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APPENDIX G

NON-STRUCTURAL STUDIES

INTRODUCTION

At least two events may have contributed to the decision by Congress in 1974 to author
legislation calling for the Corps of Engineers to conduct a water supply study for the
Metropolitan Washington Area (MWA). The National Capital Area, as well as the rest of

* the northeast, had recently recovered from a period of severely depressed water supplies
* and water shortages. This climatic occurrence may have been reason enough to warrant

the study. However, the tremendous growth in the metropolitan region during the 1960's
had continued into the early 1970's and there was ample reason to believe this trend
would continue. With a scenario of potentially severe water shortages confronting the
region, Co-ig-ess authorized not only a study of water needs, but also an examination of
alternatives to satisfy these needs.

* The alternatives examined durng the seven years of study were of two general
* categories. Either they were of a nature requiring structural implementation or they

were non-structural in nature and required implementation more from a political or
personal perspective than from a project construction viewpoint. It is the purpose of this
Non-Structural Studies Appendix to document the analysis and findings of the specific
non-structural alternatives examined durng the MWA Water Supply Study. (Study

* documentation of those alternatives considered to be structural in nature is found in
Appendix F - Structural Alternatives.)

__This appendix presents information on those alternatives specifically mentioned in the
authorizing legislation - wastewater reuse, water pricing policies, and conservation and
demand reduction. In addition, one section of this appendix presents results of a water
quality study conducted by the U.S. Environmental Protection Agency. While water
quality is not, in the strictest sense, a supply augmentation or demand management
measure, a broader perspective allows water quality to be included. This is so because

* (1) water quality impacts on the feasibility and acceptance of all alternatives; (2) the
selection of a water quality level is itself a choice among alternatives; and (3) the
selection or achievement of a certain water quality level may be translated into costlier
construction and operation of projects. This, then, may lead to a more favorable view,
and possible acceptance of, the nonstructural alternatives.

This appendix, then, is organized into four major sections addressing wastewater
reclamation, water pricing, water conservation, and water quality. Within each of these
sections will be found a description of the alternative, a discussion of the general
methodology and f ndings, and a brief explanation as to how the alternative was addressed
in the formulation of plans. The annexes following the water quality presentation
contain the technical reports on water pricing and water quality. -A-ffon-technical
document is the Metropolitan Washington Water Supply Emergency Agreement included
as Annex G-1.

G-1



WASTE WATER RECLAMATION

INTRODUCTION

The primary purposes of the long-range phase are twofold: (1) to develop water supply
plans, designed to meet the needs of those portions of the MWA not treated in the 1979
Draft Progress Report; and (2) on a broader scale which encompasses the entire MWA, to
assess the feasibility of a wider range of alternatives cited in the authorizing legislation
which represent less certain yet potential means of providing additional water. One of
the potential means explored was wastewater reclamation which is the subject of this
section.

It should be noted that the level of detail adopted for the long-range phase of the study
and hence the analysis of wastewater reclamation was less than survey scope. The
results of the analysis will permit a comparison of preliminary costs, environmental
impacts, and public acceptability of the alternatives considered. The data used in the
analysis are based on the best available information which are subject to change due to
advances in technology, changes in regulatory legislation, and changing public opinions
and attitudes. The above qualifications are particularly appropriate to the wastewater
reclamation analyses as the technological and social acceptability aspects of this
sometimes controversial measure have undergone many changes over the last two
decades. Nonetheless, the objective of the wastewater reclamation analysis was to
evaluate the potential of this measure and develop cost, impact and assessment
information such that reuse could be compared with the other long-range measures that
were considered.

LAND APPLICATION

SCOPE AND PURPOSE OF INVESTIGATION

Land application is the treatment of wastewater involving utilization of plants, the soil
surface, and the soil matrix to remove certain wastewater constituents. Traditionally,
this mechanism has been used as a means to treat wastewater; however for this study
this method was also examined as to its feasibility in reclaiming water for supply
purposes. Included within this report are: a brief history of the land application process;
descriptions of the requirements for mode of application, application rate and application
season; an explanation of the approaches of application; relevant description of any
necessary components pertaining to the Washington area; preliminary cost analysis; and
conclusions regarding the feasibility of such a system in the Washington, D.C. area. The
purpose of the study was only to examine the feasibility of land application for water
supply and was not intended to identify specific site locations.

HISTORY OF LAND APPLICATION

Land treatment was used as early as the 1500's, however the practice has not been
widespread over its history. Records site land treatment systems or "sewage farming" as
far back as 1531 in Bunzlau, Germany. By the 1870's, land treatment was being utilized
in the United States. Although the number of systems has increased in recent years, only
a small percentage of the total population is being served. The increase may be due in
part to the enactment of PL 92-500. From this law and its amendments, the
Environmental Protection Agency (EPA) administrator is directed to encourage waste
treatment management that results in facilities for:

G-2



1. the recycling of po ntial pollutants via the production of agriculture,

silviculture, and aquaculture projects,

2. the reclamation of wastewater, and

3. the elimination of discharge pollutants.

As an extra incentive, monetary benefits may be obtained if land treatment facilities are
constructed. Also, there are savings in life-cycle costs of these systems versus
conventional advanced wastewater treatment (AWT) facilities. These savings could be
further augmented by reduction in energy costs. Because of these incentives, an
investigation of land application was desirable during the early stages of the study.

LAND APPLICATION APPROACHES

Three major land application approaches are available to renovate wastewater: crop or
forest irrigation, overland flow, and rapid infiltration. figure G-1I illustrates that for
each of these techniques, certain slope, biotic, and application conditions are required.
Table G-1 provides a brief comparison of design features and Table G-2 compaies
necessary site characteristics for the various application approaches. The following
sections explain and summarize these approaches, highlighting the important design
features listed in the tables.

Irrigation

Irrigation is the controlled discharge of effluent onto the land by spraying or surface
spreading to support plant growth. Once applied, the wastewater is "lost" to plant
uptake, to the air via evapotransporation, and to groundwater via percolation. Several
physical factors govern the effectiveness of this method. These include the depth and
permeability of soil, depth to the groundwater table, topographic and geologic conditions,
land required, and vegetative cover. As seen in Table G-1, the last physical factor is a
requirement for the irrigation process. Discussions of these factors follow.

G-3



FIGURE G-1

LAND APPLICATION APPROACHES
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TABLE G-1

COMPARISON OF DESIGN FEATURES FOR LAND TREATMENT PROCESSES *

Principal Processes
Overland Rapid

Feature Irrigation Flow Infiltration

Application techniques Sprinkler or Sprinkler or Usually

Surfacea surface

Annual application rate (feet) 2 to 20 10 to 70 20 to 550
Field a ~ea required 56 to 560 16 to 110 2 to 56

(acres)

Typical weekly application 0.5 to 4 2.5 to 6c 4 to 120
' rate (inches) 6 to 16

Minimum preapplication Primary sedi- Screening and Primary sedi-
treatment provided in mentatione grit removal mentation
United States

Disposition of Evapotranspir- Surface runoff Mainly
applied wastewater ation and and evapo- percolation

percolation transpiration
with some
percolation

Need for vegetation Required Required Optional

a. Includes ridge-and-furrow and border strip.
b. Field area in acres not including buffer area, roads, or ditches for I MGD flow.
c. Range for application of screened wastewater.
d. Range for application of lagoon and secondary effluent.
e. Depends on the use of the effluent and the type of crop.

Source: EPA Process Design Manual for Land Treatment of Municipal Wastewater, 1977.
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TABLE G-2 -j

COMPARISON OF SITE CHARACTERISTICS FOR LAND TREATMENT PROCESSES

Principal Processes

Overland Rapid
Characteristics Irrigation Flow Infiltration

Slope Less than 20% on Finished slopes Not critical; ex-
cultivated land; 2 to 8% cessive slopes re-
less than 40% on quire much
noncultivated land earthwork

Soil permeability Moderately slow Slow (clays, Rapid (sands,
to moderately silts & soils loamy sands)
rapid w/imperme-

able barriers)

Depth to 2 to 3 ft (min- Not critical 10 ft (lesser depths
groundwater imum are acceptable where

underdrainage is
provided)

Climatic Storage often Storage often None (possibly modi-
restrictions needed for cold needed for fy operation in cold

weather and pre- cold weather weather)
cipitation

Source: EPA Process Design Manual for Land Treatment of Municipal Wastewater, 1977.
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Depth and Permeability of Soil

Soil depth and permeability is an important consideration in examining the feasibility of
an irrigation system because it directly affects the liquid loading rate of effluent. A
minimum depth which permits free drainage is required for most types of crops.
Furthermore, renovation of wastewater occurs generally after passage through the first

* . two to four feet of soil. This depth will vary dependent upon extent of root development,
soil permeability and wastewater renovation requirement. Table G-2 shows that a
moderately slow (clay loams) to moderately rapid (sandy oarns) permeability is desirable

* for an irrigation type system. Generally, a soil capable of infiltrating two inches/day or
greater falls in this category.

Depth to Groundwater

A minimum depth to the groundwater table is desirable to ensure aerobic conditions.
* Acceptable values for this depth are generally two to three feet although this value may

be greater depending upon specific site conditions. Groundwater quality is another
critical factor in any land application system, particularly in instances where it is close
to the surface. Discussion of this topic is found in a later section on the collection
systems.

Vegetative Cover

Preferably, slopes should be limited to less than 20 percent on cultivated land and less
than 40 percent on non-cultivated land (forestland). When using the irrigation approach,
proper crop management is an important factor. Selection will depend upon two major
factors, nutrient uptake and application rates. In many cases, nitrogen uptake is a

* primary concern. Nitrate buildup in soils could adversely effect subsoil and possibly
* groundwater quality. This will be further discussed in later sections. In addition to

nitrogen uptake, selection of crops should be based upon high water uptake, salt or boron
tolerance, market value, or management requirements.

When considering vegetative cover, a factor to keep in mind is the required drying out
period. This period can vary from several hours per day to several weeks. Certain
vegetative cover which require less time for drying out may be more desirable. A
shorter drying out period allows for a longer application rate which could result in
greater quantities being applied. Generally, a ratio of drying to wetting of three or four
to one is an acceptable minimum.

Overland Flow

As depicted in Figure G-1, overland flow is the controlled discharge of effluent onto land
with a large percentage of the wastewater appearing as runoff. Generally, this type of

* system is used when soils with low inf iltration/percolation rates are present.
Requirements of the system involve filtering action of a close growing vegetation
(generally adaptable grasses) and the controlled flow of a thin film of wastewater over
the surface. Like irrigation, several criteria are necessary to satisfy the requirements
for an efficient system.
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Depth and Permeability of Soil

As evident from the introductory remarks, soil depth is not a critical design factor.
Permeability is a more critical factor. Soil types can vary from clays to silt loams.
These soils generally have impermeable barriers which are a necessity for this type of
application. Because groundwater is not likely to be affected by overland flow, it is only
of minor concern in site selection.

Slope Conditions

Topography is an important design factor when determining the feasibility of an overland
flow system. Slopes should range from two to six percent and the ground should have a
smooth surface. This allows the wastewater to flow in a uniform sheet. If slopes are
greater than eight percent, problems such as erosion, difficulty in utilizing farm
machinery and a general reduction of the filtering efficiency may occur.

Other Management Practices

In addition to physical conditions, some management techniques are necessary to ensure
proper application. These techniques include: maintenance of proper hydraulic loading
cycle, maintenance of an active biota and growing grass, and monitoring the performance
of the system. These techniques will assure proper renovation of wastewater.

Rapid Infiltration

This type of system is most common when groundwater recharge or recovery of water is
desired. Like irrigation, most of the applied wastewater percolates through the soil and
the treated effluent eventually reaches the groundwater. Unlike irrigation, vegetation is
not required. The wastewater is applied to rapidly permeable soils via spreading basins
or sprinkling systems and is purified as it travels through the soil matrix (Figure G-l).
Description of the necessary conditions follows.

Depth and Permeability of Soil

Soil permeability is an important design criteria for this application approach. Unlike
the other two approaches, a soil with rapid permeablity is desirable. The soil types
include sands and loamy sands. Figure G-2 graphically shows the range of loading rates
and soil types for this process. The depth of the soil in this approach is highly variable.
Generally, a depth of ten feet is desired although a smaller depth is feasible if proper
management is used.

Slope Conditions

The topography in the area is not a critical design factor. In general, slopes should not
be excessive or earthwork may have to be done. Geologic conditions are somewhat more
critical than topographic ones. Since groundwater can be directly affected, aquifer
conditions should be traced. Monitoring of the groundwater should take place to
guarantee pollution does not occur.
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Other Management Practices

* Other management practices include maintenance of hydraulic loading cycles, basin
subsurface management, and general system monitoring. Careful management of
wastewater loading rates is critical to assure that saturation does not occur. This may
require the occasional shut-off of the system.

APPLICATION CRITERIA

In order to successfully use land application as a viable technique, specific criteria must
be met. Full understanding of the method of application, proper rate of application, and
proper application season is required. Brief descriptions of the necessary requirements
for each of these criteria follow.

Method of Application

Z There are three basic methods of applying wastewater to lands: spraying, ridge and
furrow and flooding. Figure G-3 gives a visual description of these methods. The method
known as spraying or sprinkling can be accurately compared with rainfall. The technique
involves forcing of the effluent via pressure to emanate over the designated area. The
spray is delivered from nozzles or sprinkler heads and discharge rates are controlled by
either adjusting the pressure or varying the aperture size. The advantage of this type of
operation mode is its flexibility in suitable ground configurations. In addition the system
has the advantage of adapting to either being stationary or moveable. A third advantage
is the uniform distribution of waste that is achieved using this method. Disadvantages of
this method include its high cost. The factors behind the high costs include pump and
piping costs and pump operation costs. A second disadvantage is its inability to
accommodate large solids in the effluent thus requiring the waste to contain solids small
enough to pass through the nozzles without clogging them.

A second application- method is flooding. As the term implies, flooding is the inundation
of land with a certain depth of ef fluent. Two factors influence the depth of flooding -

vegetative cover and soil permeability. Three techniques are available for application:
border strip, contour check, and ridge and furrow. These techniques vary in slope,
quantity of land necessary, and method of operation. Disadvantages of this flooding
method are three-fold. The available land must be relatively flat to assure uniform
flooding. In addition, the land may require drying out periods, although this requirement
may also be necessary with the other methods. Finally, crop selection may be more
difficult because the vegetative cover must be able to withstand periodic flooding.

The ridge and furrow method is accomplished by gravity flow whereby the effluent flows
in the furrows and then seeps into the ground. The ground, although relatively level, is
groomed into alternating ridges and furrows which have varying widths and depths
dependent upon quantity of effluent and soil composition. Like flooding, a disadvantage
of this method is the necessity for drying out periods. Also, crops should be carefully
selected for proper management.

Rate of Application

The correct rate of application is dependent upon a number of factors: soil texture,
vegetative cover if any, and topography. The soil texture is perhaps one of the more
critical criterion in determining application rate. The soil's permeability will also effect
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the decision on what application process to use. Figure G-2 illustrates the various
loading rates for different soils and indicates that the less permeable soils such as clays
to sandy loam, generally require a slower application rate.

A second important criterion in determining rate of application is the selection of
vegetative cover. Not only is this important in selecting a mode of operation (spraying,
flooding, or ridge and furrow) but it also plays a significant role in determining nitrogen
loading rates. Nitrogen has a significant effect upon the environment and often limited
quantities are desirable. Certain crops have a greater capacity for "nitrogen uptake"
which may in turn allow a higher application rate. Table G-3 lists the various uptake

" . rates for selected crops. Climatic variations also play a role in determining the type of
S.- vegetative cover.

TABLE G-3

CROP UPTAKE OF NITROGEN

Nitrogen Uptake
Crop (lb/acre/yr)

Alfalfa 155-220
Coastal bermuda grass 480-600
Corn 155
Red clover 120
Reed canary grass 226
Soybeans 99-113
Wheat 62-76

*- *.Source: EPA Process Design Manual for Land Treatment of Municipal Wastewater, 1977.

A final criterion in determining the rate of application is topography. Generally land
application is more effective on gentle slopes than on steep slopes depending on the rate
of application, cover, and soil characteristics. Slope conditions also play a critical role
in the type of application procedure which can be implemented in a given terrain.

Application Season

Using the correct application is an important criterion in proper management of a land
application system. Regional climatic conditions exert a large influence on this
determination. Such conditions include variations in temperature, evapotranspiration,
precipitation and/or wind. These factors may directly or indirectly influence: water
balance, length of growing season, number of days when system is operable, storage
capacity requirement, and rate of stormwater runoff. Table G4 summarizes the
climatic data required for land application systems.

. COLLECTION SYSTEMS

" Traditionally, collection systems for land application sites are used as preventative
means to protect the groundwater table from oversaturation or contamination. They can
be of value, when properly &.Igned, to recover, for subsequent use, effluent that has
passed through the soil matrix. In this study, the latter use will be investigated. Since
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TABLE G-4

SUMMARY OF CLIMATIC ANALYSES
FOR LAND APPLICATION

USE FOR LAND
FACTOR DATA REQUIRED ANALYSIS APPLICATION

*Precipitation Average annual, Frequency analysis Water balance
maximum, minimum (in/yr) determination

Rainfall Intensity, duration Frequency Runof f
Storm analysis (in/day) estimate

*Temperature Days with average Frost free period Storage, treat-
below freezing (day) ment efficiency,

crop growing
season

Wind Velocity &direction Frequency analysis Cessation of
(speed and sprinkling
direction)

collection of renovated wastewater for use is uncommon, little information is available
in the literature regarding this process. Two types of collection methods, however, have
been used for recovery of renovated wastewater: underdrain systems and pumped
withdrawal. These systems vary significantly in design; however, they achieve similar
results.

* Underdrain systems consist of a series of tiles placed below the filter zone to collect the
renovated effluent. The tiles may be aligned to allow the recovered water to be rapidly
transmitted to a common point of discharge or withdrawal. The tile can be made from a

* variety of materials including plastics, concretes, and clays. The choice is generally
based on local price.

For irrigation-type systems, underdrains are most useful in assuring that the soil does not
become oversaturated. To assure proper drainage and maximum recovery, both the
spacing and depth of the tile system are critical and must be evaluated on an individual
site basis. Rapid infiltration systems are the most conducive land application process for
recovery.

Pumped withdrawal, although used almost exclusively in the case of the infiltration
approach is the least often used of the three application systems. The method essentially
involves the recharging of the water table and subsequent withdrawal using recovery

* wells. Generally, the method is only economical when the aquifer is greater than 15 feet
from the surface and permeable enough to allow pumping. With either scheme
groundwater monitoring is needed facilitated to ensure the safety of the recovered
water. Since water quality is important, periodic testing of routine substances including
BOD, DO, and pH, as well as toxic substances, is necessary.
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* LAND APPLICATION AS A POTENTIAL WATER SUPPLY SOURCE

* Given the previous description of the general conditions which affect land application,
the purpose of the following sections is to evaluate the conditions which govern the

* feasibility of land application within the MWA. Included is a summary of both active and
studied land application sites within the MWA. This summary provides an indication of

* the magnitude of active land application sites in the region and local experiences
regarding the potential for future sites. These sections are followed by a series of
discussions on several factors which have a direct bearing on the viability of land
application for water supply within the M WA.

Land Application Sites Within the MWA

Through 1980 there were three application sites in operation within the MWA. They
are: the Oak Ridge Estates and the Occoquan Forest sites in Prince William County,
Virginia, and the St. Charles City site in Charles County, Maryland (Figure G-4). The
sites are used exclusively for wastewater disposal for small communities and contain no
elements for planned water supply reuse. The following sections briefly describe these
sites and any problems associated with these facilities.

- Oak Ridge Estates Site

- As seen from rigure G-4, the Oak Ridge Estates facility is located in the southern
portion of Prince William County. The facility uses the irrigation approach and the
effluent is applied via spray nozzles. Initially, the facility had difficulty with springs
infiltrating into the holding ponds and being able to maintain adequate vegetation in the

* spray area. Criticism of the site also stemmed from its infrequent monitoring program.
These programs have since been corrected and the state permits 0.088 MGD to be applied
to the area. Due to the limited capacity of the site and its distance from the Potomac
River, it could not be used to make any major contribution to the supply of water in the
MWA.

Occoquan Forest Site

* The second site, Occoquan Forest, is also located within Prince William County just
northeast of the Oak Ridge Estates facility. Like the Oak Ridge Estates site, the
irrigation approach is utilized. Effluent is sprayed onto forestland via nozzles at a

* permitted rate of 0.54 MGD. Presently, 0.088 MGD is applied. The secondary treated
effluent is delivered from a holding pond when the pond reaches a specified elevation.

* The bottom of the pond has been sealed with clay to assure that there is no leakage into
* the surrounding soil. All of the applied effluent must be absorbed by the spray area. If
* leakage occurs to surrounding areas, it must be reported to appropriate state officials

immediately. Again, like the Oak Ridge Estates facility, its use as a water supply source
is limited due to its small size and remoteness from the Potomac River.

* St. Charles City Site

This site, located in the northern portion of Charles County, is like the other two sites in
that it utilizes the irrigation approach. It serves a community consisting of approxi-
mately 1500 residences and is allowed to apply up to 1.2 MGD. For the past ten to
twelve years, approximately 0.75 MGD has been applied.
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FIGURE G-4
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The facility consists of a series of aerated lagoons that have a one year retention
capacity. The lagoons cover an area of 20 acres. The effluent is then sprayed on nearby
woodland. The effluent receives chlorination before it is applied to the land. No
additional treatment is utilized other than aeration. Spray periods are regulated on a
manual basis and, thus far, the facility has proved to be a successful approach for
wastewater disposal. It is interesting to note that water-loving vegetation has appeared
in the immediate spray area. Furthermore, natural bacterial processes within the
lagoons have greatly reduced the amount of sludge disposal which is necessary. Again,
because of its limited capacity, it is unlikely that this facility could be of any significant

* water supply use in the MWA.

Studies of MWA Land Application Sites

In addition to the existing sites, there have been studies conducted to examine the
feasibility of implementing additional application systems within the MWA. Four major
studies are noteworthy, two county reports, a report examining the feasibility of land
application throughout the MWA, and a draft report on a Metropolitan Washington Water
Quality Management Plan. Like the present sites, the county reports have only examined
land application systems for wastewater disposal. They deal primarily with systems that
could provide a means of disposal for small communities and make a major contribution
towards advanced wastewater treatment (AWT). The third study actually examined the
feasibility of utilizing land application as an alternative for collecting water. A
summary highlighting pertinent aspects of the studies follows.

Prince Georges County

In 1977, Metcatf & Eddy - Sheaffer & Roland reported on a Preliminary Assessment
Feasibility of Land Treatment of Wastewater in Prince Georges County, Maryland. The
basic purpose of this report was to identify opportunities for land treatment of
wastewater within Prince Georges County and to evaluate the alternatives enabling the
County to reach a decision concerning acceptable forms of AWT. Specific objectives
within the report included: a review of previous reports; evaluation of the various land
treatment techniques; determination of any necessary requirements; review of the
existing information base and identification of any data needs; identification and
evaluation of specific site locations; and a preliminary comparative cost analysis. It is
important to note that the study was not intended to serve as a design report. In
identifying potential areas the report considered both technical and social implications
relating to land application systems. Twelve sites were identified and their locations are
shown in Figure G-5. The application sites are generally located at the extremities of
the county within rural greenbelt areas. The twelve sites were then combined into a
series of five alternatives that ranged in capacity from 20 to 56 MGD. Table G-5 lists
some of the important characteristics associated with the various groups. From this
table one can conclude that the potential for utilizing all three approaches exists. The
quantity of land required is appreciable, varying from approximately 5,000 to 17,000
acres. None of the systems used the treated wastewater directly; however, some of the
alternatives, such as those using the rapid infiltration approach, would be adaptable for
this purpose.

The study concluded that "... the evaluation has not been conclusive. Rather, important
factors and preliminary indications have been highlighted that must be considered in
deciding which alternatives are to be developed." Some preliminary cost analysis was
presented which showed that in most cases land treatment was a cost-effective
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alternative when compared with other AWT processes. The report also indicated that •

environmental and social questions would have to be addressed before sites could be
developed. These questions include water quality and public acceptance of land
application systems. To date, no action has been taken to implement application
systems. At the present time, treatment capability services provide all necessary
treatment to the year 2000. However, the study did encourage further investigation of
this type of treatment process when examining methods of AWT within Prince Georges
County.

Montgomery County

In 1977, the Metcalf & Eddy - Shaeffer & Roland group prepared a companion report to
the Prince Georges Study. The Feasibility of Land Treatment of Wastewater in
Montgomery County, Maryland identified systems geared toward renovation of
wastewater only, and contained no detailed design information. Five potential site .

locations were identified within Montgomery County as shown in Figure G-5. The
majority of the sites were located in the outlying portions of the County away from the
highly developed regions. From these sites, eight treatment options were considered.

-: Table G-6 gives a synopsis of these options and a brief description of the design
*: elements. As evident from this table, the design capacity of these systems is much less

than those proposed for Prince Georges County. The largest of the application options,
Dawsonville/River Road, has a capacity to treat 15 MGD which is 5 MGD below the
estimated minimum available from the Prince Georges County sites. Correspondingly,
the quantity of required land is also diminished, to a maximum of 6,000 acres. The
Columbia Pike site might be the simplest to implement with a collection system, since it
uses a rapid infiltration approach; however, it represents one of the smaller sites studied
in the report.

The River Road and Dawsonville sites which are both located above the MWA Potomac
intakes have the potential for augmenting Potomac River flows by as much as 15 mgd
(Table G-6 Moderate Treatment Option A & B). Although the study indicated that the
quality of the renovated water from these sites would be of equal or higher quality than
the Potomac River, the treatment areas have been termed unacceptable by local
interests. Disapproval by the public stemmed from their concern of impacts of such a
system on water supply for the MWA.

Table G-6 also shows the cost effectiveness of land treatment in relation to AWT for
Montgomery County. The report shows that for the 1977 costs, the total cost of land
treatment varies from 40 to 85 percent when compared with AWT systems at the same
site. It is important to recognize that if the sites are identical, land cost does not enter
into the comparison. The report recommended that further investigations into this type
of system be conducted. To date, no action has been taken toward implementing the land
treatment options discussed in the report. WSSC officials have indicated that the land
treatment options discussed in this report have been dismissed for two basic reasons: (1)
escalating land costs within the county, and (2) a fear of the uncertain long term
reliability using this type of treatment.
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FIGURE G-5

PROPOSED APPLICATION SITES FROM
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Northeastern United States Water Supply Study, 1975

Under PL 89-298, the North Atlantic Division, U.S. Army Corps of Engineers, conducted
the Northeastern United States Water Supply (NEWS) Study in which the Metropolitan
Washington, DC Area was identified as one of several areas with potential water supply
problems. Land application with a water supply purpose was among several alternative
project types considered in the study. The design goal for the study was to provide an
additional 25 MGD to the Potomac River during low flow periods using a collection
system depicted in Figure G-6.

Several criteria were used in selecting a potential land application site including:
* 1) adequate land area, 2) proximity to wastewater source, and proximity to discharge

point on the Potomac River upstream of the Washington, D.C. water supply intakes.
Using these criteria, a land treatment site was specified near Lovettsville in
northeastern Loudoun County. The wastewater source was the Potomac interceptor at
the Loudoun County-Fairfax County border.- Raw wastes from this location would be
pumped to a lagoon system providing secondary level treatment, to storage facilities to
retain the treated wastewater during frost periods and then to a 4,590 acre land
treatment site. A tile collection system was proposed from which the renovated
wastewater would be pumped to the Potomac River.

* The total construction cost of the system escalated to October 1981 price levels is
estimated at $326 million. In conducting the analysis, it was noted that land costs could
escalate if future expansion occurred. This fact was taken into consideration when

* evaluating the overall feasibility of the project.

* Draft Metropolitan Washington Water Quality Management Plan

Planning in the MWA under Section 208 of the 1972 Federal Water Pollution Control Act
Amendments began in 1975 after the MWCOG was assigned to carry out the requirements
set by law. Within the March 1978 Draft Water Quality Management Plan for the MWA,
land application was investigated as a potential mechanism for advanced waste
treatment. Since there were some ongoing studies as well as some past studies where
land treatment was being considered for future capacity, land application was viewed as
a real possibility in the future.

The study summarized four different options ranging from giving equal and adequate
consideration to land treatment in all 201 Step I studies to a mandatory use of land
treatment for all new sewage capacity in the region. The Water Resources Planning
Board (WRPB) and the Technical Advisory Committee endorsed Option II which
represented equal and adequate consideration in all 201 Step I studies with public
education to encourage land treatment. The WRPB was further concerned that each
waste treatment system be considered on its own merit as detailed studies were

* undertaken. The Citizen Committee endorsed options which encouraged policies to land
treat all new discharges where feasible. While discussing the various options, a number
of items were noted. Among them was the estimate that 330 acres are necessary per
MGD of effluent. It was noted that the level of treatment was compatible with the then

* current NPDES permits and also that land treatment often preserved open spaces.
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FIGURE G-6
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The impacts of land treatment cited were largely positive. Economic benefits could be
derived from using land treatment over more conventional treatment methods. The
systems could also enhance vegetation. Furthermore, as a result cl land treatment,
direct water discharges could be reduced and stream water quality improved. Negative
impacts cited included contamination from toxics, carcinogens, viruses and heavy
metals. Although this approach could effect a swiftly moving aquatic system from direct
AWT discharge, damage to groundwater from land application could be more difficult to
treat.

* The study noted that this approach would result in a reduction in both the quantity of
* sludge and energy costs. While the quantity of sludge will be reduced independent of

specific site, energy costs will vary on a more site specific basis. One of the major
* factors which affected the cost for the land treatment system was the land
* requirements. In addition to the treated acreage, an additional 4,151 acres would be

required for the wastewater treatment facilities, storage areas, and buffer areas.

* The study concluded that land application was an "unattractive" alternative water supply
* source. The conclusion was based upon high construction and operation costs and adverse
* environmental and socioeconomic disruptions in the County.

Factors Affecting Land Application in the M WA

Several physical, social and economic factors are important determinants for land
* application in the MWA. Climate, soil, and land use conditions are discussed in the

following sections because they can pose limitations on the location and size of potential
land application sites in the region. In addition, two factors which would exert a major
influence are discussed, including the proximity of an effluent source to a feasible
application site and the proximity of that land application site to a discharge point along

* the Potomac River.

* *. Climate

Rainfall, temperature, and wind data from recording stations at Dulles International
Airport and Washington National Airport provided representative climatic data for the
MWA which are summarized by monthly totals in Table G-7. Several conclusions can be
drawn from these data. During the winter months of December through March, land
application would be limited because of the likelihood of periods of frozen ground. The

* remaining frost free months of the year would serve as the application season although
excessive rainfall during the spring could greatly limit this possibility. Given the area's
temperature and rainfall characteristics, some type of storage facilities would be required to
store effluent during the undesirable application periods. Favorable precipitation conditions are
likely to persist, however, during the summer months which coincide with low flow in the
Potomac River. During these periods, the potential for land application and the need for low

* flow augmentation in the Potomac would be the greatest.

Soil Characteristics

As evident from earlier sections, soils are important factors affecting the design of land
treatment systems as they directly influence the loading rates and, therefore, the potential
capacity of a system. An examination of the soils in the MWA indicates there are seven
geology-related soils types which are comprised of some 20 soil associations. The first group,
soils upon crystalline rock of the Piedmont and Blue Ridge, accounts for slightly more than 50
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TABLE G-7

MWA RECORDED CLIMATIC DATA

MONTH TEMPERATURE (Fo)a PRECIPITATION WIND SPEEDb FASTEST mile c
MEAN MINIMUM MEAN MEAN SPEED

(Inches)
Dulles International Airport

Jan 30.5 20.8 2.6 8.2 38
Feb 33.2 22.7 2.59 9.2 36
Mar 43.1 31.9 3.22 9.4 40
Apr 52.5 39.9 2.83 9.1 46
May 61.7 49.5 3.5 7.8 39
Jun 70.7 59.0 4.59 6.8 38
Jul 75.3 64.0 3.47 6.3 44
Aug 73.9 62.4 4.13 6.1 35
Sep 66.9 55.4 3.75 6.4 35
Oct 54.7 42.3 3.1 6.7 38,
Nov 44.8 33.3 3.04 7.8 35
Dec 35.1 25.7 3.86 7.9 40
Average 53.5 42.9 40.68 7.6 46

Washington National Airport

Jan 35.7 28.0 2.71 10.0 56
Feb 37.8 29.3 2.46 10.4 57
Mar 46.0 36.8 3.34 10.9 60
Apr 56.3 43.8 2.79 10.5 56
May 65.8 55.9 3.83 9.3 50
Jun 74.5 65.1 3.44 8.8 57
Jul 78.5 69.5 4.11 8.2 54
Aug 77.1 68.3 4.71 8.0 49
Sep 70.5 61.5 3.3 8.2 56
Oct 59.5 49.9 2.92 8.6 78
Nov 48.5 39.8 2.93 9.2 60
Dec 38.4 30.8 3.23 9.5 62
Average 57.4 48.4 39.82 9.3 78

a. Temp. & Precip. Records: Dulles International (1963-1977), Washington National (1972-1978).
b. Wind Records: Dulles International (15 years); Washington National (30 years).
c. Fastest Mile Wind refers to speed fastest observed 1-minute value when direction is in tens of

degrees.

G-24

.,,



percent of the total area. These soils are relatively shallow with loam to silt-loam
surface textures. They have been designated as suitable for either agricultural
development or urbanization and, therefore, would most likely be adaptable to land
application processes.

The second group, soils on sandstone, shale, and conglomerate of Triassic Lowlands,
* consists mainly of dark red shale. The soils are shallow to moderately deep and portions

of this region yield little groundwater. Agricultural development is encouraged, as long
as proper management is used. Therefore, there is a small potential of utilizing this area
for land application purposes.

The third group, soils on limestone of the Triassic Lowlands, is comprised of soils derived
from limestone conglomerate. Surface textures range from gravelly or rocky-silt-loam
to silt loam. The area's soils vary with location and, therefore, land application sites
would have to be evaluated on a site specific basis.

The fourth group, silt on mixed crystalline rocks and coastal plain sediments, contains
soils influenced by both parent materials. The soils are a combination of deposits similar
to coastal plain properties and piedmont crystalline rock. This rock is ill-suited for
agricultural development and, therefore, the possibility of land application within the
area is reduced.

The fifth group, silts on coastal plain sediments, are sandy to clayey in texture and range
from excessively to poorly drained. This variation makes an *overall evaluation of the

* group's potential very difficult. Potential sites in this region would have to be located
after extensive site investigations. The sixth group, soils on alluvial terraces, is a good
gravel source. Here, the land may be utilized for either agricultural development or
urbanization. It is, therefore, likely that this region would be suitable for land
application purposes. Finally, the soils on flood plains, are obviously susceptabie to
flooding. Although these soils have been termed acceptable for agricultural purposes,

* proper management is recommended to avoid potential disasters. These areas would be
* unacceptable for land application.

From this brief summary, it is apparent that the various soil types in the MWA would
have a bearing on the location of a potential land application site. Although some soil
types are more preferable than others it must be recognized that wide variations within a
soil group occur and that any land application site must be verified with extensive site
surveys and soil testing. Furthermore, in many areas where more suitable soils are
available, urbanization has precluded their use for other purposes. From a very general

* viewpoint, it appears that soils in the more western portions of the MWA are better
suited for land application sites. However, this conclusion remains tentative and specific
land application sites would require verification for design purposes.

Land Requirements

Existing and planned land use in the MWA is a critical consideration in evaluating sites
for land application because they play a major role in determining both the location, size,
and cost of a potential facility. Because the area is highly developed around the urban
center of the District of Columbia, potential sites are only available in the outlying rural
regions where proper soil and land use conditions exist. Generally, areas to the west and
south have the greatest potential. Agricultural and forested areas are best suited for
land application in these areas. Although some greenbelt areas do exist closer to the
urban center, their proximity to development, their small size, and their association with

* floodplain type environments make them less acceptable as application areas.
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In order to determine the land area required to produce varying volumes of water from a
hypothetical land application site, the following equation derived in the NEWS study was used:

Area = Effluent Required (Mg)
(areas) Precipitation + wastewater applied - evapotranspiration

(mg/acre)

A range of effluent from 10 to 50 MGD was used as well as varying loading rates to
produce a series of curves (Figure G-7) which reflect the land requirements for an
application area under varying conditions. Precipitation and evapotranspiration data for
the month of July were used as well as the lower end of the application scale (Figure G-
2) which most closely approximates conditions in the MWA. It was also assumed that 100
percent recovery was possible after losses from evapotranspiration.

From Figure G-7 and Table G-8 two important conclusions can be drawn. The first is
that land application requires a substantial area of land that increases significantly with
higher yields desired and, second, when possible, higher loading rates greatly reduce the
land requirements under a given yield. Furthermore, it must be noted that a significant
amount of additional land would be required beyond the application site itself. This could
include a buffer area, transmission rights-of-way, storage area, possible treatment area,
and associated maintenance facilities.

Based on an average cost of $3,000 and $1,500 for farmland and forestland, respectively,
it is evident that a land application site would involve a large cost. For example, for a
50 MGD agricultural site, land cost alone would range from $4.8 to $77.5 million
dollars. Although a wide range of costs are possible, it is likely that the costs would tend
to fall on the higher side of the curve where the lower loading rates are more realistic.
Additional costs relating to construction of the application facilities, storage facilities
and collection system would make large scale land application an extremely expensive
alternative.

Location of Existing Wastewater and Water Supply Facilities

An important consideration for siting a land application system is the location of the
source of available effluent with reference to a potential site and, in a scheme involving
augmenting flows in the Potomac, the distance of an appropriate discharge point from
the application site to the Potomac River. These factors will affect both the length and
the cost of transmission facilities.

-. The MWA is served by more than a dozen wastewater treatment facilities. They range in
size from 0.1 MGD to over 300 MGD. Table G-9 lists the facilities and both their
existing and projected capacities. Only four existing plants have a present capacity of

.. over 20 MGD and only five are projected to be expanded above a 30 MGD capacity in the
* future. Figure G-8 shows the location of the major wastewater treatment facilities in

the MWA. The majority of these facilities lie along the Potomac River. The largest of
.. these facilities, the District of Columbia Blue Plains Plant, is located in the southern

section of Washington, DC. With the exception of the Western Branch facility located in
eastern Prince Georges County, the remaining major facilities are located within the
urban area and are distant from potential application sites. Although these facilities
would provide an available source of effluent, any scheme using these sources would
involve pumping great distances to potential sites, which would involve high pumping and
land costs.
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TABLE G-8

REQUIRED ACREAGE FOR VARIOUS EFFLUENT AND LOADING RATES*

Effluent
Required Loading Rates Inches/Week
MG 1 2 4 6 8

10 5200 3100 650 430 320

20 10300 6200 1300 860 640

30 15500 9300 1922 1290 970

40 20650 12400 2570 1720 1290

50 25800 15500 3220 2150 1610

*Based on 31 days/month.
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An alternative to this would be to use sewage from major interceptors in the MWA.
However, this alternative would require pre-treatment to secondary levels before
application. Withdrawal points along the Potomac Interceptor, the major wastewater
pipeline in the region, could be utilized; however, additional costs for treatment would
increase the costs of this alternative. After collection, a system designed to augment
Potomac River flows during low flow conditions would require a suitable discharge
point. The point of discharge would have to be located above the water supply intakes on
the Potomac River (Figure G-9).

