAL QUALITY
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used in highway impact assessments.’® The Northern Virginia
Planning District Commission has been undertaking a study

to define a population carrying capacity for an urbanizing
watershed in the Metropolitan Washington area based on a
computer-compatible ecological data inventory.’? Data which
was collected by 1l0-acre grid cells included physiographic,
pedologic, geologic, hydrologic, climatic factors as well as
man-made features and influences. Interrelationships of
ecological factors depicting vulnerability to development
were then displayed. Figure 18 presents a typical computer-
printed map of these features for a portion of the Broad Run
Watershed. The maximum population definition of population
carrying capacity of the watershed will be determined by the
limit imposed by the quantity of environmentally suitable
land.

(3) Checklist - The most prominent example of an impact
assessment methodology which could be classified as a "check-
list" is the hierarchial Environmental Evaluation System
(EES) developed by Dee, et.al., at Battelle Columbus Labora-
tories.’8 The environment is divided into the four general
categories of ecology, environmental pollution, aesthetics,
and human interest. Under these categories a total of 78
environmental parameters are identified representing a "unit
or an aspect of environmental significance worthy of separate
consideration in water resource development." To permit net
environmental effects to be evaluated and tradeoffs made all
parameters are transformed into commensurate units. The
technique consists of:

Step 1l: Transforming parameter estimates into
environmental quality by determining
the environmental impacts of each
parameter on a scale of 0 (extremely
bad) to 1 (very good). Value function
graphs are used for this purpose.

Step 2: Assigning relative weights to each
parameter as indicators of the rela-
tive importance to the environment.
A total of 1000 parameter importance
units (PIU) is distributed among the
parameters.
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Step 3: Obtaining commensurate environmental
impact units (EIU) by multiplying
the environmental quality from step
1 by the PIU in step 2 for each
parameter.

The EIU's are used to trade-off beneficial and adverse envir-
onmental effects by comparing each parameter with and without
a proposed project. The approach can also be used as a
warning system to "red flag" parameters that change signifi-
cantly in an adverse direction. The EES has been field-
tested for the proposed Oneida Narrows reservoir portion of
the Bureau of Reclamation Bear River project. The approach
has not yet been used in the Metropolitan Washington area,
although the U.S. Corps of Engineers as part of its ongoing
water supply study for the region has identified the list of
parameters in the EES as a checklist for its environmental
consultant to utilize.’® As part of the Montgomery County
wastewater study, the checklist approach was used to deter-
mine the existence of habitat with special scientific or
educational value or unique or fragile character at each of
the sites under consideration.®

(4) Matrix - An example of the "matrix" impact assessment
methodology is the procedure developed by Leopold, et.al.,
for the USGS.80 A matrix of 100 possible project activities
and 88 environmental characteristics or conditions is filled
out for a proposed project in the following way:

a. Those activities from the top of the matrix
which are relevant to the project under
analysis are identified.

b. For those cells in the column where a
possible environmental characteristic could
be affected, a slash is made.

c. For each box with a slash, a number between
1 (least) and 10 (greatest) indicating the
magnitude of the possible impact is placed
in the upper left corner of the bax. Before
the number a "+" is placed if the impact is
expected to be beneficial.
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d. In a similar fashion, a number is placed
in the lower right corner of each box
representing the imprtance of the possible
impact.

e. A narrative on environnental impacts is
prepared for those row:s and columns with
large numbers of boxes marked or with
large numbers in boxes.

(5) Network - The final category of environmental impact
methodologies is the "network." Under this approach, cause-
condition-effect networks are prepared in an attempt to
identify the primary and secondary impacts which may be
triggered by a project as well as to expose opportunities for
controlling waste loads at points other than at treatment
plants. As part of the Year 2000 Policies Plan Reexamina-
tion, the Metropolitan Washington Council of Governments
utilized a generalized network i{o trace the sources and the
paths which phosphorus takes as it passes through the eco-
system in Metropolitan Washington. This materials flow
analysis is shown in Figure 19.

Through this technique the various points of interception

of the residual and the allocation of the "ultimate" dis-
posal can be displayed in a relatively straightforward
framework of choice. This technique also emphasizes inter-
media considerations and is supportive of the carrying capa-
city approach of the Natural Resources Budget.

Evaluation - These five types of impact assessment methodolo-
gies differ markedly in such characteristics as comprehensive-
ness, data needs, and manpower requirements. However, a re-
view of the methodologies reveals the following similarities
important to the Framework Model:

1. ©Natural resource parameters are selected
for investigation

2. The natural resource setting without

waste treatment management systems can
be identified
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3. The magnitude of changes resulting from
implementation of alternatives is assess-
ed for specified parameters

4. Whether subjectively or "objectively", the
relative importance of these changes is
recognized

5. Potential adverse impacts of alternatives
are highlighted

Recent water resource studies conducted in the Washington
Metropolitan area* have been analyzed by MWCOG to identify
the methodologies used during their performance and other
significant characteristics as a guide for the Framework
Model development. These studies and several others were
classified by the type of impact assessment methodology
used in the study development. Several significant findings
have emerged from this analysis. These include:

l. Environmental impact analyses are conducted
by organizations other than local government
staffs (i.e., consultants, regional planning
agencies, EPA) although they may be commis-
sioned by the local government.

2. The environmental impact analysis techniques
employed by these organizations differ mark-
edly in content and scope but generally fall
into the "ad hoc" and "checklist" categories.
The level of detail is often considerably
less than that suggested in "texcbooks"” on
the subject.

3. Most studies emphasize the mitigation and
minimization of possible adverse impacts.

4. The impacts assessed are primarily from
capital-intensive structural treatment
facilities.

*Studies analyzed include references 15, 66, and 81 through 88.
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5. Methodologies which lend themselves to
"carrying capacity" considerations (i.e.,
overlays and networks) are not being used
in impact studies or in large scale
planning development.

6. Significant decisions have been made by
local governments based on the results
of many of these studies.

From this discussion, the following conclusions regarding
the Natural Resources Impact Element have been made:

1. No single impact assessment methodology
yet developed is appropriate to all
metropolitan regions under all conditions.
Therefore, the Element should not be
restricted to only one methodology.

2. There are significant similarities in the
five types of impact assessment methodolo-
gies which should serve as the major steps
in the Natural Resources Impact Element.

3. The Element should permit the ready identi-
fication of adverse impacts to be minimized,
eliminated, or recognized as unavoidable or
overriding.

4. Because of limited reserves of air, land
and energy resources, impact assessment
methodologies which assess the carrying
capacity of these resources should begin
to be utilized in metropolitan Washington.

Proposed Natural Resources Impact Element - Under this
element, the natural resource impacts which would result

from the implementation of alternative waste treatment
management systems and water resources management strategies
can be assessed. The approach presented schematically in
Figure 20 is designed to assist in satisfying the requirements
of the Federal National Environmental Policy Act (NEPA) and
state-adopted Environmental Policy Acts, and to fulfill the
environmental impact analysis requirements of the Section 208
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areawide waste treatment management planning process. So-
called "social" impacts are discussed separately in the
Social Impact Element of the Community Resource Budget.

As discussed earlier, there are at least five different types
of environmental impact assessment methodologies which have
been developed during the last four years. The most commonly
used technique in the Washington Metropolitan Are for detailed
comparison of waste treatment management strategies is the
“checklist." Therefore, this technique will be highlighted
in the remaining discussion. However, the Natural Resources
Impact Element procedure permits the user to select and
combine detailed assessment methodologies which are most
compatible with the area's ongoing planning process. For
example, a region where a set of overlays for natural surface
features at the desired scale has already been prepared, may
choose that technique to analyze land parameters. However,
the "checklist" approach still could be used to identify
significant ecological features.

Thus, the first step in the Natural Resources Impact Element
is to select the combination of assessment methodologies
most suitable for the region's planning process. Criteria
to use in making this choice are contained in several recent
publications. 89,90 15 4311 cases the user should select
the natural resource parameters which are to be investigated.
Based partially on the delineation developed by Batelle
Columbus Laboratories,78 parameters are placed into two
groups. The first, "media" parameters, include physical/
chemical factors such as air pollution criteria, hydrology,
and land surface and subsurface features, and critical
environmental areas such as wetlands and "Areas of Maximum
Environmental Quality." The second, "ecological" parameters,
include plant life, wildlife, and biotic community species
and habitat, with particular attention to rare or endangered
species and fragile ecosystems. For the latter grouping,
checklists for birds of the Metropolitan Washington region
and for plants and animals of the Chesapeake Bay Estuarine
system have been prepared by the Audubon Naturalist Society
of the Central Atlantic States, Inc.®6 and the Chesapeake
Research Consortium, Inc. respectively.?l The user should
identify whether similar types of checklists have been pre-
pared for the area under study for use in the Element.

Perhaps the most common "media" parameters examined in envir-
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onmental impact analyses, besides those for water quality
discussed in the Water Quality Objectives Element earlier,
are air quality criteria contained in Federally-adcpted
standards.?2 Many metropolitan areas with substantial
water quality control problems also have existing or
potential air quality problems as well. Where such air
quality problems exist, recent regulations published by

the U.S. EPAI3 require that "air quality maintenance plans"
be developed during the next several years to ensure that
standards are not violated as growth occurs. Thus, the on-
going air quality planning process should be integrated
wherever possible with the Section 208 areawide waste treat-
ment management planning process.

The next step in the Natural Resources Impact Element 1s to
describe the hatural resource media setting without the
alternative waste treatment management systems (i.e., the
no-action alternative) by obtaining values for the parameters
previously identified. Much of the necessary information
may be readily available. For ecology parameters this may be
accomplished in a generalized fashion by describing the exist-
ing terrestrial and aquatic environments for the area under
study. For media parameters such as air quality the adopted
implementation plans and maintenance plans should be consult-
ed. Hydrologic information can be taken from the Receiving
Water Component. Land surface and subsurface data is avail-
able for most metropolitan regions from the United States
Geological Survey. Areas that have been designated as
Critical Environmental Areas should be identified. It is
important, however, that information be obtained for the
particular parameters under investigation wherever possible,
rather than simply describing the natural resource setting
for factors not relevant to the discussion.

The next activity is to assess the value of changes to the
natural resource parameters due to the alternative waste
treatment management systems. Most often in Metropolitan
Washington, this task is performed by consultants hired by
the involved local government or planning agency. The pur-
pose of the activity is to obtain quantitative estimates of
changes wherever possible. However, often two "experts'
will arrive at different conclusions regarding the numerical
change to be expected in a given parameter by a water re-
sources management strategy, especially where advanced and
sometimes untested technology is being suggested. Thus, it
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is extremely important that whatever findings are developed
in this task be subjected to extensiye public scrutiny as
part of the Implementability Element. For example, wherever
wetlands would be impacted by an alternative, the EPA EIS
guidelines require review by the Departments of Interior or
Commerce. ? The points of view expressed during this review
process should be used to identify the relative importance

of parameter changes from different perspectives. For example,
the air pollution effects of an alternative may be relatively
“insignificant" when viewed as part of the entire metropoli=-
tan area,but may be critically important to those citizens

in whose neighborhood the treatment system is to be placed.

Several different "ranking" schemes are available. A common
one which is required by the Maryland Environmental Policy
Act,60 is to separate impacts that are "beneficial” from
those that are "adverse”. Another is to give subjective
weights to the importance of each parameter as in the Battelle
EES, and then to determine cumulative weights for each al-
ternative. A third is to signify which impacts are more
"significant" than others by such classes as "little",
"moderate", and "great" concern. Again, the method to be
employed by the user will depend on the region under study,
the alternatives under consideration, and the personal pre-
ferences of the decision-making bodies and citizen organiza-
tions. Undoubtedly, however, some subjective method of in-
dicating the relative importance of parameters will be
chosen if only by classifying them into "beneficial",
"adverse", and '"no change".

A major purpose of the Natural Resources Impact Element is,
in fact, to "red flag" those parameters which may be "ad-
versely" affected by implementation of a given alternative.
Based on federally-promulgated regulations adverse impacts
evidently can be grouped into three categories:

1. Adverse impacts which can be minimized
or eliminated by introduction of "miti-
gating" measures (from NEPA)

2. "Unavoidable" adverse impacts which do
not in themselves eliminate an alterna-

tive from selection (from NEPA)

3. "Overriding" adverse impacts which by
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themselyves eliminate an alternative
from selection (from EPA cost-
effectiveness guidelines)

For each impact identified as "adverse" in the Natural
Resources Impact Element, the user should first attempt to
identify any mitigating measures to minimize or eliminate
the adverse effects, including not only changes to any
physical portions of the waste treatement management system,
but also changes in monitoring, maintenance, replacement,
operation, and other follow-up activities. The costs of

the proposed mitigating measures should be included in the
analysis conducted in the Cost Element. Those adverse im-
pacts which cannot be completely eliminated should then be
identified as "unavoidable". Finally, as part of the
Implementability Element these unavoidable adverse impacts
should be discussed in detail in the community to determine
if any -are "overriding" such that the alternative should be
eliminated from consideration. Two examples of "overriding”
adverse natural resource impacts identified recently in
Metropolitan Washington were presented earlier in the chapter.
In both cases, the alternative was eliminated during the
public review process.