At the present time, the State of Maryland Environmental Health Administration (EHA)
governs the regulation of discharges that impact upon raw water sources used for public
supplies. Although renovated water from a land application site could provide an
effluent of tertiary level quality, it is questionable as to the location of a discharge point
that would be considered acceptable from a public health standpoint. The EHA strongly
opposes any discharge point immediately above the Little Falls intakes on the Potomac
River and discussions with EHA officials indicate that alternative discharge points would
be evaluated in the future on an individual basis. In the past, the EHA approved
discharge locations as far above the intakes as the proposed Dickerson site (some 60 river
miles upstream), however, future decisions are unknown. One observation bearing on the
cost of a land application site is that upstream sites closest to the Potomac River would
appear to be desirable. However, the further upstream an acceptable discharge point is
located, the higher the transmission costs to convey the raw effluent.

Impacts

Any land application alternative would have environmental, social, and public health
impacts. The magnitude of the impacts will vary on a site specific basis although the
general impacts will be similar. The environmental components that may be affected by
a land-application system include soil, vegetation, groundwater, surface water, animal
life, and air quality. The effects on soils include: (1) a decrease in infiltration and
percolation rates as a result of clogging by suspended solids, (2) an increase in infiltration
and percolation rates due to changing chemical conditions (i.e., change in pH and sodium
content of soil), and (3) the possible long-term effect on the soil chemistry due to the
build-up of toxic chemicals. The effects on vegetation are usually beneficial. Nitrogen,
an important element for the growing cycle, is found in most domestic waste. If proper
management techniques are implemented, vegetative growth may be enhanced which in
agricultural areas, might increase production.

The groundwater quality and level may also be affected by land application systems.
Wastewater constituents not used by the plants, degraded by microorganisms, or fixed in
the soil may leach to the groundwater table. Surface water may be affected by (1)
discharge from an overland flow system, (2) seepage from an infiltration-percolation
system or (3) surface runoff. Use of a collection system would facilitate monitoring of
the recovered water and thus decrease the risk of pollution. There may also be changes
to the terrestrial or aquatic species. Beneficial effects, such as an increase in forage
should be compared to adverse effects such as the possible degradation of aquatic habitat
due to changes in surface water quality.
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TABLE G-9

WASTEWATER TREATMENT FACILITIES1

EXPANSION
FACILITY CAPACITY (MGD) PROPOSED

District of Columbia Blue Plains 240 309
Piscataway 30 -
Western Branch 15 30
Belair Bowie 2.65 --
Horsepen **
Parkway 7.5 12.5
Pentagon **
Arlington 24 30
Alexandria 27 54
Westgate 13.j --
Little Hunting Creek 6.62
Dogue Creek2 --

Lower Potomac 18 36
Greater Manassas
Dale City**-

Leesburg ** --
Occoquan-Woodbridge **
Dumfries Triangle Melrose Gardens 2--

Fort Belvoir 3.02

1. 1978 base data.
2. Facilities abandoned when Lower Potomac Facilities were expanded.
**These seven treatment facilities have a combined capacity of 25.0 MGD.
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FIGURE G.-8
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FIGURE G-.9
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Air quality may possibly be affected through the formation of aerosols from spray
systems and through odors. With aerosols, the primary concern is with the transmission
of pathogens. Odors are caused principally by anaerobic conditions at the site. The
establishment of buffer zones and proper management measures (i.e., examination of
wind velocities before spraying), should minimize any impacts to the surrounding areas.

The effects of land application systems on the socio-economic aspects of a community
include: effects on open spaces, community growth, and changes in local economy. The
land application system should be evaluated from an aesthetic point of view with respect
to the creation or destruction of greenbelts and open spaces. Proper planning and design
can minimize the disruption to the local scenic character and can often enhance the
surrounding landscape. The effects of a system may either stimulate or discourage
growth of a community. Improved wastewater treatment service may allow for new
construction in the service area; however, such growth may tax other community
services. The land treatment system may discourage growth by the elimination of land
from further development. The effects that a system will have on community growth are
related to how the system will affect the local economy. One direct benefit of a land
application system is that it reduces the cost of tertiary treatment achieved through
other AWT techniques. There also could be changes to land values and tax revenues
along with indirect affects on the construction industry and public services.

* A final concern in determining the potential of land application are the public health
constraints. In many cases, state health regulations serve to protect against many of the
effects. However, potential problems include (1) contamination of ground water and
surface water, (2) contamination of crops, and (3) and increase in insects and rodents.
The effects on ground water and surface water were discussed in the previous section.
The effect of effluent on crops is largely dependent on the types of crops and the
purposes for which the crops are to be used. Because of the possibility of contamination

- - from pathogens in the wastewater, the control of insects and rodents is of extreme
importance. Control of pests can usually be accomplished by conventional methods.

* Mosquitoes are a special problem because they will propagate in water standing for only
a few days. Elimination of standing water and~ sufficient drying periods between
applications are the most effective control methods.

* In summary, public acceptability of land application systems will largely depend on the
impacts that are expected to occur. The impacts will vary with the type of system
selected, the location, and the management techniques that are used. Past experience
suggests there is a general reluctance on the part of the public to accept land application
measures as a method of treating wastes. It is likely that multiple use with recovery for
water supply would be even more strenuously opposed.

* CONCLUSIONS

Based on the previous analysis several major conclusions can be made regarding the
feasibility of a land application/water supply recovery system for the MWA:

1. Land application by nature is land intensive and requires vast amounts of acreage
to recover enough water to appreciably augment Potomac River flows during drought
periods. Comparative volumes of water can be secured from reservoir sites occupying
land areas smaller by an order of magnitude.
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2. Because of the location of sizeable existing treatment facilities and the location
of potential land areas for application with respect to water supply intakes, a concern
arises as to how to get large volumes to sizeable areas, and then to a point safely above
the Potomac River intakes. This concern can be translated to increased costs of
transmission, pumping, and land to satisfy all the requirements.

* 3. Because of limiting climatic and soil conditions, a land application recovery
system would be used only on a seasonal basis. Therefore, its use as a substitute for

* additional treatment is questionable. Furthermore, it is unlikely that large enough areas
with uniform soil, land use, and drainage conditions would be available to accommodate a

-' large system within the MWA.

* 4. There is general public rejection regarding land application as a means of waste
disposal, particularly in urban areas. A combined purpose for water supply would
probably be even less well received by the public, especially in view of the limited use of

* such systems on a large scale.

5. Although there are many arguments against land application from an
environmental and social impact viewpoint, these impacts can be substantially mitigated
through proper management. Public understanding and acceptance of mitigation
procedures are vital for implementation.

Based on these conclusions, it is apparent that on a large scale, a land application/water
supply system is not feasible in the MWA. Although land application sites might be
useful on a limited basis to produce water for non-potable uses, these uses are considered
minor and would not appreciably change the overall water supply picture for the region in
the future. On this basis, then, land application was dropped from further consideration
as a long-range program following preliminary investigations.

WASTE WATER REUSE

The argument for municipal and industrial wastewater reuse is gradually gaining support
* in the United States today. The concept of wastewater reuse solves two previously

separate problems - water supply procurement and wastewater disposal. As water
demand in the United States increases, the costs of developing new "fresh" water supplies
are increasing. For many regions, the development of traditional water supply sources is

* reaching the limits of the natural resource, thus calling for more imaginative use of our
water resources. Water supply deficits are not restricted to the well known arid regions
of the Southwest and California; the more humid northeast corridor with its large urban
populations is having to face the hardships of water supply shortages as well.

Concomitantly, the urban areas are dealing with the burdensome task of municipal
wastewater disposal. As the metropolitan populations have grown, the volume of
wastewater has increased, the level of pollutants has multiplied, and the problem of
disposal has worsened. The awakening of the American public and Congress to inherent
dangers of unregulated wastewater disposal has led to the passage of environmental

* legislation during the past decade which placed severe restrictions on wastewater
* effluent. Thus, by law, municipal and industrial wastewater dischargers are required to

either treat their waste waters to a very high degree at enormous costs, or find
alternative methods of disposal in lieu of direct surface or groundwater discharge. The
expense of advanced treatment facilities has prompted local officials to evaluate more
unconventional methods of wastewater disposal.
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* Consequently, it is likely that wastewater reuse, which takes wastewater and processes it I

into usable water supplies, will become a feasible solution to the problems of both fresh
* water supply development and wastewater disposal. In addition, in the future, due to

effluent limitations imposed by the U.S. Environmental Protection Agency, much of the
treated wastewater may be of as high, or higher, quality than some of the current supply
of "fresh" water. Already, sewage effluent constitutes an estimated one percent of
municipal and industrial water supplies in the United States and in some cities this figure
is as great as 20 percent. Generally, this effluent usage is a result of upstream discharge
into surface waters.

* Regardless of the obvious technical merits of wastewater reuse, its acceptability is
dependent upon the public's clear understanding of the factors involved, the system cost-
effectiveness, and a fail-safe monitoring of pollutant levels to avoid potential health
risks.

* TYPES OF WASTEWATER REUSE

Wastewater reuse strategies are classified as planned or unplanned, direct or indirect,
* and potable or nonpotable uses. Planned reuse refers to wastewater that is collected,

treated, and intentionally provided for additional uses. When water is withdrawn from a .

surface water supply which has received sewage effluent earlier without the express
* purpose of augmenting the surface supply, it is called unplanned wastewater reuse.

Currently, most municipal wastewater reuse is of the unplanned type, resulting from
* upstream effluent discharges. For this planning study, discussion has been limited to

planned wastewater reuse as a water supply alternative. For planned wastewater reuse,
there are two methods of distribution - direct and indirect. Direct reuse is the
transmission of wastewater from collection systems or treatment facilities immediately
to additional uses. Direct wastewater reuse is used for irrigation systems, industrial
processing, and power plant cooling operations. Indirect wastewater reuse utilizes an
intervening water system to act as a buffer and storage mechanism between wastewater
application and additional uses. Groundwater aquifer recharge and upstream flow
augmentation with sewage effluent are currently planned indirect wastewater reuses.

* The level of effluent treatment will directly affect the intended reuses of the
wastewater. For study purposes, the water quality of the ef fluent can be divided into
potable and nonpotable levels. To reach the level of potability, most wastewaters will
require additional advanced wastewater treatment (AWT) beyond secondary processes -

an expensive proposition. Potable wastewater can be used for all municipal purposes
(drinking, bathing, cooking, and laundry) and most industrial purposes. Some food
processing operations may require even more advanced treatment, for specific
constituent removal, beyond drinking water standards. Due to the costly advanced
treatment processes required for potable water supplies, most planned reuse of
wastewater is for nonpotable purposes. Toilet flushing, agricultural irrigation, some

* industrial processing, and power plant cooling are suitable nonpotable wastewater reuses.

STRATEGIES FOR WASTEWATER REUSE

Uses of the renovated wastewater reflect the quality of the wastewater, the methods of
wastewater distribution, and the water needs of the user area. Several alternative reuse
strategies exist, including agricultural, recreational, and navigational schemes.
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Wastewater reuse can also be applied to power generation operations, groundwater
recharge, upstream flow augmentation, dual distribution systems, and municipal water

* supply.

* Agriculture

Agricultural wastewater reuse represents by far the largest percentage of the current
recycled effluent in the United States. Agricultural reuse is particularly important in
the southwestern regions of the United States where water is in great demand and in

* limited supply, and where agriculture represents a significant use of potable water. In
lieu of diverting great amounts of potable water, wastewater has been successfully used
for irrigation purposes for many years. Due to the high nutrient concentrations in
wastewater, particularly nitrogen, phosphorus, and potassium, crop production on
wastewater-irrigated lands is higher than lands irrigated by normal municipal water
supplies.

* Another benefit of effluent irrigation is the heat added to agricultural soils. Secondary
* effluent temperature rarely falls below 55 degrees F, even in the harshest of winters, and

rarely exceeds 70 degrees F in the summer. Thus, the application of wastewater to
farmlands will tend to moderate the soil temperature. Experiments in the State of

* Washington have shown that the crop season could be extended by application of the
* warm effluent. In addition, wastewater application to agricultural lands builds up the
* groundwater table below. This resultant aquifer recharge may be useful in a land
* treatment-water collection system, as discussed earlier.

Agricultural wastewater reuse requires careful management to avoid unnecessary
contamination of surface and groundwater supplies. The application of wastewater can
be restricted to certain crops based on effluent quality. However, crops for human
consumption have utilized this wastewater reuse strategy successfully without harmful

* health effects. The overriding factor in using agricultural reuse as a scheme is the
location of irrigation needs. For most urban areas, agricultural uses do not make a large
demand on the municipal water supply sources.

Industry

* Many industries generate wastewater with quality characteristics adequate for recyling
for further industrial use. Industrial reuse has two benefits: (1) it reduces demands on
overburdened water supply sources, and (2) it minimizes the quantity of wastewater that
must be treated prior to discharge to a receiving body of water. As treatment
requirements and treatment costs increase with more demanding effluent quality goals,
any reduction in the wastewater flow requiring ultimate treatment will be advantageous
to the industrial water user. Reduction in the industrial demand on the municipal water
supply system releases potable water for domestic consumption.

Industrial reuse strategies include recycling of secondary effluent from municipal
treatment plants as well as wastewater from the industry's own processing. The
Bethlehem Steel plant in Baltimore, Maryland for example, utilizes secondary effluent
from the nearby Back River sewage treatment plant for use in its cooling processes.
Generally, cooling and condensing operations are the primary uses for renovated
wastewater. The petroleum, steel, and paper industries offer the greatest opportunities
for wastewater recycling. Many other industries require more stringent pretreatment

* standards, making wastewater reuse less economical. Currently, wastewater reuse is not
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practical for food processing industries since potable water is required for most of their
operations. The cost of treating effluent to potable standards normally exceeds the cost
of developing available water supplies. As fresh water supply development costs climb,

* this alternative will become more viable.

* Recreation

Reuse of wastewater for recreational purposes is not widely practiced in the United
States; however, it does offer limited potential for water supply enhancement.
Wastewater irrigation of recreational facilities such as golf courses, is one reuse strategy

* which would result in more potable water for other consumers. Renovated wastewater
has also been used to create recreational lakes for boating and swimming. This strategy
appears to have very limited water supply potential.

An undeveloped opportunity for recreational wastewater reuse is instream flow
maintenance for fisheries. Utilizing this scheme, a base streamf low could be supplied

* from treated municipal and industrial effluents. Flow criteria would be determined from
minimum stream depth requirements for a viable fishery. The addition of large treated
wastewater flows might alter the aquatic environment and resulting type of fishery

* available for recreation. These changes could be controlled by additional wastewater
treatment and monitoring.

Navigation

Navigation has limited opportunities for wastewater reuse. Renovated water can be
substituted for natural flows in a navigational lock system to maintain sufficient depth
for ship passage. This reuse strategy requires controls to prevent the recycled water
from diffusing into and contaminating the fresh water supply at the lock ends. This
strategy is restricted to those areas with extensive lock systems.

* Power Generation

Cooling operations in power generating plants present possibilities for wastewater
reuse. Nuclear power plants require large amounts of water to dissipate waste heat
which is generated during the production of energy. During the heat dissipation process,

* a significant percentage of the cooling water is lost to evaporation. By using renovated
* wastewater in cooling towers and other cooling mechanisms, the evaporation

consumptive loss would remain the same but potable water supplies would be reserved for
other uses.

* Groundwater Recharge

The injection of treated wastewater effluent into groundwater aquifers is a practicable
method of using recycled water indirectly for potable purposes. If the soils and

* percolation characteristics of the aquifer are suitable and the time interval is of
sufficient duration, then the natural processes of filtration can restore the effluent with

* a minimal health risk. Generally, health regulations require a minimum of high quality
secondary treatment and often more advanced wastewater treatment to prevent any
contamination of groundwater supplies. Several sewage treatment plants in California
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have operated successfully for many years without any deterioration in groundwater
quality. The recharging of the aquifer with renovated wastewater allows for greater
groundwater withdrawals. The extent of groundwater supply enhancement by aquifer
recharge is not well known and is still being researched.

Surface Water Recharge

Planned indirect reuse of wastewater via upstream discharge of treated effluent into
surface water supplies is a new twist to an old idea. For years, municipalities dumped
sewage, treated or not, into streams which downstream users depended on for water

* supply. The municipalities ignored any concerns for downstream water quality.
However, by allowing for enough time for the natural stream cleansing processes to

* restore the wastewater, the wastewater can be turned into a water supply source. This
can be done by pumping treated effluent to a discharge point significantly upstream of
water supply intakes. The distance from discharge to intake is affected by the quality of
the wastewater discharge, the minimum dependable streamf low, and the stream water

* quality and flow characteristics. This strategy has high potential for wastewater reuse in
urban areas dependent on surface water sources.

Dual Water Systems

Dual water distribution systems present an interesting concept in wastewater reuse. The
essence of the concept is the development of two systems for water distribution: (1) a
system containing potable water for drinking, cooking, and other domestic uses which
require a high level of treatment and (2) a system with lower quality water for fire
protection, toilet flushing, lawn sprinkling, and industrial uses. The quality of recycled
water would still be quite high and even better than some sources being used for
conventional municipal water supply. Dual systems will have more potential in newly
developed areas than in already established urban centers since the cost of modifying the
existing distribution facilities in populated areas would be excessive. At this time, there

* are no known municipal dual distribution systems.

The most direct reuse of wastewater is the use of potable wastewater in municipal water
supply systems. At present, there are no municipal systems employing this strategy of
wastewater reuse in the United States. But in the*1970's, secondary effluent was
returned directly to the water distribution system in Chanute, Kansas, without any known
health effects. This strategy for reuse faces many implementation problems. Two of the
major problems are public acceptance and maintenance of high quality effluent. A
significant educational effort is required to overcome the general aversion of most
persons to drinking treated wastewater, regardless of its high quality. A direct potable

* reuse system must have treatment facilities and monitoring systems which are
* effectively designed to generate water quality control. Similarly, treatment plant
* operators must be skilled in the sophisticated production~ techniques which are employed

to maintain quality control. Direct wastewater reuse systems do not have a large margin
for error without risking human health. Additionally, I-o reach the level of potability,
AWT processes will be required. The costs of the additional treatment facilities must
compete with the expenses of new "fresh" water sources and other reuse strategies if
direct potable reuse is to be implemented.
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APPLICATIONS FOR THE METROPOLITAN WASHINGTON AREA

Wastewater reuse as a feasible water supply alternative for the MWA encounters
problems akin to most urban areas. Urban development has significantly reduced the

* undeveloped land except in the suburban MWA fringes. Yet, water supply demand and
effluent discharges are concentrated at the urban center. Consequently, transmission
costs reduce the cost-effectiveness of most wastewater reuse strategies.

Agriculture

In the MWA, agricultural land remains primarily in the outlying areas, particularly
• :Charles, Loudoun, and Prince William Counties. In these areas, crop irrigation draws

from irrigation wells that are privately owned, and thus, irrigation does not rely on
municipal water supplies which could benefit from an agricultural wastewater reuse
strategy. Additionally, if agricultural reuse were practicable for water supply
augmentation, irrigation water is such a small fraction of the MWA water supply demand

*and the effluent transmission distance would be so great that the costs would be
prohibitive for a regional reuse scheme. Reuse may be feasible for a small farm
community with local water supply problems; however, for the MWA region agricultural
wastewater reuse does not appear to be practicable.

* Industry

In many urban areas, industrial use is a major water consumer. In the Washington region,
the industrial and commercial water use is projected to range from a current level of 49

, MGD to 105 MGD in the year 2030, as shown in Table G-10. These figures represent a
range of 11 to 14 percent of the total water demand. Of the major industrial users,
almost all are food-processing operations which require potable water. In the WSSC
area, which has the largest industrial use in the MWA (I 1 MGD in 1980, and 43 MGD
projected for 2030), the large industrial water consumers include Coca-Cola Bottling
Company (0.230 MGD), Safeway Dairy (0.175 MGS), Frito-Lay, Inc. (0.156 MGD), Giant
Food Milk Plant (0.170 MGD), and Pepsi-Cola Bottling Company (0.128 MGD). Mineral
pigments (0.216 MGD) and Rockville Crushed Stone (0.159 MGD) are the only significant
non-food processing water users in the WSSC. The limited industrial water use is
repeated in the remainder of the metropolitan region. Hence, there is no single
industrial user in the MWA which could reuse significant quantities of wastewater as a
substitute for publicly supplied water. An industrial reuse scheme would have to involve
many small industries which are currently scattered throughout the Washington region.

* This wastewater reuse strategy has very little potential as a cost-effective approach for
water supply in the MWA.

The MWA does not have a significant water-consuming power-generating plant within its
defined boundaries nor an extensive navigational fresh water use. Major navigation is
restricted to the Potomac Estuary. Consequently, navigational and heat-dissipation
wastewater reuses are not feasible alternatives. Also, because the MWA is already
extensively developed, dual water systems are highly improbable, as discussed earlier.

Groundwater Recharge

Currently, in Charles and Prince William Counties, approximately 40 percent of the
water demand is satisfied by groundwater. It is anticipated that continued growth in
these counties will place a greater demand on their groundwater resources. Recharge of
groundwater aquifers with wastewater is a potential water supply alternative for these
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TABLE G-10

; j

MWA COMMERCIAL/INDUSTRIAL WATER DEMAND
PRO3ECTIONS-BASELINE CONDITIONS

Commercial/Industrial
Demand Total Water Percent of

Year (MGD) Demand Total Demand

1976 45 421 11
1980 49 439 I1
1990 63 530 12
2000 73 593 12
2010 83 649 13
2020 94 710 13
2030 105 765 14

areas that have and utilize groundwater resources. Two general approaches are injection
of wastewater directly into the aquifer and spreading of wastewater to allow for natural
filtration through the soil. These approaches were considered in the long-range phase of
the study but because of the great degree of uncertainty associated with them, they were
not considered to be as feasible as several of the other alternatives.

To begin with, to be considered as a viable alternative, this method of wastewater reuse
would have to provide large amounts of water. The only area of sufficient capability for
recharge is the Atlantic Coastal Plain. While potential yield estimates of the Coastal
Plain aquifers were developed by the U.S. Geological Survey for the Corps of Engineers,
there was no determination of the need for, or benefit of, wastewater recharge in the
aquifers. The majority of the groundwater resource is in the deep aquifers; up to now,
local withdrawals in the study area have been minimal and the new pumping levels
simulated by the USGS were at a duration and rate that did not significantly impact the

, existing resource. This raises another question of whether the aquifers need to be
• recharged in this fashion at all. Then, the question of which aquifer to recharge has to

be addressed. Do you recharge the surface formations or the deep water-abundant
aquifers? The availability of large tracts of land is another constraint. There is also a
question of potential health problems which may arise especially with a wastewater
injection program. Finally, there is the question of whether the appropriate aquifers
could easily be tapped and used as a source of supply for the MWA. For these reasons,
groundwater recharge was not considered further.

Direct Reuse

An additional wastewater reuse strategy would employ direct potable reuse, in which
treated wastewater (of a very high quality) would be transmitted to and utilized directly
in the water supply system. This alternative may prove feasible with advances in
wastewater treatment engineering. However, until that time, public attitude toward
such a scheme will prevent its implementation. Other schemes such as the surface water
recharge concept previously developed may have a better possibility for implementation.
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Potomac River Recharge

A possible water supply alternative for Potomac River uses is a scheme for discharging
highly treated effluent either upstream or downstream of the Washington water supply
intakes. This would effectively increase the safe yield of the Potomac River at
Washington, D.C., by the amount of the wastewater discharge. Upstream discharge
alternatives were originally evaluated in the Northeastern United States Water Supply

* (NEWS) Study which was completed in 1977. To be suitable for indirect reuse in this
manner, the wastewater discharge would require advanced wastewater treatment beyond
conventional secondary treatment in order to meet the stringent effluent guidelines
imposed by Federal and state agencies.

* The NEWS study investigated three sites for AWT effluent discharge. The AWT projects
were a Montgomery County AWT plant (future facility), a Fairfax County AWT plant
(future facility), and the Blue Plains (existing Washington, D.C., facility) Pumping
Station-Pipeline. All three schemes would discharge effluent to the Potomac River near
Dickerson, Maryland, which is located 1.5 miles upstream of the FCWA intake and 28
miles upstream of the Little Falls intake. As presented in the NEWS Report, the costs
associated with these schemes were very high (+$200 million).

* The Montgomery and Fairfax plants were planned for continuous operations; the Blue
Plains discharge would be on an as-needed basis. The Montgomery and Fairfax AWT
plants have not gone beyond the conceptual stage and no actions are planned for the
future; there is much opposition from local citizens and Federal officials to the
expensive treatment facilities. Also, the Maryland Environmental Health Administration

* (EHA) has not approved the Dickerson site for AWT discharge. EHA is concerned that
the effluent discharges might jeopardize the Potomac water supply during low flows.
Since no specific effluent discharge criteria exist for drinking water supplies, EHA plans
to evaluate any proposal for treated effluent discharge on a case-by-case basis.

MWA Water Supply Study Investigations

Despite the shortcomings surrounding recharge above the MWA water supply intakes, it
was felt that the feasibility of such an alternative still merited further study and
updating from a long-range viewpoint. Furthermore, a recharge scheme involving a
discharge location below the last Potomac River water supply intake at Little Falls was
introduced as an alternative to the upstream location.

Figure G-10 depicts the two recharge possibilities. They involve the pumping of 100 to
200 mgd of highly treated effluent from the downstream sewage treatment plant(s) to
either a discharge point immediately downstream from the Little Falls intake or eight

* - miles further upstream. These discharges would augment the natural flows in the
Potomac on an as-needed basis. The upstream location would directly increase the flow
in the river in the vicinity of the Potomac intakes whereas the downstream location
could only be used as an "environmental flowby" substitute, thus permitting the Potomac

* River users to benefit from the corresponding "natural" flow in the river which would
otherwise pass to the Estuary unused.

In order to prevent any possible degradation of the water supply, the outfall would have
to be located sufficiently lownstream from the water supply intakes or a barrier and

* monitoring system would have to be provided. In all likelihood some form of advanced



wastewater treatment would be required of the effluent although the State of Maryland

does not generally object to a discharge downstream from the water supply intakes.

An effluent discharge in the range of 100-200 mgd could be supplied by the Blue Plains
plant which is located approximately 13 miles downstream from the Little Falls intake.
Blue Plains presently has a discharge in excess of 300 mgd and may be expected to
expand over the next fifty years and have a project discharge of nearly 500 mgd. On the
Virginia side of the Potomac, the Arlington and Alexandria sewage treatment plants
presently release a flow of approximately 60 mgd. The total projected flow of these
plants is expected to reach approximately 80 mgd within the planning period. Given the
above plants as potential sources, it was decided that a scheme using the Blue Plains
plant as a source would be investigated in further detail.

Design and Cost of Potomac River Recharge Alternatives

Two proposals were considered. The first called for pumping the treated water upstream
from Blue Plains to Little Falls, a distance of approximately 13 miles. The second
alternative was very similiar, the only appreciable difference being that the water was
pumped an additional eight miles upstream, to Great Falls. Two flows, 100 MGD and 200
MGD, were investigated for both alternatives.

Costs for both the pipeline and the associated pump station(s) were estimated using the
Methodology for Area-wide Planning Studies (MAPS) computer program. The MAPS
program was developed by the U.S. Army Corps of Engineers' Waterways Experiment
Station. It is a generalized planning tool for evaluating water resource alternatives. As
such, it provides preliminary design and cost estimates for comparison purposes.

The costs in the MAPS program account for many of the independent variables that
normally impact on costs. Consequently, the results are usually more accurate than
generalized cost curves available in literature, which are a function of only one or two
variables. The MAPS program takes user-specified, engineering design data and applies
several cost functions to determine various construction costs and operation and
maintenance costs. Itemized construction, total construction, overhead, land, total
capital, amortized capital, operation and maintenance, labor, material and supply, power,
total operation and maintenance, and average annual costs are provided by the program.
All costs are calculated by the program except for the land cost which is input directly
by the user. The costs are based on a set of economic data (user-specified) which reflect
October 1981 economic conditions. The cost estimates, however, do not reflect site
specific design considerations.

The economic data assumed for this study include an Engineering News Record (ENR)
Construction Cost Index of 3672 and a power cost of 4.0 cents per kilowatt-hour. This
value reflects the cost of electricity for commercial properties serviced by the Virginia

v Electric Power Company (VEPCO). For the amortization calculations, the Federal Water
Supply interest rate of 7.625 percent was assumed along with a 50-year payback period.
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FIGURE GJQlO

REPRESENTATION OF FLOWBRY REPLACEMENT SCHEME
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The MAPS program uses the economic data and information describing the pipe and pump
station to perform a cost analysis. It integrates the data from these components and, for
a given flow, lists a series of possible pipe sizes and the associated number of pump
stations needed. It also computes some characteristics of the system (in-pipe velocity,
system losses and required pump head) along with capital, O&M and annual costs of both
the pipe and pump stations.

Much of the input data for the pipes came from USGS topographic maps. They include
the length of pipe, the initial elevation, the peak elevation, and the final elevation of
both pipe routes. In addition, the number and type of pipe appurtenances were estimated
from the physical layout of the routes. The possible appurtenances included gate valves,
standard elbows, medium elbows and long sweep elbows. The percent of terrain type for
both alternates was also estimated for the cost program. This information is listed in
Table G-IOA. The last identifying item was the cost of right of way for each pipe. This
value was calculated from the length of pipe and a $1 million per mile estimate of the
right of way, based on land costs developed by the Corps of Engineers for the central
MWA corridor.

Prestressed concrete cylinder pipe was chosen for the pipe material; this was consistent
with similarly sized raw and finished water interconnections in the MWA. The pipes were
assumed to be laidI under dry soil conditions with no rock excavation required. They
would be laid in a rectangular trench with a depth of 3 feet greater and a width of 1.5
feet greater than the pipe diameter. No concrete cradle was assumed.

The MAPS program designed and priced the pump facilities according to the following
assumptions. First, an efficiency of 80 percent and a downtime of 58 percent were
assumed. Downtime is that time in which the pumps are not working. It was estimated
that the pumps would operate only 5 months during a drought year. Other assumptions
included that a single station could provide no more than 1,000 feet of head, would not
have a wet well, but would have an electrical switchyard. A switchyard is often required
to provide necessary voltage for larger pumps.

From the range of pipelines and corresponding costs generated by the MAPS program, an
optimum pipe size was selected for each route and flow rate. These are shown in Table
G-IOB. Both design and economic considerations affected this selection. From a design
standpoint, in-pipe velocities should not exceed a maximum of 10 feet per second (FPS)
and design velocities are commonly 4 to 6 FP'S. Velocities exceeding 10 FP'S can cause
erosion of pipe material or high pressure differentials (i.e. water hammer). From an
economic viewpoint, the capital, annual and O&M costs must all be taken into
consideration. Capital costs increase with increasing pipe size, as one would expect, due
to the additional excavation needed. On the other hand, O&M cost decrease with
increasing pipe size. This is because smaller pipes have a greater friction loss than
larger pipes, and require more mechanical energy to move a given volume of water.

Impacts of Recharge Alternatives

Given the approximate pipe diameters which were chosen, consideration was then
directed to the pipeline route between Blue Plains and the discharge points. After only a
cursory examination of the area to be traversed by this pipeline it became evident that
the environmental and cultural impacts of such a project would be extremely severe.
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TABLE G-IOA

DESCRIPTION OF PIPE SEGMENTS

BLUE PLAINS TO BLUE PLAINS TO
"'"'ITEM LITTLE FALLS GREAT FALLS

" Length of Pipe 68200 ft 11000 ft

Initial Elevation 10 ft 10 ft

Peak Elevation 250 ft 380 ft

Final Elevation 30 ft 140 ft

Gate Valves 3 8

Standard Elbows 3 5

Medium Elbows 6 9

Long Sweep Elbows 11 14

Terrain Type

Sparse Residential 20 % 40 %

Dehse Residential 30 % 30 %

Commercial 50 % 30 %
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TABLE G-10B

WASTEWATER REUSE SCHEME COST SUMMARY

Blue Plains to Little Falls Blue Plains to Great Falls
100 MGD 200 MGD 100 MGD 200 MGD

Pipe Diameter (inches) 66 96 72 108

Length (miles) 12.9 12.9 20.8 20.8

Pipeline Capital Cost $ 40,900,000 70,000,000 71,400,000 131,000,000

Pump Station Cost $ 5,100,000 8,630,000 5,830,000 9,940,000

Total Capital Cost $ 46,000,000 78,630,000 77,230,000 140,940,000

O&M Total Cost ($/Yr) 527,100 730,000 853,000 1,304,000

Average Annual Cost
($/Yr) 4,130,000 6,880,000 6,890,000 12,300,000

Velocity (Feet per second) 6.5 6.2 5.5 4.9

Pump O&M ($/Yr) 457,000 614,000 732,000 1,090,000

Pipe O&M ($/Yr) 70,100 116,000 121,000 214,000

*Costs were based on October 1981 values, and an interest rate of 7.625 percent. Total O&M cost
include pipe O&M plus pump station O&M.

. '

G-46

,.. 4 ..



Construction of a pipeline of this size would be expensive even under optimum
conditions. Furthermore, the design and construction practices that would be required
through large park areas which have high natural significance would likely make a project
of this type economically impractical and socially disruptive.

While not possible at this time, future consideration should be given to a flowby scheme
* in the event a major (flows in excess of 100 mgd) wastewater treatment facility is ever

constructed in the northern portion of the MWA. If, for example, a major plant was
constructed in Montgomery County it may be feasible to direct the effluent from that
plant to a Potomac outfall downstream from the Little Falls intake. The economic,
environmental and social impacts of such a proposal might be less severe than those
noted for a Blue Plains related scheme.

Further consideration should also be given to the type of additional treatment required.
Admittedly, the type of additional treatment required is a matter of speculation at this
point. A more comprehensive water quality analysis to include both numerical and
physical modeling would be required to better understand both the hydrodynamics and the
water quality implications of the proposed scheme. Given this information the level of
additional treatment required, if any, could be selected.

A major concern for the Little Falls discharge point would be the potential conflict this
outfall might create with respect to the Washington Aqueduct Emergency Estuary
Pumping Station. The operation of this intake, designed for use only during emergency
conditions, is contingent upon a safe and treatable supply in the uppermost portion of the

+. estuary. Wastewater discharges from Blue Plains in the vicinity of this intake would
have to be critically evaluated to determine if, in fact, the emergency pumping station
could be safely utilized.

The Potomac River system is not the only water system which would be feasible for
upstream effluent discharges. The Occoquan and Patuxent River reservoirs could also be
augmented by wastewater reuse, although the available wastewater flows would not be as
significant as the Blue Plains discharge. However, the same problems of Potomac
discharges would still remain: (1) the location of discharge, in order to retain the potable
water supply in the system; (2) the required quality of the effluent discharge; (3) public
acceptance; and (4) cost-effectiveness.

CONCLUSIONS

Presently, wastewater reuse is not widely practiced. Its economic efficiency will be one
of the primary factors in determining the future of wastewater reuse. Wastewater reuse
projects will incur additional costs for advanced wastewater treatment, (i.e., costs for
special equipment, process chemicals, and energy consumption). The conveyance of
effluent to the reuse site, monitoring systems, etc., will add to the expense of a
wastewater reuse strategy. The ultimate cost-effectiveness of the reuse strategy will be
contingent upon the costs of alternative water supply sources in the future.

* In addition to the economic aspects, the feasibility of wastewater reuse implementation
depends on the satisfactory resolution of several key issues:

1. public acceptance.
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2. public health concepts - potential contamination of water supply sources and the
build-up of pollutants to toxic levels.

3. institutional acceptance - environmental, wildlife, and health agencies at
Federal, state, and local levels.

4. economic complications - cost distribution among water and wastewater
agencies, rate structures for freshwater versus recycled wastewater, etc. The solutions
to these problems may prove to be very difficult; however, advances in technology and
the lack of alternative water supply sources could be the justification for wastewater
reuse as a water supply answer in the future.

For the MWA, various reuse strategies were evaluated on a conceptual basis. Of the
measures considered recharge of the Potomac recharge appeared to hold most promise
and was considered further for long-range formulation.
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WATER PRICING

INTRODUCTION

The legislation which authorized the MWA Water Supply Study included several
stipulations regarding the conduct of the study. Two of these stipulations are addressed
in the discussions of wastewater reclamation and water conservation in other sections of
this appendix. A third condition that was to be assessed during the course of the study is
the effect water pricing policies may have on the future demand f')r water. That is to
say, would adjustments in the price of water charged to consumers be an ef fective way
of reducing the overall demand for water in the M WA.

To comply with the intent of the authorizing legislation, the role of water pricing in
water supply planning for the MWA was examined during the analysis of long-range
alternatives. In September 1980, a contract was initiated with the firm of Jack Faucett
Associates to develop price data and analyze the effects of pricing policies on water

* demand in the MWA. The general purposes of this study were:

1 ) to develop concepts for better pricing and for measuring impacts of price
changes;

2) to determine the effectiveness of prices and pricing (rate) strategies in
-. reducing demand,

3) to evaluate impacts of alternative pricing strategies, and

4) to determine the feasibility of implementing various pricing strategies; that is
identify practical and political constraints.

* The consultant's analysis was completed in June 1982 and the consultant's final report is
* included as Annex G-11 to this appendix. The intent of this section is to summarize the

consultant's work effort and to highlight the findings and conclusions.

FORMAT OF PRICING STUDY

* As a result of the early-action analysis documented in the August 1979 Progress Report,-
Plans for Choice were developed only for the Potomac water users rather than for the
entire MWA. This was done because the early-action alternatives examined had little or
no applicability to the outlying service areas while their potential for solving the
Potomac users' water supply problem was great. The general approach taken in the
water pricing analysis was compatible with the approach followed in the early-action

* effort. Two general areas comprising the MWA were examined in the water pricing
analysis albeit to somewhat differing degrees, but examined nonetheless. The conduct of
the MWA water pricing study as an analysis of Potomac River users and one of outlying
service areas was pursued in this manner for several reasons:

1) because several water suppliers rely on a raw water source common to them
all, it was felt that this interdependence should be maintained in the analysis,

2) the existence of many smaller systems in the outlying service areas, each
relatively independent in its own right,
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3) anticipated problems with data collection especially in the outlying service
areas,

4) at the time of contract commencement, there existed potential for the
development and adoption of a regional water supply strategy by the Potomac River
users; consequently, an analysis of pricing policies in a Potomac River context could be
of special interest if regional water supply strategies were to be implemented.

The scope of work contained several tasks which were designed to provide indication of
the degree to which pricing policies would reduce the amount of demand growth to be
faced by water suppliers. The tasks included the consideration of water supply/waste-
water relationships, the development of demand elasticity estimates, the consideration
of inflationary effects on future costs, and the development of a water pricing strategy.
However, because of the dynamic nature of water supply planning in the MWA during the
past several years, the direction of the pricing analysis was altered. This will be
explained later in this section.

ISSUES AND CONCERNS

Similar to many other alternatives, water pricing strategies have their proponents and
their opponents. Many environmental interests view water pricing as being preferrable
to structural alternatives because of the minimization of environmental impacts. Some
environmentalists and consumer interests hold the view that growth-related connection
charges should not be passed to existing water users. In this way, the higher costs of new
facilities would be borne wholly by those causing the growth (and higher costs) and,
therefore, environmental costs of expansion would be better reflected. Consumer
advocates may feel that pricing for conservation has merit but that the imposition of

-* water pricing may not be equitably distributed. Utility planners are required to provide
adequate service, and since both the responsiveness of water demand to price changes

* and inflationary effects on construction costs are uncertain, there is an uneasiness
associated with water pricing. The economist and the rate analyst understand the basic
flaws in many current rate structures. The cost of water during peak use periods is
underpriced and may encourage waste thus contributing to demand for new capacity.
Economists believe pricing should focus on the timing of demand use rather than (as the
rate analyst believes) on the amount of demand. Peak period rates should be used tn
distribute the high cost of peak capacity to those who demand peak period water.

All of the above concerns address basically the same objectives - efficiency and equity;
* - that is, making the best use of resources and distributing cost so that everyone pays their

fair share - no more and no less. The theoretically "best" way to accomplish these
objectives is through the use of peak period marginal cost pricing. This approach to
pricing represents the opportunity cost of the resources used to provide water in peak
periods. The "marginal cost" is the cost to produce the last unit of a good at the peak
period level of output. It was this concept of marginal cost peak period pricing that was
used as the evaluative standard in the analysis of pricing in the MWA.

* METHODOLOGY OF PRICING STUDY

Approximately fifty percent of the effort expended during the course of the pricing study
was directed toward the development of a data base. Twenty-two individual
water/wastewater billing agencies were analyzed based on the existing data. Table G- I I
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*presents ths agncescaegrie as Potomac users or utlyig service area utilities.
* lBecause water billing is influenced by wastewater use and billing., it was necessary that
* wastewater costs also be collected and analyzed jointly. This proved to be a very

intensive task due to the complexity of the water/wastewater infrastructure. Figure G-
11 is a representation of the existing network.

Subsequent to collecting this cost information, disaggregation and reclassification of the
* data occurred to permit analysis of costs in terms of peak and non-peak use. This cost
* categorization, presented in Table G-12, was necessary f or proper development and

analysis of a rate structure based on marginal cost peak period pricing. A three-part
rate structure was designed which included a fixed charge, a commodity charge, and a
peak use charge. The fixed cost portion reflects costs such as billing costs that do not
vary with the quantity of water or sewer flows. The commodity charge portion of this

* rate structure reflects capacity costs (and related O&M costs) incurred to meet average
* day demands. The peak season surcharge represents the portion of capacity (and related

O&M costs) used during the peak period.

Along with development of this three-part rate structure, future water supply costs were
estimated. These costs were then incorporated into the utilities' existing rate structure
and the one just described to arrive at estimates of future water costs in cents per
thousand gallons. The results of this eff ort as influenced by recent developments
provided the rationale for the several findings of the pricing study. t.

Rf~F1NJT WATR SUPPLY ACTIVITIES

Shortly after initiation of the water pricing analysis, efforts to develop and institute a
coordinated approach to water supply planning intensified. The Washington Metropolitan
Water Supply Task Force (discussed in detail in the Main Report) had determined that
with coordinated use of the -Potomac River and existing reservoirs, only the Little Seneca
Lake project needed to be built to satisfy area water demands to the year 2030. Stated
differently, if such agreements were negotiated, no costs, other than Little Seneca
project costs, would be incurred for additional capacity (peak or otherwise) during the

* planning period. This supply management technique could greatly expand the capacity of
existing supply projects at relatively little cost. Concomitant with this development was
the June 1981 acceptance of a Potomac River flowby value by the signatories to the
Potomac Low Flow Allocaton Agreement. The accepted minimum value of 100 mgd
further contributed to the realization that structural water supply alternatives would not

* be constructed in the future.

FIND)INGS AND) CONDITIONALS

As demand has exceeded the capacity of nearby and easily developed water sources, the
cost (including the environmental cost) of providing new water supply capacity for urban
areas has escalated significantly. Pricing policy has become a potentially
effective means of controlling the rate of demand growth and thus economizing on
capacity costs.
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TABLE G-I I

WATER/WASTEWATER BILLING
AGENCIES

POTOMAC RIVER UTILITIES

, District of Columbia/Washington City of Rockville
Aqueduct Division

Washington Suburban Sanitary Commission Arlington County

Fairfax County Town of Vienna

City of Alexandria Dale City

City of Falls Church Occoquan Woodbridge/Dumfries
Triangle Sanitary District

OUTLYING SERVICE AREA UTILITIES

" Loudoun County Sanitation Authority Town of Quantico

Town of Leesburg Greater Manassas Sanitary District

City of Fairfax City of Bowie

Town of Herndon Town of LaPlata

• City of Manassas Town of Indian Head

City of Manassas Park Charles County
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TABLE G-12

COST CATEGORIES DEVELOPED FOR
WATER PRICING ANALYSIS

CATEGORIES DESCRIPTIONS

Water Short-Run Marginal Cost

" Water Source O&M (flow) - example: raw water pumping
Water Treatment O&M (flow) - example: chemicals
Water Distribution O&M (flow) - example: finished water pumping

Water Long-Run Marginal Cost

Water Source Capacity - new supply projects
Water Source O&M (capacity) - example: maintenance crew for a new

reservoir
Water Treatment Capacity - new treatment plant capacity
Water Treatment O&M (capacity) - example: labor to staff new plant
Water Transmission Capacity - new transmission mains
Water Transmission O&M (capacity) - example: line maintenance for new main

Sewer Short-Run Marginal Cost

Wastewater Treatment O&M (flow) - example: chemicals
Wastewater Collection O&M (flow) - example: pumping

Sewer Long-Run Marginal Cost

Wastewater Treatment Capacity - new wastewater treatment plant capacity
Wastewater Treatment O&M (capacity) - example: labor to staff new plant
Wastewater Collection Capacity - new sewage collection mains
Wastewater Collection O&M (capacity) - line maintenance for new mains

Fixed Costs

Administration - example: general administration, billing, etc.
Water Distribution Capacity - unretired costs of existing water distribution

system
Water Distribution O&M (fixed) - line maintenance on fixed distribution system
Wastewater Collection (capacity) - unretired costs of existing wastewater

collection system
Wastewater Collecton O&M (fixed) - line maintenance on fixed collection system

NOTES:
O&M (flow) = O&M costs that are a function of flow
O&M (capacity) = O&M costs that are a function of new capacity
O&M (fixed) = O&M costs that are a function of fixed capacity
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In theory, a marginal cost peak period rate structure will produce higher prices reflecting the
high cost of new capacity and therefore result in a more economical rate of demand growth.
Further, the rate of growth produced by a marginal cost peak period rate structure is the
theoretically optimal rate of growth from a benef it/cost viewpoint (provided all relevant

* benefits and costs are accounted for). Prices higher than marginal cost peak period rates
produce less than optimal levels of consumption; more is lost in foregone benefits of

* consumption than is gained in foregone costs of new capacity.

Only a few studies have attempted to apply this theory to practical situations in the water
industry. The findings of these studies indicate that there are two major limitations to
practical application: (1) marginal cost peak period pricing tends to work better in the west
where water resources are more scarce and expensive to develop, and (2) the effectiveness is
diminished if fixed costs, which cannot be included in marginal cost rates, are a high proportion
of total costs.

In the MWA water pricing analysis, both of these limitations were found to be important. New
strategies for regional cooperation in supply management have made great economies of scale
available to the Potomac dependent utilities. Through coordinated operation of the existing
supply facilities in the region, the utilities have expanded the potential of existing capacity,

* reduced the unit cost, and postponed the need for new capacity.

It was also found that the proportion of fixed costs to total costs in utilities within the region is
* relatively high further decreasing the potential effectiveness of marginal cost peak period

pricing. This is especially evident because both water and sewer costs were covered in the
study and the combined fixed investment represented by the distribution and collection systems
is substantial. Yet, sewer costs must be included because sewer rates are based on water
consumption and many consumers, receiving a combined billing, regard both services as a single
commodity.

As a result of these limitations, it was determined that a marginal cost peak period rate
* structure would not produce a reduction in the rate of demand growth in the Metropolitan

Washington Area in the near future (not before the year 2000). The marginal cost peak period
rate would be less than the price charged under current rate, structures because of the high
fixed cost and the reduced cost of new capacity made possible by supply management.

* This major finding is conditioned by the study assumptions especially as they relate to order of -
* magnitude, error involved in cost estimates, and exclusion of intangible or external costs from

consideration. For this reason, it is one thing to say that marginal cost pricing will not work
now and quite another to say that it will be worthwhile later. Factors addressed in the analysis
which may change are:

1) the amount of demand reduction due to conservation may be more or less than that
* reflected by Water Conservation Scenario Three,
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2) the amount of flowby required to sustain water quality may be greater than the
present amount of 100 mgd,

3) f actors aff ecting cost forecasts could change (though an eff ort was made to err on the
* high side),

4) an additional allowance for intangible social costs (such as environmental costs of new
* water supply capacity) may be warranted for items not included in study estimates.

In summary, given the above conditions, the unusual economics of scale related to the new
capacity made possible by regional supply management have made marginal cost peak period
pricing an ineffective tool for demand management in the short run. Over the longer term, it is
likely that either changes in the assumed conditions or continued demand growth will produce a
situation in which costs rise fast enough to justify the use of marginal cost pricing.
Furthermore, the move towards regional cooperation engendered by the attraction of supply

* management has produced new institutional arrangements that have the potential to assure that
a transition to better pricing policies will be forthcoming as conditions change.

In designing an institutional approach to sharing the cost of regional cooperation in supply
management, the Potomac dependent utilities have agreed to share the cost of future capacity
in proportion to their respective shares of the growth in regional peak period demand. This
mechanism can act as a built-in device that will provide strong incentives to utilities to move

* towards either marginal cost peak period pricing or a similar rate design when conditions
warrant it.

The following recommendations are made to enable utilities to be in a better position to
recognize and take advantage of pricing opportunities in the future:

1) Better documentation of cost data according to "avoidable cost" categories would
permit more accurate assessment of pricing policies.

2) More extensive forecasting of future costs would improve the quality of pricing
analysis and permit, utilities to view the future in terms of their own inflation and
interest rate assumptions.

3) Greater study of options for modifying billing practices to coincide with peak periods
would refine the ability to design peak period pricing strategies.

4) More extensive economic research and data collection on demand elasticity should be
performed to improve the ability to forecast the effects of pricing policies.
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CONSERVATION AND DEMAND REDUCTION

INTRODUCTION

To an increasing degree, the use of the term "conservation" or the phrase "conservation
and demand reduction" is occurring in discussions of the interactive relationship between
the demand for water and the availability of supply. Stated in a simple manner,

-conservation and demand reduction is the means of decreasing the use of water while
more efficiently utilizing available supplies. Water conservation can also be defined as
any beneficial reduction in water use or water losses. Situations of drought and shortage
in various sections of the United States have demonstrated the viability, acceptability,
and effectiveness of the practice of conserving water. With the use of water, as well as
the cost of supplying it, expected to increase, the concept of water conservation is being
looked to not only as a short-term emergency solution, but also as a means of decreasing
everyday use of this valuable and necessary resource.

Within the Metropolitan Washington Area, this concept has attracted increasing attention
from all areas of concern: citizens, special interest groups, water utilities, and water
resources planners. This discussion of conservation and demand reduction is oriented

"* toward a presentation of the concept as one of the several components considered by the
MWA Water Supply Study. This section will present results of the work effort undertaken
for the Corps of Engineers by Camp, Dresser, and McKee (CDM) to formulate specific
water conservation and demand reduction programs for the MWA and simulate their
effectiveness.

This section will briefly trace developments resulting in the increased emphasis on water
conservation and demand reduction in the MWA. Then, the water use analysis undertaken
by CDM will be summarized by water service area and the techniques considered as
water-saving measures will be described. This will then be followed by a discussion of
the water conservation scenarios developed during the study. This section will conclude
with a discussion of the estimated costs of scenario implementation over the course of
the period of analysis.

WATER CONSERVATION IN THE METROPOLITAN WASHINGTON AREA

In October 1965, Congress enacted Public Law 89-298 which, through Title 1, authorized
the Northeastern United States Water Suppy (NEWS) Study to examine various
alternatives for addressing the long-range water requirements of the northeastern areas
of the country. The MWA segment of the NEWS Study recognized that there was
evidence of a growing interest in developing and implementing conservation measures in

S.the region. In response to this tendency toward increased use of water-saving devices,
. the NEWS Study examined several means of reducing water use in the MWA including
.. pricing, water-saving devices, and temporary use restrictions. No specific conservation

plans were developed, but the NEWS Study water demand projections were reduced by
one million gallons of water per day per year to reflect anticipated effects of
conservation.

In response to the findings of the NEWS Study, Congress, through Section 85 of Public
Law 93-251, authorized a detailed analysis of the water supply problem in the
Metropolitan Washington Area. By examining various immediate and long-range
alternatives, the MWA Water Supply Study furthered the work initiated by the NEWS
Study. One of the components examined in detail was conservation and demand
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reduction. This component was chosen as a viable element after a series of workshops
with the public and water resources specialists (more information on this aspect can be
found in the Public Involvement Appendix). Amplifying this public sentiment were
existing education campaigns to conserve water, as well as several instances of
emergency water use restrictions incurred in 1977.

During the year of 1977, several areas of the country experienced drought or shortage
situations to varying degrees. The MWA, unfortunately, was not excluded from this
occurrence. In Maryland and Virginia, conservation and demand reduction measures were
implemented to counteract two distinctly different situations. The situation on the
Maryland side of the Potomac River was attributed to mechanical failure, while the

*: reason for attempting to decrease water use in Virginia was the direct result of natural
occurrences.

On 6 July 1977, an electrical fire at the Potomac River Water Treatment Plant of the
Washington Suburban Sanitary Commission (WSSC) system caused several pumps to cease

- 'operation. Several pressure zones were directly affected, resulting in the imposition of
emergency restrictions designed to curtail all but essential use of water. Fortunately,
water was still available through the Patuxent Water Treatment Plant and from District
of Columbia and Rockville system interconnections. Not a prolonged situation, the
emergency restrictions were removed shortly thereafter, but the effectiveness of these
restrictions was immediately proven.

The situation on the Virginia side of the Potomac River was of a slightly different
. nature, but it also served to illustrate the effectiveness of conservation and demand

reduction measures. The Fairfax County Water Authority (FCWA) was experiencing
below-average rainfall in the drainage basin of its supply source, the Occoquan Creek
Reservoir. The situation worsened in the fall of 1977 as the Reservoir experienced
severe drawdown. This situation, however, was not restricted to the FCWA; eventually,
16 Virginia counties were declared drought disaster areas. Consequently, the
Commonwealth of Virginia enacted emergency legislation implementing conservation and
demand reduction techniques. The FCWA drought situation did not totally resolve itself
until November of that same year.

* In response to the situation in 1977, various jurisdictions enacted legislation that in some
way affected the degree of water use in the MWA. In May 1978, the Maryland General
Assembly enacted legislation effective I January 1979 which altered previous plumbing
regulations by incorporating water-saving plumbing fixtures into new residential and non-
residential construction. This Bill is presented as Figure G-12.

On 6 July 1977, the District of Columbia adopted the "Water Conservation Act of
1977." This legislation requires that "all plumbing fixtures and devices installed in a
building, structure or premise in the District of Columbia shall be of a water saving
design approved by the Mayor." Included as part of this law is a presentation of
maximum allowable use rates for specific devices. The Act also indicates that
replacement of existing devices will be accomplished with water-saving fixtures. The
"Water Conservation Act of 1977" went into effect I November 1977 and is included as
Figure G-13.

The Commonwealth of Virginia, subsequent to its 1977 drought experience, enacted
legislation allowing the various jurisdictions within the Commonwealth to develop

ordinances and regulations pertaining to water conservation and water shortage
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emergencies. Still concerned with present problems in the Commonwealth and
* recognizing the future importance of the water resource, the Virginia General Assembly

passed a resolution addressing water conservation. This resolution requested the Board
of Education to include in its curriculum methods to educate persons as to the benefits
and means of practicing water conservation. This House Joint Resolution is presented as

* Figure G-14.

* The examination of conservation and demand reduction as a viable component of the
MWA Water Supply Study began September 1977. Several months later, the President

* issued a statement dealing with water conservation and its designation as a National
priority. The President's Water Policy Message of 6 June 1978 is presented in Figure
G-15. Subsequent to his Message, the President issued a memorandum addressing
specific items relating to conservation. Already incorporated into the planning activities

* of the MWA Water Supply Study, conservation and demand reduction considerations
became a National concern and as such their importance in addressing the water supply
problem in the MWA has been heightened.

* Since the publication of the Draft Progress Report for the MWA Water Supply Study in
August 1979, several events have served to further the notion that water conservation is
a viable concept. In recognition of the water shortage situations in the MWA, the
Metropolitan Washington Council of Governments drafted a Water Supply Emergency
Agreement (WSEA) in 1978. Contained within the agreement is a Water Supply
Emergency Plan (WSEP) which details emergency actions and curtailments that would be
implemented in the event of Potomac River shortages. By addressing means to conserve
water during shortage periods, this plan complements the Potomac Low Flow Allocation
Agreement, which is designed primarily to distribute available supply during times of a
water shortage. In December 1979 this Water Supply Emergency Agreement was
approved by the local governments. Signatories to this agreement are now required to
observe the Water Supply Emergency Plan which is reproduced as Annex G-I to this

* appendix.

In response to unseasonably dry weather in the fall of 1980, which continued into the
winter of 1981, several Virginia jurisdictions imposed water use restrictions on their
residents. Fairfax Cou. ty, Prince William County, and the City of Alexandria instituted

* rationing plans based on elements of the Water Supply Emergency Agreement.
* Additionally, the State of Maryland developed a drought and water shortage response

plan (August 1981) which outlines actions to be taken by the State agencies to mitigate
drought impacts. The State of Maryland, through the Water Resources Administration
(WRA) is also developing a state-wide water conservation program which is to be an on-
going activity providing information and assistance to state residents. The Mayor's
Office of the District of Columbia is also currently involved in the development of
procedures to institute a water conservation program.

* LMWA WATER USE PATTERNS

The development of the baseline water demands presented in Appendix D - Supplies,
Demands, and Deficits, as well as the development of the water conservation scenarios
discussed in this appendix, necessitated the collection of water use data and its
incorporation into the water demand model. The purpose of this section is to present
results of this water use survey, discuss the conservation measures considered, present
the water conservation scenarios developed for the study, and to present general
estimates Of Costs associated with implementation.
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FIGURE G-12

MARYLAND CONSERVATION LAW

CHAPTER 862
(House Bill 44)

AN ACT concerning

Plumbing Fixtures - Water Conservation

FOR the purpose of requiring the use of water-conserving water closets, urinals, sink faucets and
showerbeads in buildings; prohibiting the sale of plumbing fixtures which am not water conserving;
providing for the enforcement of the prohibitions of this Act by local plumbing inspectors: granting
rule-making authority, providing for definitions: and providing a penalty.

BY adding to

Article 43 - Health
Section 32SD
Annotated Code of Maryland
(1971 Replacement Volume and 1977 Supplement)

SECTION 1. BE IT ENACTED BY THE GENERAL ASSEMBLY OF MARYLAND, That
section(s) of the Annotated Code of Maryland be repealed, amended, or enacted to read as follows:

Article 43 - Health

325D. WATER-CONSERVING FIXTURES REQUIRED. DEFINITIONS.

(A) IN GENERAL. IN THIS SECTION THE FOLLOWING WORDS HAVE THE
MEANINGS INDICATED.

(I) "APPROVED SHOWERHEAD" MEANS ANY AUTOMATIC FLOW
SHOWERHEAD USING NO MORE THAN THREE GALLONS OF WATER PER MINUTE, WITH
THE RATE BASED ON A PRESSURE AT THE FIXTURE OF40-50 POUNDS PER SQUARE INCH.

LAWS OF MARYLAND

(2) -APPROVED SINK FAUCET FOR A PUBLIC FACILITY" MEANS ANY FAUCET
WITH SPRING-LOADED VALVES OR OTHER DEVICES THAT STOP THE FLOW OF WATER
UPON RELEASE OF THE HANDLE OR THAT STOP THE FLOW OF WATER AFTER NOT MORE
THAN ONE GALLON OF WATER HAS FLOWED THROUGH THE FITTING.

(3) "APPROVED SINK FAUCET FOR PRIVATE USE" MEANS ANY FAUCET
USING NO MORE THAN-FOUR GALLONS OF WATER PER MINUTE, WITH THE RATE BASED
ON A PRESSURE AT THE FIXTURE OF 40-50 POUNDS PER SQUARE INCH.

(4) -APPROVED WATER CLOSET- MEANS ANY WATER CLOSET USING NO
MORE THAN 3% GALLONS OF WATER PER FLUSH, WITH THE RATE BASED ON A
PRESSURE AT THE FIXTUE OF 40-50 POUNDS PER SQUARE INCH.

(5) -APPROVED URINAL" MEANS ANY SINGLE FLUSH- TYPE URINAL USING
NO MORE THAN I / GALLONS OF WATER PER FLUSH, WITH THE RATE BASED ON A.
PRESSUE FIXTURE OF 40-50 POUNDS PER SQUARE INCH

(6) -BUILDING- INCLUDES ANY BUILDING OR STRUCTURE, THE INITIAL
CONSTRUCTION OF WHICH COMMENCED ON OR AFTER JANUARY 1, 1979.

(7) 'CONSTRUCTED- MEANS THE BUILDING, INSPECTING AND SUPERVISING
OF NEW STRUCTURES AND THE INSTALLING OF EQUIPMENT REQUIRED IN
CONNECTION WITH THE NEW STRUCTURES.

(8) -LOCAL PLUMBING INSPECTORS" MEANS THE INSPECTORS OF THE
APPROPRIATEA GENCIESOR UNITS OFEACH COUNTYAND MINICIPAL GOVERNMENTIN
THE STATE WHO INSPECT THE INSTALLA TION OF PLUMBING FIXTURES AND DEVICES
AND WATEA; DRAINAG& AND SEWA GE SYSTEMS.
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FIGURE G-12 (CONT'D)

(9) "REMODELED" MEANS THE COMPLETE RECONSTRUCTION OR THE
RELOCATION OF A WHOLE PLUMBING SYSTEM TO ANOTHER PART OF A BUILDING.

(10) 'SECRETARY" MEANS THE SECRETARY OF THE DEPARTMENT OF
LICENSING AND REGULATION.

(B) SALES (1) A PERSON MAY NOT SELL ANY PLUMBING FIXTURE
WHICH IS NOT AN APPROVED PLUMBING FIXTURE AS DEFINED IN SUBSECTION (A).

(2) THE LOCAL PLUMBING INSPECTORS SHALL ENFORCE THE PROHIBITION
AGAINST THE SALE OF ANY PLUMBING FIXTURES WHICH ARE NOT WATER-
CONSERVING IN THE INTERESTS OF ENSURING THAT THE CAPACITIES FOR
WASTEWATER TREATMENT OF MUNICIPAL SEWAGE TREATMENT FACILITIES AND
PRIVATE ON-SITE WASTEWATER DISPOSAL SYSTEMS ARE NOT EXCEEDED.

(C) REQUIRED WATER-CONSERVING FIXTURES AND DEVICES, EXCEPT AS

PROVIDED UNDER SUBSECTION (D). THE FOLLOWING FIXTURES OR DEVICES SHALL BE
INSTALLED, AS NECESSARY, IN BUILDINGS CONSTRUCTED OR REMODELED AFTER
JANUARY 1, 1979:

(I) APPROVED WATER CLOSETS IN EVERY BUILDING

(2) APPROVED URINALS, IN EVERY BUILDING.

(3) APPROVED SINK FAUCETS FOR PRIVATE USE, IN PRIVATE RESIDENCES
AND IN BUILDINGS WITH RESTROOMS NOT INTENDED FOR PUBLIC USE AND IN HOTELS,
MOTELS AND DORMITORIES.

(4) APPROVED SINK FAUCETS FOR A PUBLIC FACILITY, IN BUILDINGS WITH
RESTROOMS INTENDED FOR PUBLIC USE EXCEPT IN HOTELS, MOTELS AND

DORMITORIES.

(5) APPROVED SHOWERHEADS, IN EVERY BUILDING.

(D) ENFORCEMENT SUSPENDED. ENFORCEMENT OF THIS SECTION MAY BE
SUSPENDED FOR A SPECIFIED PERIOD OF TIME IF IT IS DETERMINED BY THE LOCAL
PLUMBING INSPECTORS THAT-

(I) THERE IS AN INADEQUATE SUPPLY OF APPROVED WATER CLOSETS,
APPROVED SINK FAUCETS OR APPROVED SHOWERHEADS, OR WATER-CONSERVING
DEVICES INTENDED FOR ATTACHMENT TO WATER CLOSETS, SINK FAUCETS OR
SHOWERHEADS TO ALLOW THE FIXTURES TO QUALIFY AS APPROVED FIXTURES,
UNDER SUBSECTION (A): OR

(2) THE CONFIGURATION OF A DRAINAGE SYSTEM FOR A BUILDING
REQUIRES A GREATER QUANTITY OF WATER TO ADEQUATELY FLUSH THE SYSTEM
THAN IS DELIVERED BY APPROVED FIXTURES: OR

(3) THERE WOULD BE AN ADVERSE EFFECT UPON AN HISTORIC
RESTORA TION.

(E) RULES. THE SECRETARY SHALL PROMULGATE THOSE RULES DEEMED
NECESSARY TO CARRY OUT THE PURPOSES OF AND TO ENFORCE THIS SECTION,
INCLUDING THE FORMULATION OF STANDARDS FOR ACCEPTABLE FIXTURES AND
DEVICES WHICH REDUCE WATER CONSUMPTION AND MEET REQUIREMENTS OF
SAFETY AND SANITATION. THE STANDARDS SHALL INCLUDE LISTINGS OF
ACCEPTABLE FIXTURES AND DEVICES AVAILABLE COMMERCIALLY. THESE RULES
SHALL BE INCORPORA TED INTO AND BE PART OF THE STATE PLUMBING CODE.

(F) FORFEITURES. ANY PERSON VIOLATING ANY OF THE PROVISIONS OF THIS
SECTION SHALL FORFEIT TO THE STATE NOT LESS THAN $25 NOR MORE THAN S500 FOR
EACH VIOLATION. EACH DAY THAT THE VIOLATION CONTINUES CONSTITUTES A
SEPARATE OFFENSE.

SECTION 2. AND BE IT FURTHER ENACTED, That this Act shall take effect January I, 1979.

Approved May 29. 1978.
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q FIGURE G-13

COUNCIL OF THE DISTRICT OF COLUMBIA

NOTICE
October 4, 1977

D.C. LAW 2-21

"Water Conservation Act of 1977*.

Pursuant to Section 412 of the District of Columbia Self-Government and Governmental Re-
organization Act (PL 93-198). the Act, the Council of the District of Columbia adopted Bill No. 2-60 on first
and second readings May 31. 1977, and June 14, 1977, respectively. Following the signature of the Mayor on
July 6. 1977, this legislation was assigned Act No. 2-52. published in the July 29. 1977, edition of the D.C.
Rqgrer, and transmitted to both Houses of Congress for a 30-day review, in accordance with Section 602(c)
(I) of the Act.

The Council of the District of Columbia hereby gives notice that the 30-day Congressional Review
Period has expired and, therefore, cites the following legislation as D.C. Law 2-21, effective September 23,
1977.

STERLING TUCKER
Chairman of the Council

(Vol. 24, D.C. Register. 905, July 29, 1977)

ACTIONS OF THE CITY COUNCIL

ACTS

AN ACT
2-52

IN THE COUNCIL OF THE DISTRICT OF COLUMBIA
July 6, 1977

To amend the District of Columbia plumbing code to require the installation of water conservation devices
or fixtures.

BE IT ENACTED BY THE COUNCIL OF THE DISTRICT OF COLUMBIA,
That this act may be cited as the "Water Conservation Act of 1977".

Sec. 2. Regulation 72-19, enacted August 26,1972(relating to the 1972 PlumbingCode of the District
of Columbia), is amended as follows:

(a) In section 302 add "(See Section 413)" after "Water Closets and Urinas";

(b) In section 303 add "(See Section 413)" after "FLUSHING DEVICES*;

(c) In section 304 add '(See Section 413)" after "LAVATORIES";

(d) In section 305 add "(See Section 413)" after "BATHTUBS";

(e) In section 306 add "(See Section 413)" after 'SHOWERS";

--. (f) In section 307 add "(See Section 413)" after "LAUNDRY TRAYS";

(g) In section 308 add "(See Section 413)" after "SINKS*:

(h) A new section 413 is added to read as follows:

"413 WATER CONSERVATION (Effective November I. 1977)

"413-1 All plumbing fixtures and devices installed in a building, structure or premise in the District
of Columbia shall be of a water saying design approved by the Mayor. In addition, each fixture and device
listed below which is installed in the District of Columbia shall not exceed the following water usage rate:

"Water closets 3.5 gallons per flush
"Urinals 3.0 gallons per flush
"Showerheads 3.0 gallons per minute
"Lavatory and Kitchen sink faucets 4.0 gallons per minute
"Aerators shall be installed on all newly installed lavatory and kitchen sink faucets.

"413-2 All newly installed faucets on lavatories located in restrooms intended for public use shall be
of the metering self.¢loing type.

"413-3 Car wash installations, ornamental fountains and cooling towers shall be equipped with a
water recycling system approved by the Mayor. All existing uses shall be equipped with the requisite
recycling devices before July I, 1978."

See. 3. This act shall take effect as provided in section 602(c) of the District of Columbia Self-
Government and Governmental Reorganization Act.
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FIGURE G-14

LD6039205

HOUSE JOINT RESOLUTION NO. 268

Offered January 19. 1979

Requesting the Board of Education to encourage the inclusion of information on residential water
conservation in the public school curriculum.

Patrons-McClanan, Murray, Barry, Hailey, Robinson, Plum. Jones. J. S.. and O'Brien. J. W.

Referred to the Committee on Education

WHEREAS, water has long been held, like air, to be virtually free and available in unlimited quantities;
and

WHEREAS, the continued growth of our population and the environmental consequences of water use
at its present increasing rate, and a wide-spread recent drought in the Commonwealth, have caused a new
awareness of our need to conserve our water resources: and

WHEREAS, rising costs, both financial and environmental, of making "new water" available have

caused more attention to be turned to ways of reducing our per capita consumption of water without
sacrifice to our standard of living, and

WHEREAS. devices, methods, techniques, appliances, and other procedures for water consumption

reduction exist and others are being developed: and
WHEREAS, full realization of the benefits of the new water-saving technology will require educating

Virginians as to the need for water conservation and the means by which water conservation can best be

accomplished; and
WHEREAS, such education can be effectively accomplished among the youth of Virginia by including

in the Virginia public school curriculum the need for water conservation and the techniques by which this
can be accomplished: now, therefore, be it

RESOLVED by the House of Delegates. the Senate concurring, That the Board of Education is
requested to encourage inclusion in the curriculum of Virginia's public schools, in a practical and meaningful
way. (I) the need for water conservation in Virginia, (2) how individuals can accomplish such conservation in
their own homes. (3) information about appliances, devices, practices and techniques which achieve water
consumption reduction. (4) the economic and ecological benefits of water consumption reduction. In
undertaking this task, the Board of Education is urged to work cooperatively with the State Water Control
Board. Virginia Water Resources Research Center, and all other relevant agencies, groups and individuals
concerned with the development and promotion of water conservation technology.
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FIGURZ G-15

Water Conservation

Managing our vital water resources depends on a balance of supply, demand and wise use. Using water
more efficiently is often cheaper and less demanding to the environment than developing additional supplies.
While increases in supply a-ill still be necessary, these reforms place emphasis on water conservation and mnake
clear that this is nouw a national priority.

In addition to adding the consideration of water conservation to the Principles and Standards, the
initiatives I am taking include:

Directiv'es to all Federal agencies with programs which affect water supply or consumption to encou rage
water conservation, including:-

- making appropriate community water conservation measures a condition of the water supply and
wastewater treatment grant and loan programs of the Environmental Protection Agency, the
Department of Agriculture and the Department of Commerce;

- integrating water conservation requirements into the housing assistance programs of the Department
of Housing and Urban Development, the Veterans Administration and the Department of Agriculture:

- providing technical assistance to farmers and urban dwellers on how to conserve water through existing
programs of the Department of Agriculture. the Department of the Interior and the Depa rtme nt of Housing
and Urban Development;'

- requiring development of water conservation programs as a condition of contracts for storage or
delivery of municipal and industrial water supplies from federal projects;%

- requiring the General Services Administration, in consultation with affected agencies, to establish
water conservation goals and standards in Federal buildings and facilities:

- encouraging water conservation in the agricultural assistance programs of the Department of
Agriculture and the Department of the Interior which affect water consumption in water-short
areas; and

- requesting all Federal agencies to examine their programs and policies so that they can implement
appropriate measures to increase water conservation and re-use.

A directive to the Secretary of the Interior to improve the implementation of irrigation repayment and
water service contract procedures under existing authorities of the Bureau of Reclamation. The Secretary will:

- require that new and renegotiated contracts include provisions for recalculation and renegotiation of
water rates every five years. This will replace the previous practice of 40-year contracts which often do
not reflect inflation and thus do not meet the beneficiaries' repayment obligations:

- under existing authority add provisions to recover operation and maintenance costs when existing
contracts have adjustment clauses;

- more precisely calculate and implement the "ability to pay" provision in existing law which governs
recovery of a portion of project capital costs.

Preparation of legislation to allow States the option of requiring higher prices for municipal and industrial
water supplies from Federal projects in order to promote conservation, provided that State revenues in
excess of Federal costs would be returned to municipalities or other public water supply entities for use in
water conservation or rehabilitation of water supply systems.

-President Carter's Water Policy Message
June 6. 1978
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DATA COLLECTION AND USE DETERMINATION

Within the MWA, there are numerous public agencies and several private organizations
which supply and distribute water for potable use. For analytical purposes, these
facilities were aggregated into eight water service areas depicted in Figure G-16;
furthermore, as a result of the work represented in the 1979 Draft Progress Report, the
eight water service areas were grouped as either Potomac River users or outlying service
areas. Table G-13 lists these water service areas, the agencies within each area, and the
basic sources of water supply.

After determining the water supply and distribution agencies, an effort was made to
obtain information on water use from these same agencies. Available information was
obtained through meetings with local officials, from letter requests for information,
from telephone interviews, from studies and reports, and, in some cases, from selected
data file retrievals. The year 1976 was chosen as the survey year because it was the
latest year for which complete records were available. During the course of this survey,
private water supplies consisting primarily of individual residential and commercial well
sources were found to represent a relatively small percentage of water use and,
therefore, were not included in the survey of public water systems.

The date obtained from the various agencies included total monthly water production or

distribution system input, metered water use by user category, and the number of meters
by user category. In addition to the water use data, information was also requested on
programs and incentives in the areas to encourage water conservation. Programs already
in effect in some of the water service areas were expected to affect future water use

"* and were taken into consideration in the development of the various scenarios discussed
" later in this section.

* .Because of the diverse water use types in the MWA, water use was disaggregated to
several categories. Within each of the water service areas, as many as seven water use
categories were identified as follows:

I . Single family residential water use,
2. Multi-family residential water use,
3. Commercial and industrial water use,
4. Government and institutional water use, including state and local

government use,
5. Federal government water use,
6. Unaccounted water use,
7. Bulk sales of water.

In all of the water service areas, the first five categories represented a majority of the
water used. The sixth category, unaccounted, was included to represent the difference
between water released to the distribution system and total water accounted for based
on records of metered water use. This category includes uses such as distribution system
leakage and system deterioration, water not accounted for due to inaccurate meter
readings, system blow-off, and water used directly from hydrants for municipal purposes
such as street cleaning, line flushing, and fire fighting. While the unaccounted category
represents a part of total water use, actual system leakage accounts for only a portion of
the unaccounted category. The category of bulk sales was included to reflect
contractual sales of water to another agency or water service area.
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FIGURE G-16

MWA WATER SERVICE AREAS
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TABLE G-13

WATER SERVICE AREAS AND SUPPLY SOURCES

7 WATER SERVICE AREA SUPPLY SOURCE

POTOMAC RIVER USERS

Washington Aqueduct Division (WAD)
District of Columbia, Dept. of

Environmental Services Potomac
Falls Church Potomac
Vienna Potomac, Wells
Arlington County Potomac

Washington Suburban Sanitary Commission (WSSC)
Washington Suburban Sanitary

Commission Potomac, Patuxent
Belair-Bowie Wells

Fairfax County Water Authority (FCWA)
Fairfax County Water Authority Occoquan
Virginia American Water Company Occoquan, Wells
Occoquan-Woodbridge/Dumf ries-

Triangle Sanitary District Occoquan

City of Rockville
City of Rockville Dept. of

Public Works Potomac

OUTLYING SERVICE AREAS

C .. y Fairfax
Faifax City Goose Creek
Town of Herndon Goose Creek, Wells
Loudoun County Sanitation

Authority Goose Creek

Prince William County
Quantico Marine Base Beaverdam Run
Quantico Chopawamsic Creek
Manassas Broad Run, Wells
Manassas Park Wells
Greater Manassas Sanitary

District Wells, Broad Run
Public Well Systems Wells

Loudoun County
Leesbur-g- Wells
Public Well and Spring

Systems Wells, Springs

.Charles County

Charles Cunty Department of
Public Works Wells

La Plata Wells
Indian Head Wells
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Water use information to sufficient detail was not available in all cases from the
purveyor records. Where this occurred, the disaggregation of water use to user
categories was determined on the basis of observed (density, total water use, etc.)
similarities to other areas where sufficient data were available. In cases where user data
were available for previous years but not for 1976, the previously established user
category shares were assumed to reflect 1976 water use as well.