Summary tables for presentation to decision-makers and the
public should be prepared for each of the activities in the
Natural Resources Impact Element. These should include

the parameters to be investigated, the natural resource
setting with and without the alternatives, value of parameter
changes, indicators of relative importance of changes, and
adverse impacts which are mitigated, unavoidable, or over-
riding. In addition, the background data used to prepare
these summary tables should also be made available for

public review.

In summary, the natural resources budget for the purposes of
water resources management planning is considered to consist
of two parts, each related to the concept of "carrying
capacity" as defined during the Year 2000 Policies Plan
Reexamination. The first is the expected "effectiveness"
of an alternative strategy in achieving the objectives of
the FWPCA of 1972 by testing various allocations versus
criteria for each pollutant specified in adopted state water
quality standards. The Framework Model Receiving Water
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Component physical simulation serves as the primary tool for
this in the Water Quality Objectives Element, although modi-
fication of the term "effectiveness" as proposed in this
study is desirable.

The second part of the Natural Resources budget consists of
assessing the "impacts" of alternative strategies on the air,
land, and water media, and on species and habitat by utiliz-
ing available environmental impact assessment methodologies
within the framework specified in the Natural Resources
Impact Element.
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Community Response Budget

The "Community Response Budget" is perhaps the most elusive
in terms of gquantitative description, but remains the most
visible to public officials. On the one hand, it includes
the political response of the community to decisions made

or proposed. Public hearings, the electorale process itself,
citizen suits, letters to Congressmen, and public opinion
sampling are means by which this political response is
measured. Such points of view are ways of gauging the
"implementability" of a proposed action. In addition, the
community response budget includes the expected "human"
impacts of a proposal. Such social and economic factors as
the displacement or division of jobs or households, aesthe-
tics, equity,. and neighborhood identity are representative
of individual and community concerns which must be addressed.

For example, proposals for new wastewater treatment plants,
sanitary 1landfills, or water supply impoundments in the
Metropolitan Washington region are almost always opposed by
those persons in whose neighborhood such a facility would be
located. As in the case of the Natural Resources Budget, such
concerns can become "overriding adverse" factors which cause
the elected official or local governing body to eliminate a
particular site from consideration. 1In a very real sense,
the proposed facility would have exceeded the community
response budget perceived available by the elected officials
at that time.

Thus, the term "budget" is used to suggest limits for
community response as well as fiscal and natural resources.
At any given time the available resources (whether monetary,
natural, or human) that can be devoted to the solution of any
problem are considered to be finite. It is therefore neces-
sary for elected officials to weigh social, economic, and
environmental factors and to make difficult trade-offs in
allocating limited resources to solutions of problems. Since
the limits in the natural resource and fiscal budgets cannot
be set by science alone, in the words of one of MWCOG's
consultants, "we must rely on the value trade-offs from
community response as the primary guide to where the cumula-
tive effect of incremental decisions is at last taking a
toll."97

It is therefore extremely important that the water resources
management planning processes such as Section 208 areawide
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waste treatment management planning, provide adequate oppor-
tunity for the expression of relevant points of view and
consideration of social impacts if the planning process is
to result in implementable programs. The remainder of this
section will review the methodcologies and techniques
currently used or available for incorporation into the
Framework Model for this purpose.

Social Impact Element

Existing Methodologies -~ Recent court cases concerning the
definition of "human environment" as used in the National
Environmental Policy Act have broadened its interpretation

to include physical, cultural, economic, aesthetic and social
factors which affect the quality of life.98 Many of the
recent environmental impact assessment methodologies present-
ed earlier therefore incorporate consideration of social
impact under the broad context of "environment". For
example, in the Environmental Evaluation System (EES)
developed by Dee, et.al., and discussed earlier, thirty-six
of the seventy-eight environmental parameters deal with
social impacts as defined by the three-budget MWCOG system.
These are grouped into such components as cultures, composi-
tion, man-made objects, historical packages, mood/atmosphere,
and life patterns. In the EES, however, these "aesthetics™
and "human interest" categories only receive a relative
weight of 358 out of the 1000 points for the natural resource
and social impacts together.

Table 7 displays a checklist comparison for alternative

waste treatment plant sites in Montgomery County, Maryland,
of the impacts to man-related and natural systems. Each
impact is ranked on a relative scale of 1 (most favorable)} to
5 (least favorable). Man-related impacts include such factors
as dislocation of families, compatibility with adjacent land
use, disruption of historical sites, and perservation of
visual neighborhood character. Community values were assess-—
ed principally through comments of local citizenry expressed
at neighborhood meetings, from questionnaires which were
submitted subsequent to the meetings, and from adopted master
plan statements of community goals and objectives. Factual
information was obtained through site visits and inspection
of existing data.%®

A study of alternative arrangements and scheduling of waste
treatment facilities for serving the Maryland portion of the
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Table 8
ENVIRONMENTAL COMPARISON OF ALTERNATE
AWT SITES IN MONTGOMERY CO., MD.

AWT SITE RANKINGSI

COMPARISON ITEMS PEPCO S-1 M-2 W-2 R-2 ﬁ:g g:g
ENVIRONMENTAL IMPACTS - NATURE
Soils/Geology-Suitability for AWT 2 2 2 5 2 2 4
Topography-Minimal Grading 4 2 3 5 1 3 5
Effects on Potomac River 1 2 3 5 5 4 5
wildlife Habitat 2 4 1 5 3 4 5
Mature Forest, Other Unique
Vegetation 2 4 1 5 3 4 5
ENVIRONMENTAIL IMPACT - MAN
Community Reaction 2 3 1 4 5 5 5
Preservation of Visual
. Neighborhood Character 2 3 3 1 4 5 5
#: Disruption of Historical Sites 4 5 1 1 1 1 1
0’ Compatibility with Adjacent Use 1 2 2 3 4 5 5
s Dislocation of Families 2 2 2 1 1 2 1
( Adaptability to Traffic and
. Proximity to Freeway 2 4
‘ Drainage Area above Reservoir 4 5 2 1 1 3
L?T Construction Impact 2 2 3 4 3 5 5
1”2 Augmentation Potential for C&O
i Canal 1 2 3 4 4 3 4
L Reservoir Recreational Value 4 2 3 1 1 1 1
Delivery System Impact 3 2 2 1 5 4 4
Railroad Access 1 5 5 5 5 5 5
RANKING OF COSTS? 1 2 1 3 3 4 5

1) 1 = Most Favorable;
5 = Least Favorable
2) Ratio of present value of
project costs
(1973-2000) to lowest cost site 1.00 1.031.01 1.05 1.051.13 1.17

From Reference 66, Table 21-1.
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Metropolitan Washington area arrived at a "fundamental
conclusion” that no single regional program was more cost-
effective than all other alternatives, and therefore that

the selection had to be made on the basis of intangible, or
non-quantifiable factors.83 The factors selected in the
study were flexibility, speed of implementation, potential
for wastewater reclamation, and community impact. The alter-
natives were then rated as good, fair, or poor for each
factor.

In addition, there are requirements in certain Federal acts
which must be met as part of the social impact analysis.

For example, regulations published under authority of Section
106 of the National Historic Preservation Act of 1966 re-
guire that any draft environmental statement must include
evidence indicating that the most recent listing of the
National Register of Historic Places has been consulted and,
if a site will be affected, the actions will be undertaken

to remove any adverse impacts that could result from imple-

mentation of the selected alternative.?9,100,101 This re-
quirement takes on special significance in historically
important regions such as the Nation's capital.

Another Federal act of significance is the Uniform Relocation
Assistance and Real Property Acquisition Policies Act of
1970.102 rThis Act requires that, in order to obtain Federal
funds for projects (such as treatment works) resulting in
the displacement of any person, the State must assure the
Federal government that: (a) fair and reasonable relocation
payments and assistance as defined under the Act, shall be
provided to owners and tenants displaced from their homes,
businesses, or farms; (b) relocation assistance programs
shall be provided; and (c) comparable, decent, safe, and
sanitary housing will be available for displaced persons
prior to displacement.103 Thus, the social impact analysis
in the Framework Model should identify the number and types
of homes and business to be directly affected by a proposed
alternative.

Finally, many "secondary" or induced environmental impacts
may be social or economic, and therefore should be included
in the social impact analysis. Changes to the region's
employment or household patterns which will result from
implementation or an alternative should be identified. Much
of the information will be contained in the Community Devel-

-109-



opment Component and can be summarized here.

As a minimum the social and economic impact analysis portion
of the Framework Model, to be called the Social Impact Ele-
ment, will have to contain a checklist of factors or par-
meters for consideration. As with the natural resource im-
pact analysis, some parameters will be directly measurable
and other, such as neighborhood identity, will undoubtedly
derive from an individual's point of view. The underlying
basis for the social impact analysis, however, is that there
is a Community Response Budget which may cause any social
impact to become an "overriding factor" sufficient to
eliminate an alternative. The potential displacement of 10
households may appear "insignificant" to the consultant per-
forming the study, but may be or primary importance, for
example, to the City Council of the District of Columbia who,
with 616 households in D.C. displaced in FY 1973, and re-
placement housing not readily available, may reject a pro-
posed alternative for one which causes no residential dis-
placement.

Proposed Social Impact Element - In this element the social
and economic changes associated with an alternative waste
treatment management system are evaluated by the process
illustrated in Figure 21. This approach will assist in
satisfying federal and state Environmental Policy Act, fulfill
the social and economic impact analysis requirements of the
Section 208 areawide waste treatment management planning
process, and comply with requirements of several associated
Federal Acts.

In the Natural Resources Impact Element, five types of impact
assessment methodologies were discussed. Of those, the
"checklist" approach appears to be most satisfactory for
discussion of social impacts, although descriptions of cer-
tain factors may be generalized (ad hoc). Neither the "ma-
trix" nor "network" approaches appear conducive to social
impact analysis, while the “overlay" technique might have
limited application for identifying the neighborhood-related
factors to be discussed shortly. It is expected that, as
these assessment methodologies become more refined through
greater use, they will be used in social impact analyses.

Therefore, the first activity in the Social Impact Elment
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is the selection of social factors to be inyestigated. It
has been found through experience in metropolitan Washing-
ton that certain social issues commonly raised by citizens
are associated with the specific neighborhood where an alter-
native is to be located, while others are linked to the
pattern of regional growth which is expected to result. 1In
the former case, these "primary" impacts might include the
displacement of households and businesses, the disruption of
historically or culturally significant areas, or other sig-
nificant changes in neighborhood character. In the latter
case, these "secondary" regional impacts include the poten-
tial growth in the service area of a facility, the effect on
the regional transportation network or the availability
regionwide of trained personnel to operate proposed facilities.
In addition, with the broadening of the definition of waste
treatment management alternatives to includ=2 public education,
pricing and other nonstructural programs designed to change
people's habits, a third caitegory of social factors called
"individual-related" must be added. Therefore, social fac-
tors are to be identified and grouped into the following
three categories: (a) individual-related; (b) neighborhood-
related; and (c¢) regional.

Next, for those alternatives such as treatment plants and
conveyance facilities which require land, the characteristics
of the neighborhoods under consideration as "sites" should be
described without the proposed alternative (i.e., no action
alternative) using the neighborhood-related factors previous-
ly selected. In most cases this can be accomplished by
describing the existing situation, although proposed changes
contained in master plans should also be noted. For example,
a site which is currently farmland may be designated as part
of an industrial park for 1978 in the local master plan, thus
perhaps making it more suitable for use as a treatment plant
site. Because of the nature of the individual-related and
regional factors, a description of existing conditions would
not be as meaningful.

The remaining series of steps are comparable to those to be
performed in the Natural Resources Impact Element, so they
are only highlighted here. The changes in each of the three
factor categories due to the proposed alternative should
first be assessed. In the case of the regional factors, much
of the needed information on land use, household, and employ-
ment changes is contained in the Community Development
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Component. Next, the relative importance of the changes
should be assessed based on the points of view expressed
during the review process. For those impacts which are
assessed as adverse, "mitigating" measures should be iden-
tified to minimize or eliminate them.

As discussed earlier in the Community Response Budget, the
user must ensure that these mitigating measures will permit
the alternative to comply with the requirements of all
applicable Federal, and State regulations, including the
National Historic Preservation Act of 1966, the Uniform
Relocation Act of 1970, NEPA, and any other legislation
which might be or relevance. During the public review
process any unavoidable "overriding" adverse impacts of an
alternative should be identified. Finally, throughout the
Social Impact Element wherever information or points-of-
view are obtained, they should be summarized and made avail-
able.

Implementability Element

Existing Methodologies - The previous section leads directly
to the second portion of the Community Response Budget -
"implementability."” Frequently in the past in metropolitan
Washington the most significant action to result from a
governing body's review of the results of an investigation and
comparison of alternatives has been no action;. i.e., the
decision to obtain more information on one or more alterna-
tive before making a "firm" decision. Thus, in water supply-
demand planning during the past few years, proposals for
upstream reservoirs have been pitted against emergency use of
the Potomac Estuary, resulting in the recent Congressional
decision to restudy each alternative once again.104 During
this debate, local governments and agencies were quietly in
the process of adopting water-saving plumbing code changes
recommended by COG which, by 1992, are expected to have
"saved" up to 25 million gallons per day in new-construction
residential comsumption alone. Plumbing code changes were
adopted while the other alternatives were stalled, because
plumbing code changes were more "“implementable'.

Several factors made them implementable. First, local elect-
ed officials and citizen organizations agreed on the concept
of eliminating the unnecessary waste of water. Second, the
local government in its water supply utility had the power
itself to take the desired legal action to change the ordin-
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ance. Third, there was no expenditure of local government
capital funds required. Fourth, there were no identifiable
significant adverse natural resource impacts. Fifth, there
were no identifiable significant adverse social or economic
impacts since manufacturers indicated the required fixture
could be produced at costs comparable to those of normal
fixtures provided the market was large enough. Finally,
the decision would not influence the development patterns
for future growth in the community. Although there were
probably other reasons as well, it is clear that this al-
ternative had great "implementability", the perceived advan-
tages outweighed the disadvantages.

It is not proposed that "implementability" is an easily
definable or quantifiable measure which a consultant can
determine by: conducting a study of it. Rather, it will

evolve from the planning process itself by exposing elected
and appointed officials to a wide range of viewpoints ex-
pressed through public¢ hearings, personal discussions, citi-
zen or developer lawsuits, questionnaires, and other mechan-
isms. In addition, there may be certain incentives or con-
straints to the implementation of a specific alternative which
the elected official should be aware of. In deed, the Fed-
eral and State law and regulations cited throughout this
report place meaningful boundaries on actions which local
governments can or cannot take regarding water quality manage-
ment, as well as providing such incentives as 75% federal
funds for projects which conform with EPA regulations.

The Implementability Element of the Community Response

Budget must therefore provide a means of obtaining and
displaying these points of view and incentives/constraints

to decisionmakers. Mechanisms available to regional planning
agencies, such as the Office of Management and Budget Circular
A-95 review and comment procedures for federally-funded
projectsl05and those techniques identified in the U.S. EPA
public participation guidelines®3 should be used to the maxi-

mum extent feasible.

Proposed Implementability Element - The basic objective of the
Framework Model development has been to identify and link
various techniques and methodologies for use in the water
resources management planning process. Each component and
element of the Framework Model has been designed to provide
information needed by elected and appointed officials to make

-114-



decisions. Perhaps most important of all is the need to pro-
vide decisionmakers with the varying and inevitably conflict-
ing points of view of the community towards the alternatives
under (or not under) consideration. ‘wne purpuse of tne Imple-
mentability Element is to assure that these points of view

are solicited and obtained through an active public partici-
pation program such that a decision can be made and implemented.

The approach to be used to find an implementable alternative
includes public participation in all portions of the planning
process already discussed. However, certain additional steps
are essential in every planning activity. These include:

a) Identify the public

b) Identify mechanisms to be used for public parti-
cipation

c) Identify where to use these mechanisms in the
planning process

d) Undertake public participation program

e) Summarize points of view

f) 1Identify incentives/constraints to implementation

In its Water Quality Training Institute workbook, the Conser-
vation Foundation has identified the following four types of
publics:

a) the general public often referred to as the
man in the street

b) the organized public, such as civic associations
and environmental groups

¢) the representative public, including elected and
appointed officials (and their staffs)

d) the economically concerned public, such as
neighborhoods or developers, whose interests may
be affected (adversely or favorably) by water
quality decisions

It is important that each of these "publics" have an opportun-
ity to participate in the planning process, although certain
mechanisms may be more appropriate for each group at certain
times during the process than others. K. Warner has classi-
fied these mechanisms into three categories by primary empha-
sis, recognizing that many may be multi-purpose.
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These three categories are:

1) Education/Information, such as newspaper
articles, speeches, letters, brochures, and
TV prodrams.

2) Review/Reaction, including public hearings,
questionnaires, and access to material.

3) Interaction/Dialogue through advisory boards,
workshops and informal contacts.

Public participation minimum guidelines published by EPA under
Section 101 (e) of the Act specify certain mechanisms to be
used at various points in the planning process with "interest-
ed" or affected persons or organizations-63 In addition, such
mechanisms as the Circular A-95 review and comment proce-
dures published by the OMB provide an opportunity for affect-
ed local governments to review and comment on proposed
Federally-funded projects and programs.105 It is important
that the public participation program be designed to provide
for these mechanisms to be used at appropriate points in the
planning process, i.e., before the "decisions" are made, so that
the projected improvements in water quality cen be identified
and counted as advantages in the decision making process.

For example, there are numerous points during the procedures
outlined in the Framework Model where public participation is
essential. These include, but are not limited to:

a) Identification of inputs to Community Devel-
opment Component

b) Selection of user-specified inputs to Water
Demand and Sewage Generation Components

c) Identification of waste treatment management
alternatives to be tested, including review
of assumed removal efficiencies

d) Selection of alternative points of discharge,
and options to be tested, in the Receiving
Water Component

e) Review of all outputs from physical simulations

f) Identification of alternative financial
arrangements to be investigated

g) Review of alternative user charges and customer
charges from Financial Arrangements Element

h) Selection of "probabilities of occurrence" and
various conditions to be simulated in the
Water Quality Objectives Element

i) Review of "capability", expected "effectiveness",
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and cost-effectiveness analyses

j) Selection of assessment methodology and
parameters to be investigated in the
Natural Resources Impact Element

k) Selection of factors to be investigated in
the Social Impact Element

1) Expression of points of view on relative
importance of changes to parameters and
factors in the Natural Resources Impact and
Social Impact Elements

m) Identification of adverse impacts which are
"unavoidable" or "overriding"

n) Improvements needed in Framework Model

As these points of views are registered, it is desirable that
a record be kept and that significant points raised be
addressed. Although the guidelines by EPA require the prepar-
ation of a "Summary of Public Participation" for every grant
application or plan, it is more important that there view-
points be made known to elected and appointed officials

during the areawide planning process.

Finally, it is likely that in any region there may be certain
constraints to or incentives for implementation of alternatives
under consideration which may be identifiable during the
planning process. An example of a constraint may be a re-
quirement by the state constitution or statutes that the
sanitary commission but not the local government may con-
struct and operate treatment works (as in Maryland portion

of metropolitan Washington) or a state policy that interim
treatment works cannot be built unless the permanent facility
to replace it has received necessary state and local planning
approvals (as in Virginia). The most readily identifiable
incentive is the Federal Title II construction grant program
under the Act which provides 75% federal funding of treat-
ment works which conform with EPA regulations. Such regula-
tions covering all parts of the Act are published regularly
in the Federal Register, which is obtainable from the U.S.
Government Printing Office. Legal and institutional changes
are a recognized part of the waste treatment management
planning process, however. Thus, changes which are deemed
necessary as part of the selected management program should
be offered.

The key concept of this element and the Community Resource
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Budget is that there are limits for community response as
well as fiscal and natural resources, and that these limits
must be identified to the greatest extent possible as a

part of the water resources management planning process.
Although it is the most difficult to quantify, the Community
Response Budget is the most visible to the elected and
appointed decisionmaker.
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CHAPTER IV

DEMONSTRATION OF THE FRAMEWORK MODEL

The Framework Water Resources Planning Model is a flexible
and versatile tool for use in areawide water resources
management planning. This chapter illustrates through a
variety of examples the application of the Framework Model
in metropolitan Washington. As an aid to understanding how
the physical simulation components of the model fit together,
the first part of this chapter presents the results from a
typical model run for the year 1976. For ease of presenta-
tion, emphasis is placed on showing the model output starting
with one of the fifty "planning units" identified in the
study for metropolitan Washington.

Then, to demonstrate the use of the full Framework Model
capabilities, six alternative areawide water resources manage-
ment strategies which are in various stages of consideration
in metropolitan Washington are simulated for the year 1992.
Through use of the three-dimensional estuary profile plots,
the water gquality response of the upper Potomac Estuary for
each alternative is displayed. From these plots produced by
the Receiving Water Component, the "capability" and the ex-
pected "effectiveness" of the alternative strategies as de-
fined in the Water Quality Objectives Element is compared.
Next, using the procedures contained in the Cost Element, the
present values by cost element of the alternative areawide
water resources management strategies are determined.

Finally, the cost effectiveness of the alternative areawide
water resources management strategies 1is compared.

TYPICAL COMPUTER RUN OF FRAMEWORK MODEL PHYSICAL SIMULATION
COIIPONENTS

This section presents the results of a typical computer run
of the Framework Model physical simulation components. The
forecast year selected for analysis is 1976. The "planning
unit" chosen to begin illustration of the model results is
No. 19. It is located along the eastern boundary of Loudoun
County, Virginia, south of the Potomac River, and north of
Route 50 as indicated in the figure below. The natural
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drainage in the area flows into Broad Run and then to the
Potomac River above Great Falls. Dulles Airport and the
developed portion of Loudoun County are located in the area,
which obtains water from the Fairfax City water supply on
Goose Creek through the Loudoun County Sanitatation Authority.
The area is part of a drainage basin sewered by the Potomac
Interceptor Sewer, which transmits flows to the regional
wastewater treatment plant at Blue Plains in the District of
Columbia. The Blue Plains treatment plant discharges into
the Potomac Estuary.

MONTGOMBERY
COLN

LAOUIOUN
COUNTY

FAIRFAN
COUNTY

PRINCE
WILLIANM
COUNTY

The location of Planning Unit No. 19
in the Washington Metropolitan Area

Planning Unit No. 19 is made up to two "Policy Analysis
Districts", No. 766 and 767, from the Community Development
Component. The relationship of geographic units used in the
Framework Model as initially applied in metropolitan
Washington is illustrated in Figure 22.

Community Development Component

The EMPIRIC Activity Allocation Model serves as the basic
computational tool in the Community Development Component of
the Framework Model. The EMPIRIC Model distributes metropoli-
tan "control" totals of future population, employment, and
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land use growth in eight-year intervals among a set of smaller
subregions or districts, based upon exogenously specified
metropolitan planning policies. The following is an example
of a portion of EMPIRIC output for 1976 for the most recent
EMPIRIC alternative for the two Policy Analysis Districts
(#766 and #767) that form Planning Unit No. 19.

METRUOPOLITAN WASHINGTON COUNCIL OF GOVERNMENTS

SUMMARY OF FORECAST RESULTS AND INPUTS - ALTERNATIVE 6.2 MOD.
SEPTEMBER 1972

e e ———— -t
I T T T T T T T T T T T T e T T \
: SUMMARY OF FORECAST RESULYTS :
Vo TmToTTmrmTmmmoemsssommoooeees '
| :
! 1968 1976 1984 1992 CHANGE:  68-92 |
' m=s e it TTTT TTmTmTmmmooees 1
| |
| POPULATION 0. 0. 0. 0. 0. :
t 1
1
E HOUS EHOLDS 0. 0. 0. 0. 0. :
] ]
]
E ESPLOYMERT 2073. 2527. 5303. 6307. 4234 '
| |
e o o o e m t e = o e £ e = b i = o - = = - - —— - —— — —— - — =)
T
i !
{ DISTRICT 767 |
1 :
b e e - A
_________________________________________________________________________________________ -
SUMARY OF YORECAST RESULTS
1908 1976 1984 1992 CEANGE: G8-92
POPULATION  6873.  41058. 59436,  727¢4. 65911.
HOUSEXOLDS 3843,  )1206. 17575, 22977. 21134,
EMPLOYMINT 846. 2232. £209.  12519. 13673.

the EMPIRIC model

For the entire metropolitan region in 1976
9 a total popula-

estimates (or utilizes as a control total)

{1
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Figure 22 GEOGRAPHIC UNITS IN THE FRAMEWORK MODEL PHYSICAL SIMULATIONS
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tion of 3,305,933, total households of 1,091,190, and total
employment of 1,497,880. EMPIRIC forecasts are not official

projections, and are used for study purposes only, as in this
report.