The breakdown of water use in the Federal government category was facilitated by
results obtained in an April 1978 study, Water Use and Conservation at Federal Facilities
in the Washington, D.C. Metropolitan Area. by WAPORA, Inc. for Federal offices and
facilities in 1976. Data were obtained for the following MWA water purveyors: The
District of Columbia Department of Environmental Services; the Washington Suburban
Sanitary Commission (WSSC); the Fairfax County Water Authority (FCWA); Rockville;
Falls Church; Arlington; Alexandria; and the City of Fairfax. Federal activities housed
in both "leased" and "Federally-owned" space were included and separately identified.
Most of the water supply agencies classify Federal government users housed in leased
space as commercial rather than government users. Therefore, the water use reported
by WAPORA for Federal agencies housed in "leased" space was subtracted from the
commercial water use category total to permit the identification of a separate category
of Federal water use. Similarly, water use by Federal activities housed in "Federally-
owned" facilities, for which it was assumed the Federal government received the water
bill, was subtracted from the water utilities' records of water use by government
agencies.

WASHINGTON AQUEDUCT DIVISION

The largest of the eight water service areas, the Washington Aqueduct Division (WAD)
Water Service Area includes the District of Columbia, Arlington County, the City of
Falls Church, and the Town of Vienna. Portions of Fairfax County also receive water
indirectly from the WAD, but this amount is accounted for in the discussion of the
Fairfax County Water Authority Water Service Area. The Potomac River is the only
water supply source of the WAD. From its Potomac River intakes, located at Great Falls
and Little Falls, water is conveyed to Dalecarlia Reservoir and is treated at the
Dalecarlia Water Treatment Plant or at the McMillan Water Treatment Plant. Of the
total water distributed in 1976, approximately 80 percent was received by the District of
Columbia, while Arlington County and Falls Church received about I I percent and 9
percent, respectively. Table G-14 presents monthly water use by each of the WAD
customers for 1976 and 1977 and underscores the maximum and minimum uses. The
following sections describe the current water use by jurisdiction within the WAD Water
Service Area.

District of Columbia

The agency responsible for the distribution of water for the District of Columbia is the
Department of Environmental Services (DES). Operating responsibilities of the DES also
include wastewater collection and treatment facilities. The DES operates under the
regulations promulgated by the D.C. Government, but, like the D.C. Government, is
influenced by the U.S. Congress through budgetary constraints exercised by
Congressional committees. In 1976, the DES distributed approximately 158 million
gallons per day (mgd) to the various users. Because information was not available on
water use by category, an earlier report, Evaluation of the Use of Pricing as a Tool for
Conserving Water (Chiogioji, November 1973) was referenced for a breakdown of water
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TABLE G-14

TOTAL WATER DISTRIBUTED BY THE WASHINGTON
AQUEDUCT DIVISION

1976-1977

District of Columbia Arlington County Falls Church Total

Month (mgd) (%) (mgd) (%) (mgd) (%) (mgd)

Jan-76 148.8 79.6 20.6 11.0 17.6 9.4 187.0
Feb 144.8 79.9 19.6 10.8 16.9 9.3 181.3
Mar 146.8 80.7 19.5 10.7 15.7 8.6 182.0
Apr 154.8 79.7 20.9 10.8 18.4 9.5 194.1
May 156.1 79.8 21.0 10.7 18.6 9.5 195.7
Jun 178.6 79.7 24.5 10.9 21.0 9.4 224.1
Jul 181.2 80.9 24.1 10.8 18.7 8.3 224.0
Aug 178.7 80.4 23.6 10.6 20.1 9.0 222.4
Sep 168.4 80.0 22.8 10.8 19.3 9.2 210.5
Oct 153.6 79.7 21.3 11.1 17.7 9.2 192.6
Nov 144.8 78.3 22.1 12.0 18.0 9.7 184.9
Dec 142.9 77.2 24.1 13.0 18.2 9.8 185.2

Avg 1976* 158.3 79.7 22.0 11.1 18.3 9.2 198.7

Jan-77 151.8 79.4 22.6 11.8 16.7 8.8 191.1
Feb 139.3 79.7 19.7 11.3 15.7 9.0 174.7
Mar 132.2 80.0 17.8 10.7 15.3 9.3 165.3
Apr 134.1 78.8 18.6 10.9 17.6 10.3 170.3
May 149.0 78.8 20.0 10.6 20.1 10.6 189.1
Jun 171.1 80.8 20.5 9.7 20.2 9.5 211.8
Jul 187.0 81.6 21.4 9.3 20.7 9.1 229.1
Aug 184.4 81.5 20.2 8.9 21.8 9.6 226.4
Sep 178.3 79.8 22.0 9.8 23.2 10.4 223.5
Oct 160.3 78.0 24.1 11.8 21.0 10.2 205.4
Nov 151.0 80.7 18.2 9.7 18.0 9.6 187.2
Dec 152.3 81.3 18.1 9.6 17.0 9.0 187.4JL
Avg 1977* 157.6 80.1 20.3 10.3 18.9 9.6 196.8

NOTE: Underlined numbers represent maximum and minimum for (mgd) and (W).

*Based on total annual volume supplied divided by 366 days for 1976 and
365 days for 1977.
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use by category. Additionally, information was obtained from an infiltration/inflow
N study (O'Brien & Gere, Consultants) in the area. The resulting water use breakdown for

the DES is summarized in Table G-15.

Table G-15 includes information on water use by category and the percent use by
category. Also included is the amount of the commercial/industrial and
government/institutional categories accounted for by Federal government water use. Of
the total Federal water use reported in the District of Columbia, 22.6 mgd was used by
Federal agencies located in government-owned facilities. The remaining 1.5 mgd was
used by Federal agencies occupying space in non-government facilities. There are
several large water users within the area served by the DES (0.65 mgd to 2.9 mgd).
Primarily affiliated with the Federal government, these 10 agencies (including Andrews
Air Force Base and the Pentagon) account for approximately 50 percent of the total
Federal use. Perhaps of more significance is that the combined daily use of these 10
agencies represents about eight percent of the total water provided by the DES.

Arlington County

Arlington County provides for its own water utility service under authority of the
Virginia Code. The 1976 water use for the County averaged 22 mgd, or approximately I11
percent of the total WAD Water Service Area. Secause Arlington County maintains
water use records on a fiscal year basis, a conversion of this information to calendar year
was required. This was done by examining the categorical breakdown of water use for
FY 1975 and determining the percent share of each water use category. These percent
shares were then applied to the calendar year 1976 information. The resulting breakdown
of water use by category is presented in Table G-15. c
Most of the water use in Arlington County is residential. Of the total 67 percent is
domestic use with a large proportion consisting of multi-family residential use. Several
government institutions also use large amounts of water. Ft. Meyer used 0.51 mgd or
slightly more than two percent of the total County water use, while National Airport's

use of 1.30 mgd accounted for almost six percent of the total Arlington County 1976

City of Falls Church

As indicated previously, the City of Falls Church accounts for approximately nine
percent of thme total water used in the WAD Water Service Area. A portion of this water .
is sold wholesale to the Town of Vienna and the Fairfax County Water Authority.
Because Falls Church maintains water use records by fiscal year, the 1976 water use
figures were based on calendar year information presented in Table G-14. Based on
discussions with representatives of the Department of Public Utilities, it was assumed
that water use in Falls Church is similar to that in Arlington County. The resulting

information for water use by category is presented in Table G-15.

The Town of Vienna buys a majority of its water from the City of Falls Church through a
contractual arrangement. This contract is based on 2.0 mgd being supplied to the Town.
The Town of Vienna also obtains 0.3 mgd from groundwater sources. In 1976, the Town
of Vienna purchased approximately 2.2 mgd of water from Falls Church. With the
groundwater sources included, a total of 2.5 mgd was used. Based on information
obtained from the Vienna Director of Public Works and Vienna's similarities to other
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areas in the MWA, water use by category was determined. Presented in Table G-15, the
1976 water use data show that the Town is largely residential with many of the
commercial establishments small in size. Total water use information by category for
the WAD Water Service Area is also presented in Table G-15. The total 1976 water use
of 195 mgd accounted for about 47 percent of the total public system water use in the
MWA. The service area total of 195.25 differs slightly from the total distributed by the
WAD because a bulk sale of 3.64 mgd to the FCWA is deleted and the Town of Vienna's
groundwater source of 0.3 mgd is included.

WSSC WATER SERVICE AREA

The Washington Suburban Sanitary Commission (WSSC) is the major supply agency for the
designated WSSC Water Service Area. The areas included in the WSSC Water Service
Area are Prince Georges County, Montgomery County, and Bowie, Maryland. The older
portions of the City of Bowie are served by the Bowie Department of Public Works from
groundwater supplies; the more recent development in the City (the Bowie-Collington
area) is served by WSSC. Since most of the future growth in the City will also be
supplied by the WSSC, all of Bowie has been included in the WSSC Water Service Area.
The parts of Howard County supplied by WSSC are not considered since Howard County is
outside the study area.

Washington Suburban Sanitary Commission r -

The WSSC was created in 1918 by an Act of the Maryland General Assembly to provide
water and wastewater service to Montgomery and Prince Georges Counties, Maryland.
The areas not included as part of the WSSC are the City of Rockville in Montgomery
County, the City of Bowie, and Andrews Air Force Base in Prince Georges County. The
WSSC receives its water from two major sources. The Patuxent River Reservoirs of
Triadelphia and Rocky Gorge provide water to the eastern portion of Montgomery County
as well as Prince Georges County. The Potomac River serves as the main source of
water supply to the area and, with its expanded intake, the WSSC is capable of
withdrawing up to 400 mgd. The WSSC also provides a small amount of water (1.5 mgd)
to Howard County on a wholesale basis. Anne Arundel County has approached WSSC for
water, but presently no commitments have been made.

The total water production by WSSC in 1976 amount to 138.1 mgd (including 1.5 mgd sold
to Howard County). As water use information by category had not yet been computed,
1975 breakdowns of water use were applied to 1976 data. This information was presented
by Black and Veatch in a Report on Considerations Regarding Adoption of an Excess Water
Use Charge by the WSSC, 1977. The results of this effort are shown in Table G-16.

City of Bowie

That portion of the City of Bowie not served by the WSSC receives water from the City
of Bowie Department of Public Works. The City of Bowie operates and maintains the
water supply system. Water provided by the City of Bowie is drawn from five wells with
a total maximum capacity of 5.0 mgd based on the size of the water treatment plant. As
shown in Table G-16, total water production in fiscal year 1976 amounted to almost 2.5
mgd with the residential category using over 83 percent of this total.

Total 1976 water use by the WSSC Water Service Area amounted to approximately 141
mgd. Over 70 percent of the 1976 use was attributed to the residential category with
single family residences accounting for over 43 percent of the total water used. The
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smallest user category, in terms of total water used, is the Federal category, which used
less than four percent of the total 1976 water pumped. A summary of total WSSC
Service Area water use is presented in Table G-16. These figures indicate that water use
in the WSSC Water Service Area was approximately 33 percent of total MWA water use,
making this the second largest service area in the MWA.

FCWA WATER SERVICE AREA

The Fairfax County Water Authority (FCWA) Water Service Area provides service to a
large portion of the Northern Virginia area. The water service area consists of the
Fairfax County Water Authority, the Virginia American Water Company, and the

:. Occoquan-Woodbridge/Dumfries Triangle Sanitary District. The water service area also
provides water to Prince William County and Fairfax City on a bulk basis. Three sources
of water are used in the water service area. The principal source is the Reservoir on
Occoquan Creek. Water is also purchased from Falls Church and Fairfax City. The third
water source, though relatively small, is groundwater, which is treated at the FCWA
facilities. Table G-17 presents information on total monthly water use within the service

. area which indicates that over 90 percent of the water is obtained from the Occoquan
Reservoir.

Fairfax County Water Authority

• -The area served by the FCWA includes all of Fairfax County with the exception of the
*following areas: Town of Vienna, City of Fairfax, City of Falls Church and City of
. Alexandria. The FCWA also sells water to the Virginia American Water Company

(VAWCo), the Occoquan-Woodbridge/Dumfries Triangle (OWDT) Sanitary District, the
Prince William County Water Service Area, and the City of Fairfax. The FCWA
maintains records for each of the five retail categories it classifies. The retail users are
divided among the following: single family residential, multi-family residential,
apartments, commercial/industrial, municipal/institutional. In addition to the above,
FCWA sells water on a wholesale basis to Dulles International Airport, Fort Belvoir, and
the D.C. Reformatory. Based on these classifications, water use by category was
determined and is shown in Table G-18. The Bulk category represents water sold
wholesale for miscellaneous purposes. It does not include water sold by FCWA to the
Prince William County or Fairfax City Service Area.

Virginia American Water Company

The Virginia American Water Company (VAWCo) provides water to the City of
Alexandria and the Dale City area of Prince William County. Approximately 15 mgd of
water is bought from the FCWA and the VAWCo supplements this with 2.0 mgd from its
own wells. The water use categories designated by the VAWCo were converted to the
classifications used in this study and the resulting water use by category for each district
is shown in Table G-18.
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TABLE G-17

FCWA SERVICE AREA SOURCES OF WATER

1976

OCCOQUAN PURCHASED WELLS TOTAL
Month (mgtd)* (%) (mgd) M% (mgd) %) (mgd)

Jan 51.06 91.2 4.14 7.4 0.77 1.4 55.97

Feb 51.88 92.3 3.56 6.3 0.76 1.4 56.20

Mar 53.10 93.4 2.99 5.3 0.75 1.4 56.20

Apr 61.56 91.8 4.71 7.0 0.77 1.1 67.02

May 61.23 91.4 5.06 7.6 0.72 1.1 67.01

Jun 78.62 90.6 6.23 8.2 0.92 1.2 75.77

*Jul 66.57 92.0 4.99 6.9 0.79 1.1 72.35

*Aug 65.79 89.6 6.84 9.3 0.76 1.0 73.39

Sep 62.72 89.8 6.40 9.2 0.74 1.1 69.86

Oct 55.96 89.6 5.87 9.4 0.63 1.0 62.46

Nov 55.28 89.6 5.80 9.4 0.64 1.0 61.72

Dec 54.90 88.9 6.25 10.1 0.62 1.0 61.77

*Avg 59.06 90.8 5.24 8.1 0.74 1.1 65.04

* *Includes untreated water sold wholesale.
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* OWDT Sanitary District
The Occoquan Woodbridge - Dumfries Triangle (OWDT) Sanitary District is entirely

within Prince William County and operates under authority of the Virginia Water and

Sewer Act. The Sanitary District purchases all of its water from the FCWA and
distributes the water through a system operated and maintained by the Sanitary
District. Based on monthly water use records and information provided by Sanitary
District representatives, water use by category was determined and is presented in Table
G-18. Table G-18 also contains information on total water use by category for the
FCWA Water Service Area. The average use of 64 mgd by the Water Service Area ranks
it as the third largest in terms of water use in the MWA, accounting for approximately 15
percent of the total 1976 water use.

* ROCKVILLE WATER SERVICE AREA

* The City of Rockville Water Service Area consists of the area served by the Rockville
Department of Public Works: the area enclosed within the City corporate limits with the

* exception of approximately 1100 homes that are served by the WSSC. It uses the
Potomac River as its source of water. The Rockville Department of Public Works
operates under City Charter and is responsible for providing, among other things, water
and wastewater services within the corporate limits. Water use records for 1976 were
otained by month and are reflected in Table G-19. These records indicate that average
use approximates 4 mgd. Using information obtained from computerized records, water
use was broken down by user category and is presented in Table G-20.

* Based on the information presented in Table-G-21, the four service areas which comprise
the Potomac River users had an average 1976 water use of 403 million gallons per day.
This figure represented more than 95 percent of the total recorded use in the MWA. Of
the four service areas, the Washington Aqueduct withdrawals accounted for almost 50
percent of the water use while the WSSC reported use figures approximating 35 percent
of the Potomac users total.

FAIRFAX CITY WATER SERVICE AREA

Consisting of the City of Fairfax, the Loudoun County Sanitation Authority (LCSA), and
the Town of Herndon, the Fairfax City Water Service Area has as its source of water the
Goose Creek and Beaverdam Reservoirs. The following is a brief description of these
systems and their water use characteristics.

City of Fairfax

The City of Fairfax Department of Water and Sewer Services provides water on a retail
basis to the City of Fairfax. Water is sold to the LCSA and the Town of Herndon on a
wholesale basis while a reversible interconnection is also maintained with FCWA. This

distribution of water within the Water Service Area is presented in Table G-22. Based on
fiscal year 1976 water use information, a breakdown of water use by category was
accomplished. This disaggregation of use is presented in Table G-23 and irdicates that a
relatively large amount of water is attributed to the unaccounted use category.
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TABLE G-19

ROCK VILLE SERVICE AREA MONTHLY
WATER PRODUCTION - 1976

Month mgd Month mgd

January 3.73 July 4.52
February 3.75 August 4.80
March 3.57 September 4.58
April 4.07 October 3.76
May 4.09 November 3.76
June 5.02 December 3.74

Average 4.11

TABLE G-20

ROCK VILLE SERVICE AREA
WATER USE BY CATEGORY - 1976

(mgd)

Category Total Percent of Total

Single Family 1.924 46.8
*Multi-Family 0.561 13.6

Commercial/Industrial 1.068 26.0
Government/Institutional 0.317 7.7
Federal *0.048 1.2
Unaccounted 0.193 4.7
Bulk 0 0

Total 4.111 100.0

*Federal Component Based on 1978 WAPORA Study for EPA.
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Loudoun County Sanitation Authority

The Loudoun County Sanitation Authority (LCSA) is a self-supporting agency that was
created by the Loudoun County Board of Supervisors under the Virginia Water and Sewer
Authority Act. The portion of the County in which the LCSA operates is the lower Broad
Run area. Based on discussions with the LCSA and information provided on water use, it
was possible to disaggregate 1976 water use to the specific water use categories. The
results of this ef fort are presented in Table G-23.

Town of Herndon

The Town of H-erndon is located on the western edge of Fairfax County and, through its
* . Department of Public Works, purchases water from Fairfax City on wholesale basis. As

indicated in Table G-22, the Town of Herndon bought approximately 0.92 mgd from
Fairfax City and received an additional ten percent from groundwater sources. Because
categorical water use records are not maintained by the Department, the director of
public works estimated use to be 72 percent residential, 13 percent commercial!
industrial and 15 percent unaccounted. Assuming that multi-family use is 80 percent of
single family use and knowing that there were 3000 single family units and 1500
apartment units in the town, a breakdown of water use was undertaken. The results of
these assumptions are indicated in Table G-23. The total water used in each of the user
categories for the Fairfax City Water Service Area is presented in Table G-23. The
estimates of water use include the groundwater sources but do not reflect water sold to
the FCWA.

PRINCE WILLIAM COUNTY WATER SERVICE AREA

The Prince William County Water Service Area is an aggregation of several water supply
agencies that are geographically situated within Prince William County. Six areas are
discussed as contributing to the public system water use in Prince William County. They
are: The City of Manassas, the City of Manassas Park, the Greater Manassas Sanitary
District, the Quantico Marine Base, the Town of Quantico, and an aggregation of twelve
small public well systems.

City of Manassas

The City of Manassas has as its chief source of supply Lake Manassas, which is located on
Broad Run. In addition to the Broad Run source, six wells with a combined capacity of
about 1.0 mgd are used as a reserve supply. Water is also provided to the Greater
Manassas Sanitary District while the City of Manassas Park receives water on an
emergency basis only. With the aid of information furnished by the director of public
works and based on similarities to other areas, water use breakdowns were determined
and are presented in Table G-24. The commercial/industrial category includes water use
by the large user, International Business Machines, of approximately 0.20 mgd.

City of Manassas Park

The City of Manassas Park obtains water from groundwater sources on a continuous
basis. Under emergency conditions, water can be obtained from the City of Manassas
and the Greater Manassas Sanitary District. The 1976 water use as recorded by the City
amounted to about 0.29 mgd. The amount of water used by the several categories is

presented in Table G-24.

G-82

KZ



%O 0 %~ a 0 0 %

0l 0 0 0 %0

K0 0 N '% 0 4

u~.

U 0 . 0

0 0 P

CL5,

CL C!

00 a

CLI~ -. -(D

uO I. 0ad

a,. -* E
- 0 N 0 NS

9' . -' - u

CLI 4~** ~' G-83C



Greater Manassas Sanitary District

The Greater Manassas Sanitary District (GMSD) buys, sells, and distributes water to the
Yorkshire Sanitary District as well as the GMSD. The principal source of water is
groundwater wells, but water is also bought from the City of Manassas, FCWA, and the
Yorkshire Sanitary District. The GMSD area recorded water use of approximately 1.6
mgd in fiscal year 1976, with almost 80 percent distributed to the GMSD. Table G-24
presents information on water use by category for the GMSD.

Quantico Marine Base

The Quantico Marine Base Department of Public Works, under the Assistant Chief of
Staff in the Facilities Department, is the supply agency that serves both the Quantico

,. Marine Base and the Town of Quaptico. Several surface water impoundments satisfy the
demands of the area. The 1700 million gallon Lunga Reservoir is situated on Beaverdam
Run which has an average daily flow of 4.65 mgd. Chopawamsic Creek, with an average
daily flow of 9.0 mgd, also his a reservoir situated on it. Breckenridge Reservoir has a
capacity of 450 million gallons and, by means of a 20 inch pipeline, 5.20 mgd can be
pumped from Lunga Reservoir to Breckenridge. Located downstream of Breckenridge
Reservoir is the 5 million gallon capacity Gray Reservoir. In 1976, the Department of
Public Works processed about 2.95 mgd and sold .05 mgd to the Town of Quantico. As
the base is a Federal installation, the majority of the water used is attributed to the
government/institutional category. This also makes the Marine Base the large user in the

* area,, responsible for 85 percent of the total use. Water use by category for the Marine
-. Base is presented in Table G-24.

Town of Quantico

The Department of Public Works is responsible for the distribution and operation of the
Town's facilities. Based on 1976 account records, water use by category was determined
and is presented in Table G-24. Large water users in the Town of Quantico are a laundry
and a laundromat. Together these, two businesses use over 13,00 gallons per day or 26
percent of the total average water use.

Community Well Systems

Information on the several community systems that comprise this category was obtained
from the Virginia Department of Public Health and is included in Table G-25. These
systems are wholly independent and, in the case of the small utilities and public service
corporations, were organized as legal entities to serve the area residents. Since records
on water use by category were not available, several assumptions were made as to types
of use and quantities. The resulting total water use by category is indicated in Table
G-24 which also presents the Prince William County Water Service Area total use by
category.

LOUDOUN COUNTY WATER SERVICE AREA

The Loudoun County Water Service Area is the second of three water service areas
defined as an aggregation of small water suppliers. The water suppliers aggregated into
this water service area are presented in Table G-26 and include the Town of Leesburg
Department of Public Works, four supply agencies receiving water from springs, and six
agencies withdrawing water from wells. All the public supply agencies located in
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Loudoun County are in the Loudoun County Water Service Area except the Loudoun

County Sanitation Authority, which is supplied by the Fairfax City Water Service Area.

Town of Leesburg

The Town of Leesburg Department of Public Works was set up under authority of the
Commonwealth of Virginia Code. The Town provides water for 55')') people, which is
approximately 5() percent of the total amount on public systems. The Town of Leesburg
pumps from several groundwater wells. In 1979, the Town began construction of a
Potomac intake and water treatment plant. This project was completed in 1982.
Because the monthly pumping records did not categorize water use, several assumptions

*were made as to meter use, water use by category, and similarity to other areas. These
assumptions resulted in the breadown of water use by category presented in Table G-27.
There are several large users in the area, but combined, they account for less than four
percent of the total water use.

* Well and Spring Systems

* The majority of the public water systems presented in Table G-26 are owned and
operated by towns. The legal basis for the town systems is the Virginia Code. The
consumer organization of Aldie was created by and for the residents of Aldie to furnish
water to that area. The systems belonging to Foxcroft School and Notre Dame Academy
were organized by their respective school boards. Coleman Gore, owner of Potomac
Farms, sells water to residents of the immediate area through the Potomac Farms
distribution system. Since water is sold to the general public, these systems are
considered public water systems by the Virginia Department of Health. Because records
were not maintained, water use by category was based on several assumptions. The
principal assumption dealt with the predominance of residential use in the area. The
1976 total water use by category for the Loudoun County Water Service Area is
presented in Table G-27.

* CHARLES COUNTY WATER SERVICE AREA

The third area examined as an aggregation of various supply agencies, the Charles
* County Water Service Area consists of the Public Works Departments of Charles County,

Indian Head, and La Plata. Water is provided to these areas either through groundwater
wells or man-made lakes.

Charles County Department of Public Works

* Four residential communities are within the Charles County Department of Public
*Works. In 1976, a total of six wells and four distribution systems processed about 1.2

mgd for the communities of Waldorf, Spring Valley, Avon Crest, and Clif ton-on-the-
Potomac. Based on monthly pumping records and use categories maintained by the Charles
County Department of Public Works and on the DPW estimate of unaccounted water, the
water use for the various categories was developed and is shown in Table G-28.

Indian Head Department of Public Works

This agency is part of the local government and supplies water only to this community.
Supplied by three wells, Indian Head used approximately ().26 mgd in 1976 based on
monthly production records. The Indian Head Department of Public Works maintains
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water use records for the categories of: residential, commercial, and schools. Using this
information and assumptions pertaining to number of students and multi-family units,
categorical water use estimates were prepared and are listed in Table G-28. Residential
use is, not unexpectedly, the single largest user of water.

Town of LaPlata

The Town of LaPlata supplies and distributes water to the Town through its Department
of Public Works. The water supply is obtained from several wells and a five-acre man-
made lake. Because water use records by category were not available, the director of
public works estimated water use for applicable categories. The water use estimates are
presented in Table G-28 along with the totals for the Water Service Area.

Water use in the Outlying Service Areas approximated 18 mgd in 1976. This represented
*slightly more than four percent of the MWA total. As with the Potomac users, the

primary user category in the outlying areas was the residential sector accounting for
almost 55 percent of the total average use. The unaccounted use category was the
second largest water user with Federal water use ranking third. The water use
information for the Outlying Service Areas is summarized in Table G-29.

TOTAL MWA WATER USE

Based on the information just presented for the eight water service areas, MWA public
water use exceeded 42') million gallons per day (mgd) in 1976. Of this total, almost 95
percent was provided by the three major water service areas: WAD, WSSC, and FCWA.
Table G-3) presents the water use estimates by category for each water service area.
Again, the single-family and multi-family residential categories were the largest users
combining for more than 260 mgd or 62 percent of the MWA water user. The
government/institutional category averaged less than 19 mgd of water use in 1976; its 4.5
percent share of total MWA use made this category the smallest user in the MWA.

The disaggregation of water demands to major categories allowed for a presentation of
MWA water use as well as an indication of the relative concentration of use among user
categories for each of the water service areas. This effort indicated that in the MWA,
the domestic sector (single family and multi-family) accounts for a large amount of the
total water use. This fact suggests that any conservation and demand reduction plans, to
be effective, should include techniques to decrease water use in the residential
categories.

As the degree of desired reduction increases, the more intensive the program should
become. And, as the intensity of the program heightens, perhaps the non-residential user
categories may also be included. These conclusions, based on the findings presented in
Table G-30, are incorporated into the determination of techniques and participants
included in the various conservation scenarios presented in the following sections.

WATER REDUCTION MEASURES

Prior to developing programs to decrease water use and more efficiently utilize available
supplies, various alternatives were assessed as to their effectiveness and practicability in
reducing water use in the MWA. By means of a survey of the many measures available to
reduce water use, a range of effectiveness attributable to each of the measures was
determined.
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Measures were considered that reduced water use through some sort of structural
alteration to toilets, showers, or faucets. Nonstructural measures to induce water saving
were also addressed such as educational programs and pricing incentives. While a number

* of water conserving devices were surveyed, those which were ultimately included in
conservation programs were considered able to satisfy the following criteria:

-the devices should save a significant amount of water.

-the devices should be technologically and economically feasible.

-there must be a practicable means to insure their widespread use

Many measures exist which reduce water demand in all areas of use. However, the lack
of any major water using industries and the large amount of residential development in
the MWA were two reasons to focus primarily on conserving water in the domestic
sector. The total exclusion of non-residential use, however, was not warranted;
therefore, the survey of measures to reduce water use was disaggregated to Residential
use and Non-Residential use.

RESIDENTIAL SECTOR

Water is used in the domestic sector for a variety of purposes that include drinking,
cooking, bathing and laundering. Average indoor water use, estimated to be 70 gallons
per capita per day (gpcpd) by Feldman (A Handbook of Water Conservation Devices S.L.
Feldman, Clark University NSF/RANN Grant No. Apr 76-19369, November 1977) is
distributed as follows:

Function Percentage GPCPD

Toilet Flushing 45 31.5
Shower 18 12.6
Personal Use 12 8.4
Laundry/Dishes 20 14.0
Drinking/Cooking 5 3.5

100 70.0
Indoor Water-Saving Devices

Numerous water-saving devices havebeen manufactured for all water-using appliances or
fixtures in the home. Since 75 percent of total indoor use occurs within the bathroom,
most of the attention given indoor water conservation was directed toward devices or
appliances that reduce this type of water use. A description of several of the more
acceptable and economical water-saving devices is presented for toilets, showers,
faucets, clotheswashers, and dishwashers.

Toilets

The conventional toilet uses 5 to 7 gallons per flush and accounts for 45 percent of total
household water use in single-family residences. This may increase to as much as 67
percent of total household use in multi-family residences (Feldman, 1977). Several of the
more common devices used to reduce the amount of water associated with toilet flushing
are:

G-93



..A

I. Displacement devices, 5. Siphon-jet toilets,
2. Toilet dams, 6. Compressed air toilets, and
3. Shallow-trap toilets, 7. Vacuum-flush toilets.
4. Dual-cycle toilets,

Displacement devices are primarily for use in existing conventional tank toilets. They
reduce the amount of water used to flush the toilet without decreasing the toilet's
effectiveness in removing the wastes. Under laboratory conditions, two one-quart plastic
bottles used to displace water achieved a If) per cent water savings per flush or about 2.5
gpcpd (Feldman, 1977; Water Conservation and Wasteflow Reduction in the Home, W.
Sharpe, Penn State, April 1974). The Washington Suburban Sanitary Commission (WSSC)
realized a 4 percent minimum reduction in sewage flow after distributing displacement
devices to 215,0)') single-family units and 10f) apartment units (Water Use and
Conservation at Federal Facilities in the Washinzton, D.C., Metropolitan Area, for
USEPA by WAPORA, Inc., Washington, D.C., April 1978).

Water-damming devices operate by sectioning off a portion of the toilet tank to reduce
the volume of water available for flushing. Savings as high as 5.5 gpcpd, or about 8.n
percent of the total indoor household use, have been realized using water-damming
devices (North Marin's Little Compendium of Water Saving Ideas, North Marin County
Water District, California, March 1977). WSSC found a 12 to 16 percent savings over a
conventional flush in multi-family dwellings and a 16 to 2') percent savings in single-
family units (WAPORA, Inc., 1978). An apartment complex in Virginia realized a 2r)
percent water savings after installing toilet dams in its 331-unit complex (Feldman,
1977).

The shallow-trap toilet has a smaller water reservoir than the conventional toilet and can
be used in new construction or to replace existing tanks. The shallow-trap toilet uses
approximately 3.5 gallons per flush which results in a water savings of about 7.5 to 12.5
gpcpd, or I I to 18 percent of the total household water use (USACE, 1976; WAPORA,
Inc., 1978).

The dual-cycle toilet operates with two separate flush cycles-one for liquid wastes and
one for solid wastes. Toilet modification kits are also available which can convert
conventional toilets to dual cycle toilets. These toilets use about 1.25 gallons per flush
for liquid wastes and 2.50 gallons per flush for solid wastes. A water savings of 17.5 to
25J) gpcpd, or 25 to 36 percent of the total household water use, could be realized with a
dual-cycle toilet.

A siphon-jet toilet siphons water from the toilet reservoir rather than emptying the tank
by gravity flow. This type of flow permits a smaller water tank volume. The siphon-jet
toilet uses approximately 1.0 gallon per flush and saves about 2').') to 25.0 gpcpd, or 28 to
36 percent of the total household water use (USACE, 1976; North Marin County Water
District, 1977).

The compressed-air toilet removes wastes by a combination of gravity and air propulsion
of 50 to 70 pounds per square inch. The toilet uses about 0.5 gallons per flush, thus
saving approxime tely 25 gpcpd amounting to about 36 percent of the total household
watf use (Nortb viarin County Water District, 1977; Feldman, 1977).

The va-- ,m to.let uses about n.5 gallons of water and 3.25 cubic feet of air for the
vacuum transporting of sewage by specially-designed toilet distribution pipes and storage
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tanks. This system is too expensive for installation in individual homes but seems to be
cost-effective where many toilets can be operated as part of one system as in a new
housing development (USACE, 1976). If the system is used, a per capita water savings of
about 22 to 25 gallons could be achieved. This amounts to 30 to 36 percent of the total
household water use (WAPORA, Inc., 1978; Feldman, 1977; "Vacuum-Operated Toilet
Cuts High-Rise-Office Water Use 90%," ASCE, Civil Engineering, May 1973, p. 100)).

• ;There are several specialty toilets available to the public, but because of their general
unacceptability, they were not included in this discussion.

Showers

Normal shower flow has been estimated to be from 5 to 15 gallons per minute (gpm) for a
--. per capita usage of about 12.6 gallons. This usage rate can be reduced through the use of
"* flow control devices, aerators, thermostatic mixing valves, and automatic shut-off

valves. Flow control devices on showerheads restrict the passage of water without
affecting the quality of the shower. These devices can reduce the flow rate to 3 gpm and

.* save about 6.3 to 9.5 gpcpd. This amounts to 9.0 to 13.6 percent of the total household
- water use (USACE, 1976; WAPORA, Inc., 1978). The flow control devices may consist of

specially designed showerheads, plastic inserts for existing showerheads, or pipe inserts
placed ahead of existing showerheads.

By mixing water with air, an aerator reduces the volume of water flowing from the
showerhead and gives the appearance of a greater flow than is actually present. The

* aerators are available with flow rates of 1.5 to 3.0 gpm with the 3.n gpm unit usually
used for the shower. Again, a savings of 7.0 to 10. gpcpd, or 10 to 14 percent of the

*total household water use could be achieved (Feldman, 1977; WAPORA, Inc., 1978).

A special type of aerator uses compressed air to force a low water flow at a rate of 0.5
gpm through the showerhead. The system, however, requires special piping and an air

S. compressor which makes the system available only for new construction. A savings of
10.5 to 12.0 gpcpd, or 15.0 to 17.0 percent of the total household water use could be
realized by using this system (Feldman, 1977). The use of thermostatic mixing valves
saves water by eliminating the warm-up time and the constant re-adjusting of the water
when the temperature changes. A potential savings of 2.0 gpcpd may be achieved

.. through the use of this device which constitutes 3.0 percent of the total household water
use (WAPORA, Inc. 1978).

The automatic shut-off valve is an on/off valve installed ahead of the showerhead. These
devices are usually hand, foot, or knee-operated and come with variable or fixed flow
rates. Water savings have been estimated at about 6.0 gpcpd or about 9 percent of the

, total household water use. These devices can be preset to deliver a specific volume of
water, thus reducing wasted water (Feldman, 1977; WAPORA, Inc., 1978).

Faucets

The faucets normally found in a residential unit use between 5 and 6 gpm. Various
devices have been developed which will reduce these delivery rates to about 0.5 to 4.0
gpm. These devices include flow control devices, aerators, spray taps, and thermostatic
mixing valves. Flow control devices deliver a constant flow rate regardless of water
pressure and are incorporated into the faucet itself or "in-line" ahead of the faucet. A
flow control faucet uses between 0.5 and 2.5 gpm with the latter figure the most often
used. A savings of 0.5 gpc, I for each faucet employing a flow control device could be
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achieved which would reduce total household water use between 0.8 and 1.6 percent
(North Matin County Water District, 1977; Feldman, 1977; WAPORA, Inc., 1978).

Faucet aerators, like shower aerators, create an air-water mixture which achieves the
same results as a conventional faucet. Easy to install on existing faucets, water savings
are estimated to be about n.5 gpcpd for each faucet. If aerators were to be employed on
all the household sinks, total household water use could be reduced about 1.5 percent
(North Marin County Water District, 1977; WAPORA, Inc., 1978).

Spray taps do not aerate the water but deliver it in a broad pattern of droplets. They are
applied to bathroom and kitchen sinks in new construction and have a flow rate of 1.0 to
2.0 gpm. Water savings are estimated to be about 0.75 gpcpd per faucet which
constitutes about 2 percent of total household water use (Feldman, 1977; North Marin
County Water District, 1977).

The thermostatic mixing valves and automatic shut-off valves used in conjunction with
-. - bathroom and kitchen sink faucets operate in the same manner as described earlier for

showers. The thermostatic mixing valves can save about 2.0 gpcpd or 3 percent of the
total household water use.

Laundry and Dishwashing

The average residential unit uses approximately 2) percent of its water for laundry and
dishwashing. This amounts to 14.( gpcpd for a standard family of four (Feldman, 1977).
Since most laundry and dishwashing is done by machine, knowledge of the water
conserved by clotheswashers and dishwashers is essential in planning a water
conservation program.

Most dishwashers use an average of 13 to 16 gallons during a 60-minute cycle.
Handwashing an equal amount of dishes would use between 15 to 25 gallons, depending on
technique. If the dishwasher has a cycle adjustment designed to conserve water, usage
can be reduced to between 7 to 12 gallons per cycle, or an average reduction of about 35
percent. This equals a maximum savings of 7 percent in total household water use.

Use of water by clotheswashers on a regular cycle ranges from 38 to 53 gallons and from
39 to 69 gallons on a permanent press cycle. These water use figures are based on an 8
pound load, maximum fill, in a water system of 4) psi. Only recycling clotheswashers
have been studied and an average water savings of 2f percent has been estimated
(Feldman, 1977). This equals a 4 percent reduction in total household use. If an average
family of four used commercially available water-saving clotheswashers and dishwashers
an average of once a day, a water savings of 2.8 to 5.f) gpcpd, or 4 to 7 percent of the
total household water use could be achieved.