Water Demand Component

The Interface program reformats selected EMPIRIC output into
planning units. Then the "MAIN II System" is exercised to
produce estimates of average daily, maximum day, and peak
hour water demand by usage category for each of the 50 plan-
ning units shown in Figure 22 for each forecast year. For

example, in 1976 single-family (metered) and multi-family
(flat-rate) residential water demand in Planning Unit No. 19
is estimated as:

MUNICIPAL WATER REQUIREMENTS...PLANNING UNIT 19
ANALYZED BY MAIN SYSTEM

CURRENT RESIDENTIAL WATER REQUIREMENTS IN GALLONS PER DAY

ANNUAL MAXIMUM PEAK
AVERAGE DAILY HOURLY
2564733, 4154761 12123045,

REQUIREMENTS BY TYPE - ANNUAL AVERAGE

NO. OF GALLONS PER DAY
UNITS DOMESTIC SPRINKLING TOTAL
METERED AND SFWERED AREAS 7086. 1260628. 217927. 1478555.
FLAT RATE AND SEWERED AREAS 4120. 933086. 153092, 1086178.
TOTAL 11206. 2193713, 371019. 2564733,

SUMMER EVAPOTRANSPIRATION ZINCHES < # 16.00
SUMMER PRECIPITATION ZINCHES € F 6.75
MAX. DAY EVAPOTRANSPIRATION i INCHES< # 0.29

Commercial and industrial water demand in the planning unit
is projected as:

ANALYZED BY MAIN SYSTEM

TOTAL COICIERCIAL REQUIREMENTS IN GALLONS PER DAY

ALNUAL HAXTMIM PEAK !

AVERAGY DATLY HOURLY

510513. 708661 , 1649186.

! WATER REQUIRIMENTS BY TYPE OF COMMERCIAL ESTABLISIMENT

TYPE UNITS RUMBER  ANNUAL MAXTMUM PEAK !
OF UNITS  AVERAGE DATLY HOURLY !
( GALLONS PER DAY !
BCIOOL, ELEM. STUDENY 5483. 29500. 53078. 269227, '
SCUQOL., HIGH STURLNT 2518. 16695. 49356. 304699. !
ANU/TCU EMPLOYYES 1823, 353786. 368026. 430239, '
TRADE LMPLOYE 'S YER 48651. 130911. 339502. !
JIRE/SERV. IAPLOY.LYS 1149, 41519. 69432, 196424, !
[OVERNMENT LMPLOYERS 665. 18588. 35116. 106012, !
ACR1/CONST. EMPLOYEES 519. 1475, 2742. 3085. ,
[} ]
e et e e e nm 3



Public and unaccounted-for water demand in the planning unit
is projected as:

i . ————— e e - — —
¢
TOTAL PUBLIC-UNACCOUNTED REQUIREMENTS IN CALLONS PER DAY
ANRUAL MAXTMUM PEAK
AVERACH DAILY HOURLY
825261. 825261. 825261.
REQUIRINERTS BY TYPL OF PUBLIC- UNACCLOUNTID USALE IN CALLONS PER DAY
TYPE ANNUAL MAXINUM PrAN
AVERAGE DAILY HOURLY
DISTRIB. 1.05SLS 611761, 611703, 611761,
FREE SERVICES 213500, 213500, 213500. |
]
i
____________________________________________________________________________________________ 4

The average annual water demand estimates are then summar-
ized by major water demand section as follows:

SUILIANY (v LA LT Eh AV LD DALY e
FOR MLiR

TOTAL

iL1NG DOMESTIC S intlinG

933025 153092 510514 825261 3903511

The output of the Water Demand Component can easily be
aggregated into water service areas as illustrated in Figure
22 for water supply planning purposes. The total averadge
daily water demand estimated for 1976 for the region is 455
million gallons per day,120 which is approximately a 22 per-
cent increase from 1'968.

Sewage Generation Component

Estimates of domestic residential and commercial/industrial
average daily water demands can be translated directly into
uninfiltrated residential and commercial sewage flow by the
Sewage Generation Component. Infiltration/inflow is then
calculated exogenously based on the amount of developed land
estimated by the Community Development Component. Estimated
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average daily flows for Planning Unit 19 are as follows:

SEWAGE GENERATION MODEL
CONTRIBUTION TO SEWACE FLOW FROM MAIN II WATER ESTIMATES

PLANNING DOMESTIC WATER USE (CAL/DAY)-==-- COMMERCIAL/INDUSTRIAL WATER USE (GAL/DRY) FROM
UNLT INFILTRATION
(MGD)

AVERAGE AVERACE AVERAGE

DAILY DAILY DAILY

19 1205182.00 433860.000 0.6340

Both the uninfiltrated residential and commercial sewage
flows are multiplied by user-specified pollutant concentra-
tions to provide estimates of total sewage pollutant load by
parameter as follows:

GENe AVEL SENVASL
DLARNINLG
ey AVERAGE DAYLY pLLAUS AUL LOALAR---c-mee-
= =FLOW: = ~~LOADS (LES DAY ----~ aiaintd
(MG LoD NTUROSEN PIIOSIHORUS
19 2,2730. 2194, 537, 1306,

Stormwater Runoff Component

The Community Development Component, the source of population
and growth forecasts used in projecting sanitary waste gener-
ation, is also used as input to the Stormwater Runoff Compon-
ent. Figure 22 shows that the area chosen for this example
overlaps five of the 92 major watersheds in the region which
flow to the Potomac, Occoquan, and Patuxent Rivers. Water-
shed No. 17 is one of those covering the area used in the
example.

From a data file, EMPIRIC outputs for each Policy Analysis
District are assigned to watersheds in proportion to the

fractions of area. This is done in the interface program
"Prestorm" which adds assignment of population and employ-
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ent to each watershed and accepts the input of the user's
choice of storm to be simulated. For realistic simulation

of storms actually experienced in the region, a "first
decile" storm described by its changes in intensity and dur-
ation is superimposed. The dry period preceding a storm of
this size is used to calculate the pollutant accumulation
eligible for washoff, and the succeeding dry period is calcu-
lated to show the time possible flow retention stormwater
treatment devices may be permitted to operate at an constant
rate to treat the surge of stormwater.

The simulation of a storm is completed by the EPA Stormwater
Management Model and the resultant runoff summarized by a
program called "Split" which divides that portion of the
runoff flow and load that will be discharged directly in the
estuary, from that which will be simulated as treated as
combined sewage in the Waste Treatment Management Component.

.

VATIABUTI-=TFLATEID FLCIS & LMD swmmcccoc inonwa—- VHTRINTED TLOW. 6 LO4llm-: ==

TenaE T EUD NIIROGEN PROSPLHORUS RUNOCF p1viel WATHOULN
[y -3 {(L&3) {LBS) ©3) {L38) {L>S)
17 e NONEZ TRUNCIL % 30.35 C30 TeNOT InIluoulr IN

This AULNCT

Comparison of the runoff projected for this area in 1976
.shows that it will increase by 52 percent from thc levels
simulated for 1968. Had a more mature watershed, one with
combined sewerage svstems been chosen. the split printout
would revel the stormwater loads contributed to the sewerage
system. Watershed No. 36 is an example where this occurs:

..................................

SPLIT FLOWS AND LO/w3

LIS & LONDSemmemmmeme—enno= UUTRIATLD FLOWS & LOADS =~—mmm==-cmmon<

CEESFIS-~TRINTED FLIW !
HEN '
)

LS 33D BITALGDN  PAOSPHORUS RUNLAT 30D NITASSEN  F.DUPICAUS 4

(2033 (LBS) {%3)  (LBS) (zzs; 1158 !

)

17 - 2.8 234 0.6 G5 !
[}

36 Ge.bl 6.0 0.0 652.22 21,323 0.0 G0 :
I:

L]

1
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The simulated stormwater flows tarat do not go through com-
bined sewers can be "treated" in the Waste Treatment
Management Component by removing a user-specified portion

of the pollutant loads. The treated flows are then ready to
join simulated flows of sewage when they are discharged into
the estuary.

Waste Treatment Management Component

The Waste Treatment Management Component aggregates sewade
flows and loads from the water resource planning units into
user-specified sewage service arcas such as those shown in
Figure 22. (Planning Unit No. 19 is in Sewer Service Area
No. 1 flowing to the Blue Plains Treatment Plant) and applies
a user-specified removal efficiency to each pollutant to
simulate the application of technology such as an advanced
waste treatment. Flow to treatment plants due to stormwater
runoff through combined sewer systems can also be simulated.
In the following example the user-specified removal effi-
ciencies for BOD;, Total N, and Total P are 71.2 percent, 50
percent, and 50 percent, respectively.
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SFWAGE TREATMENT TO ESTUARY 1976 LOCAL NO. 1

DEZSCRIPTION AVERACE AVERACE LOADS (LBS/DAY)
FLOW(GPD) BOD NITROGEN PHOSPHORUS

SA VIRGINIA POTOMAC-DULLES INTERCEPTOR 18,655,300 6116 2290 541

[LLLT T T T Y T ey
(Epeessssnssanases

Receiving Water Component

The effluent from the Waste Treatment Management Component
and the additional stormwater flows and loads via the natural
drainage system from the Stormwater Runoff Component are in-
put via the Preestuary model to the Estuary Hydrodynamic Sub-
program of the Receiving Water Component. This subprogram
calculates the tidal stage versus time for each estuary seg-
ment and the flow versus time between adjacent segments:
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METROPOLITAY WASHINEGTON COUNCIL OF COVLIRIMENTS POTOMAC ESTUARY HYDRAULIC RUN
USTRG €N AT FALLS 0-760 ) £AYS) fLvrel A5 2 NS CFS, PINTY POINT TIDE OF 4-258-69
EXTRACE 1iVDRVLIC RUNX G v 20000 L%t Wl €050 0P8 TI8E STEP

THIS EXTRACT HSED TO CHLUCKOUT & 2-¥CD-10-CHLOKOPHYLL A MODEL 6-28-72

AREeREA ELON HYDRAULICS PROCRKAN #eatein HYDRAULIC CYCLES PER TIME INTERVAL IN
START CYCLE  S7OP CYCLK  TIME INTERVAL QUALLTY CYCLE QUALITY FROCRAM
1500 2000 90 SECONDS 20 0.50 HOURS
CHANNEL RET FLOW MIN MAX MIN HAX HIN MAX AVE
NUMBER (CFsS) (CFS) (CFS) €Crs) (CFS)  (SQ. FT.) (SQ. FT.) (sQ. FT.)
1 7899.61 -8035.88 ~7615.91 -2.227 -1.906 3553.5 4129.5 31885.4
2 7899.59 6199.¢€8 8721.11 0.250 0.348 23943.0 26036.2 24969.3
3 7899.54 4694.50  9458.39 0.)43 0.288 31347.8  33845.4
4 7899.55 3271.37 10160.14 0.239 0.440  21334.7
5 7699.52 16809.24 10896.05 0.068 0.444
6 7899.46 -771.61 122226.08 -0.048
7 7899.43 ~3345.464  13624.51
8 7899.34 -6£98.50 15641.11
9 7899.07 -22072.80 = feeeeerccccccama—aea- ————
10 7899.08 -24206.88 NOTE: Not all of the
1 7899.02 Printout reproducced.
12 769%.09  beececcnnccrcccncecc e

Output from the Hydrodynamic Subprogram is used directly by
the Estuary Quality Subprogram which calculates the consti-
tuent levels for each segment of the estuary. The Estuary

Quality Subprogram simulates constituent concentration for

selected intervals of the twenty-four hour tidal cycle:

AR REARFARRR AP NN S e RN QUALITY SUMMARY #ftdtttowcntacncotns

SUMMARY STARTS AT SUMMARY ZINDS AT
CYCLE 575 (11 DAYS 23.5 HOURS) CYCLE 630 (12 PAYS 12.0 HOURS)

CONSTITURNLT NUMBER

1 NU3-MG/L DUCAY = 0.23/DAY
2 BOD-~5 MG/L DECAY = .17

3 DO MG/L R2 = 1

4 CiILOROPHYL

5 NO3 DECAY = ,09

% CONSTITUDNT NO 1 ** %+« CONSTITUENT MO 2 ** ** CONSTITUSNT NO 3 ** #* CONSTITUENT NO 4 ** ** COMSTITUENT N0 5 e

SEGM MIN., MAX. AVL. MIN. MAX. AVE. MIN, MAX., AVE. MIN, MAX AVE. MIN. MAX. AVE.
1 0.20 0.20 0.20 2,00 2.00 2.00 7.00 7.00 7.00 7.00 7.00 7.09 0.01 0,01 0.7
2 0.02 0.02 0,02 7.79 7.80 7.80 6.92 7.07 €.96 12,05 19.97 19.06 0.91 0,01 0.0}
3 0.02 0.02 0.92 7.31 7.34 7.33 5.82 5.23 5,85 18.91 1€.96 18,92 0.01 0,01 0.01
4 0,02 0.02 0.02 6.80 6.86 6.83 5,20 $.31 5,75 19,32 19.3% 19.3€
S 0.02 0.02 0.02 8.61 9.40 B.922 5.34 5.48 S5.41 13.80 15.48 14.83
6 0.02 0.02 0.02 8.84 9,22 2.00 4.0 5.01 4.89 14.13 15.04 1463
7 0.02 0.02 0.02 8.60 8,97 8.79 4.19 4.52 4,36
8§ 0.02 0.02 0.02 8.26 8.49 3.38 3.90 4.55 4,21
9 0,01 0.02 0.02 8,70 9.20 8.97

i0 0.01 0.05 0.02 8.64
11 0.02 0.19 0.05 8.45 - -
1z o0.01 0.43 -Ts-=s-=s="" - =
! N0oTE: Not all of the !
' Printout reproduced. 1
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To display the output data of the Receiving Water Component,
three-dimensional estuary profiles showing constituent concen-
trations by estuary mile and time, and tables of dissolved
oxygen response of the estuary are produced. The storm

event is simulated to occur during one tidal day starting
twelve and one-half hours after the start of the quality
simulation. The condition of the estuary after 300 hours

of the quality simulation is assumed to represent a steady
state condition which occurs once the storm's effects have
been dissipated in the estuary.

Figure 23 shows a generalized version of the three-dimensional
estuary profiles produced by the Estuary Quality Subprogram
of the Receiving Water Component. The large pollutant loads
that are induced at hour 12.5 are dissipated by dilution,
oxidation, ingestion and predation processes as they are
moved downstream by water entering the estuary at statute
mile zero. The characteristics of the estuary along the
first fifty miles of its length are shown along the wall of
the three dimensional box nearest the viewer. Three-dimen-
sional estuary profiles are produced for the following con-
stituents: biochemical oxygen demand (BOD), nitrate (NOj3),
ammonia (NH3),chlorophyll "a", and dissolved oxygen (DO).
The relationship of these five constituents in the estuary
guality model is shown in Figure 12.

In addition to the three-dimensional estuary profiles, the
Receiving Water Component outputs a summary table of the
dissolved oxygen response of the estuary as follows:

DEFICIT PERIOD MEASURES AT VARIOUS MINIMUM DISSOLVED OXYGEN LEVELS
FOR SELECTED AREAWIDE WATER RESOURCES MANAGEMENT STRATEGY

FININGA

[iS32.0ZD OXYGE RIVER LEUGTH RIVLR VOLUNME RIVZIR SURZACL
LivwL (x21.) (CC. EM.) (sn. KiM.)
(83707
*Ar% DURATION = 12, HOURS »*«#
28.35% 0.115 26.657

1.5 33.337 0.153 345.356

2.0 33.337 0.153 34.34¢

l.G 35,494 0.153 34.820

3.0 42.2681 0.219 46.209

5.2 59.692 0.593% J05.588

€.5 80.571 c.837

7.0 82.953 0.368

3.0 §2.353 0.833

9.8 §2.153 0.883

10.9

#2240 DURATION = 24, HOURS #ree
25.218 0.0%3

1.0 28.356 0.115

2.0 33.337 e e ;

3.0 35.494 ! NOTE: Uot all of the

4.6 42,251 ! Printout reproduced. |

5.9 L

**** DURATION = 48. HOURS
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SIMULATION AND COMPARISON OF AREAWIDE WATER RESOURCES
MANAGEMENT STRATEGIES FOR 1992

General Description of Areawide Strategiles

To demonstrate the full Framework Model capabilities, six
areawide water resources management strategies have been
simulated for the metropolitan Washington region for the
year 1992. These strategies were selected in Chapter II
from the "Options For Action" in water resources identified
during the MWCOG Year 2000 Policies Plan Reexamination.
The six strategies were chosen to reveal the water quality
impacts of applying different treatment efficiencies, and
different public policies that influence the use of water
resources. All strategies with the exception of strategy
No. 5 are in various stages of consideration within the
region.

The six strategies are summarized in Table 9 by displaying
the conditions simulated in each. These strategies assumed
that certain facilities or practices that would influence
either wastewater, stormwater, or water supply would be
applied in the region in 1992. It is important to note

that strategies were chosen to illustrate the Framework
Model's use and that assumptions made in forming each stra-
tegy can change to permit different assumptions to be tested.

Water Quality Effects of Each Areawide Strategy

In this section a detailed description of the conditions
simulated and the resulting water quality effects of each
alternative are presented. The three-dimensional estuary
profiles of five constituents for each areawide strategy are
displayed.

Strategy No. l: Secondary Waste Treatment

This strategy assumed that all major wastewater treatment
plants discharging directly or to tributaries of the Potomac
would treat wastes to secondary treatment levels. (85% BOD
removal efficiency; 13:3 mg/l. NH3 and 1.0 mg/l DO effluent
concentrations). The simulation of this treatment strategy
was undertaken to provide a base from which to assess the
gains to be expected from the application of more advanced
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Tahle 9
CONDITIONS SIMUTLATED FOR AREAWIDE WATER PESOURCES MANAGEMENT STRATEGIES

Simulated l Iand

Conditions | Use Water Wasterater Stormwater Estuary
oovelcorent Lotomac Water Flow Sewage Treatnent level Storm Stormwater Simulation Length
YPattern River Fands into Flovs at municipal Event 31 Treatment (of PReceliving
! (Ircm Ilon (£ran Potomac {fram pilants (from level (from Water Corgponent)
jCormmunity akove Water Estuary Sewage Waste Treatment Waste Treat-

Areaw~ide ;Develoyrcnhg « | water Derard 437 Gene.raxtio;i33 Mgt. Cor.“.ponent)ss ment Mge.

Strategies |Corzonent) ! intakes Component? Coponent Component)

1. Second WMPIRIC AL 1 1954 cubic 1000 cfs 954 cfs 769 cfs Scconciary treat-~ First Ncne 3 tunes BOD half-
Waste ternacive feet per (647 1MGD) (496 MGD) rent=85% BOD re- decile life >~ 12 days at
Treatment 45,2 moul- sexcord (cfs) moval; & effluent stonn 20°C

fied for concentration with vol~
1992 DO: 1 mg/1 umne=1.83"
NH3:13.3 mg/1 frequency
> 8.62
storms per
year
. Aavanced
Viaste " " " " " AWT effluent con- " None "
Treatment centration =
BOD:S mey/l
DO:5 mg/1
. Stermmwater
lli.eam,]t " " " " " " " 50% m re__ "
moval fram
X 1st decile
! storm
. water i
Corservation " 1902 cfs 948 cfs " 716 cfs " " None "
- —i.
. Dry Waste | I. ALL for sewage
Collection f " | 1797 cis 843 cfs " 622 cfs flows before 1976. " None "
| ! Non—water carried
! l waste romoval for
; i construction after
L 1976
. Imdircst i } -309 cfs
Estuary ; " 551 ¢is 860 cfs (estuary 653 cfs AWT " None "
Re-usa ! witrdrawal

* Sources of data indicated by reference number.



forms of treatment or management practices. Combined sewer
flows were assumed to be treated to secondary standards, al-
though stormwater not flowing to combined systems was not
assumed to be treated. The pattern of urban development

was simulated for the year 1992 using Empiric Alternative
6.2 modified,119 and this pattern influenced the amount of
water demand (1000 cfs) waste generation, (including infil-
tration 769 cfs) and the quantities of runoff expected from
storms.

A "first decile" storm (volume = 1.83 in, frequency 8.62
per year at 60% confidence level)5l was assumed to occur dur-
ing the period simulated.

An attempt was made to simulate river flow conditions. The
seven—-day ten-year low flow is that natural flow entering the
upper Potomac Estuary from upstream which is expected to

occur for a seven-day peéeriod once every ten years. The seven-
day ten-year low flow is the standard used by the States of
Maryland, Virginia, and the District of Columbia to determine
the assimilative capacity for water quality aspects. The
seven-day ten-year low flow into the region before water
withdrawals is 954 cfs, 73 and this is less than the projected
water demand in 1992 (1000 cfs). This fact caused the pro-
ject team to choose between simulating a negative river flow
(involving estuary withdrawal for water supply) or changing the
assumed river flow or the assumed water supply system.

Because estuary withdrawal was an emergency strategy that
would be simulated separately (Strategy No. 6), and additions
to the water supply would mean a choice between several in-
complete proposals to augment the metropolitan reservoir
system, it was decided to simulate a greater Potomac River
flow condition. It was decided that a total flow at the
upper boundary of the metropolitan region wf 1954 cfs would
permit 1000 cfs of annual average day water supply to be
withdrawn and still allow 954 cfs to enter the estuary. This
flow for seven consecutive days has a recurrence interval of
approximately 1.8 years. 3 Thus, the flow condition simulat-
ed is not an extreme case but one experienced generally every
other year in the region. The resulting three-dimensional
estuary profiles are therefore representative of normal
rather than extreme hydrologic conditions of the river.

Figure 24 contains the three-dimensional estuary profiles of
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the upper Potomac Estuary's response to the conditions
simulated. The profiles show that significant BOD loads

are washed into the estuary during a first decile storm over
the fifty-three urban metropolitan area watersheds tributary
to the Potomac when compared to treated wastewater BOD loads.
During steady state, dry weather conditions, the major source
of BOD and ammonia are the treatment plants in the upper
estuary. Dissolved oxygen concentrations are shown to be
depressed significantly below standards by both the storm
and the dry weather waste discharges, and by the dry weather
waste discharges alone.

Strategy No.2 Advanced Waste Treatment

This strategy assumed identical conditions of 1992 community
development as the secondary treatment strategy, but wastes
(including combined sewer flows) were assumed to be treated
to advanced waste treatment (AWT) standards (5.0 mg/l DO,

5 mg/1 BODg, and 1 mg/l NH3 effluent concentrations). A first
decile storm was also assumed. The three-dimensional estuary
profiles in Figure 25 show that the effects of the untreated
storm are nearly as great in Strategy No.2 as in Strategy
No.l. However, the dry weather flow condition did not de-
press the dissolved oxygen levels to the same extent. Dis-
solved oxygen levels were still below standards in the
neighborhood of the treatment plant outfalls in the upper
Potomac estuary. Advanced Waste Treatment was assumed as the
basis for the subsequent simulations of the water resource
system in the region in Strategies No.3 through No.6.

Strategy No.3 Stormwater Treatment

The first two strategies simulated illustrated the important
impact of untreated stormwater on the dissolved oxygen in

the estuary. It was shown that the stormwaters were

washed into the estuary where they remained until degraded.
Because of relatively low estuary flows they were not washed
downstream into the greater volumes of the expanding estuary
where they would have been diluted. The third strategy simu-
lated the treatment of both storm and sanitary wastewater

in order to show that the treatment of storms could contri-
bute significantly to improved water quality. Wastewater was
assumed treated to the AWT standards simulated in Strategy
No. 2.
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A stormwater treatment efficiency of 50 percent removal from
a first decile storm for both BOD and NH3 was simulated. It
was computed assuming a greater degree of treatment on the
watersheds projected to have the highest stormwater BOD
concentration in 1992. It was found that treating the 19
watersheds with the highest stormwater BOD concentration at

a 60% BOD removal efficiency would be equivalent to removing
50 percent of the BOD load from all 53 watersheds in the
region directly tributary to the Potomac River. Because con-
trol measures for storm flows from these 19 watersheds would
be constructed in built-up areas where large facilities would
be difficult to locate, the removal of this pollution load
was assumed to be accomplished with four hundred and forty

20 mgd stormwater treatment units comprised of a combination
of bar racks, micro strainers, dissolved air flotation, and
surface detention for 25% of first decile storm runoff. This
assumption was made to facilitate cost estimates of storm-
water treatment and did not alter simulated storm discharge
points.

The results of this simulation are shown in Figure 26. The
profiles reveal that the BOD loads to the estuary are greatly
reduced during storms, but that water quality in the estuary
fails to meet state-adopted water quality standards, although
the model predicts the least violation when compared to the
strategies simulated. The importance of this simulation 1is
that it appears to point the way toward an important mechan-
ism for improving water quality and an area in which model
techniques should be refined to permit further analysis.