Other Water-Saving Devices

There are several water conservation devices which are not directly applied to toilets,
showers, or faucets. These include hot water pipe insulation and pressure reducing
valves. Hot water pipe insulation saves water by retaining heated water in the
distribution pipes thus reducing the waiting time for hot water when the tap is turned
on. Application to both new and existing residential units is possible, and insulation can
achieve a savings of 2.0 gpcpd, or 3 percent of total indoor water use (Feldman, 1977;
North Main County Water District, 1977).
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Pressure-reducing valves (PRVs) are usually installed in the main water supply lines and
reduce the pressure to about 5f) pounds per square inch (psi). Water savings with PRVs
vary dramatically due to the variance in distribution system pressure. Savings from 0 to
37 percent have been reported in tests conducted around the country (Feldman, 1977;
WAPORA, Inc., 1978; Texas Water Development Board Conservation Plan, Ken Jacobs,
March 1977). Based on these reported percent reductions, PRVs applied to the

- - residential sector could result in a water savings of 0.0 to 26.0 gpcpd. Table G-3 I
summarizes characteristics of the indoor conservation devices discussed above.

Outdoor Water Conservation

- . In the MWA, outdoor water use is the primary factor responsible for seasonal variation in
water use patterns. Water is used outdoors primarily for lawn and garden watering,
swimming pools, and car washing. Unlike other portions of the country, the MWA does
not employ irrigation devices for outdoor water use. The primary tool for outside water
distribution (i.e., lawn sprinkling, carwashing) is the common garden hose. There are
several water saving devices and appliances available for reducing the water used for
these purposes. These water-saving devices include the following: hose attachments,
timer-controlled sprinklers, and swimming pool covers.

There are several hose attachments which improve the efficiency of the water
distribution and, therefore, may reduce water use. These attachments range from "pistol
grip" nozzles to mechanical sprinklers at costs of $1 to $40). The actual volume of water
saved through the use of these attachments has not been determined (Residential Water
Conservation, Murray Milne, California Water Resources Center, Report No. 35, March
1976). Devices are also available which let one know when to water plants and lawns.
They include coring tools for taking soil samples, probes which change color when water

* is needed, and electrical-sensing p robes which determine the soil moisture using electric
current. Costs range from $2 to $25 (Milne, 1976). Water savings for these devices have
not been estimated.

Water can also be saved by controlling the time used for sprinkling. Automatic timers
are available which allow for sprinkling on a set time basis or a set volume basis.
Outdoor water savings are difficult to determine when using these devices (Milne,
1976). Costs are from $70 upwards. For households with swimming pools, water can be
saved by using pool covers. Covers can be either roll-on, floatable, or hydraulic. The

* water savings achieved are dependent on the size of the pool and the efficiency of the
pool cover. Evaporation from a 20) by 40 foot pool has been estimated at a maximum of
100) gallons per day. However, the water savings are much less (Milne, 1976).

- -. Public Awareness Programs

In addition to the above mentioned devices, outdoor water conservation can be achieved
through increasing public awareness. The primary programs used to increase awareness
of personal water use habits are educational. Municipal ordinances, usually one of the
stronger incentives, may also deter outdoor water use.

An educational campaign could change individual attitudes and water use habits. Such a
campaign should be conducted when the public is aware of the need to reduce total water
use. People are becoming more aware of water supply problems, especially during
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* drought situations, and this is the time when education programs will work best. It has
* been found that a maximum reduction of 20) percent in total overall (indoor and outdoor)

water use could be achieved at no cost to a household just by changing personal attitudes
* and water use habits. This amounts to about 14.') gpcpd (M. Milne, 1976).

* In Miami, during a water supply shortage, an educational program aimed primarily at
personal habits resulted in a temporary 9 percent reduction in total water use (Social
Aspects of Urban Water Conservation, Century Research Corporation, for U.S.
Department of Interior, PB 21497#), August 1972). In a voluntary participation program,
the WSSC distributed to all its customers a kit containing water-saving devices and
information on water-saving ideas. This program decreased indoor and outdoor water use
by 12.0 to 2f0.0 percent (The Impact of Water Saving Device Installation Programs on
Resource Conservation, W.E. Sharpe and P.W. Fletcher, Institute for Research on Land
and Water Resources, Publication No. 98, Penn State, July 1977).

Incentive Programs

There are several programs which may induce water conservation through water-saving
devices or public awareness. These programs include: 1) changes in plumbing codes, 2)
full metering programs, 3) changes in price, and 4) tax deductions or subsidies. The

* difference between an educational campaign and a program based entirely on regulations
or plumbing codes is that the former depends on the voluntary cooperation of the public

* while the latter would require compliance enforced through legal means. It has been
estimated that savings as high as 26.4 gpcpd could be achieved by requiring the
installation of water-saving devices for residential toilets, showers, and faucets (USACE,
1976). This amounts to about a 37 percent reduction in household water use.

Water savings resulting from installing meters on residential services is well documented
and impressive. Studies in California have shown that from 30) to 5n) percent of the

* household water use could be reduced by metering residential services. The cost to
install a meter and box on an existing line was estimated at about $94 per service
connection (North Manin County Water District, 1977). Based on statistical studies of
the water use in the New York area, it was estimated that universal metering could
achieve a maximum reduction of 13.5 gpcpd for 1974 water use levels. The metering

* program was estimated to cost approximately $154 million (USACE, 1976).

Several other studies conducted throughout the United States have shown that water
demand can be reduced significantly through the use of metering. An 83 percent

* reduction in total water use was noted in Elizabeth City, New Jersey, in 1931 when the
City went from f) meters to 10') percent metering. Pueblo, Colorado, showed a 4')
percent reduction in residential water usage after meters were installed. Other cities
achieved reductions from 20 to 40 percent when going from no meters to 1V0 percent
meters (Evaluation of the Use of Priciniq as a Tool for Conserving Water. M. H. Chiogioji
and E. N. Chiogioji, WRCC Report No. 2, Washington Technical Institute, Washington,
D.C., November 1973).

Pricing has also been used to alter individual water-use habits. As the price of water
increases, the use of water usually decreases. Reductions in water use attributable to
pricing occur when there is a significant increase in price, otherwise, the consumer will
adjust to a mild incease in price without conservation. Based on empirical equations

* developed by C. W. Howe and F. P. Linaweaver in 1967, it has been shown that for a
price increase from $.2f) per 1,nf))) gallons to $.4n) per 1,')')) gallons, a 1') percent
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decrease in household water use was achieved. Summer sprinkling was cut in half with
the same price increase. Increasing the price further to $.80 per 1,000 gallons achieved a
69 percent reduction in total household water use at the $.20 per 1,000 gallons price level2
(M. Chiogioji, 1973).

The American Water Works Association showed that water use decreased during a 2-year
period after a significant increase in water prices. In Yuma, Arizona, rate increases of
45 and 48 percent achieved a 10 and 16 percent decrease, respectively, in water use over
the 2 years following the price increase. In Kansas City, a 50 percent rate increase
saved 10 percent over a 2-year period, while in New Orleans, a 70 percent rate increase
created an immediate water use reduction of 6 percent (M. Chiogioji, 1973). During the
first few months of experience with its newly adopted increasing block rate structure,
WSSC estimated a savings of 6.5 percent for monthly billed customers (1978). As part of
the MWA Water Supply Study, pricing was an alternative investigated to determine its
role in influencing MWA water demands. This analysis is included as Annex G-2 and the
results are summarized in the previous section on Water Pricing.

In order to achieve the voluntary installation of water-saving devices, an incentive could
be offered to the homeowner or renter in the form of an increased tax deduction. This
could be patterned after legislation in California which allows the homeowner to deduct
up to 55 percent (not to exceed $3,000) of the cost of installing solar water heating
devices (Water Conservation Reuse & Supply. J. B. Gilbert & Associates, October,
1977). An incentive program of this type could apply to additional cost which may be
incurred by installing water-saving devices more efficient than those required by
plumbing codes. Table G-32 presents a summary of the overall water savings achieved
in different areas of the country using nonstructural modifications.

NON-RESIDENTIAL SECTOR

As stated earlier, the non-residential sector includes the government/institutional and
the commerical/industrial user categories. Water conservation can be practiced in the
government/institutional area in a manner similar to the residential sector. The

* commercial/industrial user category is limited to applying water conservation techniques
to their non-productive or non-process waters. Industrial water conservation practices
on the production lines are strictly process oriented and will not be discussed within this
literature review. The remaining sections describe water-saving devices which may be
implemented in the non-residential sector and the nonstructural programs which have
been used in the non-residential sector.

Water-Saving Devices

Most of the water-saving devices described earlier'for the residential sector could be
implemented in the non-residential sector. There are, however, several devices which
would be more adaptable to the non-residential sector. These devices include automatic
flush toilets, siphon-jet urinals, and spring-and-time faucets.

The automatic flush valve toilets operate directly from the water supply line and do not
require a tank. These toilets use approximately 3.5 to 4.0 gallons per flush. Most
government/ institutional facilities use this type of device. The siphon-jet urinal uses
approximately one gallon per flush when installed with specific flush valves. This is a
water savings of 50 to 75 percent over conventional urinals which require 2 to 4 gallons
per flush (WAPORA, Inc. 1978). Spring-and-time faucets automatically shut off the
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water supply after a set amount of time. The faucets must be held to keep the water
flowing so unattended taps are eliminated. The flow times are variable, therefore, the
water savings for these types of faucets have not been estimated.

Water Conservation Programs

Several programs directed toward water conservation have been conducted in the
government/institutional area. The programs consist primarily of the installation of
water-saving devices with supplemental education of individuals. Pricing and metering
incentive programs have not been reported in the literature. In a study at Pennsylvania
State University, one dormitory was equipped with several water-saving devices
throughout and one dormitory was used as a control. An overall water savings of about
40 percent was achieved in the dormitory using water-saving devices (Sharpe, 1977).

At the National Naval Medical Center in Bethesda, Maryland, a 5-year program aimed at
the reduction of water use resulted in a 14.7 percent water savings. The program
consisted primarily of the installation of water-saving devices in both old and new
construction. The Department of Defense initiated a water conservation program at
Fort McNair, Fort Meyer, and Cameron Station, which created a 15 percent reduction in
water use during the summer of 1977. The program consisted of the replacement of
worn-out fixtures with new water-saving fixtures. A water conservation program
conducted at the National Institute of Health achieved a water savings by applying
devices to a total of 70 hot and cold faucets. Spray taps delivering 0.5 gpm were
installed on 70 faucets, and a water savings of 87 percent hot water and 27 percent cold
water was achieved in a 5-month period (WAPORA, Inc., 1978).

DEVELOPMENT OF WATER CONSERVATION SCENARIOS

Water conservation and demand reduction techniques have been shown to decrease water
use to varying degrees. The degree of reduction, however, is dependent upon the
elements incorporated into a water reduction program. To assess potential effects of
conservation on the baseline scenario (most probable) water demands, five water
conservation scenarios were designed. These scenarios varied the water user
participation rates, the rates of effectiveness attributable to the various demand
reduction techniques, and the number and type of demand reduction devices included.
Each of these scenarios, through the use of the MWA water demand model (discussed in

*Appendix D - Supplies, Demands, and Deficits), was then incorporated into the baseline
water demands resulting in decreased levels of projected water use. The purpose of this
section is to present the baseline water demands, the composition of the several
conservation scenarios, and the water savings associated with each of the scenarios.

BASELINE WATER DEMANDS

Together with population, households, and employment estimates, water use by category
was incorporated into the MWA water demand model to develop a baseline water demand
projection. This baseline scenario represented the most probable water demand situation
for the time frame under study -1980 to 2030. Included in these water demand
projections were anticipated results of actions taken prior to 1980 to decrease water
use. In the late 1970's, legislation was enacted by the District of Columbia, the State of
Maryland, and the Commonwealth of Virginia which changed their respective plumbing
regulations. Essentially, these revised plumbing codes require the installation and use of
water-saving fixtures in all new residential (single-family, multi-family) and non-
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TABLE G-32

WATER SAVINGS THROUGH NONSTRUCTURAL
PROGRAMS AND INCENTIVES

WATER SAVINGS
PROGRAM LOCATION (PERCENT) COMMENTS

Educational California 20.0
Campaign Miami, Fl. 9.0 During a water supply

crisis
WSSC (MD) 12.0-20.0 With use of water

saving devices
Regulations* New York 13.n-37.0 Projected indoor use

Metering* California 30.0-50.0
Elizabeth City, NJ 83.0 0% to 100% metered
Pueblo, CO 40.r)
Salisbury, MD** 25.0 1960, 100% metered
Akron, Ohio** 32.0 1920, 0% to 100%

metered

Pricing* Kansas City I0.0*** 50% rate increase
New Orleans 6.0 70% rate increase

*Incentives to achieve a desired change in water use.

**Source: M. Chiogioji, 1973.

***Over the 2 years following price increase.
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residential (commercial/industrial, government/institutional, Federal) construction.
These regulations are contained in the legislation which is referenced in Figures G-12A
through G-14 of this appendix. Table G-33 presents the maximum allowable water use
for the various fixtures addressed in the several plumbing codes. It is these regulations,
or their effects on water use, which were accounted for in the baseline water demand
scenario.

Based on the water-saving characteristics of the fixtures listed in Table G-33,
assumptions as to percent reduction for residential and non-residential use were made. It
was assumed that the water-using devices now required tor toilets, showers, and faucets
in new residential construction would result in reductions in water use related to these
functions of 15 percent, 10.5 percent, and 2 percent, respectively. Therefore, indoor
water use in the new residential category was assumed to be reduced by 27.5 percent.

TABLE G-33

MAXIMUM WATER USE RATES FOR FIXTURES

DISTRICT OF STATE OF COMMONWEALTH OF
FIXTURE COLUMBIA MARYLAND VIRGINIA

Water Closet
(Gal/Flush) 3.5 3.5 3.5

Flushometers
(Gal/Flush) 3.5

Urinals
(Gal/Flush) 3.0 3.0 3.0

Shower Heads
(Gal/Minute) 3.0 3.0 3.0

Lavatory and
Kitchen Sink
Faucets
(Gal/Minute) 4.0 4.0 4.0

Source: WAPORA, Inc., 1978.

The revised plumbing standards also require the installation of water-saving fixtures in
all new construction of non-residential facilities. Applying several assumptions regarding
water use to the non-residential use categories, an estimate of water saved subsequent to
construction was developed. The assumptions used in this process are indicated below.

a. One toilet per 25 employees (estimate based on state requirements) each toilet
saving 1.5 to 3.5 gpf,
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b. One faucet per 25 employees (estimate based on state requirements) saving 1.0 to
2.0 gpm,

c. 2.7 flushes per day per employee (estimate based on information in 1978
WAPORA Report),

d. 0.5 minute wash per flush per day per employee for a total of 1.35 minutes per
day per employee, and

e. A negligible reductilon in water use due to showers.

These assumptions resulted in estimates of water saved per employee ranging from 9.45
gallons to 14.85 gallons per day.

Taking current unit use per employee which was developed for each water service area, a
percentage savings was estimated for the non-residential water use categories. The
average percent reduction in commercial/industrial water use was estimated to be about
19 percent while a 15 percent reduction in water use for the Federal and
government/institutional categories was estimated to result from the installation and use
of water-saving devices in all newly constructed facilities. The baseline water demand
projections resulting from the various assumptions of residential and non-residential use
are presented in Table G-34. These baseline demands represented a minimum reduction
in water use. Each of the following water conservation scenarios included this minimum
conservation effort and built upon it to achieve increasing degrees of water reduction.

WATER CONSERVATION SCENARIO ONE

Water Conservation Scenario One is the least intensive of the five conservation scenarios
* that were formulated; it was oriented strictly toward indoor residential water use.

Included in Scenario One were the demand reduction techniques of the baseline scenario
as well as an increased emphasis on water conservation in new residential construction.
Additionally, Scenario One addressed indoor water use in residential structures existing
at the commencement of the planning period. The techniques and water savings
associated with this particular water conservation scenario are presented below.

a. Baseline Scenario reduction devices;

b. Pressure Reducing Valves - were assumed to achieve a 2 percent reduction in,
* indoor water use for 25 percent of the new residential users from 1980 to 2030;

c. Pipe Insulation - was assumed to achieve a 2 percent reduction for 100 percent of
a * all new residential users for the entire 1980-2030 period;

d. Clotheswashers and Dishwashers - were assumed to result in a 2 percent
reduction in indoor water use for 100 percent of all new residential users from the year
2000 through the year 2030;
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e. Toilet Modifications - were assumed to achieve a 16 percent reduction in water
use for 5 percent of all existing residential users in 1980; for 30 percent of existing users
in 1990; for 50 percent of existing users in 2000; for 53 percent of existing users in 2010;
for 57 percent of existing users in 2020; and for 60 percent of existing users in 2030;

f. Shower Modifications - were assumed to result in a reduction of 9 percent for 2.5
percent of all existing residential users in 1980; for 15 percent of existing users in 1990;
for 25 percent of existing users in 2000; for 26 percent of existing users in 2010; for 28
percent of existing users in 2020; and for 30 percent of existing users in 2030;

g. Nonstructural Modifications - This technique was assumed to address new and
The participation rates are as follows:

Year Single Family Multi-Family
1980 20 percent of new and existing 5 percent of new and existing
1990 40 percent of new and existing 10 percent of new and existing
2000-2030 50 percent of new and existing 20 percent of new and existing

Through implementation of this water conservation scenario, projected MWA baseline
water use could be reduced approximately 7 percent by the year 2030. Table G-35
presents projected water demands for the eight water service areas resulting from the
reduced levels of use indicated by Scenario One.t

WATER CONSERVATION SCENARIO TWO

Since each succeeding conservation program built upon the techniques contained in the
* preceding programs, Water Conservation Scenario Two was slightly more comprehensive

than Scenario One. Scenario Two added to the elements of Scenario One by assuming
reductions in outdoor residential water use. Through the implementation of an

* educational campaign to reduce water use, nonstructural modifications were assumed to
reduce outdoor water use for 100 percent of all residential users from 1980-2030.
Outdoor water use by single-family residents was assumed to decrease by 20 percent
while the multi-family residential users were assumed to achieve a 10 percent reduction
in outdoor water use. The techniques contained in Water Conservation Scenario Two are

* as follows:

a. Baseline scenario reduction devices;

b. Reduction techniques outlined as Water Conservation Scenario One, directed
toward indoor residential water use;

c. Education campaign to reduce outdoor water use by single-family (20 percent)
and multi-family (10 percent) residential users.

The projected demands resulting from adoption of the techniques in Water Conservation
* Scenario Two are presented in Table G-36. The demands represented by Scenario Two

are approximately 8 percent less than the baseline water demands.
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TABLE G-34

BASELINE SCENARIO
MWA AVERAGE ANNUAL WATER DEMANDS*

(mgd)

WATER SERVICE AREA 1980 199f) 200f) 2010n 21)2') 203')

WAD 196 218 231) 235 242 247
WSSC 145 187 215 242 267 288
FCWA 71 89 014 117 135 151
ROCKVILLE 5 5 5 6 6 6
FAIRFAX CITY 10) 14 16 19 23 26
PRINCE WILLIAM COUNTY 7 9 12 14 17 20
LOUDOUN COUNTY 2 3 5 8 11 16
CHARLES COUNTY 3 5 6 8 10) 11

TOTAL MWA 439 530 592 649 710 765*

*Regional totals may not agree with column summations due to rounding.
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WATER CONSERVATION SCENARIO THREE

Water Conservation Scenario Three was oriented toward reducing water use in the non-
residential user categories. Through an educational campaign to conserve water, employees and
management would be made aware of their respective personal and outdoor water use habits.
As a result of these educational programs, a 1) percent reduction in indoor and outdoor non-
residential water use was assumed. The various reduction measures of Water Conservation
Scenario Three are as follows:

a. Baseline scenario reduction devices;

b. Reduction techniques outlined as Water Conservation Scenario One directed at indoor
residential water use;

c. Reduction techniques of Water Conservation Scenario Two directed at outdoor

residential water use;

d. Educational campaigns to reduce indoor and outdoor non-residential water use.

The results of implementing these reduction techniques to decrease the baseline demands are
indicated in Table G-37. The water use estimates represented as Water Conservation Scenario
Three are approximately I I percent less than the baseline water demands presented in Table G-
34.

WATER CONSERVATION SCENARIO FOUR

Water Conservation Scenario Four addressed water use represented by the unaccounted
category. The unaccounted category represents water that is not charged for by the various
utilities. This category includes water not accounted for due to inaccurate meter readings,
water used for municipal purposes, water used for system maintenance, (blow-off, I:ne flushing),
water lost as a result of system leakage, and deterioration. Scenario Four concent;ated on
reducing water lost through system leakage. The percent listed as unaccounted water in each ""
water service area was reduced to a percent assumed to represent a "tight" system. For those
water service areas currently exhibiting an unaccounted water use percentage between 9 -nd 15
percent, the percent unaccounted was reduced to 9 percent. This situation occurred in the
following water service areas: WSSC, FCWA, Prince William County, Loudoun County, and
Charles County.

The WAD and Fairfax City Water Service Areas exhibited unaccounted water use greater than
15 percent of the total water distributed. The water records for the WAD Water Service Area

.* indicated that only about 4.1 percent of the unaccounted water could be saved. Therefore, the
percentage of unaccounted water in this system was reduced to 13.4 percent.

-. The Fairfax City Water Service Area exhibited a relatively large percentage of unaccounted
water. Of the 1.895 mgd that was unaccounted water, only 0.670 mgd was assumed saved as a
result of improved system efficiency. Therefore, the percent unaccounted was reduced from
24.9 percent to 16.1 percent. Because the Rockville Water Service Area system had an
unaccounted percentage of less than 9 percent, the system was considered to be "tight" and the
percentage was not reduced. The elements in Water Conservation Scenario Four consist of the
following:

'.i" G-107 "

~~~~~~~. .. ...... ..... " '".......... .. . ." . . """, .. -" .. d.-. --. . -- . .. - .- -



TABLE G-35

WATER CONSERVATION SCENARIO ONE
MWA AVERAGE ANNUAL DEMANDS*

(mgd)

WATER SERVICE AREA 1980 1990 2000 2010 2020 2030

WAD 196 210 216 220 226 231

WSSC 145 179 201 226 248 267

FCWA 71 86 98 110 126 141

ROCKVILLE 5 5 5 5 5 5

FAIRFAX CITY 10 13 15 18 21 24

PRINCE WILLIAM COUNTY 7 9 11 13 16 19

LOUDOUN COUNTY 2 3 5 7 11 15

CHARLES COUNTY 3 4 5 8 9

TOTAL MWA 439 509 556 608 663 713

* Regional totals may not agree with column summations due to rounding.
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TABLE G-36

WATER CONSERVATION SCENARIO TWO

MWA AVERAGE ANNUAL DEMANDS*(m gd) '.

WATER SERVICE AREA 1980 1990 2000 2010 2020 2030

WAD 196 209 214 219 224 229

WSSC 145 177 199 223 245 264

FCWA 71 85 97 109 125 140

ROCKVILLE 5 5 5 5 5 5

FAIRFAX CITY 10 13 15 17 21 24

PRINCE WILLIAM COUNTY 7 9 11 13 16 19

LOUDOUN COUNTY 2 3 5 7 10 15

CHARLES COUNTY 3 4 5 8 9 10

TOTAL MWA 439 504 551 602 656 706

* Regional totals may not agree with column summations due to rounding.
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a. Baseline scenario reduction devices;

b. Scenario One techniques directed at indoor residential water use;

c. Scenario Two techniques directed at outdoor residential water use;

d. Scenario Three techniques directed at indoor and outdoor non-residential water
use; and

e. Actions such as leak detection surveys and closer system monitoring to reduce
the amount of water lost.

Results of enacting Scenario Four to decrease the baseline water demands are presented
in Table G-38. The water use estimates represented by this scenario are approximately
87 percent of the year 2030 baseline water demands.

WATER CONSERVATION SCENARIO FIVE

Representing the greatest level of potential reduction for the MWA, Scenario Five was
formulated by assuming installation of the most efficient water-using devices in new
residential construction, an intensive device installation program oriented toward
existing residences, reductions in outdoor residential water use, a reduction in
unaccounted water, and reductions in indoor and outdoor non-residential water use. The
many techniques utilized as Water Conservation Scenario Five are presented below for
each of the categories involved.

1. New single-family and multi-family construction was assumed to involve installation
of the following devices:

a. Toilets - through installation of a one gallon/flush Siphon-jet toilet, a 32 percent
reduction in indoor water use was assumed for 100 percent of the new residential users
from 1980-2030.

b. Showers - a 14 percent reduction in water use was assumed for 100 percent of the
new residential users from 1980-2030 through installation of shower aerators.

c. Faucets - based on a water savings of 0.5 percent per faucet, a 2 percent
reduction in indoor water use was assumed for 100 percent of the new residential users
from 1980-2030.

d. Pipe insulation - this conservation measure was assumed to result in a 3 percent
reduction for 100 percent of the new residential users from 1980-2030.

e. Clotheswashers - were assumed to reduce water use 4 percent for 100 percent of
the new residential users from 2000-2030.

f. Dishwashers - a reduction of 7 percent for 100 percent of the new residential
users was assumed from 2000-2030.

2. Existing single-family and multi-family residences were assumed to install the
following device modifications:
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TABLE G-37

WATER CONSERVATION SCENARIO THREE
MWA AVERAGE ANNUAL DEMANDS*

(mgd)

WATER SERVICE AREA 1980 1990 2000 2010 2020 2030

WAD 196 200 206 210 215 219

WSSC 145 173 193 217 238 256

*FCWA 71 82 93 105 120 134

ROCKVILLE 5 5 5 5 5 5

FAIRFAX CITY 10 13 15 17 20 23

PRINCE WILLIAM COUNTY 7 8 11 13 15 18

LOUDOUN COUNTY 2 3 4 7 10 14

CHARLES COUNTY 3 4 5 7 9 10

TOTAL MWA 439 488 532 581 632 61

*Regional totals may not agree with column summations due to rouid .r,-



TABLE G-38

WATER CONSERVATION SCENARIO FOUR
MWA AVERAGE ANNUAL DEMANDS*

(mgd)

WATER SERVICE AREA 1980 1990 2000 2010 2020 2030

WAD 196 191 196 200 205 209

WSSC 145 172 193 216 238 255

FCWA 71 82 93 105 120 134

ROCKVILLE 5 5 5 5 5 5

FAIRFAX CITY 10 11 13 15 18 21

PRINCE WILLIAM COUNTY 7 8 10 12 15 18

LOUDOUN COUNTY 2 3 4 6 10 14

CHARLES COUNTY 3 4 5 7 8 9

TOTAL MWA 439 475 519 567 618 664

* Regional totals may not agree with column summations due to rounding.
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a. Toilet dams - installation of these modifications was assumed to result in
reductions of 18 percent for:

-10 percent of existing users in 1980;
-40 percent of existing users in 1990;
-50 percent of existing users in 2000;
-60 percent of existing users in 2010;
-70 percent of existing users in 2020;
-80 percent of existing users in 2030.

b. Showerheads - a 12 percent reduction in water use was assumed for:
-5 percent of existing users in 1980;
-23 percent of existing users in 1990;
-37 percent of existing users in 2000;
-39 percent of existing users in 2010;
-42 percent of existing users in 2020;
-45 percent of existing users in 2030.

3. Indoor and outdoor water use in both new and existing residences was assumed to be
reduced through an educational program oriented toward nonstructural modifications.
The following water use reductions were assumed:

a) Indoor - water use in new and existing residences was assumed to be reduced 2

percent for:

-30 percent of single-family users and 7.5 percent of multi-family users in 1980;
-60 percent of single-family users and 15 percent of multi-family users in 1990;
-75 percent of single-family users and 30 percent of multi-family users from

2000 to 2030.

b) Outdoor - water use in new and existing residences (same as Scenario Two) was
assumed to decrease by:

-20 percent for all new and existing single-family residences from 1980 to 2030,
-10 percent for all new and existing multi-family residences from 1980 to 2030.

4. Unaccounted water was assumed to be reduced to the same degree as described in
Scenario Four. The water service areas involved are as follows:

WAD - reduced to 13.4 percent,
WSSC - reduced to 9.0 percent,
FCWA - reduced to 9.0 percent,
Rockville - no reduction,
Fairfax City - reduced to 16.1 percent,
Prince William - reduced to 9.0 percent,
Loudoun - reduced to 9.0 percent,
Charles - reduced to 9.0 percent.

5. Indoor and outdoor non-residential water use was assumed to be reduced through
structural and nonstructural means.

Structural - installation and use of the devices presented in the baseline
scenario:

-toilets saving 1.5 to 3.5 gallons per flush,
-faucets saving 1.0 to 2.0 gallons per minute.
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Nonstructural - implementation of an educational campaign to reduce total indoor
and outdoor non-residential water use by 15 percent.

The development of Water Conservation Scenario Five assumed the maximum achievable
reduction levels for devices as well as greater household participation rates. These
assumptions led to an approximate reduction of 28 percent in the year 2030 baseline
scenario demands. The effects of the imposition of Scenario Five on Baseline demands
are presented in Table G-39. To summarize the baseline scenario and the five water
conservation scenarios, Table G-40 is presented. This table indicates the categories
addressed, the devices included in the various scenarios, and the percent reduction
attributed to each of the devices. The water reductions which were projected to be
achieved in the MWA by each of the five water conservation scenarios are presented in
Table G-41.

WATER SERVICE AREA ANALYSIS

The water conservation scenarios just presented all reduce water use. Because of the
differing composition of the water service areas, however, a scenario may be more
effective in one area than in another. This section briefly discusses the applicability and
effectiveness of the various scenarios in the water service areas.

Washington Aqueduet Division

A reduction in Baseline Scenario demands of approximately 7 percent was achieved by
the year 2030 with the introduction of Water Conservation Scenario One. Minimal
reductions approximating 7.5 percent and 11.5 percent were attributed to Scenarios Two
and Three, respectively. The projected water use that resulted from enacting Scenario
Four indicated that a 16 percent reduction could be achieved by the year 2030. Water
Conservation Scenario Five further reduced demands to almost 75 percent of the baseline
projections.

Washington Suburban Sanitary Commission

The effect of the water conservation scenarios on the Baseline Scenario demands ranged
from 7 to 8 percent (Scenarios One and Two, respectively) to approximately 11 percent
for both Scenarios Three and Four. This indicates that reductions aimed at residential
outdoor water use achieved a minimal response. Scenario Three achieved an additional 3
percent reduction by addressing the indoor and outdoor non-residential sector. The
reduction in unaccounted water attributed to Scenario Four resulted in practically no
water savings due to the extremely high efficiency of the WSSC water distribution
system.

Fairfax County Water Authority

Compared to the Baseline Scenario water demands, the five conservation scenarios
achieved a 6 to 28 percent reduction in water demand by the year 2030. The emphasis
placed on outdoor residential use by Scenario. Two did not increase the percentage
reduction much (from 6 percent to 7 percent) when compared to Scenario One. However,
by including Scenario Three reductions in non-residential water use, an additional 4
percent reduction in water use was achieved. Because the reduction in system losses

G- 114



*" TABLE G-39

WATER CONSERVATION SCENARIO FIVE
MWA AVERAGE ANNUAL DEMANDS*

(mgd)

WATER SERVICE AREA 1980 1990 2000 2010 2020 2030

WAD 196 179 182 183 185 186

WSSC 145 155 168 182 195 205

FCWA 71 74 82 90 100 109

ROCKVILLE 5 4 4 5 5 5

FAIRFAX CITY 10 10 11 12 14 15

PRINCE WILLIAM COUNTY 7 7 9 10 12 14

LOUDOUN COUNTY 2 2 3 5 7 10

CHARLES COUNTY 3 3 4 5 6 7

TOTAL MWA 439 435 462 491 522 551

* Regional totals may not agree with column summations due to rounding... -
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TABLE G-40

ELEMENTS OF THE
WATER CONSERVATION SCENARIOS

WATER USE CONSERVATION PERCENT
SCENARIO CATEGORIES MEASURES REDUCTION

Baseline New SF and MF Residential Toilets 15.0
Showers 10.5
Faucets 2.0

New C/I All 3 Fixtures* 19.1)
New G/ and Federal All 3 Fixtures 15.')

One (Baseline Plus:) PRV's 2.n)
New SF and MF Residential Pipe Insulation 2.')

Clotheswasher 2.()
Dishwasher 2.'

Existing SF Toilet Mod. 16.0
and MF Shower Mod. 9.')

All Residential Behavior Mod. 2.n

Two (Scenario One Plus:)
All SF (Outdoor) Behavior Mod. 20)

" All MF (Outdoor) Behavior Mod. If).()

Three (Scenario Two Plus:)
All C/I, G/I and Fed Behavior Mod. 10.)

Four (Scenario Three plus:)
. Unaccounted N/A Variable

Five New SF and MF Siphon-Jet Toilet 32.0Shower Controls 14.')
" Faucet Controls 2.)

Pipe Insulation 3.()
Clotheswasher 4.0
Dishwasher 7.')
Behavior Mod. 2.')

Existing SF and MF Toilet Mod. 18.')
Shower Mod. 12.0
Behavior Mod. 2.'

All SF (Outdoor) Behavior Mod. 2.')
All MF (Outdoor) Behavior Mod. in.()
All C/I, G/I and Fed Behavior Mod. 15.')
New C/I All 3 Fixtures* 19.'
New G/ and Fed All 3 Fixtures* 15.')
Unaccounted N/A Variable

* The low-water-using toilets, showers, and faucets.
SF - Single-family MF - Multi-family
C/I - Commercial/Industrial G/ - Government/Institutional

G-1 16

.....



TABLE G-41

SUMMARY OF CONSERVATION SCENARIO DEMANDS
1980 - 2030

(mgd)

SCENARIO 1980 1990 2000 2010 2020 2030

Baseline Scenario 439 530 592 649 710 765

Conservation Scenario One 439 509 556 608 663 713

Conservation Scenario Two 439 504 551 602 656 706

Conservation Scenario Three 439 488 532 581 632 680

Conservation Scenario Four 439 475 519 567 618 664

Conservation Scenario Five 439 435 462 491 522 551
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(less than I percent) achieved by Scenario Four did not significantly reduce water
demands, it is evident that the FCWA Water Service Area maintains an efficient
distribution system.

City of Rockville

Scenario One which was a device remodeling program attained a reduction in baseline
* water use of approximately 6 percent in 2030. The Scenario Two reduction in outdoor

residential water use, however, only resulted in an additional demand decrease of I
percent. Scenario Three water use was further reduced 5 percent (total of I I percent by
2030) by aiming water conservation awareness techniques at the non-residential sector.

*. Rockville has an extremely efficient distribution system, and because the unaccounted
water use was less than 9 percent, Scenario Four had no effect on water use.

City of Fairfax

Through its remodeling program, Scenario One achieved a water reduction of about 7
percent when compared to the 2030 Baseline Scenario demands. Similar to the FCWA,
the outdoor residential water reduction in Scenario Two hardly decreased demands
resulting in a total reduction of less than 9 percent. A notable decrease in total water
demand occurred when going from Scenario Three to Scenario Four. This large decrease
was due to the reduction of the Fairfax City Water Service Area system losses. Because

* of the reduction in unaccounted water, Scenario Four demands were almost 80 percent of
the Baseline Scenario demands in 2030. As expected, Scenario Five created the greatest
reduction in total baseline water demands - over 40 percent in the year 2030.

Prince William County

" By the year 2030, the remodeling program of Water Conservation Scenario One resulted
in a 6 percent reduction in projected Baseline Scenario water demands for the Prince
William County Water Service Area. Further reductions of I percent attributed to the
outdoor residential program in Scenario Two were minimal. With the decrease in non-
residential water use achieved by Water Conservation Scenario Three, a reduction of
approximately 5 percent over Scenario Two was observed for the time horizons. The

, increased efficiency of the Prince William County supply systems brought about by
Scenario Four contributed to an additional 3 percent reduction in water use. The "high
technology" scenario, as expected, attained the largest reduction in water demands.

Loudoun County

In this water service area, Scenario One achieved an approximate 7 percent reduction
when compared to the 2030 Baseline Scenario demands. A better response to the outdoor
residential water use program of Scenario Two was experienced in Loudoun County
primarily due to the large proportion of residential use to total use. Scenario Three
measures further reduced use by 3 percent (or 11 percent when compared to Baseline
demands). The response of Loudoun County to the Scenario Four reduction in distribution
system losses was in the range of a 4 to 5 percent decrease in Scenario Three demands.
Scenario Five, the "high technology" program, achieved a 40 percent reduction in
Baseline Scenario water use by the year 2030.
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Charles County

The response of the Charles County Water Service Area to the alternate water
conservation scenarios was similar to that of the Loudoun County Water Service Area.
This was expected since both counties are on the fringe of the MWA, are similar in water
use patterns, and have similar growth projections.

In addition to a 7 percent reduction resulting from Scenario One, the Scenario Two effort
aimed at outdoor residential use achieved a I to 2 percent decrease in Baseline water
use. Introduction of Scenario 3 achieved further reductions of 2 percent or a cumulative
reduction of 10 percent. Scenario Four, directed at distribution system losses, resulted
in an additional 5 percent decrease in water demands over Scenario Three. The effects
of Scenario Five were extremely high as was expected. The percent reduction in
Baseline Scenario water demands due to Scenario Five was about 40 percent in 2030.

REGIONAL ANALYSIS

By remodeling the existing residential sector and adding more water-saving devices to
the new residential sector (Scenario One), a 7 percent reduction in total MWA water
demand over the Baseline projections was achieved by 2030. This was decreased another
I percent when outdoor residential water use was addressed by Conservation Scenario
Two. A modest 3 to 4 percent reduction was further achieved by decreasing the non-
residential water use (Scenario Three). The same magnitude of reduction was obtained
by increasing distribution system efficiency through enactment of Scenario Four.
Scenario Five led to a 28 percent reduction in total MWA Baseline demands by the year
2030. This was accomplished through the implementation of extensive water-saving
programs directed at all categories of water use. Figure G-17 illustrates the MWA
Baseline Scenario water demands and the response of the MWA baseline demands to the
five water conservation -scenarios.

PRESENTATION OF COSTS

The water conservation scenarios were designed to achieve various levels of reduction in
projected Baseline Scenario water demands. The maximum reduction achieved by the
five scenarios ranged from a low of about 7 percent to a high of approximately 28
percent. Preliminary analysis resulted in the retention of Scenarios One, Three and Five
for consideration in the early-action phase of the study. Preliminary costs were then
developed for these conservation scenarios. It is the intent of this section to present the
cost data for the water service areas and for the region as a whole. Costs presented here
were developed by the consultant and are in 1977 dollars. During the course of the early-
action phase costs were updated to December 1978 cost levels. These costs are found in
Appendix B - Formulation, Assessment, and Evaluation of Plans.

COSTS OF SCENARIO ONE

Water Conservation Scenario One was designed to reduce water use through the
implementation of a device installation program and some type of nonstructural
program. Costs of these programs, then, had to reflect the costs of the techniques
themselves. The unit costs associated with each conservation technique were determined
from interviews with local distributors, literature surveys, and personal experience and
are displayed in Table G-42. Based on known costs incurred by the WSSC for educational
programs, the budget for nonstructural modifications for the other water service areas
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FIGURE G-17

EFFECTS OF CONSERVATION SCENARIOS
ON PROJECTED DEMANDS FOR THE MWA 1980 - 2030
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was estimated to approximate $85,000) per year, with the indoor residential sector

accounting for $47,000 per year. Nonstructural cost estimates are presented in Table G-

* Total capital costs were calculated by multiplying the unit costs times the number of
* dwelling units (Table G-44) in each time period. For example, from 198n to 1990, the

PRVs were assumed to be used in 25 percent of the total new residential construction in
the MWA at a cost of $25 per dwelling unit. The total capital cost, therefore, was (0.25)
x (317,650 x ($25) = $1,985,312.50, or $198,50t) per year from 1980 to 1990. A similar
procedure was followed for all the conservation measures listed. Another dollar amount
is also given which assumed the PRVs and Insulation were not applied in the scenario.
This value indicates that from 1980 to 1990, for example, $2,065,500) per year could be

* saved if PRVs and Insulation were not installed. Only a maximum of one percent
*reduction in Baseline Scenario water demand in 2030) was achieved for the approximate I

to 2 million dollars spent each year to install these two devices. Tables G-45 to G-52
present Scenario One costs for the service areas while Table G-53 presents MWA
estimated costs.

The present worth value of the uniform series of payments, exemplified by the values
given in Table G-54, was calculated using an interest rate of 6.875 percent. The total
present worth of Scenario One was calculated to be about $28,268,400. This value is
equal to annual payments over 50) years of $2,016,100) at 6.875 percent interest.

COSTS OF SCENARIO THREE

Achieving the projected 11 percent reduction in total MWA water use through Scenario
4 Three would require an extensive educational campaign. The educational campaign

would be directed at outdoor residential water use and at total non-residential use. It
would consist primarily of the distribution of printed materials (brochures, pamphlets,
newsletters) which would contain helpful hints on how to reduce water use.

The unit cost of each nonstructural modification was based on the procedure outlined for
development of Scenario One costs. The nonstructural techniques aimed at the outdoor
residential use would cost approximately $ 18,000) per year. The non-residential sector
would require about $2f00 per year. The total estimated cost of Scenario Three is the
cost presented earlier for Scenario One plus the cost of the nonstructural techniques.
Tables G-45 through G-52 present, for each service area, the capital costs associated
with implementation of the non-structural modifications contained in Water
Conservation Scenario Three.

Shown in Table G-53 are the annual expenditures during each time period for Scenario
Three without the PRVs and Insulation measures being implemented. As mentioned

* earlier, I to 2 million dollars per year could be saved if PR~s and Insulation were omitted
* from the Scenario. The percent reduction achieved by the inclusion of these two devices

is a maximum of about I percent in 2030).

The cost analysis for Scenario Three is presented in Table G-55. At 6.875 percent
interest, the present worth is $28,80)1,300, which equals 5f) annual payments of
$2,054,#00 at 6.875 percent. Through exclusion of PRVs and Insulation from Scenario
Three, this present worth value can be reduced by about 24 million dollars at the expense
of only about one percent in water reduction. Therefore, the present worth of Scenario
Three could be reduced to $4,056,600f. At 6.875 percent interest, this would convert to
.50 annual payments of $289,3M0.
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TABLE G-42

UNIT COSTS OF TECHNIQUES

USER ADDITIONAL'
ITEM CATEGORY UNIT COST

Pressure Reducing Valve 2  New SF and MF $25/dwelling unit

Pipe Insulation New SF $75/dwelling unit
New MF $38/dwelling unit

Clotheswasker 4  New SF and MF $0

Dishwasher New SF and MF $0

Toilet Modification 4  Existing SF and MF $5/toilet/dwelling unit

Shower Modification4  Existing SF and MF $2/shower/dwelling unit

Nonstructural Programs 5  New & Existing
SF and MF (Indoor) $47,000/year

Additional capital costs in 1977 dollars with increased installation costs assumed
negligible.

2 Average of data presented in Table G-3 1.

Source: Water Conservation Reuse and Supply, J. B. Gilbert & Associates, October, 1977.
4 Personal communication with local plumbing distributors.

5 Total MWA Cost.
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TABLE G-43

COSTS OF NONSTRUCTURAL PROGRAMS
FOR WATER SERVICE AREAS*

INDOOR OUTDOOR TOTAL
WATER SERVICE AREA RESIDENTIAL RESIDENTIAL NON-RESIDENTIAL TOTAL

WAD $14,000 $5,000 $6,000 $25,000
*1.

WSSC 15,000 5,000 5,000 25,00f)

FCWA 9,000 3,000 4,000 16,000.

ROCKVILLE 3,000 I,000 1,000 5,000

FAIRFAX CITY 3,000 1, 000 1,000 5,000 

PRINCE WILLIAM COUNTY 1,000 1,000 1,000 3,000

LOUDOUN COUNTY 1,000 1,000 1,000 3,000

CHARLES COUNTY 1,000 1,000 1,000 3,000

TOTAL $47,000 $18,000 $20,000 $85,000

*All costs are dollars per year spent; all dollars are in 1977 dollars.

'-4
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TABLE G-44

NUMBER OF PROJECTED DWELLING UNITS

New Units Added During Time Period
Water Service Existing

Area 1980 1980-1990 1990-2000 2000-2010 2010-2020 2020-2030

WAD
Single Family 150,319 19,232 7,817 1,541 2,439 1,069
Multi-Family 238,981 47,868 20,383 11,259 12,161 11,531

WSSC
Single Family 240,714 81,088 63,569 62,911 59,008 41,594
Multi-Family 149,586 54,612 39,731 38,489 36,292 37,064

FCWA
ngle Family 150,185 53,745 36,953 34,490 39,253 42,551

Multi-Family 77,815 30,255 24,647 22,510 32,947 25,449

ROCKVILLE
Single Family 12,685 1,666 21 2 32 32
Multi-Family 4,015 234 479 468 468 468

FAIRFAX CITY
Single Family 19,029 9,502 6,231 6,842 8,721 8,848
Multi-Family 5,871 3,098 2,169 2,458 3,179 3,352

PR. WILLIAM CO.
Single Family 13,386 5,278 11,680 9,327 11,298 12,917
Multi-Family 3,614 1,422 3,420 3,073 4,002 4,783

LOUDOUN CO.
Single Family 3,395 2,615 4,030 5,481 7,404 9,432
Multi-Family 575 515 870 1,319 1,996 2,868

CHARLES CO.
Single Family 5,904 5,204 3,049 7,652 4,569 3,634
Multi-Family 1,376 1,316 1,051 2,148 1,131 1,526

TOTAL MWA
Single Family 595,617 178,330 133,350 128,176 132,724 120,077
Multi-Family 481,833 139,320 92,750 81,724 92,176 87,041

Total 1,077,450 317,650 226,100 210,000 224,900 207,118
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TABLE G-45

WAD SCENARIO ONE AND THREE CAPITAL COSTS
(Dollars per year*)

CONSERVATION
MEASURE 1980-1990 1990-2000 2000-2010 2010-2020 2020-2030

SCENARIO ONE:
PRVs $ 41,900 $ 17,600 $ 8,000 $ 9,100 $ 7,900
Insulation 326,100 136,100 54,300 64,500 51,800
Toilet Modifications 87,600 58,400 8,800 11,700 8,800
Shower Modifications 17,500 11,700 1,200 2,300 2,300
Nonstructural
Modifications 14,000 14,000 14,000 14,000 14,000

TOTAL: With1  $ 487,100 $ 237,800 $ 86,300 $ 101,600 $ 84,800
TOTAL: Without 2  $119,100 $ 84,100 $ 24,000 $ 28,000 $ 25,100

SCENARIO THREE:
Nonstructural Modifications

(Outdoor Res.) 5,000 5,000 5,000 5,000 5,000
(Non-Rls.) 6,000 6,000 6,000 6,000 6,000

TOTAL: With $498,100 $ 248,800 $ 97,300 $112,600 $95,800
TOTAL: Without 2  $130,100 $ 95,100 $ 35,000 $ 39,000 $ 36,100

Costs in 1977 dollars.
Total with PRVs and insulation.

2 Total without PRVs and insulation.
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TABLE G-46

WSSC SCENARIO ONE AND THREE CAPITAL COSTS
(Dollars per year*)

CONSERVATION
MEASURE 1980-1990 1990-2000 2000-2010 2010-2020 2020-2030

SCENARIO ONE:
PRVs $ 84,800 $ 64,600 $ 63,400 $ 59,600 $ 49,200
Insulation 815,700 627,700 618,100 580,500 452,800
Toilet Modifications 87,800 58,500 8,800 11,700 8,800
Shower Modifications 17,600 11,700 1,200 2,300 2,300
Nonstructural
Modificalions 15,000 15,000 15,000 15,000 15,000

TOTAL: With $1,020,900 $ 777,500 $ 706,500 $ 669,100 $ 528,100
TOTAL: Without 2  $ 120,400 $ 85,200 $ 25,000 $ 29,000 $ 26,100

SCENARIO THREE:
Nonstructural
Modifications

(Outdoor Res.) 5,000 5,000 5,000 5,000 5,000
(Nor-Res.) 5,000 5,000 5,000 5,000 5,000

TOTAL: With e $1,030,900 $ 787,500 $ 716,500 $ 679,100 $ 538,100
TOTAL: Without 2  $ -130,400 $ 95,200 $ 35,000 $ 39,000 $ 36,100

* Costs in 1977 dollars.
Total with PRVs and insulation.

2 Total without PRVs and insulation.
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TABLE G-47

FCWA SCENARIO ONE AND THREE CAPITAL COSTS
(Dollars per year*)

CONSERVATION
MEASURE 1980-1990 1990-2000 2000-2010 2010-2020 2020-2030

SCENARIO ONE:
PRVs $ 52,500 $ 38,500 $ 35,600 $ 45,100 $ 42,500
Insulation 518,100 370,800 344,300 419,600 415,800
Toilet Modifications 51,300 34,200 5,100 6,800 5,100
Shower Modifications 10,300 6,800 700 1,400 1,400
Nonstructural

Modifications 9,000 9,000 9,000 9,000 9,000
TOTAL: With$ 641,200 $ 459,300 $ 394,700 $ 481,900 $ 473,800
TOTAL: Without 2  $ 70,600 $ 50,000 $ 14,800 $ 17,200 $ 15,500

SCENARIO THREE:
Nonstructural
Modifications

(Outdoor Res.) 3,000 3,000 3,000 3,000 3,000
(Nor-Res.) 4,000 4,000 4,000 4,000 4,000

TOTAL: With $ 648,200 $ 466,300 $ 401,700 $ 488,900 $ 480,800
TOTAL: Without 2  $ 77,600 $ 57,000 $ 21,800 $ 24,200 $ 22,500

* Costs in 1977 dollars.

2Total with PRVs and insulation.
2 Total without PRVs and insulation.
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TABLE G-48

ROCKVILLE SCENARIO ONE AND THREE CAPITAL COSTS
(Dollars per year*)

CONSERVATION
MEASURE 1980-1990 1990-2000 2000-2010 2010-2020 2020-2030

SCENARIO ONE:
PRVs $ 1,200. $ 300 $ 300 $ 300 $ 300
Insulation 13,400 2,000 2,000 2,000 2,000
Toilet Modifications 3,800 2,500 400 500 400
Shower Modifications goo 500 100 100 100
Nonstructural

Modfications 3,000 3,000 3,000 3,000 3,000
TOTAL: With $ 22,200 $ 8,300 $ 5,800 $ 51900 $ 5,800
TOTAL: Without 2  $ 7,600 $ 6,000 $ 3,500 $ 3,600 $ 3,500

SCENARIO THREE:
Nonstructural
Modifications

(Outdoor Res.) 1,000 1,000 1,000 1,000 1,000
(Nor-Res.) 1,000 1,000 1,000 1,000 1,000

TOTAL: With $ 24,200 $ 10,300 $ 7,800 $ 7,900 $ 7,800
TOTAL: Without $ 9,600 $ 8,000 $ 5,500 $ 5,600 $ 5,500

*Costs in 1977 dollars.
Total with PRVs and insulation.

2 Total without PRVs and insulation.
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TABLE G-49

FAIRFAX CITY SCENARIO ONE AND THREE CAPITAL COSTS
(Dollars per year*)

CONSERVATION
MEASURE 1980-1990 1990-2000 2000-2010 2010-2020 2020-2030

SCENARIO ONE:
PRVs $ 7,900 $ 5,300 $ 5,800 $ 7,400 $ 7,600
Insulation 83,000 55,000 60,700 77,500 79,100
Toilet Modifications 5,600 3,700 600 700 600
Shower Modifications 1,100 700 100 100 100

* Nonstructural
Modifications 3,000 3,000 3,000 3,000 3,000

TOTAL: Withl $100,600 $ 67,700 $ 70,200 $ 88,700 $ 90,400
TOTAL: Without 2  $ 9,700 $ 7,400 $ 3,700 $ 3,800 $ 3,700

SCENARIO THREE:
Nonstructural
Modifications .(Outdoor Res.) 1,000 1,000 1,000 1,000 1,000

Ot(No r Res.) 1,000 1,000 1,000 1,000 1,000

TOTAL: With 2 $ 102,600 $ 69,700 $ 72,200 $ 90,700 $ 92,400
TOTAL: Without 2  $ 11,700 $ 9,400 $ 5,700 $ 5,800 $ 5,700

. Costs in 1977 dollars.
Total with PRVs and insulation.

2Total without PRVs and insulation.
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4- .TABLE G-50

PRINCE WILLIAM COUNTY
SCENARIO ONE AND THREE CAPITAL COSTS

(Dollars per year*)

CONSERVATION
MEASURE 1980-1990 1990-2000 2000-2010 2010-2020 2020-2030

SCENARIO ONE:
PRVs $ 4,200 $ 9,400 $ 7,800 $ 9,600 $ 11,100Insulation 45,000 100,600 81,600 99,900 115,100Toilet Modifications 3,800 2,600 400 500 400Shower Modifications 800 500 100 100 100
Nonstructural
Modificaions 1,000 1,000 1,000 1,000 1,000

TOTAL: Witho $54,800 $114,100 $90,900 $ 111,100 $127,700
TOTAL: Without 2  $ 5,600 $ 4,100 $ 1,500 $ 1,600 $ 1,500
SCENARIO THREE:

Nonstructural
Modifications

(Outdoor Res.) 1,000 1,000 1,000 1,000 1,000
.(Nop. Res.) 1,000 1,000 1,000 1,000 1,000TOTAL: With $ 56,800 $ 116,100 $ 92,900 $ 113,100 $ 129,700TOTAL: Without 2  $ 7,600 $ 6,100 $ 3,500 $ 3,600 $ 3,500

• Costs in 1977 dollars.
I Total with PRVs and insulation.
2 Total without PRVs and insulation.

G-130

I,



TABLE G-51

LOUDOUN COUNTY
SCENARIO ONE AND THREE CAPITAL COSTS

(Dollars per year*)

CONSERVATION
MEASURE 1980-1990 1990-2000 2000-2010 2010-2020 2020-2030

SCENARIO ONE:
PRVs $ 2,000 $ 3,100 $ 4,300 $ 5,900 $ 7,700
Insulation 21,600 33,500 46,100 63,100 81,600
Toilet Modifications 900 600 100 100 100
Shower Modifications 200 100 100 100 100
Nonstructural
Modificalions 1,000 1,000 1,000 1,000 1,000

TOTAL: With' $ 25,700 $ 38,300 $ 51,600 $ 70,200 $ 90,500
TOTAL: Without 2  $ 2,100 $ 1,700 $ 1,200 $ 1,200 $ 1,200

SCENARIO THREE:
Nonstructural
Modif ications

(Outdoor Res.) 1,000 1,000 1,000 1,000 1,000
(Nor. Res.) 1,000 1,000 1,000 1,000 1,000

TOTAL: With 2 $ 27,700 $ 40,300 $ 53,600 $ 72,200 $ 92,500
TOTAL: Without 2  $ 4,100 $ 3,700 $ 3,200 $ 3,200 $ 3,200

* Costs in 1977 dollars.
Total with PRVs and insulation.

2 Total without PRVs and insulation.
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TABLE G-52

CHARLES COUNTY
SCENARIO ONE AND THREE CAPITAL COSTS .1

(Dollars per year*)

"- CONSERVATION
MEASURE 1980-1990 1990-2000 2000-2010 2010-2020 2020-2030

SCENARIO ONE:
PRVs $ 4,100 $ 2,600 $ 6,100 $ 3,600 $ 3,200
Insulation 44,000 26,900 65,600 38,600 33,100
Toilet Modifications 1,600 1,100 200 200 200
Shower Modifications 300 200 100 100 100

$ Nonstructural
Modif icalions 1,000 1,000 1,000 1,000 1,000

TOTAL: With $ 51,000 $ 31,800 $ 73,000 $ 43,500 $ 37,600
TOTAL: Without 2  $ 2,900 $ 2,300 $ 1,300 $ 1,300 $ 1,300

SCENARIO THREE:
Nonstructural
Modifications

(Outdoor Res.) 1,000 1,000 1,000 1,000 1,000
TOTAL: (Nop. Res.) 1,000 1,000 1,000 1,000 1,000
TOTAL: With' $ 53,000 $ 33,800 $ 75,000 $ 45,500 $ 39,600
TOTAL: Without 2  $ 4,900 $ 4,300 $ 3,300 $ 3,300 $ 3,300

* Costs in 1977 dollars.
I Total with PRVs and insulation.
2 Total without PRVs and insulation.

G-132

""' " "" "" '' - '. . . . .. . ... .. . . " . ..



TABLE G-53

SCENARIO ONE AND THREE CAPITAL COSTS
FOR THE METROPOLITAN WASHINGTON AREA

(Dollars per year*)

CONSERVATION
MEASURE 1980-1990 1990-2000 2000-2010 2010-2020 2020-2030

SCENARIO ONE:
PRVs $ 198,600 $ 141,400 $ 131,300 $ 140,600 $129,500
Insulation 1,866,900 1,352,600 1,272,700 1,345,700 1,231,300
Toilet Modifications 242,400 161,600 24,400 32,200 24,400
Shower Modifications 48,600 32,200 3,600 6,500 6,500
Nonstructural
Modificalions 47,000 47,000 47,000 47,000 47,000

TOTAL: With $2,403,500 $1,734,800 $1,479,000 $1,572,000 $1,438,700
TOTAL: Without 2  $ 338,000 $ 240,800 $ 75,000 $ 85,700 $ 77,900

SCENARIO THREE:
Nonstructural
Modifications

(Outdoor Res.) 18,000 18,000 18,000 18,000 18,000
(Nop. Res.) 20,000 20,000 20,000 20,000 20,000

TOTAL: With $2,441,500 $1,772,800 $1,517,000 $1,610,000 $1,476,700
TOTAL: Without 2  $ 376,000 $ 278,800 $ 113,000 $ 123,700 $ 115,900

* Costs in 1977 dollars.
1 Total with PRVs and insulation.
2 Total without PRVs and insulation.
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TABLE G-54P.1

COST ANALYSIS FOR WATER CONSERVATION SCENARIO ONE*

WATER SERVICE AREA WITH PRVS & INSULATION WITHOUT PRVS & INSULATION

Present Worth Annual Payment Present Worth Annual Payment

WAD $ 3,268,500 $ 233,100 $1,208,300 $ 86,200
WSSC 12,129,400 865,000 1,231,600 87,800
FCWA 8,030,000 572,700 724,700 51,700

" ROCKVILLE 157,300 11,200 104,300 7,400
FAIRFAX CITY 1,368,200 97,600 122,000 8,700
PR. WILLIAM COUNTY 1,633,600 116,500 61,600 4,400
LOUDOUN COUNTY 905,300 64,600 31,900 2,300 ,
CHARLES COUNTY 776,200 55,400 39,200 2,800

TOTAL MWA $28,268,400 $2,016,100 $3,523,700 $251,300

* Calculated for a 50 year period using an interest rate of 6.875 percent and 1977 doUars.
Totals may not agree with column summations due to rounding.
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TABLE G-55

COST ANALYSIS FOR WATER CONSERVATION SCENARIO THREE*

WATER SERVICE AREA WITH PRVS & INSULATION WITHOUT PRVS & INSULATION

Present Worth Annual Payment Present Worth Annual Payment

WAD $ 3,438,400 $ 245,200 $1,350,200 $ 96,300
WSSC 12,256,500 874,100 1,351,800 96,400
FCWA 8,117,100 578,700 817,800 58,300
ROCKVILLE 189,500 13,500 137,700 9,800
FAIRFAX CITY 1,396,700 99,600 154,200 11,000
PR. WILLIAM COUNTY 1,661,400 118,500 97,800 7,000
LOUDOUN COUNTY 935,200 66,700 70,100 5,000
CHARLES COUNTY 806,500 57,500 76,900 5,500

TOTAL MWA $28,801,300 $2,054,000 $4,056,600 $289,300

*Calculated for a 50 year period using an interest rate of 6.875 percent and 1977 dollars.
Totals may not agree with column summations due to rounding.
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COSTS OF SCENARIO FIVE

Scenario Five was developed to represent a comprehensive program that would
.' extensively reduce water use in the MWA. Water-saving devices, non-structural

modifications, and a leak detection and repair program were combined into a scenario
which reduced projected baseline demands approximately 28 percent by the year 2030.
The types of incentives included in Scenario Five were similar to those of Scenarios One
and Three. However, the assumptions relating to user participation rates and to device
efficiency differed from those of Scenarios One and Three as discussed previously.

The retrofit program aimed at toilet and shower modifications in existing residences was
assumed to be implemented in conjunction with an educational campaign (and perhaps
even incentives such as changes in pricing policies) to make the water user aware of
water conservation. In order to have the water-saving devices included in new
residential construction, it was assumed plumbing code modifications would be
implemented to ensure the use of these devices. Actual use of the siphon-jet toilet and
pipe insulation would require a strong, enforceable plumbing code because of the
additional costs involved.

The unit costs associated with the ten water conservation techniques contained in
Scenario Five are given in Table G-56. These unit costs were multiplied times the appli-
cable units in the affected user categories. The unit costs of the water-saving devices
were obtained from the literature and from local plumbing distributors. The unit costs
derived for the Nonstructural Modifications were presented in Table G-43. The develop-
ment of the unit costs listed in Table G-56 for the Leak Detection and Repair technique

-. requires further explanation.

To generate the total cost of Scenario Five the expenditures involved in repairing distri-
bution system leaks were estimated. Since a formal program aimed at stopping supply
system leakage would require extensive planning and start-up and would be highly

"" dependent on the actual distribution system and specific problems encountered, the total
*. costs for the entire 50-year planning period were difficult to determine. However, based

on information documented in the NEWS Study (Water Conservation Measures for the
New York Metropolitan Area. U.S. Army Corps of Engineers, January 1976), an

"* approximate unit cost was determined.

During 1954, the City of New York spent $346,916 to stop leaks of 62,671,000 gallons per
day. This amounts to about $15.17 per million gallons in 1954, or about $65 in 1977
dollars. It was this number that was used as a rough estimate of the unit cost of a leak
detection program. The unit cost of $65 per million gallons was multiplied by the total

*" volume of water saved in the unaccounted for category. As explained earlier, not all
, service areas were reduced uniformly, nor were all service areas set at the same

percentage of total use attributable to system leakage. It must be noted that the costs
generated for the leak detection and repair program are gross estimates and were
included in this analysis only to provide an idea of the total cost of the scenario.

Scenario Five capital costs were developed by the consultant using 1977 dollars. These
costs are identified by service areas in Tables G-57 through G-64 and are presented for
each conservation technique for each of the time periods. Table G-65 summarizes the
Scenario Five costs estimated for each of the service areas.
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TABLE G-56

UNIT COSTS OF SCENARIO FIVE TECHNIQUES

USER ADDITIONAL 1

ITEM CATEGORY UNIT COST

Siphon-Jet Toilet 2  New SF & MF $62.50/toilet/dwelling unit

Faucet Controls 3  New SF & MF $0

Clotheswasher 3  New SF & MF $0

Dishwasher3  New SF & MF $0

Toilet Modification3  Existing SF and MF $5/toilet/dwelling unit

Shower Modification 3  Existing SF and MF $2/shower/dwelling unit

Shower Controls4  New SF & MF $5/shower/dwelling unit

.4Pipe Insulation New SF $75/dwelling unit
New MF $38/dwelling unit

Nonstructural Programs New &c Existing SF & $47,000/year
MF (Indoor) (MWA Regional Total)

New & Existing SF & $18,000/year
MF (Outdoor) (MWA Regional Total)

New Existing Non- $20,000/year
residential (MWA Regional Total)

Leak Detection & Repair5  Unaccounted $65.00/million
gallons saved

I Additional capital costs in 1977 dollars with zero installation cost.2 Average of data from Table G-3 1.
Personal communction with local plumbing distributors.

4 Source: (.B. Gilbert & Associates, October, 1977).
Source: (USACE, January 1976), updated to 1977 costs based on an ENR cost index
increase of 7.1 percent.
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TABLE G-57

WAD SCENARIO FIVE CAPITAL COSTS
(Dollars Per Year*)

CONSERVATION
MEASURE 1980-1990 1990-2000 2000-2010 2010-2020 2020-2030

Toilet
Modifications $ 116,800 $ 29,200 $ 29,200 $ 29,200 $ 29,200

Shower
Modifications 26,900 16,400 2,300 3,500 3,500

Nonstructural
Modifications

(Indoor Res.) 14,000 14,000 14,000 14,000 14,000 *
(Outdoor Res.) 5,000 5,000 5,000 5,000 5,000 *
(Non-Residential) 6,000 6,000 6,000 6,000 6,000

Siphon-3et Toilet 838,800 352,500 160,000 182,500 157,500

Shower Controls 67,100 28,200 12,800 14,600 12,600

Insulation 326,100 136,100 54,300 64,500 51,800

Leak Repair 225,200 5,700 4,700 5,500 5,000

TOTAL $1,625,900 $593,100 $288,300 $324,800 $284,600

Total Without
Leak Repair $1,400,700 $587,400 $283,600 $319,300 $279,600

Total Without
Insulation $1,299,800 $457,000 $234,000 $260,300 $232,800

*Costs in 1977 dollars.
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TABLE G-58

WSSC SCENARIO FIVE CAPITAL COSTS
(Dollars per year*)

CONSERVATION
MEASURE 1980-1990 1990-2000 2000-2010 2010-2020 2020-2030

Toilet
Modifications $ 117,100 $ 29,300 $ 29,300 $ 29,300 $ 29,300

Shower 26,900 16,400 2,300 3,500 3,500
Modifications

Nonstructural
Modifications

(Indoor Res.) 15,000 15,000 15,000 15,000 15,000
(Outdoor Res.) 5,000 5,000 5,000 5,000 5,000
(Non-Residential) 5,000 5,000 5,000 5,000 5,000

Siphon-Jet Toilet 1,696,300 1,291,300 1,267,500 1,191,300 983,200

Shower Controls 135,700 103,300 101,400 95,300 78,700

Insulation 815,700 627,700 618,100 580,500 452,800

Leak Repair 15,400 1,700 2,100 1,900 1,700

TOTAL $2,832,100 $2,094,700 $2,045,700 $1,926,800 $1,574,200

Total Without
Leak Repair $2,816,700 $2,093,000 $2,043,600 $1,924,900 $1,572,500

Total Without
Insulation $2,016,400 $1,467,000 $1,427,600 $1,346,300 $1,121,400

*Costs in 1977 dollars.
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TABLE G-59

FCWA SCENARIO FIVE CAPITAL COSTS
(Dollars per Year*)

CONSERVATION
MEASURE 1980-1990 1990-2000 2000-2010 2010-2020 2020-2030

Toilet
Modifications 68,400 $ 17,100 $ 17,100 $ 17,100 $ 17,100

Shower 15,700 9,600 1,400 2,100 2,100
Modifications

Nonstructural
Modifications

(Indoor Res.) 9,000 9,000 9,000 9,000 9,000
(Outdoor Res.) 3,000 3,000 3,000 3,000 3,000
(Non-Residential) 4,000 4,000 4,000 4,000 4,000

Siphon-3et Toilet 1,050,000 770,000 712,500 902,500 850,000

Shower Controls 84,000 61,600 57,000 72,200 68,000

. Insulation 518,100 370,800 344,300 419,600 415,800

Leak Repair 3,300 700 500 500 700

TOTAL $1,755,500 $1,245,800 $1,148,800 $1,430,000 $1,369,700

Total Without
Leak Repair $1,752,200 $1,245,100 $1,148,300 $1,429,500 $1,369,000

Total Without
Insulation $1,237,400 $ 875,000 $ 804,500 $1,010,400 $ 953,900

*Costs in 1977 dollars.
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TABLE G-60

ROCKVILLE SCENARIO FIVE CAPITAL COSTS
(Dollars Per Year *)

CONSERVATION
MEASURE 1980-1990 1990-2000 2000-2010 2010-2020 2020-2030

Toilet
Modifications $ 5,000 $1,300 $1,300 $1,300 $1,300

Shower
Modifications 1,200 700 100 200 200

Nonstructural
Modifications

(Indoor Res.) 3,000 3,000 3,000 3,000 3,000
(Outdoor Res.) 1,000 1,000 1,000 1,000 1,000
(Non-Residential) 1,000 1,000 1,000 1,000 1,000

Siphon-Jet Toilet 23,800 6,300 6,300 6,300 6,300

Shower Controls 1,900 500 500 500 500

Insulation 13,400 2,000 2,000 2,000 2,000

Leak Repair 0 0 0 0 0

TOTAL $50,300 $15,800 $15,200 $15,300 $15,300

Total Without
Leak Repair $50,300 $15,800 $15,200 $15,300 $15,300

Total Without
Insulation $36,900 $13,800 $13,200 $13,300 $13,300

*Costs in 1977 dollars.
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TABLE G-61

FAIRFAX CITY SCENARIO FIVE CAPITAL COSTS
(Dollars per year)*

CONSERVATION
MEASURE 1980-1990 1990-2000 2000-2010 2010-2020 2020-2030

Toilet
Modifications $ 7,500 $ 1,900 $ 1,900 $ 1,900 $ 1,900

Shower
Modifications 1,700 1,000 100 200 200

Nonstructural
Modifications

(Indoor Res.) 3,000 3,000 3,000 3,000 3,000
(Outdoor Res.) 1,000 1,000 1,000 1,000 1,000
(Non-Residential) 1,000 1,000 1,000 1,000 1,000

Siphon-Jet Toilet 157,500 105,000 116,300 148,800 152,500

Shower Controls 12,600 8,400 9,300 11,900 12,200

Insulation 83,000 55,000 60,700 77,500 79,100

Leak Repair 31,700 5,000 6,000 7,700 8,000

TOTAL $299,000 $181,300 $199,300 $253,000 $258,900

Total Without
Leak Repair $267,300 $176,300 $193,300 $245,300 $250,900

Total Without
Insulation 216,000 $126,300 $138,600 $175,500 $179,800

*Costs in 1977 dollars.
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TABLE G-62

PRINCE WILLIAM COUNTY SCENARIO FIVE CAPITAL COSTS
(Dollars per year*)

CONSERVATION
MEASURE 1980-1990 1990-2000 2000-2010 2010-2020 2020-2030

Toilet $ 5,100 $ 1,300 $ 1,300 $ 1,300 $ 1,300
Modifications

Shower 1,200 700 100 200 200
Modifications

Nonstructural
Modifications

(Indoor Res.) 1,000 1,000 1,000 1,000 1,000
(Outdoor Res.) 1,000 1,000 1,000 1,000 1,000
(Non-Residential) 1,000 1,000 1,000 1,000 1,000

Siphon-Jet Toilet 83,800 188,800 155,000 191,300 221,300

Shower Controls 6,700 15,100 12,400 15,300 17,700

Insulation 45,000 100,600 81,600 99,900 115,100

Leak Repair 6,700 1,900 1,800 2,200 2,500

TOTAL $151,500 $311,400 $255,200 $313,200 $361,100

Total Without
Leak Repair $144,800 $309,500 $253,400 $311,000 $358,600

Total Without $106,500 $210,800 $173,600 $213,300 $246,000
Insulation

*Costs in 1977 dollars
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TABLE G-63

LOUDOUN COUNTY SCENARIO FIVE CAPITAL COSTS
(Dollars per year*)

CONSERVATION
MEASURE 1980-1990 1990-2000 2000-2010 2010-2020 2020-2030

Toilet
Modifications $ 1,200 $ 300 $ 300 $ 300 $ 300

Shower 300 200 100 100 100
Modifications

Nonstructural
Modifications

(Indoor Res.) 1,000 1,000 1,000 1,000 1,000
(Outdoor Res.) 1,000 1,000 1,000 1,000 1,000
(Non-Residential) 1,000 1,000 1,000 1,000 1,000

Siphon-3et Toilet 39,1C 61,300 85,000 117,500 153,800

Shower Controls 3,100 4,900 6,800 9,400 12,300

* Insulation 21,600 33,500 46,100 63,100 81,600

Leak Repair 3,700 2,100 3,100 4,200 5,600

TOTAL $72,000 $105,300 $144,400 $197,600 $256,700

Total Without
" Leak Repair $68,300 $103,200 $141,300 $193,400 $251,100

Total Without
Insulation $50,400 $71,800 $98,300 $134,500 $175,100

*Costs in 1977 dollars.
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TABLE G-64

CHARLES COUNTY SCENARIO FIVE CAPITAL COSTS
(Dollars per year*)

CONSERVATION
MEASURES 1980-1990 1990-2000 2000-2010 2010-2020 2020-2030

Toilet
Modifications $ 2,200 $ 500 $ 500 $ 500 $ 500

Shower
Modifications 500 300 100 100 100

Nonstructural
. Modifications

(Indoor Res.) 1,000 1,000 1,000 1,000 1,000
(Outdoor Res.) 1,000 1,000 1,000 1,000 1,000
(Non-Residential) 1,000 1,000 1,000 1,000 1,000

Siphon-Jet Toilet 81,500 51,300 122,500 71,300 64,500 St

* Shower Controls 6,500 4,100 9,800 5,700 5,200

Insulation 44,000 26,900 65,600 38,600 33,100

Leak Repair 5,200 1,100 2,900 1,600 1,300

TOTAL $142,900 $87,200 $204,400 $120,800 $107,700

Total Without
Leak Repair $137,700 $86,100 $201,500 $119,200 $106,400

Total Without
Insulation $ 98,900 $60,300 $138,800 $ 82,200 $ 74,600

" *Costs in 1977 dollars.
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TABLE G-65

SCENARIO FIVE CAPITAL COSTS
FOR THE METROPOLITAN WASHINGTON AREA

(Dollars per year*)

CONSERVATION
MEASURE 1980-1990 1990-2000 2000-2010 2010-2020 2020-2030

Toilet
Modifications $ 323,300 $ 80,900 $ 80,900 $ 80,900 $ 80,900

Shower
Modifications 74,400 45,300 6,500 9,900 9,900

Nonstructural
Modifications

(Indoor Res.) 47,000 47,000 47,000 47,000 47,000
(Outdoor Res.) 18,000 18,000 18,000 18,000 18,000
(Non-Residential) 20,000 20,000 20,000 20,000 20,.000 . -

* Siphon-3et Toilet 3,970,800 2,826,500 2,625,100 2,811,500 2,589,100

Shower Controls 317,600 226,100 210,000 224,900 207,200

* Insulation 1,866,900 1,352,600 1,272,700 1,345,700 1,231,300

Leak Repair 291,200 18,200 21,100 23,600 24,800

TOTAL $6,929,200 $4,634,600 $4,301,300 $4,581,500 $4,228,200

' Total Without
Leak Repair $6,638,000 $4,616,400 $4,280,200 $4,557,900 $4,203,400

Total Without
Insulation 5,062,300 3,282,000 3,028,600 3,235,800 2,996,900

*Costs in 1977 dollars
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Also given in Table G-65 are the dollars expended each year during the time period for
Scenario Five minus the costs of the Leak Detection/Repair program and the.Scenario
Five costs minus the hot water pipe Insulation program costs. The cost of the scenario
minus the leak repair costs are presented because of the gross cost estimation associated
with the leak repair program. The scenario costs minus Insulation are given because of
the low cost-effectiveness of the Insulation program.

The present worth of these costs is presented in Table G-66. The regional present worth
totals $80,320,900 (1977 dollars) at 6.875 percent interest over 50 years. This converts
to 50 annual payments of $5,728,200 at 6.875 percent. The regional present worth of
Scenario Five without the cost estimate of the Leak Detection and Repair program is
$78,123,400 in 1977 dollars. This represents an average annual expenditure of $5,571,500
per year over a 50-year period, assuming an interest rate of 6.875 percent. Scenario Five
without 'the Insulation program has a regional present worth of $57,937,600, or $4,131,900
per year for 50 years at 6.875 percent interest. Since the Insulation program only
creates a little less than one percent reduction in total MWA water demand by 2030, a
savings of about 1.4 million dollars per year could be realized by omitting the program.

A summary of the cost analysis performed on the three water conservation scenarios is
" given in Table G-67 and Table G-68. Table G-67 presents a total dollar per dwelling unit

cost for each plan. The total unit cost is based on the unit cost of each water
conservation technique presented earlier.

Table G-67 summarizes the costs and expected percent reduction in total MWA water
demand for the three scenarios discussed. As can be seen in the table, the present worth
values range from a low of approximately 28 million dollars for Scenario One to a high of
approximately 80 million dollars for Scenario Five. However, for a small increase in
expected costs, Scenario Three yielded an approximate 60 percent improvement in water
savings in the year 2030. If the PRV's and Insulation devices were to be omitted from the
scenarios, considerable savings would be achieved with a minimal amount of water
reduction lost.

EARLY-ACTION PHASE DECISIONS

Based on the projected results of implementing the five water conservation scenarios, a
decision was made to eliminate some from further consideration in the development of
plans during the early-action analysis of the Potomac River users. The basis for the
screening of the five scenarios to two scenarios was projected reductions in baseline
water use attributed to the scenarios shown in Figure G-17. Water Conservation
Scenario One achieved a minimum level of reduction by emphasizing reductions in indoor
residential use. Scenario Two included a program to reduce outdoor residential use which
resulted in a further reduction of 1.5 percent by the year 2030 - a minimal amount at
best. Because of the marginal reductions in water use credited to Scenario Two, this
scenario was dropped from further consideration.

Again referring to Figure G-17, a similarity is also observed between Scenario Three and
Scenario Four. The difference in the comprehensiveness of the two scenarios is
attributed to the inclusion of a program in Water Conservation Scenario Four to reduce
unaccounted use of water. While the projected reduction in use attributable to Scenario
Four was almost 5 percent greater than Scenario Three, Scenario Four was deleted from
further consideration in the formulation process. This was done because of the
uncertainties related to achievement of reductions in the unaccounted category together
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TABLE G-66

COST ANALYSIS FOR WATER CONSERVATION
SCENARIO FIVE*

*WATER SERVICE AREA WITH INSULATION WITHOUT INSULATION

Present Annual Present Annual
Worth Payment Worth Payment

WAD $10,145,400 $ 723,500 $ 8,174,200 $ 583,000
WSSC 34,093,200 2,431,400 24,282,300 1,731,700
FCWA 22,622,800 1,613,400 16,063,300 1,145,600
ROCKVILLE 364,300 26,000 297,800 21,200
FAIRFAX CITY 3,878,500 276,600 2,751,800 196,300
PR. WILLIAM COUNTY 4,532,500 323,200 3,127,000 223,000
LOUDOUN COUNTY 2,526,000 180,200 1,744,500 124,400
CHARLES COUNTY 2,158,200 153,900 1,496,700 106,700

TOTAL MWA $80,320,900 $5,728,200 $57,937,600 $4,131,900

* Calculated for a 50 year period using an interest rate of 6.875 percent and 1977 dollars.

Totals may not agree with column summations due to rounding.
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TABLE G-67

SUMMARY OF SCENARIO UNIT COSTS

Single Family Multi-Family

(S/Dwelling Unit) (S/Dwelling Unit)

SCENARIO (New)* (Retrofit)** (New)* (Retrofit)**

* Scenario One $100.55 $11.05 $63.55 $11.05

Scenario One W/O
PRV's & Insulation 0.00 11.05 0.00 11.05

Scenario Three 101.00 11.50 64.00 11.50

Scenario Three W.'3
PRV's & Insulation 0.00 11.50 0.00 11.50

Scenario Five 211.00 11.50 174.00 11.50

Scenario Five W/O
Insulation 136.00 11.50 136.00 11.50

* New dwellings assumed to have 2 toilets, 2 showers.
** Existing dwellings assumed to have 1.5 toilets, 1.5 showers.

NOTE: Nonstructural Modification Program assumed to cost approximately $1/dwelling
unit was subdivided into $0.55 indoor and $0.45 outdoor.

.1

U..

, G-I49 .

:........ ...... • . . - -

. . . . . . . . . . . . . . . . . ., . , .



TABLE G-68

MWA WATER CONSERVATION ANALYSIS

Maximum Water Cost Analysis*
Demand Reduction (YR 2030) Present Worth Annual**

SCENARIO (mgd) (%) ( ($/Year)

Scenario One 57.20 6.8 $28,268,400 $2,016,100

Scenario One
*: Without PRV's &

Insulation 44.97 5.9 3,523,700 251,300

Scenario Three 84.60 11.2 28,794,200 2,053,500

Scenario Three
Without PRV's &
Insulation 77.37 10.3 4,056,600 289,300

Scenario Five 214.70 28.0 80,320,900 5,728,200

Scenario Five
Without
Insulation 208.92 27.2 $57,937,600 $4,131,900

SAll dollars are 1977 dollars.
•* Based on 365 days per year, 50 year period at 6.875 percent.
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with implementation costs. Indeed, if a program was initiated, it may not prove to be
cost-effective when considering the incremental reduction achieved.

One additional scenario was dropped from consideration in the early-action phase study.
Water Conservation Scenario Five was designed as the most intensive of the scenarios.
As such, it was based on a large rate of participation together with the maximum rate of
efficiency obtainable for all the devices involved. The selection of this particular
scenario would not have been a practical decision given the uncertainty associated with
the higher degree of user participation and the unproven efficiency assumed for the
various reduction measures. The screening of the water conservation scenarios, then,
resulted in Scenarios One and Three being included with the Baseline Scenario in the
analysis and development of early-action plans. For a full discussion of this plan

*" development process during the early-action phase, refer to Appendix B - Plan
7. Formulation, Assessment, and Evaluation.

LONG-RANGE PHASE DECISIONS

As a result of the early-action phase of the MWA Water Supply Study, several Plans for
Choice were developed and presented in the 1979 Draft Progress Report on the Potomac
Water Users. Based on these Plans for Choice and the supporting technical analyses, a
group of local water suppliers and government officials took the initiative to form a
water supply task force. The purpose of this task force was to develop and implement a
coordinated regional approach to satisfy the area's existing and future water demands.

S".This Washington Water Supply Task Force met its objective and completed its "task" in
early 1982. The objective was formally achieved when the Potomac water users
convened on 22 July 1982 to officially adopt the strategy. Adoption of this regional
strategy involved several actions: 1) agreement on a formula for cost-sharing the
construction costs of the Little Seneca Lake project to be located in Montgomery
County, Maryland, 2) agreement on a method for cost-sharing the purchase of water
supply storage in the Bloomington Lake Reservoir, 3) agreement on and adoption of
modifications to the Potomac Low Flow Allocation Agreement, and 4) agreement on
other matters relating to successful execution of the aforementioned actions (This
development in Metropolitan Washington water supply planning is discussed in detail in
the Main Report and Appendix B - Formulation, Assessment and Evaluation.

What did all this local activity mean in terms of the MWA Water Supply Study? As
previously discussed, the 1979 !'-aft Progress Report was the stimulus for the Potomac
River Users agreeing to remedy the water supply situation themselves. Consequently,
the baseline scenario analyzed at the start of the early-action phase was no longer
appropriate for planning considerations in the long-range phase of the study. The
baseline condition existing during the long-range phase now included the early-action
alternatives of Bloomington Lake, Little Seneca Lake, Conservation Scenario Three, and
reregulation. And the original problem that was to be examined in the long-range phase
had been eliminated through the coordinated actions of the localities.

This positive development, then, dictated an approach in the long-range phase that not
. only differed from the approach of the early-action phase but also differed from the

intended approach at the initiation of the MWA Water Supply Study. Rather than
attempting to solve a problem which no longer manifested itself, the long-range phase
examined the potential and feasibility of remaining alternatives to provide additional
water to the area. One result of this approach was the decision to reexamine Water
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* Conservation Scenario Five and its potential for providing additional water, albeit, in an
indirect way (demand reduction).

Based on this decision, the original costs for Scenario Five developed by the consultant
* were updated to October 1981 cost levels using the Engineering-News Record

Construction Cost Index. This was done so as to provide a common cost basis for all the
alternatives considered by the study team in the formuiation process. Conservation
Scenario Five capital costs updated to October 1981 price levels are presented in Table
G-69. These capital costs were also converted to a present worth basis using an interest

* rate of 7 5/8 percent. This information is reflected in Table G-70. For a discussion of
the evaluation of Conservation Scenario Five as a long-range alternative, refer to
Appendix B - Formulation, Assessment, and Evaluation.

.7
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TABLE G-69

POTOMAC RIVER USERS
SCENARIO FIVE CAPITAL COSTS

SUMMARY

CAPITAL COSTS CAPITAL COSTS*
WATER SERVICE AREA (1977 Dollars) (Oct. 1981 Dollars)

WAD: I
Witho $31,167,000 $42,886,000

,Without 24839,000 34,179,000

* .WSSC:
With $104,735,000 $144,115,000
Without 73,787,000 101,531,000

', FCWA:
With $69,498,000 $95,629,000
Without 48,812,000 67,165,000

ROCKVILLE:
With $1,119,000 $1,540,000
Without 905,000 1,245,000

TOTAL:
With $206,519,000 $284,170,000
Without $148,343,000 $204,120,000

. . *Engineering News-Record Construction Cost Index was used to revise costs from

December 1977 price levels (ENRCCI z 2669.43) to October 1981 price levels (ENRCCI =

3672.37). This resulted in an updating factor of 1.376.

I Represents Total Costs With Insulation Costs Included.
2 Represents Total Costs Without Insulation Costs.
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TABLE G-70

COST ANALYSIS
FOR WATER CONSERVATION SCENARIO FIVE

(October 1981 Dollars)

With Insulation Without Insulation

WATER SERVICE AREA Present Worth Annual Payment Present Worth Annual Payment

WAD $19,040,900 $1,489,600 $15,155,600 $1,185,600

- . WSSC 43,228,600 3,381,800 30,579,600 2,392,200

FCWA 26,740,800 2,091,900 18,820,400 1,472,300

Rockville 599,600 46,900 457,900 35,800

Potomac Users: $89,609,900 $7,010,200 $65,013,500 $5,085,900

* Based on a 50 year payback period and a 7.625% interest rate. With these factors,tbe factor

for an Annual Payment on a Present Value (A/P) is 0.07823. This factor is applied to the
present worth amounts to obtain an annual equivalent payment estimate. The resulting
annual equivalent payment is then rounded to the nearest hundred dollars.

NOTE: Operation, Maintenance and Replacement Costs are assumed to be zero in this analysis.

.
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WATER POTABILITY STUDY

INTRODUCTION

Generally speaking, past studies of the water supply f or the MWA have addressed the
problem from a quantity perspective rather than a water quality/potability viewpoint. 1
Prior Corps studies in the 1960's and early 1970's were of the same view as the primary
technical effort was devoted to developing an understanding of the deficits froma
quantity standpoint. Water quality was considered only as it related to in-stream
standards, rather than the ultimate treatability and/or potability of the water for human
consumption.

* With few exceptions, the early-action phase of this study was also devoted to a further
* assessment of the deficits and surpluses of the resource and not its potability. The

principal exception to this approach was the analysis conducted regarding the potential
use of the estuary. As discussed in detail in Appendix F - Structural Alternatives,
treatability/potability studies were the principal thrust of that analysis.

* In the 1979 Progress Report, which documented the results of the early-action phase of
the study, the five Plans for Choice were all assumed to provide the consumer with a
safe, potable source of water. The NAS-NAE Committee to review the MWA Water
Supply Study had the following comment on the Progress Report in their 1980 report on
Water for the Future of the Nation's Capital Area.

"The important issue of potential health impacts also is not covered in the Draft
Progress Report. Such impacts would be a possible consequence of different early-
action water supply alternatives, because each of the five Plans of Choice presented
in the report could potentially affect the quality of finished water distributed to
portions of the metropolitan area. From the scant evidence in the report, the
committee cannot conclude whether or not an impact would materialize and if it
would be harmful or beneficial to certain areas, because no data on water quality
are presented. Thus, it would be helpful if the report provided information about
such matters as the relationship of recently proposed toxic substance criteria to the
various alternatives and whether each alternative is capable of minimizing the
production of trihalomethanes in water treatment plants and reducing the
vulnerability to accidental spills of synthetic organic materials.

Accordingly, three questions will illustrate the need to address the issue of drinking
water quality:

Is it likely that releases of acid water from the Bloomington Reservoir could
contain or release immobilized compounds or otherwise affect the quality of
raw water provided to treatment plants and subsequently distributed to
consumers?

Is the quality of all the water supplied to users of the Potomac River the same,
or is it likely that raw water interconnections and reregulation of finished water
might result in water being distributed that has a different quality than certain
users are accustomed to receiving?
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Is water quality in the Potomac River adequate for a safe supply, and will it beIso during the coming half century?

In planning water supplies to serve millions of people during the next .50 years, a
careful assessment of quality appears to be required. The Potomac River, especially
in the vicinity of Metropolitan Washington, has a questionable reputation for its
quality, and questions such as these need to be addressed in view of the public's
growing awareness of and insistence on the safest possible drinking water.
Accordingly, the public needs to be informed about the quality of water it will
receive under the different plans presented in the Draft Progress Report."

In similar fashion, the Citizens Task Force (CTF) for the MWA Study was critical of the
lack of consideration given to water quality in the Progress Report. Over the course of
the study, the CTF voiced strong concerns that a comprehensive examination be
conducted of the health/potability aspects of the water supply problem. For a more
complete presentation of the CTF's comments on this matter, the reader is referred to
Annexes C-VII and C-VIIJ of Appendix C - Public Involvement.

Given the importance of the potability and health aspects to this or any other water
supply study and the aforementioned concerns of both tfre technical and citizen advisory
sectors, the Corps elected to reallocate some of the study resources during the long-
range planning phase to a study of the treatability/potability of the existing and potential
water supply sources.

It should be recognized that the time and financial resources to conduct the
aforementioned study were limited and that the analyses conducted were not a detailed,
comprehensive examination of all potability aspects. The purpose of this section is to

.5, describe the scope, conduct, and results of the potability study. This discussion does not
address the lake and stream water quality analyses that were conducted as part of the
Bloomington Lake Reformulation Study. The reader is referred to Appendix H -

* Bloomington Lake Reformulation Study for details on those analyses.

SCOPE AND OBJECTIVE OF STUDY

The primary objective of the water quality analysis was to compare the potability of both
existing and potential MWA water supply sources under existing conditions. The analysis
considered the feasibility of using the various water supply sources based on available
treatment processes and the Environmental Protection Agency's most recent drinking
water standards promulgated under the Safe Drinking Water Act (Public Law 93-523).
Additionally, the effort included a very general discussion of potential potability
problems and issues with respect to potential future changes as they might apply to the
MW A water supply sources.

The level of detail of the analysis was limited to the extent necessary to prepare a
relative ranking of existing and potential sources with respect to their desirability as a
water supply source, under today's conditions, and to perform a general evaluation as to
each source's overall potability. To fully define water quality and potability issues

* required a level of effort greater than was available for this study. Thus, what was
attempted was an overview which was designed to surface and highlight potential

* problems of water quality and potability and provide a general assessment of existing and
proposed sources and facilities. Even though it was clear that this approach potentially
imbeded unknown bias within the results, the level of effort dictated that existing data
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be used. These data were accepted and used on an "as reported" basis which meant that
while small differences could be masked, significant differences and/or problems, if
present, could be revealed.

CONDUCT AND DISPOSITION OF THE STUDY

Given the overall scope o f the study and the time and fiscal constraints, a detailed scope
of work was prepared and provided to various interested parties (NAS-NAE Review
Committee, CTF and others) for information and review. Following the review and7
revision process, a final scope of work was negotiated with the EPA and the actual study
was conducted by EPA's Technical Support Division, Office of Drinking Water in
Cincinnati, Ohio. A copy of EPA's report is included as Annex G - 111. The findings of
the EPA study were f urnished during the later stages of the long-range planning phase of
the study and were considered in the preparation of the final study report. The following
paragraphs provide a more detailed presentation of the EPA Study findings.

STUDY FINDINGS

As presented in the EPA report, there were differences in water supplies, treatment
plants, and finished water quality. However, the results of the study did not show any
situation where drinking water regulations would be violated or where a major problem in
potability would occur other than some increase in costs of treatment and/or potential
taste and odor complaints from consumers. Several issues such as the blending of new
water supplies for both raw and finished water were found to be too complex to address
in detail within the scope of the study; however, it appeared that the effect on potability
of such blending would be minor. Optimum management of the overall MWA water
supply system was noted as being important in order to keep any negative impacts to a
minimum. To this end, close cooperation between MW A authorities in developing and
implementing management strategies was considered essential. Additionally, using
available computer programs to assist in the management, along with the development of
needed new computer programs was judged to be an important consideration, particularly
in the future as the supply problems (quantity and quality) become more complex.

Some of the more specific findings from the EPA study are summarized as follows:

(1) While the raw and finished waters showed overall differences in water quality,
the differences were not strong enough to support a conclusion that the overall
water qualities were significantly different. Further, the impact of these
differences on water supply decisions would be of a second order of magnitude.

(2) While some plants are more flexible than others, all of the plants have
adequate flexibility to compensate for anticipated quality changes in supply.

* Currently planned renovations will bring the WSSC Patuxent and WAD
McMillan plants to a flexibility level comparable to other plants within the
MWA.

(3) A quantitative assessment of the effects of blending different waters through
a system of interconnections would be complex and beyond the scope of this
effort.
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(4) Finished water interconnections would result in only minor impacts and have
limited potential for producing consumer complaints.

(5) Optimal management of the overall MWA water system would result in
minimal source changes, thus reducing to a minimum problems in water quality
and potability.

(6) Overall, the changes resulting from raw water interconnections should not be
great enough to cause problems in treatment except for potential increased
algal production leading to higher costs and possibly increased taste and odor
complaints. Also, neither of the raw water interconnections (Potomac to
Patuxent or Potomac to Occoquan) considered would cause violations of
existing Federal, State, or local water quality standards.

(7) Any conclusions relative to the potability of treated water from the Potomac
Estuary would be premature pending completion of the testing and evaluation
of the results from the Potomac Estuary Experimental Water Treatment
Plant. (The testing and evaluation program for the Potomac Estuary
Experimental Water Treatment Plant was completed after the conclusion of
the EPA analysis; results of the EEWTP program are contained in Appendix F.)

(8) Because of the difficulty in defining potability on an absolute basis, there is
always a potential for an undetermined health problem to be associated with a
particular water supply. The use of treated wastewater as part of the water
supply increases this potential.

(9) While standards for organic materials in drinking water have recently been
established, sufficient background data did not exist at the time of the EPA
study to make meaningful evaluations of these parameters. Recent testing,
however, indicates that the treated water is within the allowable organic
standards for drinking water.

In conclusion, the existing water treatment systems were judged to be capable of
providing potable water which would meet the current drinking water standards.
Furthermore, the MWA water treatment plants are constructed and operated such that
some future changes in raw water quality and/or standards can be accommodated with
only minor process adjustments. While these conclusions are encouraging, additional
actions should be taken, both to monitor and improve the drinking water quality
situation. These actions would include, as a minimum, watershed protection programs
upstream of existing water supply reservoirs and more intensive water quality monitoring
programs throughout the raw and finished water supply systems. These types of
programs would help to protect existing sources from further degradation as well as to
detect water quality trends which might necessitate some corrective action. An
areawide water quality monitoring network would also provide for a consistent set of
data should more comprehensive evaluations be needed in the future.
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ANNEX G-I

METROPOLITAN WASHINGTON

WATER SUPPLY EMERGENCY AGREEMENT

PREPARED BY METROPOLITAN WASHINGTON

COUNCIL OF GOVERNMENTS
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Jurisdiction Source __________WterTreamen Water Distribution Collection Treatment

auntgamery, end Washington Surburban SC..Det
Prince Georges Sanitary Coission IISSC WSSC WSSCofEvrnet
Counties. ND (WSSC) Services(D.C.DE ..

Rockille Rockville Dept. of Rockille DPW Rockville DPW Rockville DPW/ D.C. DES
Public Works (DPWI) WSSC

District of Washington Aqueduct
Columbia Division (WAD) WAD D.C. DES D.C. DES D.C. DES

Arlington
County WAD WAD Arlington County Arlington Co. Arlington Co.

DPW DPW DIV/D.c. DES

JFalls Church WAD WAD Falls Church Falls Church Arlington Co.
DPW DI/Fairfax CO.

DPW

Vienna WAD WAD Viena DPW Vienna DPW/ D.C. DES/
D.C. DES Fairfax Co. DPW

Fairfax County Fairfax County Water FCWI. FCWA .Fairfax Co. Fairfax county
Authority (FCWA) DPW DPW

Alexandria FCM FCMA Virginia-American Alexandria Dept. of Alexandria San.
Water Company Trans. & Environ. Authority/

Services/Alexandria Arlington Co.
Sauit. Authority DPW

Fairfax City Fairfax City Dept. of Fairfax City Fairfax City Fairfax City DWSS Fairfax City
Water &Sewer Services DISS DUSS DWSS

FIGURE 1. SCRENATIC OF WATER SUPLY AND WASTEWATER DISPOSAL IN THEE HVA
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SUW144. tie.ti

Lee e VITel
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SOURCE: From Draft Metropolitan Wangt Water Quality Management Dlarso Water Rw,11ce Boaot

MUC06. March 1978.

PLANT TYPE OF SOLIDS fThickeminq Digesion C o n r
Incinrto oootn unc

Parkway S'rP Organic neain . aaotng unc

Wstern Branch STP Organic

Piscataway SIP Organic/Chauical oo e

Blue Plains STP Organic/chemical .e

Alevajudria STP Organic/Chemical e C *

*.Arlington SIP Organic o

4 DicLowersPotoa SIP J Organic 00______

apn Caro. ____

feaeng-Sprtooflqifomteldg.Dickerson Plan Orilli

Cueeposninn Separeaition of iquifrnm rhesdutio inT theeso nubrofptogncorim

Fetrstaces -Wlqth lime sludge, conversion of calcium carbonate to calcium aside whicht is reused to remove phosphorus. With
cievnt carbon, volstization anid oxidation of organic materiel adsorbed on the Carbon .thlehttq r-....- .
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1660 1965 1990 1995 2000 2005 2010 2015 2020 2025 2030j

AC 6 100 ISN.2 201.6 233.7 244.9 253.3 256.4 261.6 266.4 266.5 266.2 270.5
ACO4 306 167.2 262.6 233.7 244.69 257.3 260.4 265.6 272.4 272.5 271.2 273.5

WW LEEC 23.1 27.2 41.3 43.5 45.6 48.4 48.2 54.3 54.4 S4.4 55.0
WW SRUC 26.5 20.5 33.7 36.2 37.7 38.2 36.2 36.2 28.2 36.2 38.2

0l WatrLRMC 100 40.5 42.3 45.6 46.6 50. 51.5 53.5 53.5 52.5 53.5 53.5
water IRUCO 100 11.4 13.0 14.5 15.6 16.4 16.4 16.4 16.4 16.4 16.4 16.4

Water LRMC03MO 40.6 42.4 46.0 50.0 60.1 60.6 61.7 61.7 61.7 61.7 61.7
Water GIMC 300 11.4 13.0 14.5 15.6 26.4 26.4 26.4 26.4 26.4 26.4 26.4

Rublbit ClIs AC, BRUC, AND LRMC FORECASTS: FAIRFAX COUNTY
(0/1000 gal)

1960 1NS 16 1665 2000 2005 200 2015 2020 2025 2030

AC 4 100 163.6 216.1 226.6 240.6 255.0 257.7 256.2 262.9 203.6 .203.9 264.0
AC 0 300 164.8 217.1 226.6 246.6 256.0 261.7 262.2 207.69 26f.69 266.6 267.0

WW LRC 27.7T 47.2 48.6 55.5 56.3 56.4 60.4 60.7 66.7 60. 60.7
WWS RC 15.6 17.6 1.0 21.3 22.2 22.5 12.5 22.5 22.5 22.5 22.5

f I l

Water LRUC 0 100 21.0 31.6 32.2 32.7 2 1 37.6 28.6 368. 368.6 38.6 36.
water su 0 100 7.4 6.6 .4 10.2 10.6 10.6 10.6 10.6 10.6 10.6 10.6

Watr LRUC0300 31.1 31.7 32.3 32.6 42.5 47.0 47.0 47.0 47.0 47.0 47.0

Water SRMC 300 7.4 8.6 6.4 10.2 20.6 20.6 20.6 20.6 20.6 20.4 20.6

fthbit C-2 AC, S MC, AND LRMC FORECAB : WSSC

(/1000 gal)

°Ki:il i< :<K Ii.>-



19N IN5 1990 19S 2000 200S 2010 2015 2020 S 203O

AC a 100 155.5 172.0 184.0 201.0 206.5 208.3 208.2 223.? 23.? 23.? 223.7

AC 0 300 156.5 173.0 184.0 201.0 210.5 212.2 212.3 227.? 227.? 22.? 226.7

WW LRMC 23.6 15.0 25.8 40.8 41.2 41.4 41.4 64.6 64.6 64.6 64.6

WW SRUC 20.5 23.6 26.I 26.0 23.2 29.5 29.5 29.5 29.5 29.5 29.5

Water iMC a 100 16.9 29.3 20.9 21.3 21. 21.5 21.1 2n.1 22.7 2.? 22.?

Water SaC a 100 10.3 11.8 13.1 14.1 14.7 14.9 14.9 14.6 14.9 14.9 14.9

Water LRMC 3 30 17.0 20.4 21.0 21.4 30.9 30.9 30.9 30.3 30.3 30.9 30.9

Water SRMC 300 10.3 11.6 13.1 14.1 24.7 24.9 24.9 24.9 24.9 24.9 24.9

zbrdlt C-St AC, SRMC, AND LRMC FORECASTS: FALLS CHURCH

(*/lo00 gl)

.

1960 1M95 1090 195 2000 2005 2010 2015 2020 2025 2030

.1.

AC a 100 116.9 138.1 14T.6 154.5 165.4 166.6 16.6 172.5 172.5 172.5 172 5

AC a 300 119.9 139.1 147.6 154.5 169.4 170.6 170.6 176.5 176.5 175.5 175.5

WW LRMC 21.6 46.4 47.4 48.0 55.5 55.6 55.6 56.0 56.0 56.0 56.0

WW SRMC 13.5 15.5 17.2 18.4 19.2 19.5 19.5 19.5 19.5 19.5 19.5

Water LRMC 0N10 14.6 17.1 18.2 16.3 1let 18.6 19.8 19.8 19.8 19.8 13.8

Water SaMC lo 10.2 11.7 13.0 13.9 14.5 14.7 14.7 14.7 14.7 14.7 14.7

Wate LRMC 0 300 14.7 17.8 18.3 18.4 28.0 28.0 20.0 28.0 28.0 28.0 28.0

Water SRMC 300 10.2 11.7 13.0 13.9 24.5 24.7 24.7 24.7 24.7 24.? 24.7

bEhbit C-4s AC, URMC, AND LRMC FORECA8st: D.C.

(*/1000 gal)



1N0 1NS 130 IS 2000 26S 2010 2015 2020 26S 2030

AC 0 100 223.5 254.5 273.4 307.5 317.? 319.8 313.8 319.3 319.8 319.8 319.8

AC 6 300 230.5 255.5 273.4 307.5 321.? 323.8 323.8 323.8 323.8 322.8 322.8

WW LRMC 43.1 48.0 50.4 32.0 93.6 34.0 94.0 34.0 34.0 94.0 34.0

WW SRMC 42.0 40.3 53.4 ST.3 53.3 60.6 60.6 60.6 60.6 60.6 60.6

Water LRMC I 100 16.1 19.4 19.8 2U.2 26.3 20.5 21.? 21.7 21.7 21.7 21.7

Water SRMC a 166 9.3 10.7 11.8 12.7 13.3 13.4 13.4 13.4 13.4 13.4 13.4

Water LRMCO 360 16.2 19.5 13.3 20.3 23.7 2.e 2.3 2.3 2.3 20. 23.3

Water 8RMC 0 3.3 16.7 11.8 1..? 23.3 .23.4 23.4 23.4 23.4 23.4 23.4

xdtibt C6: AC, BRMC, AND LRMC PORECAST&S ARLINGTON

1 3U0 1NS 1330 13S 2000 2005 2010 2015 2020 2025 2030

AC a 100 203.7 223.3 233.8 247.7 262.3 264.1 284.2 284.2 24.2 284.2 234.2

AC 6 300 204.7 224.3 233.8 247.7 266.3 268.1 23.2 236.2 213.2 267.2 237.2

WW LRUC 25.1 26.3 27.4 32.3 32.9 32.9 32.3 64.4 64.4 64.4 64.4

WWS UC 17.8 20.4 22.? 24.3 25.4 25.7 25.7 25.7 25.7 25.? 25.?

Water LRMC * 100 27.3 21.5 23.0 31.3 3L3 32.3 33.5 33.5 33.5 33.5 33.5

WaterSRMC a 100 8.0 9.2 10.1 10.9 11.5 11.5 11.S 11.5 11.5 11.5 11.5

Water LRMC Q 300 28.0 28.6 23.1 32.0 41.7 41.7 41.7 41.7 41.7 41.7 41.7

WaterS SMC a 300 8.0 9.2 10.1 10.3 21.5 21.5 21.5 21.5 21.5 21.5 21.5

hibit 0-6 AC, SRMC, AND LRMC FORECAThs ALEXANDRIA
(0/1000 gal)

. . .. (*lt0O . - --)



10 ins 100 ins 2000 2005 2610 2015 2020 2025 2030

ACO IN 207.5 225.4 252.9 201.0 201.2 284.5 264.5 202.4 203.4 293.4 23.4

AC @30 08N.6 236.4 252.9 266.0 285.2 26U.5 266.5 201.4 297.4 296.4 6.4

WW LINC 21.3 4".2 47.0 47.6 55.1 55.2 SS.2 55.6 55.6 55.6 55.6
WW ORMC 23.2 26.7 20.5 31.7 33.0 34.4 34.4 34.4 34.4 34.4 34.4

Wate LRMC @100 23.0 24.1 25.0 25.8 26.3 26.5 27.7 27.7 27.7 27.7 27.7
wate SRMC @1"0 14.6 16.8 18.6 19.9 20. P 21.1 21.1 21.1 21.1 21.1 21.1

Water LRMC 300 23.1 24.2 25.1 25.9 35.7 35.0 35.9 35.9 35.9 35.9 35.9

Water SRMC @300 14.6 16.0 10.6 19.0 30.3 31.1 31.1 31.1 31.1 31.1 31.1

Ezhbit C-Ts AC, SRUC, AND LRUC FORECASTS: ROCKYILLE

(0/1000 gal)

130 135 190 135 209 2005 2010 2015 20 2025 2030

AC 0 100 206.0 233.0 202.4 275.9 207.2 200.6 21.9 2.6 209.6 200.6 209.6
AC 0 300 207.8 234.0 262.4 275.9 201.2 203.6 300.9 303.6 303.6 302.6 302.6

WW LRMC 40.3 05.1 57.3 70.5 63.0 03.3 1.3 93.5 04.3 64.3 64.3

WW SRMC 37.4 42.9 47.6 51.1 $3.2 53.9 S3.9 53.9 53.9 53.9 53.9

-a-t , LRC C100 14.6 17.9 1,.5 10.7 18:9 10.9 20.1 20.1 20.1 20.1 20.1
0.5 MC lO1" ,.5 10.9 12.1 13.0 13.5 13.7 12.7 13.7 13.7 13.7 13.7

WatLRNC300 14.7 10.0 10.6 1,.0 20.3 20.3 28.3 20.3 20.3 20.3 20.3

Water SRUMC 300 9.5 10.9 12.1 13.0 23.5 23.7 13.7 23.7 23.7 23.7 23.7

.9 

KzIit C-S AC, SRMC AND LRMC PORECA'I VIRNNA

(*/1000 gal)

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



100 INS 130 1.05 2000 2005 20I0 2015 2020 2025 2030

ACS I0 175.2 22.0 24.1 250.7 25.5 258. 258.5 256.5 268.2 NO.3 264.3
AC 6 300 170.2 220.0 241.1 250.? 261.5 262.0 22.5 2 2.5 272.3 .21.3 271.3

WW LRMC 10.3 $3. S.2 56.4 $7.1 57.3 $7.3 64.5 64.5 64.5 4.5

. 2SRMC 16.5 10.6 21.6 22.6 23.5 23.8 23.8 22.8 22.8 23.8 23.8

Water LRMC 1 00 34.8 36.0 36.8 40.4 41.0 41.1 42.1 43.1 43.1 43.1 43.1 '

* Watw SRMC 410 10.6 12.1 13.5 14.5 15.1 15.3 15.3 15.3 15.3 15.3 15.3

Water LRMC 0 30 4.9 26.1 3. 40.5 $0.4 50.5 51.3 51.2 51.2 51.3 $1.3
Water SRMC 4 30 10.6 12.1 13.5 14.5 25.1 25.3 2S.3 IS.23 25.3 25.3 25.3

-lbdtt C-to AC, SRMC, AND LRMC PORECAS'II DALE, CITY

wino00 gal)

100 1965 100 195 2000 2005 2010 2015 2020 2025 2030

AC 0 100 300.9 326.8 350.2 363.3 372.6 276.2 375.8 375.8 375.8 383.5 383.5
AC 3 200 301.3 327.8 350.2 263.3 377.6 380.2 379.8 379.8 379.8 386.5 386.5

WW LRMC 43.2 44.7 45.9 46.7 47.2 47.5 47.5 47.5 47.5 55.1 55.1
WW SRMC 34.6 20.8 46.0 47.3 49.3 49.6 43.6 43.6 49.6 43.6 40.6

W Vater LRMC 100 33.6 34.7 35.5 3.0 2.5 39.6 41.6 41.6 41.6 41.6 41.6

Watw RMC 100 12.4 14.3 15.7 16.3 17.6 17.9 17.9 17.9 17.9 17.9 17.3

Wate LR.MC 030 3.7 34.8 35.6 3.1 48.9 49.0 40.8 49.8 43.8 40.8 43.8
Water SRMC 0300 12.4 14.3 15.7 16.3 27.6 27.3 27.3 27.9 7.3 27.9 27.9

ithibit C-10i AC, SRMC, AND LRMC PORECAIST: OWDT
(011000 gal)
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INTRODUCT ION

The Metropolitan Washington Area (MWA) includes the counties of Loudoun,
Prince William, Fairfax, and Arlington in Virginia; the counties of
Montgomery, Prince Georges, and Charles in Maryland; and the District of
Columbia. The need for publicly supplied water is large and is expected
to increase in future years. .

The maker aRetailcedsuDyveofmexisAtn and fut(uei wa supply) nedsinte
the Watetry eorce Developmen Athog 1974 (Pubicf Law 93-251)rs dited
the Saer etalsuy of hxmysating hrug fte Chie ofpEnginees to:

th Widentifying feasible water supply alternatives and their impacts;j
ad()make recommendations to the U.S. Congress on a course of action

frmeeting both the short-range and long-range water supply needs of
the WA.A Progress Report consisting of a Main Report and nine technical

appendices was published in August 1979 documenting the findings of the
iiilstudy efforts.

The primary objective of the present effort is to compare the potability
of MWA water supply sources under existing water quality conditions.
This effort has considered the feasibility of using the various water
supply sources in light of available treatment processes and the Environmental
Protection Agency's most recent drinking water standards promulgated

* under the Safe Drinking Water Act (Public Law 93-523). Additionally,
the effort includes a very general discussion of potential potability

* problems and issues with respect to potential future changes as they
might apply to the MWA water supply sources.

The level of detail of the analysis was limited to the extent necessary
to prepare a relative ranking of existing and potential sources with
respect to their desirability as a water supply source, under today's
conditions, and to perform a general evaluation as to each source's
overall potability.

Studies of this kind involving multiple drainage basins, numerous treatment
facilities, different municipal authorities, and a variety of interconnections
are complex. To fully define water quality and potability issues requires
a level of effort greater than that available for this project. Thus,
what is attempted here is an overview which can surface and highlight

* - potential problems of water quality and potability and provide a general
* assessment of existing and proposed sources and facilities. Even though
* it is clear that this approach potentially imbeds unknown bias within

the results, the level of effort dictated that existing data be used.
Thus, no sampling or analysis to obtain new data was done, and existing
data were accepted and used on an "as reported" basis. Modeling or
projections of trends, although impertant, was not possible. Another
limitation is related to uncertaint.y in the quality assurance of the
information that was obtained. Ther:e is no easy way, if any way exists
at all, to determine to what degree of confidence the various numbers,
originating in different places at different times with different analysts,

* can be compared.



.'

While it is unsatisfying to restrict comparisons to a somewhat subjective
system of ranking, as is done in this report, it is necessary, at this
level of effort, if the rea-lity of the information is not to be distorted.
Although smaller differences may be masked, significant differences
and/or problems, if present, should be revealed.

The basic agreed upon approach was to gather available information and
produce a relative ranking of raw and finished waters and facilities
with respect to overall water quality. The water qualities were further
compared for existing standards. The results of the comparisons and
ranking were tabulated and discussed. As a basis for facility comparisons,
site visits by a staff member were made. The discussion of the facilitiesis contained in the following section entitled Plant Descriptions.
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PLANT DESCRIPTIONS

Several major water treatment facilities serve the MWA providing treatment
of the various source waters. These plants, which range in size from 8