Strategy No.4 Water Conservation

The fourth strategy simulated the application of water con-
servation measures which have been proposed through the
Council of Governments as a mechanism for reducing the ever-
increasing demands imposed on the unregulated Potomac River.
At the time of the simulation, code changes requiring install-
ation of water saving devices in new construction were being
adopted by local and state governments in the area. The
plumbing code changes would reduce water used in toilets,
showers and in faucets in residential and commercial estab-
lishments in new construction and in rehabilitation. These
policies were modeled as being enforced after the year 1976,
but only in new construction in the region since the future
rate of renovation was not known. New residential, commercial
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and industrial construction was projected using the EMPIRIC
model. Overall annual average day water demand in the year
1992 was projected to be 948 cfs, down from the 1000 cfs pro-
jected without water conservation measures. Water use in
residential, commercial and industrial establishments was
assumed to be reduced twenty percent, but major use categor-
ies such as public and unaccounted for demands and residen-
tial sprinkling were not considered to be reduced by these
plumbing code changes.

Sewer infiltration/inflow was assumed to be reduced seven
percent by implementation of stricter construction specifica-
tions and inspection programs. The combination of reduced
water use and reduced sewer infiltration resulted in waste-
water quantities of 715 cfs, down from 769 cfs in previous
simulations. Advanced waste treatment was assumed for all
wastewater flows and combined sewer flows. A first decile
storm was also assumed, without stormwater treatment.

The reaction of the estuary to the discharges of reduced
quantities of wastewater was not significantly different

from its reaction to the second strategy simulated. This is
shown in the estuary profiles in Figure 27. It should be
remembered, however, that the Strategy No.4 is less expen-
sive because it defers the staging of treatment capacity (both
water and wastewater). The costs of the alternative strate-
gies are discussed later in this chapter.

Strategy No.5 Dry Waste Collection

Wastewater treatment is simply a method of removing contamin-
ants from water, and the question is often asked; why put
wastes into water in the first place? Aside from the mechan-
ical simplicity of the current water-carried system, it
appears to have little logic because it involves mixing
things together only to separate them again. To test the
effects on the estuary of a hypothetical program of non-water
carried waste disposal, a "dry" waste collection system was
simulated for all new construction beyond 1976. All sewage
flows generated before 1976 and combined sewer flows are
assumed to be treated to Advanced Waste Treatment standards.

The system could involve direct collection by truck, inciner-
ating toilets, or the universal use of functioning septic
systems; the exact system was not specified. A parallel
water-carried system for bathwater and other relatively clean
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water discharges from homes and commercial establishments was
assumed. The system was assumed to be instituted in a manner
similar to the water conservation measures simulated in
Strategy No.4. New construction between the years 1976 and
1992 would contain "dry" systems. Water conseryation through
plumbing modifications would also be practices, although

the benefits attributed to toilets using less water could not
be credited to this strategy. As with all other alternatives,
a first decile storm was assumed, in this case without storm-
water treatment.

The results of the simulation contained in Figure 28 show almost
no improvement in water quality as a result of this strategy
when compared to the AWT Strategy (Strategy No.2). The removal
efficiency of AWT resulting in the following effluent concentra-
tions: 5 mg/l BOD5, 1 mg/l1 NH3, 5.0 mg/l dissolved oxygen, was
simply too high to make changes in wastewater flows a sensitive
variable. Use of "dry systems" for more than the '76-'92 growth
portion of the region's population could be expected to show an
improvement. If secondary treatment of remaining wastewater
flows had been assumed, a greater degree of improvement would
doubtless also have been observed. For the high levels of
treatment used in both the AWT Strategy (Strategy No.2) and the
Dry Waste Collection Strategy (Strategy No.5) the effect of the
storm-introduced constituents appears to control the estuary
dissolved oxygen levels.

Strategy No.6 Indirect Estuary Re-use

Proposals to use water from the upper portion of the Potomac
Estuary as an emergency supply of water provided impetus for
formulating this strategy. The prospect of emergency estuary
reuse has been considered in previous studies from the water
supply standpoint and by Congressional mandate must be fur-
ther examined.

The simulation of this strategy assumed that water needs would
be reduced by plumbing code changes to effect water conserva-
tion as in Strategy No.4. It also assumed that the emergency
water use restrictions included in the Water Shortage Emer-
gency Plan adopted by the Council of Governments would be
imposed to reduce residential domestic (inhouse) demand and
sprinkling demand an additional 15 percent of the currently
projected 1992 figure for Strategy No.l. An average annual
day water demand of 860 cfs therefore was projected to be
supplied through withdrawals from the free flowing por-

tion of the river (551 cfs) and from the estuary, (309 cfs).
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Under the conditions simulated, the conditions of low dissolv-
ed oxygen normally expected several miles below the head of
the estuary are seen to move toward the intake in the estuary.
Dissolved oxygen levels in the neighborhood of the treatment
plants on the estuary actually appear to be improved as the
result of the upstream movement of waters which have provided
significant dilution to waste discharges. The results of the
simulation of this strategy are shown in Figure 29.

Comparison of "Capability" of Areawide Strategies

In the discussion of the Water Quality Objectives Element in
Chapter III, the "capability" of an areawide water resources
management strategy is defined as the extent of a constituent
concentration of less than or equal to a stated constituent
concentration for greater than or equal to a stated duration.
For the comparison of areawide strategies in this chapter,
the constituent chosen for analysis is dissolved oxygen. One
reason for this is that there are state-adopted standards for
permissible minimum dissolved oxygen levels in the Potomac
Estuary.

The extent measure selected for investigation is the length
of estuary affected in kilometers because it represents a
barrier to the movement of aguatic life and serves as a mea-
sure of the potential aesthetic effects from degraded water
guality. A ninety-six hour duration was chosen so that the
"capability" of each alternative could be compared if de-
sired with 96 hour median tolerance limit data for both
aquatic species and the associated species in their food
chain. Such a comparison was not made as part of this study,
however.

For each areawide strategy under investigation, the Receiving
Water Component produced a computer-printed table of the
extent of the Potomac Estuary affected (in area, volume, and
length) by various levels of dissolved oxygen for various
durations. For Strategies No.l through No.6, these summary
tables are presented in Appendix A as Tables No.A-1 through
No.A~-6, respectively. Using the information contained in the
Appendix tables, Table 10 was prepared to present a compari-
son of the "capability" of the six areawide water resources
management strategies. "Capability" is the length of the
Potomac Estuary in kilometers at less than or equal to the
stated dissolved oxygen levels for greater than or egual to
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Table 10
COMPARISON OF "CAPABILITY" OF AREAWIDE STRATEGIES

"Capability' as Length of
Potomac Estuary in Kilometers
At <& stated dissolved oxygen
Areawide levels for duration of = 96 Values taken
Strategy hours from Table:
Dissolved Oxygen Level, mg/1l
1 2 3 4 5
1. Secondary
Waste Table A-1 in
Treatment 22.2 26.8 33.3 33.3 42.3 Appendix A
2. Advanced
Waste ) Table A-2
Treatment 6.3 13.3 16.8 22.2 28.4
3. Stormwater
Treatment 0 0 8.3 13.3 22.2 Table A-3
4. Water
Conservation 6.3 13.3 16.8 22.2 28.4 Table A-4
5. Dry Waste
Collection 6.3 13.3 13.3 22.2 28.4 Table A-5
6. Indirect
Estuary Table A-6
Reuse 12.3 12.3 19.3 26.7 29.8

Note that the lower the length of estuary affected, the better the capability
of a strategy.
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ninety-six hours. Note that for the strategy with the least
number of kilometers of estuary affected for a stated dissolv-
ed oxygen level, the better is the '"capability" of that
strategy.

Thus, according to Table 10, for less than or equal to a con-
centration of four milligrams per liter dissolved oxygen,
Strategy No.3, Stormwater Treatment, has significantly better
"capability", although still violating the State-adopted
standard that dissolved oxygen levels must never fall below
four milligrams per liter.

Probability of Occurrence of Simulated Conditions

To perform a simulation using the Framework Model, assumptions
must be made concerning such conditions as the expected Poto-
mac River flow entering the region, the expected storm flow,
the expected water demand withdrawals, the expected community
development pattern, the reliability of treatment works to
perform as simulated, and other conditions. It is important,
as explained in the Water Quality Objectives Element, to
consider the joint probability of occurrence of these simulat-
ed events for the period modeled.

For this comparison of areawide water resources management
strategies, only the first two simulation conditions listed
above, the Potomac River flow and ths storm flow, have been
assigned probabilities of occurrence, primarily because these
numbers were easily obtainable. These are shown as Event A
and Event B in Table 11l. All other simulation conditions have
been grouped into Event C and assigned a constant probability
of occurrence in the table. For simplicity this number was
chosen as 1.0. In further applications of this methodology
it is recommended that probabilities of occurrence be derived
for other simulation conditions, such as the reliability of
untested waste treatment works versus secondary treatment
works, or the probability that the water demand withdrawal
will be greater than or equal to the projected water demand.

In Table 11, Event A is defined as the Potomac River flow
entering at the upper boundary of the metropolitan regi?n
being less than or equal to the simulated flow. This simulat-
ed flow equals the sum of the flow entering the estuary (954
cubic feet per second) plus the projected average daily water
demand withdrawn upstream of the estuary (1000 cfs for
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Table 11
COMPARISON OF "JOINT PROBABILITY OF OCCURRENCE"
OF SIMULATED CONDITIONS

"pProbability of Occurrence"
for any seven consecutive
days during a one year periodl
Event A Event ‘B Event C "Joint Probability
Potomac Storm Other of Occurrence" of
River Flow Conditions Events A, B & C for
Flow? > = any consecutive 7
< First Simulated days during a period
Areawide Simulated Decile Conditions? of 1 year
Strategy3 Flow Storm
Flow
1. Secondary
Waste
Treatment 0.55 0.15 1.0 0.083
2. Advanced
Waste
Treatment 0.55 0.15 1.0 0.083
3. Stormwater
Treatment 0.55 0.15 1.0 0.083
4. Water
Conservation 0.54 0.15 1.0 0.081
5. Dry Waste
Collection 0.53 0.15 1.0 0.080

1) At 60 percent confidence

2) Before withdrawals for water supply

3) In this comparison and the comparison of effectiveness it is assumed that
water withdrawals will not reduce the Potomac River inflow to the estuary
to less thanr *he provision of 954 cfs flow and quality conditions simulated.
As Strategy No. 6 does not meet this condition it 1s not included for
further comparison.

4) See text for discussion of other conditions
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Strategies 1 through 3, less for Strategies 4 and 5).

This simulated flow of 1954 c¢fs for the first three strate-
gies has a recurrence interval, for a seven-day consecutive
period, of 1.8 years.73 The probability of occurrence of the
Potomac River flow being less than or equal to the simulated
flow is simply the reciprocal of the recurrence interval, or
0.55. Because Strategy No.6, Indirect Estuary Reuse, does
not assume 954 cfs enters the estuary, it 1s not included

for further comparison.

The probability of occurrence of Event B, the storm flow
being greater than or equal to the first decile storm, was
determined from the results of the Rainfall Analysis Model
of the Stormwater Runoff ComponentZ, and i3 aqual to 0.15
for all strategies tested.

The product of each of these event probabilities, if one
assumes the events are independent, is the joint probability
of occurrence of all of these events during the same time
period. A detailed investigation to verify that these events
are independent was not part of the study. The resulting
joint probability of occurrence of the factors considered for
each strategy is shown in Table 11.

Comparison of "Effectiveness" of Areawide Strategies

The product of the 'joint probability of occurrence” and the
"capability" is the expected "effectiveness" of an areawide
water resources management strategy. Utilizing the values
for capability contained in Table 10, and the joint probabil-
ity of occurrence from Table 11, Table 12 presents the effect-
iveness of the five strategies. This table shows that
effectiveness is the length of Potomac Estuary in kilometers
at less than or equal to the stated dissolved oxygen levels
for greater than or equal to 96 hours due to the joint
occurrence of stated river flow, storm flow, and other condi-
tions for seven consecutive days during a one-year period.

This table illustrates that even with Strategy No.3, Storm-
water Treatment, more than one kilometer ot the Potomac

Estuary would be expected to experience dissolved oxygen

levels at or below four milligrams per liter during the

period modeled. The Advanced Waste Treatment (No.2), the Water
Conservation (No.4), and the Dry Collection (No.5) Strategies
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Areawide
Strategy

Table 12

COMPARISON OF “EFFECTIVENESS' OF AREAWIDE STRATEGIES

"Capability'' as length of
Potomac Estuary in kilomecters
at & stated dissolved oxygen
levels for duration of = 96
hours (from Table 10)

Dissolved Oxygen Level, mg/l
1 2 3 4 5

"Joint
Probability
of Occur-
rence' of
Events A, B
& C for any
consecutive
7 days dur-
ing a period
of 1 year
(from Table
11)

"Effectiveness" as length of
Potomac Estuary in kilometers

at € stated dissolved oxygen
levels for = 90 hours due to
joint occurrence of stated river
flow, storm flow and water with-

drawals for 7 consecutive days
during a 1 year period

Dissolved Oxygen Level, mg/1
1 -2 3 4 5

1. Secondary
Waste
Treatment

22.2 26.8 33.3 33.3 42.3

0.083

1.9 2.2 2.8 2.8 3.5

2. Advanced
Waste
Treatment

6.3 13.3 16.8 22.2 128.4

0.083

0.5 1.1 1.4 1.8 2.4

3. Stormwater
Treatment

13.3 22.2

0.083

4. Water
Conservation

6.3 13.3 16.8 22.2 28.4

0.081

p—

0.5 1.1 1. 1.8 2.3

5. Dry
Waste

Collection

6.3 13.3 13.3 22.2 28.4

0.080

0.5 1.1 1.4 1.8 2.3

See footnotes in Table 11.

effectiveness of a strategy.

-150-

Note that the lower the length of estuary affected, the better the



all have the same expected "effectiveness", but all are signifi-
cantly better than Strategy No.l, Secondary Waste Treatment.

Table 12 therefore demonstrates that, although none of the

strategies simulated can achieve the adopted water quality

standard for dissolved oxygen, certain strategies are more

effective than others for gaining incremental water quality
improvements. The strategies differ not only in effective-
ness, however, but also in cost.

Comparison of Cost of Areawide Strategies

The present value of each of the alternative strategies is
summarized by cost element in Table 13. This table was
developed using the methodology contained in the Cost Element
described in Chapter III, and the assumptions detailed in
Appendix E. The costs are expressed as the present value of
capital, fixed operation and maintenance (0O & M), variable

O & M base element, and variable O & M growth element costs
of each strategy for the planning period July 1, 1976 through
June 30, 1992 in millions of January 1974 dollars.

The strategy with the lowest total present value is Strategy
No.l, Secondary Treatment. By far the strategy with the
highest total present value is Strategy No.3, Stormwater
Treatment. By analyzing the total present value from Table
13 and the effectiveness from Table 12, the relative cost-
effectiveness of the areawide strategies can be determined.

Comparison of Cost-Effectiveness of Areawide Strategies

The cost-~effectiveness of each of the areawide water resources
management strategies is shown in Figure 30. The chart shows
that as less kilometers of the estuary are affected by de-
pressed dissolved oxygen levels, the costs of the strategies
employed to gain this improvement rise. Another conclusion
that can be reached from an analysis of the chart is that

the Water Conservation Strategy is more cost-effective than
either the Advanced Waste Treatment or Dry Collection Strate-
gies, even though all three have the same effectiveness. The
chart also shows that the strategy which results in the
greatest increment of effectiveness for the least increment
of cost is the Water Conservation Strategy as well.
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Table 13

MONETARY COST BY ELEMENT OF AREAWIDE STRATEGIES

Expressed as the present value of total monetary
cost for planning period July 1, 1976 thru
June 30, 1992 in millions of 1/1/74 dollars

AREAWIDE WATER RESOURCES MANAGEMENT STRATEGY

Cost Element Strategy No.l | Strategy No.2 Strategy No.3 Strategy No.4 Strategy No.5
SEC AWT SWr W DRY

Capi.tal 133 426 1874 394 635

Fixed O &« M 47 236 332 215 196

Variable O & M

Base Element 16 75 75 75 75

Variable O & M

Growth

Element 2 11 138 5 145

Total Present

Value of

Strategy 198 748 2419 689 1051
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APPENDIX A DISSOLVED OXYGEN SUMMARY TABLES FOR SIX AREAWIDE STRATEGIES
TABLE A-1

DEFICIT PERIOD MEASURES AT VARIOUS MINIMUM DISSOLVED OXYGEN LEVELS

STRATEGY NO. l: SECONDARY WASTE TREATMENT

MINIMUM

DISSOLVED

OXYGEN

LEVEL RIVER LENGTH RIVER VOLUME RIVER SURFACE

(MG/L) KILOMETERS CUBIC KILOMETERS SQUARE KILOMETERS
DURATION=12. HOURS

1.0 28.356 0.115 26.657

2.0 33.337 0.153 34.346

3.0 33.337 0.153 34.346

4.0 35.494 0.158 34.820

5.0 42.261 0.219 46.209

6.0 59.690 0.504 105.588

7.0 80.571 0.887 186.306

8.0 82.953 0.888 186.306

9.0 82.953 0.888 186.306

0.0 82.953 0.888 186.306

st

DURATION=24. HOURS

1.0 25.218 0.093 21.920
2.0 28.356 0.115 26.657
3.0 33.337 0.153 34.346
4.0 35.494 0.158 34.820
5.0 42,261 0.219 46.209

DURATION=48. HOURS

1.0 25.218 0.093 21.920
2.0 28.356 0.115 26.657
3.0 33.337 0.153 34.346
4.0 33.337 0.153 34.346
5.0 42.261 0.219 46.209

DURATION=96. HOURS

1.0 22.176 0.076 18.793
2.0 26.811 0.104 23.922
3.0 33.337 0.153 34.346
4.0 33.337 0.153 34.346
5.0 42.261 0.219 46.209
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TARLE A-2

DEFICIT PERIOD MEASURES AT VARIOUS MINIMUM DISSOLVED OXYGEN LEVELS
STRATEGY NO. 2: ADVANCED WASTE TREATMENT

=

MINIMUM
DISSOLVED
OXYGEN
LEVEL RIVER LENGTH RIVER VOLUME RIVER SURFACE
(MG/L) KITOMETERS CUBIC KILOMETERS SQUARE KILOMETERS
DURATION=12. HOURS
1.0 14.781 0.041 10.433
2.0 14.781 0.041 10.433
3.0 22.176 0.076 18.793
4.0 25.218 0.093 21.920
5.0 35.494 0.158 105.588
6.0 59.690 0.504 186.305
7.0 80.571 0.887 186.604
8.0 82.953 0.888 186.604
9.0 82.953 0.888 186.604
0.0 82.953 0.888 186.604
DURATION=24. HOURS
1.0 11.506 0.030 7.698
2.0 14.781 0.041 10.433
3.0 18.306 0.056 14.066
4.0 22.176 0.076 18.793
5.0 30.513 0.120 27.132
DURATION=48. HOURS
1.0 10.018 0.027 7.197
2.0 14.781 0.041 10.433
3.0 18.306 0.056 14.066
4.0 22.176 0.076 18.793
5.0 28.356 0.115 26.657
DURATTON=96. HOURS
1.0 6.284 0.015 4.070
2.0 13.293 0.037 9.932
3.0 16.817 0.052 13.565
4.0 22.176 0.076 18.793
5.0 28.356 0.115 26.657
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TABLE A-3

DEFICIT PERIOD MEASURES AT VARIOUS MINIMUM DISSOLVED OXYGEN LEVELS

STRATEGY NO. 3: STORMWATER TREATMENT

[

MINIMUM
DISSOLVED
OXYGEN
LEVEL RIVER LENGTH RIVER VOLUME RIVER SURFACE
(MG/L) KILOMETERS CUBIC KILOMETERS SQUARE KILOMETERS
DURATION=12. HOURS
1.0 0.0 0.0 0.0
2.0 4.522 0.011 3.291
3.0 13.293 0.037 9.932
4.0 14.781 0.041 10.433
5.0 25.218 0.093 21.920
6.0 49.334 0.362 77.460
7.0 82.059 0.891 186.806
8.0 82.953 0.888 186.806
9.0 82.953 0.888 186.806
0.0 82.953 0.888 186.806
DURATION=24. HOURS
1.0 0.0 0.0 0.0
2.0 4.522 0.011 3.291
3.0 13.293 0.037 9.932
4.0 14.781 0.041 10.433
5.0 22.176 0.076 18.793
DURATICN=48. HOURS
1.0 0.0 0.0 0.0
2.0 4,522 0.011 3.291
3.0 10.018 0.027 7.197
4.0 13.293 0.037 9.932
5.0 22.176 0.076 18.793
DURATION=96. HOURS
1.0 0.0 0.0 0.0
2.0 0.0 0.0 0.0
3.0 8.256 0.023 6.418
4.0 13.293 0.037 9.932
5.0 22.176 0.076 18.793
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TABLE A-4
DEFICIT PERIOD MEASURES AT VARIOUS MINIMUM DISSOLVED OXYGEN LEVELS

STRATEGY NO. 4: WATER CONSERVATION

MINIMUM

DISSOLVED

OXYGEN

LEVEL RIVER LENGTH RIVER VOLUME RIVER SURFACE

(MG/L) KILQMETERS CUBIC KILOMETERS SQUARE KILOMETERS
DURATION=12. HOURS

1.0 14,781 0.041 10.433

2.0 14,781 0.041 10.433

3.0 22.176 0.076 18.793

4.0 25.218 0.093 21.920

5.0 35.494 0.153 34.820

6.0 59.690 0.504 105.588

7.0 80.571 0.887 186.300

8.0 82.953 0.888 186.604

9.0 82.953 0.888 186.604

10.0 82,953 0.888 186.604
DURATION=24. HOURS

1.0 11.506 0.030 7.698

2.0 14.781 0.041 10.433

3.0 18.306 0.056 14.066

4.0 22,176 0.076 18.793

5.0 30.513 0.120 27.132

DURATION=48. HOURS

1.0 10.018 0.027 7.197
2.0 14.781 0.041 10.433
3.0 18.306 0.056 14.066
4.0 22,176 0.076 18.793
5.0 28.356 0.115 26.657

DURATION=96. HOURS

1.0 6.284 0.015 4.070
2.0 13.293 0.037 9.932
3.0 16.817 0.052 13.565
4.0 22.176 0.076 18.793
5.0 28,356 0.115 26.657
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TABLE A-5
DEFICIT PERIOD MEASURES AT VARIOUS MINIMUM DISSOLVED OXYGEN LEVELS

STRATEGY NO. 5: DRY WASTE COLLECTION

—

MINIMUM
DISSOLVED
OXYGEN
LEVEL RIVER LENGTH RIVER VOLUME RIVER SURFACE
(MG/L) KILOMETERS CUBIC KILOMETERS SQUARE KILOMETERS
DURATICN=12. HOURS
1.0 14.781 0.041 10.433
2.0 14.781 0.041 10.433
3.0 22.176 0.076 18.793
4.0 25.218 0.093 21.920
5.0 35.494 0.158 34.820
6.0 59.690 0.504 105.588
7.0 80.571 0.887 186.604
8.0 82.953 0.888 186.604
9.0 82.953 0.888 186.604
0.0 82.953 0.888 186.604
DURATION=24. HOURS
1.0 11.506 0.030 7.698
2.0 14.781 0.041 10.433
3.0 18.306 0.056 14.066
4.0 22.176 0.076 18.793
5.0 30.513 0.120 27.132
DURATTON=48. HOURS
1.0 10.018 0.027 7.197
2.0 14.781 0.041 10.433
3.0 18.306 0.056 14.066
4.0 22.176 0.076 18.793
5.0 28.356 0.115 26.657
DURATION=96. HOURS
1.0 6.284 0.015 4.070
2.0 13.293 0.037 9.927
3.0 13.293 0.037 9.932
4.0 22.176 0.076 18.793
5.0 28.356 0.115 26.657
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TABLE A-6
DEFICIT PERIOD MEASURES AT VARTOUS MINIMUM DISSOLVED OXYGEN LEVELS

STRATEGY NO. 6: INDIRECT ESTUARY REUSE

-]

MINIMUM
DISSOLVED
OXYGEN
LEVEL RIVER LENGTH RIVER VOLUME RIVER SURFACE
(MG/L) KILOMETERS CUBIC KILOMETERS SQUARE KILOMETERS
DURATION=12. HOURS
1.0 12.311 0.025 5.345
2.0 19.320 0.047 11.207
3.0 19.320 0.047 11.207
4.0 26.715 0.081 19.567
5.0 32.895 0.121 27.431
6.0 62.072 0.505 105.888
7.0 82.953 0.888 186.604
8.0 82.953 0.888 186.604
9.0 82.953 0.888 186.604
0.0 82.953 0.888 186.604
DURATION=24. HOURS
1.0 12.311 0.025 5.345
2.0 16.045 0.036 8.472
3.0 19.320 0.047 11.207
4.0 26.715 0.081 19.567
5.0 31.349 0.110 24.696
DURATION=48. HOURS
1.0 12.311 0.025 5.345
2.0 16.045 0.036 8.472
3.0 19.320 0.047 11.207
4.0 26.715 0.081 19.567
5.0 31.349 0.110 24.696
DURATION=96. HOURS
1.0 12.311 0.025 5.345
2.0 12.311 0.025 5.345
3.0 19.320 0.047 11.207
4.0 26.715 0.081 19.567
5.0 28.756 0.099 22.694
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APPENDIX B

COMPARISON OF COSTS OF ALTERNATE
WATER RESOURCES MANAGEMENT STRATEGIES

EQUATIONS USED TO COMPARE COSTS

The cost of alternate water resources management strategies
tested with the Framework Model were computed through the
application of the four equations illustrated in Figure B-1.
The four equations reduce costs for capital, and total oper-
ating and maintenance costs to present values used in com-
paring alternatives. The equations were each formulated

to recognize that the period of construction may differ sig-
nificantly among alternatives. They do this by discounting
costs to be incurred once operations begin and once debt
starts being retired across the period of construction.

Equation (1) in Figure B-1 reflects the assumption that the
capital costs will be paid annually in even increments during
the construction process and thus cannot be discounted en-
tirely to the beginning of the construction process. The
expressions

i(1+i)k and (1+i)D-1
(1+i)K-1 1(1+i)0

reflect the assumption that the useful life in capital facil-
ities at the end of the planning period can, in effect, be
salvaged at a value proportional to its unused life.

Equations (2) and (3) in Figure B-1 each deal with uniform
series of costs estimated to be incurred for operations and
maintenance. Equation (2) deals with fixed costs, while
Equation (3) covers variable operating and maintenance costs.

While these are estimated separately, their present values
are computed by multiplying by identical factors, the first
to determine the present value of the series at the time
construction ceases, and the second to discount that value
further to reflect the delays in the need for the expendi-
ture during construction.

Equation (4) reduces an increasing series of operations and
maintenance costs to a present value at the time of initial
operations. Then, using the single payment present value
factor, it further discounts that cost to reflect the delay
in the need for the expenditure during construction. Opera-
tion and maintenance costs which might be treated in this way
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Total Planning Pericd

SIGURE B-1

ILLUSTRATION OF EQUATIONS USED TO COMPARE COSTS

Capital Cnst m - - ik iy 0
Discounted to jTotal Capital Cost 1 1(1+5) (1+i)"-1
1717174 {at ENR 2000 +1J (I+,ym n+in k-l asiye W
Total Planning
Period Fixed Fixed Annual 0 & M Cn Lo
0 & M Cost Cost at End of [LLLLLj;l T
Discounted to Planning Period g e (Li J 2)
1/1/74
Total Pl i
Epsind Varlable
0O & M Cost .
Variable Annual O & M
Base Component - (1+3)n-1 1 ]
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include costs of chemicals and power which are proportional
to the amount of designed capacity actually used.

The following section presents the methods used to determine
the costs of the five alternative water resources management
strategies in Chapter IV.

STRATEGY NO.1l SECONDARY WASTE TREATHMENT

The cost of the secondary waste treatment strategy was calcu-
lated on the assumption that secondary treatment would consist
of preliminary treatment by comminution and degritting,
primary treatment by settling, secondary treatment by aera-
tion and settling, and disinfection by chlorination. It also
included the assumption, held constant except where specifi-
cally noted, that local impoundments would provide the sources
of additional water supplies for the area. While this assump-
tion is not valid from the standpoint of adopted plans, it
allows the use of relatively recently prepared cost estimates
of one aligﬁnative for the provision of additional water
supplies.

Secondary treatment costs were based on the addition to the
existing treatment capacity of 215 mgd of eight secondary
treatment plants of approximate size of 25 mgd to reach the
average annual wastewater flow of 519 mgd by 1992. A thirty
year life was assumed.

Capital costs for expansion during the planning period were

based on Monte and Silberman.l3 Capital costs for upgrad-
ing existing facilities are computed at $.20/mgd of existing

capacity based on budgeted secondary treatment costs reported
by the Washington Suburban Sanitary Commission.<®-

Operation and maintenance costs were based on Monte and
Silberman 13° and were applied only to the expansion of

secondary treatment capacity required during the planning
period.

STRATEGY NO.2 ADVANCED WASTE TREATMENT

The cost of the advanced waste treatment strategy was based
on the following unit operations: preliminary treatment by
communition and degritting, primary and phosphorus removed
by chemical addition, aeration and settling, nitrification
by aeration and settling, denitrification by mixing and
methanol addition, filtration, carbon adsorbtion in columns,
disinfection by chlorination, and final effluent aeration.
Advanced waste treatment costs were based on the addition of
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519 mgd of regional advanced waste treatment capacity as eight
approximately 65 mgd capacity plants each with a sixteen year
life. A thirty year life and a water supply alternative
identical to Stratec¢y No.l were assumed.

Capital and operating and maintenance costs were based on
Monte and Silbermani353 Seventy percent of the values for
operation and maintenance cost based on 1992 design capacity
were assumed to be fixed8> and therefore would be incurred
in each year of the planning period. The remaining 30% were
assumed to be variable and therefore incurred as a funciton
of capacity used.

STRATEGY NO.3 STORMWATER TREATMENT

This strategy assumed water supply and advanced waste treat-
ment identical to the second strategy and treatment of 50
percent of the regional stormwater load through the achieve-
ment of 60 percent BODg removal from a limited number of
urban watersheds.

The cost of the stormwater treatment strategy was based on
Strategy No.2 plus the cost of the following devices: surface
storage (reservoir, ponds, or tanks), bar racks, fine screens,
and dissolved air flotation.

Stormwater treatment was based on 440 treatment units each
designed for 5 million gallons of surface storage and for a
treatment rate of 20 million gallons per day. The large
number of these units was the result of the estimate of the
small unit size seen needed for location without excessive
disruption in areas urban in character.

The total planning period (16 years) capital cost of $1,448
million was divided into surface storage costing $880 million;
dissolved air flotation costing $365 million; fine screens
costing $151 million and bar racks costing $52 million. Sur-
face storage of 25% of the runoff volume of a first decile
storm from nineteen of the fifty-three watersheds estimated
to have the highest annual BODg concentration.

The surface storage life used in costing was 50 years with
the life of the mechanical equipment set at 16 years, the
planning period duration. The bar racks and fine screen cost
«quations are taken from the Stormwater Management Model.

the dissolved air flotation cost equations were based on
"Heaney and Huber's refinements to this model.136 Storage
cost equations are based on Rohrer Assoiﬁgtes data or $0.351
per gallon at an estimated ENR of 1400.
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Operations and maintenance cost for bar racks, fine screens
and dissolved air flotation devices were based on fixed por-
tion equal to two percent of initial capital cost and another
fixed portion based on the treatment of the expected runoff

in 1992 from the nineteen watersheds at a cost of $10 per
million gallons at ENR of 1400. The present worth of the
fixed operations and maintenance costs for the planning period
for these facilities was calculated to be $20 million.

The operations and maintenance costs associated with surface
storage were costed as sediment removal to the disposal

site at $10 per ton and 80 percent removal of an estimatec 1.6
million tons per year of sediment from the 342,580 acre area
of the watersheds selected for stormwater treatment. The
fixed operations and maintenance costs for the plianning
period for surface storage devices was calculated to be

$107 million.

The total incremental present value of the stormwater treat-
ment strategy over Strategy No.2, was $1,448 million in
capital costs and $223 million in fixed operations and main-
tenance costs.

STRATEGY NO.4 WATER CONSERVATION

The cost of the water conservation strategy was based on
Strategy No.2, Advanced Waste Treatment, with the addition

of plumbing code changes in new and residential construction
between 1976 and 1992 to reduce water use, and stricter sewer
construction specifications and inspection programs to re-
duce sewer infiltration. These changes cause a reduction in
annual water demand and wastewater flows of approximately 35
mgd. The incremental savings in dams, water purification
facilities, and advanced wastewater treatment facilities are
the basis for the cost savings of this alternative.

Of the total planning period capital cost savings, 75 percent
was due to the smaller advanced waste treatment and secondary
treatment facilites; 24 percent was due to a decreased re-
quirement for water purification, including intake structures,
and 1 percent was due to a reduced reguirement for dams. Secondary
and advani§% waste treatment costs were based on Monte and
Silberman however, no costs for upgrading existing facili-
ties as required in Strategy No.l were included. Water
purification costs are based on data from Greely and Hansen37
and Washington Suburban Sanitary Commission using a 30

year life. Dam costs are based data from Black & Veatchl34
using a 50 year life.

The total incremental present value savings during the entire
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planning period when compared to Strategy No.2, was $32 million
for capital costs and $27 million for operations and mainten-
ance costs.

STRATEGY NO.5 DRY WASTE COLLECTION

The cost of the dry collection strategy was based on water
conservation and infiltration control measures as reported in
Strategy No.4, dry collection facilities at each household,

a household to digestion plant transportation system, a diges-
tion plant, and final disposal by sanitary landfill.

The water conservation and infiltration control measures cause
a 16 percent reduction in annual water demand totaling 102

mgd and a reduction in wastewater flows of 95 mgd. The cost
savings due to the smaller facilities and lower operating
costs were determined as in Strategy No.4, and amount to a
total of $116 million for the planning period.

The capital costs of the dry collection facility having a 30
year life at each household are estimated based on $1000 per
household for the 443,127 new households estimated for the
1976-1992 planning period for the watersheds directly tribu-
tary to the Potomac River. Capital costs for the commercial
sector were calculated using the same 16 percent reduction as
the residential sector multiplied by or the ratio of commercial
water demand to residential water demand in Strategy No.2. The
total present value planning period capital cost for the addi-
tion of dry collection capital equipment was calculated to be
$273 million.

Household to digestion plant transportation costs are based
on a $5/household/month estimated collection charge amount-
ing to a total operation and maintenance cost of $90 million
for the planning period. Addition of the commercial sector
operations and maintenance cost in proportion to water demand
of the residential and commercial sector as described earlier
brought the total planning period household to digestion
plant costs to $142 million.

Digestion plant costs for the planning period were based on
total planning period costs equaling total planning period
revenues from methane sales after Goeppner and Hasselmann. 138

Transportation from the digestion plant to the final disposal
was based on a population growth during the planning period

in the metropolitan Washington area directly tributary to the
Potomac River of 1,068,756 people, an average per capita per
day total solids production of 0.55 1lbs. and a hauling charge
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of $8 per ton. The total planning period transportation costs
from digestion plant to landfill was calculated to be $4.0
million.

The total present value cost during the entire planning
period of the dry collection strategy was $209 million in
capital costs and $94 for operation and maintenance costs
higher than the costs estimated for Strategy No.2,
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APPENDIX C

OUTPUT AVAIILABLE FRGM COMMUNITY DEVELOPMENT COMPONENT (EMPIRIC)

ESTIMATES ARE GENERATED FOR EACH POLICY ANALYSIS DISTRICT AND EACH

FORBCAST YEAR FOR THE FOLLOWING:

HOUSEHOLDS AND EMPLOYMENTS BY:
No. of Family Households in Low Income Quartile

No. of Family Households in Low-Middle Incame Quartile
No. of Family Households in Upper-Middle Income Quartile
No. of Family Households in Upper Income Quartile

No. of Unrelated Inficidual Households

BEmployment in Manufacturing, Transportation, Communication

and Utilities
Employment in Retail and Wholesale

Enployment in Financial, Insurance, Real Estate and Services

Brployment in Fovernment
Employment in Agriculture and Construction

POPULATION Broken down by Age

Under 5 years
5 - 14
15 - 19
20 - 29
30 - 49
50 - 64
65 and Over

HOUSEHOLDS Broken down by Size
1 Person
2 Persons
3 Persons
4 Persons
5 or more persons

HOUSEHOLDS Broken down by:
Single-Family Households
Multi-Family Households

IAND USE Broken down by Type

Residential Intensive Institutional Vacant

Inaustrial Extensive Institutional Residential

Camercial Parks and Open Space (incl. streets)
EMPIOYMENT Broken down by Land Use

EMP On Residential Land EMP on Institutional Land

EMP on Commercial Land EMP on Agricultural & Vacant Land
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APPENDIX D

PARAMETERS USED IN THE STORMWATER MANAGEMENT

MODEL OF THE STORMWATER RUNOFF COMPONENT>>

Watershed
° Acres
° Length to width ratio
° Imperviousness (%)
¢ Overland flow slope
° Impervious area coefficient of roughness
° Impervious area detention depth (in)
° Pervious area coefficient of roughness
° Pervious area detention depth (in)
? Pervious area maximum infiltration rate (in/hour)
° Pervious area minimum infiltration rate (in/hour)
[+]

Stream

0 0 o ©

Pervious area decay rate of infiltration (sec -1)

Length of main stream (ft)

Width of main stream (ft)

Slope of main stream (ft)

Coefficient of roughness (Manning's n)

Land Use

o 0O © 0 o O

Residential (%)

Commercial (%)

Industrial (%)

Undeveloped (%)

Total (%)

Specific Curb Length (ft/acre)
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