*'. mgd to 200+ mgd basically all provide conventional treatment consisting --

of coagulation, sedimentation, filtration, and disinfection before the
product water is distributed to the consumer. The following section
describes the plants owned and operated by WAD, WSSC, FCWA, and the City
of Rockville. With one exception (WAD - McMillan), all of these plants
were visited by a Technical Support Division (TSD) staff member in
June 1982. A narrative description of each plant is presented along
with a plant schematic and a design criteria (or current capacities)

summary in tabular form.
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WSSC -POTOMAC PLANT (WATTS BRANCH)

The WSSC Potomac plant is a 200 MGD conventional water treatment plant
located on the Potomac River about two miles upstream from Great Falls.
The first 60 MGD (peak) stage of this plant went on-line in 1961, withI
subsequent stages placed into operation in 1971 to bring it up to its
current capacity. At present (June 1982) the plant is treating an7
average daily flow of approximately 114 MGD, with a peak capacity of 240
MGD. In the near future, the capacity will be expanded to 300 MGD

* (nominal) mainly by reducing head losses through the plant.

The raw water from the Potomac River passes through a bar screen as it
enters the intake structure located on a man-made channel of the Potomac.
It then flows by gravity under the C&0 canal to the raw water pumping
station where it passes through a traveling water screen before it is
pumped to the rapid mix chambers. At the rapid mixer, ferric chloride
and lime are added to promote coagulation. From the mixing chamber the
chemically dosed raw water flows through the flocculation basin where
paddle flocculators gently mix the water for about 15 minutes to promote
floc growth. Following flocculation the floc is allowed to settle out
in the scrapper-equipped, sedimentation basins. These settled solids
are then returned to the Potomac River untreated via the plant drain.
There is a provision in the new modification that would permit backwash
water and settled solids to be returned to the raw water pumping station.
From this point the backwash water could be recirculated to the plant
and the settled solids could be pumped to an appropriate treatment unit
(not yet constructed). The settled water is applied to the filters
which have recently (Fall 1981) had dual-media installed. The media
consists of 14 inches of anthracite coal over 10" of sand on top of
graded gravel. Backwashing of the filters is accomplished by the use of
large (23,000 gpm) washwater pumps every 60-70 hours of filter use. The
backwashing cycle generally takes about 8 minutes and includes a surface
wash phase.

The filtered water is collected in plenums located under the filters
from which it flows by gravity to a covered finished water reservoir
where it is chlorinated and subjected to additional detention time.
Large pumps in the finished water pumping station pump the finished
water to the Wheaton Reservoir and the Shady Grove Reservoir.

The current phase of modification to the Potomac plant should be completed
in December of 1982 and brings the capacity up to 270 MGD. A schematic
drawing of the plant is included as Figure 1 and the design criteria are
shown in Table 1.
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TABLE 1

POTOMAC WTP

Design Criteria

or
(Current Capacities)

Intake

Capacity 40 MGD

Bar Screens Yes

Raw Water Pumping Station*

Traveling Screens Yes

# Pumps 6-50 MGD (with provision for two more)

Type two-stage centrifugal

Water Treatment Plant

Raw Water Characteristics

Parameter

Avg. Min. Max.

pH 7.8 6.5 9.1
Alkalinity 66 12 130
Total Hardne 110 22 180
Temp. °C 14.3 1 31

Rapid Mix

Number of Tanks 2
Detention Time, min. <1 min.

Flocculation Basins

. Number of Basins 8 (4 on each side)

. Detention Time approx. 14 min @ peak flow
Type paddle

* New pumping station to go into service in 1983 - old pumping

station has total capacity of 260 MGD (4-50 MGD and 2-30 MGD
pumps).

6
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TABLE 1

POTOMAC WTP

Design Criteria (Cont'd.)

i

Sedimentation Basins

Number of Basins 8 (4 on each side)
Detention Time 72 min.
Sludge Collectors Yes

Filters

Number of Filters 32 (16 per side)
Area/Filter 1,275 ft2

Max. Filtration Rate 5.5 gal/f t2/day
Max. Filtration Cap. 10 MGD/filter
Filter Media Dual-media

Backwash

Max. Rate 23,000
Design Time 8 min.
Surf ace Wash Yes

Finished Water Storage

Underfilter Yes, limited
Clearwell 22 mil. gal.

* Finished Water Pumping Sta.

Pumping Capacity 280 MGD

Solids Devatering Settled solids and backwash
water returned to river.

Disinfection Chlorine added at head of clearwell.

Chemicals and Storage Bulk storage of FeCl3 and lime.

7
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WSSC - PATUXENT WATER FILTRATION PLANT

The older of the two WSSC plants is the 65 MGD Patuxent water filtration
plant located about two miles from the Patuxent River near Laurel, Maryland.
Raw water from the Duckett Reservoir is pumped to the plant theough
three parallel lines to the plant. Treatment at the all-welded steel
plant consists of coagulation, sedimentation, and filtration (Figure 2).
The four individual, circular-shaped units are constructed in the form
of three concentric rings. The inner ring houses the pipe gallery, the
middle ring contains the mixing and flocculation zone and rapid sand
filters, while the outer ring functions as the sedimentation basin.
Figure 2 shows a schematic of one of these units. Raw water to which
ferric chloride and lime have been added enters the flocculation zone in
the middle annular ring (the mixers are not now in use) to promote the
building of floc. The water then flows to the larger annular ring where
sedimentation takes place followed by rapid sand filtration through
approximately 24 inches of sand media. The units are currently being
upgraded (unit #1) through the addition of baffle walls and effluent
launderer troughs in the sedimentation zone and surface wash piping (and
relocated washwater troughs) in the filters. Mixed media consisting of
19" of anthracite filter media, 9" of silica sand over graded sand and

*gravel are also being installed. A new chemical building will house
lime, ferric chloride, and chlorine storage as well as fluoride. New
instrumentation is also being provided in the renovation. The upgrading
is not expected to increase the plant capacity much over the current 65
MGD. The design criteria for the plant are listed in Table 2.
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TABLE 2

PATUXENT WTP

Design Criteria
or

(Current Capacities)

Intake

Capacity 160+ MGD

Bar Screens Yes, I" spacing between bars,
followed by fine screens.

Raw Water Pumping Station

Traveling Screens @ intake

9 Pumps 9 (4 @ 4 MGD, 1 @ 11 MGD,
I @ 14 MGD, 3 @ 16 MGD)

Type centrifugal, horizontal shaft,
double suction

Water Treatment Plant

Raw Water Characteristics

Parameter

Avg. Min. Max.

pH 7.1 6.2 7.6

Alkalinity 21 12 28

Total Hardne 31 21 39

Temp. OC 12.6 2 26

Mixing Chemical mixing is accomplished
by in-line static mixers.

Flocculation Basins Not being used at present - renovated
tanks will utilize flocculation.

Number of Basins 4

Detention Time 30-45 mn.

10."" '," . '"; -' / / ' - - i" " . " " "" " "" "
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TABLE 2

PATUXENT WTP

Design Criteria (Cont'd.)

Sedimentation Basins

Number of Basins 8 - half annular rings 161 ft. O.D.
Detention Time 2.6 hrs @ 65 MGD
Sludge Collectors No

Filters

Number of Filters 24 (6 per unit)
Area/Filter* #1 unit - 6 @ 604 ft2 , units 2, 3,

and 4 - 4 @ 6042, 2 @ 806 ft
2

Max. Filtration Rate 2 gpm/ft2 @ 45 MGD; 2.88 gpm/ft 2

@ 65 MGD
Max. Filtration Cap. 65 MGD
Filter Media Currently 24" - converting to mixed

media (garnet, sand, coal)

Backwash 140,000 backwash storage tank

Max. Rate 13,500 gpm

Design Time 3-6 min.
Surface Wash No, to be added in renovation

Finished Water Storage

Clearwell Yes, 7 tanks - total capacity of
18.4 mil. gal.

Finished Water Pumping Sta.

Pumping Capacity 3 pumps rated @ 22 MGD
2 pumps rated @ 4 MGD
(pumps 7 MGD to high zone, 45 MGD
to low zone)

Solids Dewatering Settled solids and backwash water

pumped to washwater settling basin.

Disinfection Chlorine applied ahead of the filters.

Chemicals and Storage Currently use headhouse - new chemical
TtlieAa 1,8 2storage facility to come on-line soon.

Total Filter Area 15,708 ft2



DALECARLIA FILTRATION PLANT

The Dalecarlia filtration plant, operated by the Washington Aqueduct
Division, is a rapid sand filter plant with a nominal rated capacity of
164 HGD. The original plant was completed in 1927 with a rated capacity
of 80 MGD. Additional filters were added in 1951 and again in 1964
bringing the total capacity up to its present level.

The raw water source for the Dalecarlia filtration plant is the Dalecarlia
Reservoir which is supplied from an intake located on the Potomac River
at Great Falls, supplemented by water from a pumping station located at
Little Falls on the Potomac River (which is always required during the

Summer months). After screening, alum is added as the raw water passes
through the Parshall metering flumes. Following chemical addition, the-
flow enters the four flocculation/sedimentation basins. Two of these -
basins (#I & 2) are part of the original plant and utilize mechanical
flocculation to promote the building of a settleable floc before the

* water enters the sedimentation zone. These two-pass, rectangular concrete
sedimentation basins are each approximately 335 feet long and 150 feet
wide and have a volume of 4 million gallons each.

In 1949, a much larger (14 million gallon), two-story flocculation-
sedimentation basin was added followed by a second of similar design in
1966. Figure 3 shows a profile view of the plant and illustrates the
basic design of these basins. Basically, the principle of operation is

* quite simple. Water enters the flocculation portion of the basin (lower
zone) through distributing ports and is gently agitated as it encountersA
six rows of flocculator paddles. The water then continues to flow
through the lower sedimentation zone until it reaches the far end of the
basin. At this point, it flows vertically upward (to the upper level)
and back towards the head end of the basin. The total retention time in
the sedimentation zone is approximately 5.4 hours. Sludge from these
basins is returned to the Potomac River. WAD is awaiting EPA's decision
on whether this practice may continue or if a sludge recovery facility
(already designed) must be constructed.

The settled water then flows by gravity from the sedimentation basins to

9,

the rapid sand filters. The twenty-six original filters each have a
rated capacity of four MGD while the newer filters (10) are rated at six
MGD. The design filtration rate for all of the filters is 2 gallons per

minute per square foot of surface area. Crushed anthracite coal or
sand is ued as the filter media. Eleven and a half additional filter
shells have been constructed but not equipped. Elevated wash water
storage reservoirs are provided for backwashing the surface-wash equipped
filters. Since July 1982, the backwash water has been recirculated to
the Dalecarlia Reservoir.

* 12
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I.
Chlorine is added to the filtered water as a post-disinfectant to obtain
the desired residual in the finished water. Post lime is added to
adjust the pH and to control corrosion in the distribution system.
Fluoride is added to control dental caries, and sulfur dioxide may be
added as necessary to remove excess chlorine.

The filtered and treated water is collected and stored on site in two
covered clear water basins, one of 10.5 million gallon capacity, and one

of 30 million gallon capacity for a total effective storage capacity of
40.5 million gallons. Low and high service pumps at the 477 MGD Dalecarlia
pumping station pump the treated water to Washington, DC; Falls Church, VA;
and Arlington, VA.
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McMILLAN FILTER PLANT

' The McMillan filter plant, operated by the Washington Aqueduct Division,
is one of the few large slow sand filter plants left in America.
Originally built in 1905 to treat 75 MGD, the plant is now rated at 125
MGD mainly because of plant modifications and improved operations.

As with the Dalecarlia filtration plant, the Dalecarlia Reservoir is the
source of raw water for the McMillan plant (see Figure 4). The raw
water is pretreated with aluminum sulfate and chlorine (also fluoride)
at the Dalecarlia plant and then flows by gravity through a 2 mile long
conduit (where mixing occurs) to the Georgetown Reservoir which provides _
between 1-1/4 to 2 days detention time for sedimentation to occur. From
the Georgetown Reservoir, the clarified water flows by gravity an additional
5 miles through the Washington City Tunnel to the East Shaft Booster
Station where it is pumped up to the McMillan Reservoir. Here the water
receives an additional 1 to 1-1/2 days detention time before the water
is applied to the filters.

There are 29 slow sand filter beds each having an area of one (1) acre.
The filters are of groined arch reinforced concrete construction with a
sand depth of 20 inches on top of 12 inches of graded crushed stone.
Filtered water is collected by an underdrain system which ties into

metered effluent pipes which convey the water to the regulator houses.
A large collector main then intercepts the filtered water from the
regulator houses and discharges it to the north chamber of two clearwell
basins in series with a total capacity of 45 million gallons. After
filtering approximately one billion gals, each filter is washed by a
tracked, mechanical unit which scrapes and washes the sand. Between
washings the sand is raked with a tractor-drawn harrow.

The McMillan Slow Sand Plant is now being replaced by a new Rapid Sand
Filter Plant and chemical building. The new facilities are scheduled to

go on line in.1985.

Following filtration, the water is chlorinated and the pH is adjusted
with hydrated lime. High and low service pumps draw suction from the

clearwell basins and pump the finished water to various areas of the
Washington, DC area. The design criteria for both the McMillan and
Dalecarlia plants is shown in Table 3.

15



Co a

*0 S

0 C

0.L

.00

000

ILI



41

'-4

166

0n-

400

U0 0 V

&W "U a 4

'4' .04 .4

ti I~ oII
to C!--O0%f

GO

0C

a a

Ct 4' d to .
I c a .

.8 0 Iw c 0

6.I 4' 4 v .00

~ - 2

17 . L



C4 0

96 -4
14 Id

144
ri .4

e41

0

woo liv

0.1. .

6.9 A ~ 41
ok 4 449 4

.41 to 0 64

184



FAIRFAX COUNTY WATER AUTHORITY (FCWA) - OCCOQUAN-LORTON TREATMENT FACILITIES

- The FCWA Occoquan-Lorton Treatment Facilities include three interconnected
treatment plants: the Occoquan Plant, the Old Lorton Plant, and the New
Lorton Plant.

The raw water source of all of these plants is the Occoquan River which
*. is impounded by two dams. A 72 inch raw water transmission line conveys
, raw water by gravity from the upper dam to two raw water pump stations

located on the south (Prince William County) side of the river. A
portion of the flow by-passes the pump station and is treated at the
Occoquan Treatment Plant while the remainder is pumped across the river
for treatment at the Old and New Lorton Treatment Plants (see Figures 3

* and 6).

The 40 MGD Occoquan Treatment Plant consists of five steel, circular,
* upflow units in parallel. Liquid alum, lime, and a coagulant aid are
*added to the raw water ahead of a flash mixer. After mixing, the raw

water enters the tube settler equipped Aldrich units through a rotating
distributor arm at the bottom of the tank. The settled water then
passes over a steel wall into the annular filter zone, which contains
approximately 24 inches of anthracite over 6 inches of sand. Chlorine
is added to the settled water prior to filtration. A clearwell is

* located beneath the treatment units where chlorine, lime, and hydrofluosilicic
acid are added to the filtered water. The finished water is then pumped
across the Occoquan to the old Lorton plant where high service pumps are

. used to pump the water out into the distribution system.

The Old Lorton Plant has a total treatment capacity of 39.6 MGD and
consists of twelve circular, steel treatment units (similar to those at
the Occoquan Plant) with concentric compartments for mixing, sedimentation,
and filtration. Lime and alum are added just ahead of a pair of in-line
mechanical flash mixers to promote floc growth and coagulation. The raw
water then enters the center mixing chamber of the treatment units and
flows out into the sedimentation zone. The settled water then flows

,- over a steel curtain wall into the peripheral filter zone which contains
2.5 feet of anthracite on top of 1 foot of sand. Chlorine is added to

* the settled water prior to filtration. After filtration and prior to
" storage in the clearwell, chlorine, post-lime, sodium bisulfite (as

needed), and hydrofluosilicic acid may be added. The finished water is
then pumped from the storage facilities to the distribution system
serving Fairfax County.

19
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The New Lorton Plant is a 32 MGD conventional water treatment plant
consisting of a single rapid mix chamber, four rectangular flocculation
basins, four two-story settling basins, and four two-celled dual-media
sand filters. Lime and alum are added to the raw water before and after
the rapid mix chamber, respectively. The chemically dosed water then

. enters the tapered flocculation basins where it is gently agitated
before it flows into the settling basins. Chlorine is added to the
settled water prior to filtration. The filter media consists of 12
inches of anthracite, 12 inches of sand, 5 inches of torpedo sand, and
10 inches of gravel.. Following the addition of chlorine, post-lime, and
hydrofluosilicic acid, the filtered water is stored in the interconnected
clearwells that serve the Old Lorton Plant.

The Fairfax County Water Authority also owns and operates 23 wells, 12
of which are connected directly to the main distribution system. The
design criteria for the FCWA facilities are shown in Table 4.

d.
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FAIRFAX COUNTY WATER AUTHORITY (FCWA) - POTOMAC RIVER WTP

The 50 MGD (peak flow) Potomac River WTP is the newest of the Fairfax
County Water Authority (FCWA) plants. The plant treatment consists of
chemical mixing, flocculation, sedimentation, filtration, pH adjustment,
and post-disinfection.

The current maximum withdrawal rate from the Potomac River is 24 MGD.
The raw water is pumped approximately 5 miles from the 200 MGD intake to
the plant where it first passes through the raw water control chamber
(see Figure 7) where pre-chlorine, caustic soda, powdered activated
carbon (PAC), and flouride may be added. A constant speed turbine mixer
is provided at this point for mixing. From this point, the water flows
to the four rapid mix chambers equipped with variable speed turbine
mixers. Alum is added at this point along with a coagulant aid, if
needed. Following the rapid mix basins the flow enters the tapered
flocculation basins which are equipped with variable speed, paddle-type,
flocculator units. Water from the flocculation basins passes through a
baffle wall and enters the sludge collector-equipped sedimentation
basins. At the design flow rate of 50 MGD, approximately 3 hrs of
detention time are provided in the basins. Following sedimentation,
chlorine is added to the settled water as well as a filter aid or PAC,
if needed. The settled water is then applied to the high rate filters
(8) where the filter rate is controlled by venturi meters and electrically

operated butterfly valves. A computer with color graphics capability is
used to monitor the filtration process. The filtered water is chlorinated
as it enters the clearwells located under the filters. From the filter
clearwells the water flows by gravity to the main filter clearwell (5.5
million gal. capacity) where lime is added for pH adjustment. Ammonia
is also added at the end of the clearwell to provide for a combined
residual in the distribution system. Finished water is pumped from the
clearwell to the distribution system by five pumps which operate in
series and/or parallel.

Settled sludge from the sedimentation basins is first thickened in
gravity thickeners before it is dewatered by filter presses for landfill
disposal. Washwater from the filter backwashing cycle drains to the
washwater reclamation basin where it is then pumped at a controlled rate
back to the head of the plant for treatment. The design criteria for
the plant are shown in Table 5.
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TABLE 5

FAIRFAX COUNTY WATER AUTHORITY

460 POTOMAC RIVER WTP

Design Criteria
(Based on flow of So 1GD)

Intake

Capacity 200 GD
Bar Screens Yes, 3" clear space

Raw Water Pumping Station

" Traveling Screens Yes, 3/8" clear space
# Pumps 3
Type I - 30 MG const. speed

1 - 30 1G0 var. speed
I - 20 1G var. speed

Water Treatment Plant

Raw Water Characteristics

Parameter

Avg. Min. Max.

SS 40 1 1125
pH 7.7 6.8 9.2
Alkalinity 60 25 110
Total Hardness 101 52 180
N.C. Hardness 41 27 70
Temp. OC 16 0 31

Rapid Mix

Number of Tanks 4 (with var. speed range)
Detention Time, sec. 20 sec

*: Max. Vel. Gradient 1000 sec'1

Max. GT 20,000

Flocculation Basins

Number of Basins 4
Detention Time,mi,. 33 min
Type 12' dia. paddle type
Number of Stages 3
Max. Vel. Gradient 41,600 (Stage 1)

33,200 (Stage 2)
20,800 (Stage 3)
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TABL2. 5

"i: t POTOMAC RIVER WTP

Design Criteria (Cont'd.)

Sedimentation Basins

Number of Basins 4
Detention Time, hrs 3 hrs 2
Surface Loading Rate 0.5 gpm/ft.
Sludge Collectors Yes, chain flight

Filters

Number of Filters 8
Area/Flilter 1,240 ft 2
Max. Filtration Rate 4 gpm/ft2
Max. Filtration Cap. 7.1 MGD/filter
Filter Media Anthracite - 18"

Filter Sand - 12"
Graded Sand/Gravel * 15"

-. Backwash

Max. Rate 20 gpm/ft2
Max. Rise Rate 32 in/min
Design Time 15 min
Surface Wish Yes, 1.0 gpm/ft2

Finished Water Storage

- Underfilter 1.0 mil. gal.
Clearwell 5.5 mil. gal.

*Finished Water Pumping Sta.

* Pumping Capacity 2 * 18,700 gpm @ 122' TOH (800 HP)
3 @ 23,000 gpm @ 185' TH (1,500 HP)
Firm capacity (series mode) 52 MGD @ 310' TO:-.

Solids Dewatering

Type Filter Presses
Number of Presses 2
Design Pressure 225 psig,
Filter Area/Press 3,700 ft-

Disinfection Pre- and post filter chlorination followed
by ammonia at end of clearwell.

Chemicals and Storage Bulk storage of caustic soda, lime, fluorid-"
* powdered activated carbon (PAC).
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*" CITY OF ROCKVILLE

The Rockville WTP is an 8 MGD conventional treatment plant (flocculation,

sedimentation, and rapid sand gravity filters) originally built in 1958
(with a capacity of 4 MGD) that serves a population of 45,000. In 1968
the plant capacity was increased to its current capacity.

* Submersible pumps at the intake on the Potomac River pump the raw water
through a 24 in. line to two upflow clarifiers each rated at 4,000,000
gallons a day. Aluminum sulfate (alum) is added in the clarifier centerwell
to aid in coagulation along with hydrated lime for pH control. Carbon
may also be added to the centerwell as needed for taste and odor control.
The settled floc is discharged back to the river. The clarified water
flows from the clariflers to the four uncovered (ice is sometimes a
problem in the winter) gravity filters each rated at 2,000,000 gallons

* per day. The filter media consists of two feet of "Anthrafilt" (graded
anthracite coal) on four layers of graded gravel. Filtered water is
collected in a 225,000 gallon clearwell located under the pipe gallery.
Hydrofluosilicic acid is added to the clearwell for the prevention of
dental caries, chlorine for microorganism control, and hydrated lime for
corrosion control. Three high service pumps take suction from the
clearwell and pump to elevated storage and the distribution system.

Backwashing of the filters is done by means of a 10,500 gpm wash water
pump taking suction from the clearwell. Surface wash is also provided.

Growth in this area was quite rapid when the plant was first built, but
now it has somewhat leveled off. Since the average treated water flow
is only about 5 MGD, and the plant capacity is 8 MGD, no major plant
expansions are anticipated. A diagram of the plant is included as
Figure 8 and the design criteria are listed in Table 6.
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TABLE 6

ROCKVILLE WTP

Design Criteria
or

(Current Capacities)

Intake

Capacity 12 MGD (peak)
Bar Screens Yes

Raw Water Pumping Station*

Traveling Screens Yes
# Pumps 3
Type Submersible 4.4 MGD each

Water Treatment Plant

Raw Water Characteristics

Parameter -

Avg. Min. Max.

pH 8.1 7.4 10.6
Alkalinity 69 41 176
Total Hardness 82 58 191
Temp. °C 14.1 1 29

Rapid Mix

Number of Tanks 2 - center-well of upflow clarifiers

Flocculation Basins Yes, integral to upflow clarifier.

Sedimentation Basins

Number of Basins 2 upflow clarifiers 53' sq. x 17' deep
4 MGD each

Detention Time approx. 2.1 hrs @ 8 MGD
Sludge Collectors Drawoffs - discharged back to

Potomac River

31

L:4
' "

. - ' h* . .' - ." ." ' . • - * j . "" . ,



TABLE 6

ROCKVILLE WTP

Design Criteria (Cont'd.)

Filters

Number of Filters 4
Area/Filter 882 ft2/filter
Max. Filtration Rate 2 gpm/ft 2

Max. Filtration Cap. 8 MGD
Filter Media 24" anthrafilt over graded gravel

" . Backwash

Max. Rate 10,500 gpm
Max. Rise Rate 1.6 ft/mm.

- Design Time varies, but approx. 18 min.
Surface Wash Yes

Finished Water Storage

Underfilter 225,000 gals.

Finished Water Pumping Sta.

Pumping Capacity 3 centrifugal pumps (400 HP each)
2,800 gpm each

Solids Dewatering Pumped back to river

* Disinfection Chlorine - pre-chlorine added to
raw lime; post-chlorine added to

* A. clearwell

Chemicals and Storage Bulk storage for lime (30 T) and

alum (30 T)
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WATER QUALITY STANDARDS AND POTABILITY

*Since this report will provide a comparative assessment of the relative :

quality of both raw and finished water for the water supplies in the
Metropolitan Washington Area, it is necessary to establish the benchmarks

* *. against which comparisons can be made. In addition, the question of
quality with respect to potability is examined. There is a fundamental
problem in evaluating potability in that there is no generally accepted -

measure for it. Such a measure depends on many factors involving both
* health and esthetic considerations* Many of these factors are complex

and can act in a synergistic way. Unfortunately, our knowledge of these
factors, their interactions, and their effects is not complete. New

* materials are still being found in water supplies, and the health consequences
* are still being elaborated. Thus, our perspective of potability changes

as our knowledge and experience accumulate. While an absolute definition
* of potability does not exist, as a minimum, water to be considered
* potable should at least meet those standards and regulations which

reflect current understanding and experience. Thus, the operating
approach to making evaluations in this report will be to assume that the

* existing applicable standards provide the minimum criteria for assessing
potability. Existing water supplies will be evaluated against these
standards.

DRINKING WATER

The current drinking water reguilations for the United States are promulgated
by EPA and are identified as the National Interim Primary Drinking Water
Regulations (NIPDWR) 2 and the EPA National Secondary Drinking Water

*Regulations (NSDWR). These two sets of regulations reflect different
* bases. First, the NIPDWR are based on health risk considerations and
* are mandatory. Second, the NSDWR represent esthetic aspects of consumer
* acceptance such as taste, odor, color, turbidity, etc., and are recommended

but not mandatory. Both the EPA NIPDWR and NSDWR are presented as part
of Table 7.

P Some parameters such as ammonia and cyanide are not addressed in the
* current EPA standards but are dealt with in other well established
Astandards including the European Standards for Drinting Water (WHO) and

the Public Health Service Drinking Water Standards. These are shown in4
Table 7 along with those promulgated by EPA. Inspection of the table
shows that in general, corresponding limits for different standard sets,
where comparable, are, for practical purposes essentially the same. -

This supports the procedure that in the absence of a specific EPA limit,
a reasonable estimate of a limit can be made for evaluation purposes by
using one from another set. The result of this procedure is the basis
standard set for evaluation and comparison which is essentially the EPA

* standards augmented where necessary with appropriate values from other
* sources.
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DRINKING WATER SURFACE SUPPLIES

There exists a set of water quality criteria for surface water supplies
which was developed by the National Technical Aivisory Committee and
published in the Water Quality Criteria Report. These criteria are

fairly complete and are used as the basis for making surface water

supply evaluations. The criteria are presented in Table 8.
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TABLE 7

DRINKING WATER STANDARDS

CONSTITUENT NIPWR PUBLIC HEALTH NSDWR EUROPEAN STANDARDS BASIS
OR (EPA) SERVICE (EPA) (WHO) STANDARD

CHARACTERISTIC HCL (1962) HCL 1970 SET

PHYSICAL:

Foaming Agents (mg/i) 0.5
Color (Color Units) 15 15 15
Odor (Threshold Odor 9) 3 3 3
Temperature
Turbidity (TU) 1 5 1
Corrosivity Noncorrosive Noncorrosive

MICROBIOLOGICAL:

Coliform Organism 1/100 al 1/100 .k 1/100 ml
Fecal Coliform 1 PFU/Liter 1 PFU/Liter
Enteric Virus

INORGANIC CHEMICALS (mg/1):

Alkaliity
Ammonia 0.05 0.05
Arsenic 0.05 0.01 0.05 0.05
Barium 1.0 1.0
Boron
Cadmium 0.01 0.01 0.01
Chloride 250 250 250
Chromium (VI) 0.05 0.05 0.05
Copper 1.0 1.0 1.0
Cyanide 0.01 0.05 0.01
D.O. <5.0
Flouride
Iron (Filterable) 0.3 0.3 0.3
Lead 0.05 0.1 0.05
Manganese 0.05 0.05 0.05
Mercury 0.002 0.002
Nitrates (as N) 10.0 45(NO3 )/10(N) 50-100(NO3)/1l-22(N) 10.0
pH 6.5-8.5 6.5-8.5
Phosphorous
Selenium 0.01 0.01 0.01
Silver 0.05 0.05
Sulfate 250 250 250
IS 500 500 500
Uronyl Ion
Zinc 5.0 5.0 5.0
Hardneas 2 to 10 sEq/1

(100 to 500 mag/l CaCO3)Anionic Detergents 0.2
Free C02 0

- ORGANICS (ug/l)

Endrin 0.2 0.2

Lindane 4.C 4.0
Methoxychlor 100.0 100.0
Toxophene 5.0 5.0
2,4,D 100.0 100.0
S"lvex 10.0 10.0
TTHM 100.0 1-00.0
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TABLE 8J

SURFACE WATER CRITERIA FOR PUBLIC WATER SUPPLIES

CONSTITUENT OR PERMISSIBLE
CHARACTERISTIC CRITERIA

PHYSICAL:

Foaming Agents (mg/1)

Color (Color Units) 75
Odor (Threshold Odor #)

Temperature -

Turbidity (TU) -

Corrosivity

MICROBIOLOGICAL:

Coliform Organism 10,000/100 ml

Fecal Coliforms 2,000/100 ml
Enteric Virus

INORGANIC CHEMICALS (mg/i):

Alkalinity -

Ammonia 0.5 (as N)
Arsenic 0.05
Barium 1.0
Boron 1.0
Cadmium 0.01
Chloride 250
Chromium (VI) 0.05
Cyanide -

D.O.
Fluoride
Hardness
Iron (Filterable) 0.3
Lead 0.05
Manganese 0.05
Mercury
Nitrates (+ Nitrites) 10 (as N)
pH 6.0-8.5
Phosphoroue
Selenium 0.01
Silver 0.05
Sulfate 250
TDS 500
Uranyl Ion 5
Zinc 5
Anionic Detergents
Free CO2  -

Copper 1.0
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COMPARISON OF RAW AND FINISHED WATER

In order to assist in making water supply decisions, a comparison of the
water quality of both raw and finished water for the various supply
systems was attempted. It is difficult to quantify water quality into a
single parameter. Thus, a ranking procedure was developed and used to
approach this problem. The ranking is relative; that is, it does not
rank water quality against an absolute scale but rather only ranks the
systems within the scope of this report against one another.

RANKING PROCEDURE

In order to compare and rank the water quality as defined by the data,
it is necessary to establish a procedure which allows unlike elements to
be compared. This is accomplished by first separating the various
parameters into representative groups and then comparing within the
groups. The group comparisons are then displayed and summarized. The
representative groups selected to be used are:

1. Metals (Fe, Mn, Cu, etc.)

2. Minerals (SO,, NO3, TDS, etc.)

3. Aesthetics (Color, Odor, Turbidity)

Comparison within groups is done by arraying the grand average of the

parameters with their sources and ranking the sources for each parameter.

The ranking procedure is derived from the following rationale. All the
parameters used have an upper bound (maximum contaminate level - MCL),
which is the regulatory threshold for action. It is assumed that for
these parameters, less is better and the "least" receives the lowest
numerical rank while the "most" receives the highest numerical rank.
The lower the numerical rank, the better the water quality with respect

-"...to the specific parameter being ranked. Thus, ranking is done by assigning
a rank of one to the source with lowest value, two to that of the next
lowest value and so on. Ties are handled by summing the rank values of
the tied position, dividing by the number of tied positions, and assigning
the result to the tied positions. This keeps the total ranking points
constant for each element. The ranks for each source are then summed to
provide a composite score upon which an overall group ranking is based.

The rationale for using the composite approach is very simply that the
more frequently a raw or finished water ranks above another, the better

* that water is in comparison. Thus, each parameter presents an opportunity
for some relative success in the ranking process. The composite score
(the sum of the rankings of all the parameters for a given water) is
just the measure of the total or cumulative relative success a given
source had in the ranking. The rankings by group for both raw and
finished water are shown in Tables 9 through 14.
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Group rankings are summarized in Tables 15 and 16. Data used in this
procedure represent grand averages of all available data. The number of
datum points for each source may be different because more data is
available from some sources than from others. The lack of trends observed
in most of the parameters supports the assumption that the effects on
ranking of using unequal time spans is minimal.

DISCUSSION OF RESULTS

Two facilities, Rockville and the FCWA Potomac Plant, did not have an
adequate data base to easily include in the ranking process. They are
treated separately. The results for the other existing facilities
(WSSC, WAD, and FCWA-Occoquan) are summarized in Tables 15 and 16.
Examination of the summed scores or the individual rankings in the group
ranking tables (Tables 9 through 14) indicates that no single source or
finished water was consistently best or worst. Thus, the final ranking
is sensitive to the selected parameters and could be changed by eliminating
one or more parameters. This sensitivity indicates that while the
ranking show overall differences in water quality, the differences are
not strong enough to support a conclusion that the overall water qualities
are significantly different.

A consequence of this is that the impact of these differences on water
supply decisions will be of a small order of magnitude. One thing this
means is that a complete elaboration of these effects would require a
considerably more detailed and precise study at a much greater level of
effort. On the other hand, it should also be recognized that the small

S°- order of magnitude of the potential effects indicates a lesser need for
concern.

At the time of this writing, the FCWA Potomac plant has not yet developed
enough of a data base to be meaningful. Additionally, as the plant is
in start-up status, It probably will be some time before'the results
reflect the true picture of water quality. The Rockville data did not
include as much information as the other systems and thus could not be

" properly included in the ranking procedure. However, the available data
points to a generally poorer raw and finished water quality.
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TABLE 9

RAW WATER METAL COMPARISONS

PARAMETER WSSC WSSC WAD FCWA
(mg/L) POTOMAC PATUXENT POTOMAC OCCOQUAN ROCKVILLE*

Fe 0.700 0.380 0.721 0.601 0.116
Rank 3 1 4 2 -,

Mn 0.117 0.122 0.065 0.157 0.20
Rank 2 3 1 4

Cu 0.121 0.053 0.015 0.031 0.272
Rank 4 3 1 2

As 0.002 0.002 0.002 0.006 -
Rank 2 2 2 4

Pb 0.022 0.018 0.002 0.004
Rank 4 3 1 2

Hg 0.0002 0.0004 0.0002 0.0005 "
Rank 1.5 3 1.5 4

Se 0.0009 0.0009 0.003 0.002 -

Rank 1.5 1.5 4 3

Ag 0.003 0.002 0.0006 0.0004 "
Rank 4 3 2 1

Zn 0.061 0.214 0.016 0.002 0.12
Rank 3 4 2 1

Cd 0.002 0.002 0.0006 0.0006 -

Rank 3.5 3.5 1.5 1.5

Cr 0.004 0.003 0.004 0.014 0.014
Rank 2.5 1 2.5 4

SCORE 31 28 22.5 28.5

OVERALL
RANK 4 2 1 3

* NOTE: Rockville is not included in the ranking because of incomplete data.

I4
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TABLE 10

RAW WATER MINERAL COMPARISONS

*WSSC WSSC WAD FCWA FCWA
PARAMETER POTOMAC PATUXENT POTOMAC OCCOQUAN POTOMAC ROCKVILLE**

*Sulfate 34.4 7.5 29 16.8 54.5*
(mg/L SO3)
Rank 4 1 3 2

Chloride 14.7 11.1 14.4 11.9 16.6* 22.0
(mg/L Cl) 4 1 3 2

Nitrate 4.9 3.7 1.33 0.56 0.80*
(mg/L N)
Rank 4 3 2 1

Total Dissolved 188 60 183 86.5* 112.5*Z:*
Solids (TDS)
(mg/L)
Rank 4 1 3 2

Score (with TDS) 16 6 11 7

Overall Rank
with TDS, 4 1 3 2

Score without
TDS 12 5 8 5

Overall Rank
without TDS 4 1.5 3 1.5

* 1981 data only.
**NOTE: Rockville is not included in the ranking because of incomplete data.
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TABLE 11

RAW WATER AESTHETIC COMPARISONS

WSSC WSSC WAD FCWA
PARAMETER POTOMAC PATUXENT POTOMAC OCCOQUAN ROCKVILLE**

Color 7.35 4.28 34.2 51.5
(Color Units)
Rank 2 1 3 4

o,4

- Odor*** 3.29 2.30 - 27.1* 4.4
(Odor Number)
Rank

Turbidity 43.08 9.30 23.7 13.27 54.47
(JTU)
Rank 4 1 3 2

* Score 6 2 6 6

Overall 3 1 3 3
Rank

* 1981 Data only.
** NOTE: Rockville is not included n the ranking because of incomplete data.

*** NOTE: Odor not used in ranking because data not available.

J.
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TABLE 15

OVERALL QUALITY COMPARISONS FOR RAW WATER OVERALL RANKING

WSSC WSSC WAD FCWA
CATAGORY POTOMAC PATUXENT POTOMAC OCCOQUAN
metals 4 2 1 3

Mineral 4 1.5 3 1.5

Aesthetic 3 1 3 3.

*Score 11 4.5 77.5

*overall 4 1 2 3j
Rank

4.r
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COMPARISON OF RAW AND FINISHED WATER TO

DRINKING AND SURFACE WATER STANDARDS

The quality of the finished water of the MWA supply systems was compared
to existing drinking or surface water standards. This was done by using
grand averages of the historical data. The grand average was divided
into the standard. A ratio greater than one indicates the value is
within standards and the larger the value of the ratio over one, the

greater the safety margin before the parameter reaches the standard
limit. The results are summarized in Tables 17 through 20.

It is seen that except for iron and managanese levels in the Potomac
River and odor levels in the Occoquan, all parameters fall within existing

limits.
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TABLE 17

RAW WATER QUALITY CGHPARED, TO SURFACE WATER CRITERIA FOR METALS

(Ratio - value/standard)

PARAMETER
STANDARD WSSC WSSC WAD FCWA
(mA) POTOMAC PATUXENT POTOMAC OCCOQUAN ROCKVILLE

Fe 0.43 0.79 0.42 0.50 2.59
0.3
ma 0.43 0.41 0.77 0.32 0.25
0.05
Cu 8.26 18.87 66.7 32.3 3.7
1.0

As 25.0 25.0 25.0 8.3
0.05

Pb 2.3 2.8 25.0 12.5
0.05
Se 11.1 11.1 3.3 5.0
0.01

AS 16.7 25.0 83.3 125.0 -

0.05
Zn 82.0 23.4 312.5 2500.0 41.7
5.0
Cd 5.0 5.0 16.7 16.7 -

0.01
P Cr 12.5 16.7 12.5 3.6 12.5

0.05
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TABLE 18

RAW WATER QUALITY COMPARED TO SURFACE WATER CRITERIA
FOR MINERALS AND ASTHETICS
(Ratio - value/standard)

PARAMETER
STANDARD WSSC WSSC WAD FCWA FCWA
-" POTOMAC PATUXE T POTOMAC OCCOQUAN POTOMAC ROCKVILLE

(Units)
Sulfate 7.3 33.3 8.6 14.9 4.6 -

250
Chloride 17.0 22.5 17.4 21.0 15.1 11.4

250
Nitrate 2.0 2.7 7.5 17.9 12.5 -

10 as N
TDS 2.7 8.3 2.7 5.8 4.4

500
Color 10.2 17.5 1.5 V

75
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COMPARISON OF PLANT FLEXIBILITY

The ability of the MWA plants to adjust to changing flows and water
quality is addressed in this section. As in the case of comparing water

. quality, the comparison of plant flexibility is difficult to do in a
quantitative way. Unfortunately, a detailed engineering analysis was
not possible at this level of effort. Thus, an alternate route was
selected, and, although somewhat subjective, it was possible to develop
a relative ranking system and to gain insight into capabilities available
to cope with changing flow and water quality conditions. From available
information, a set of criteria was selected that incorporates different
areas of process control and adjustment within the treatment facilities.
The criteria used to evaluate plant flexibility includes such parameters
as excess capacity, chemical storage and treatment, the process units
themselves and general plant flexibility. This last factor takes into

. consideration points such as the age and overall conditions of the
* . plant, laboratory capabilities, instrumentation, and sludge handling

schemes.

With the exception of the McMillan WTP (WAD), all plants were visited by
TSD staff during June of 1982. The evaluations consider the plant's
condition at that time; however, the WSSC Patuxent plant and the WAD
McMillan plant were at that time and are currently undergoing extensive
renovations. These modifications will greatly improve the flexibility
of these plants. For instance, at the Patuxent WTP a new chemical
building has recently been constructed and-is due to come on-line in the
Fall of 1982. This new facility will enable plant personnel to store

, chemicals in bulk and provide much greater flexibility in the feeding of
these chemicals. In addition, plant operations will be enhanced at
Patuxent by the renovation of the actual treatment units. Variable
speed flocculation devices are being added along with improved baffling
and effluent launderers in the sedimentation basins. The existing
filters are being converted to dual or mixed-media with surface wash and
improved monitoring instrumentation is also being added. At McMillan,
the existing slow sand filters are being replaced by rapid sand filters
plus other modifications.

The numbers shown in Table 21 reflect the evaluator's judgement of
several plant flexibility parameters. A value of 5, 7, or 10 was assigned
to indicate whether that particular parameter was judged to be fair,
good, or excellent from the standpoint of flexibility. These values
were then totaled for each category (e.g., capacity) for each plant. A
ranking, 1 through 9, was then assigned based on the total score that
plant received in that particular category. In the case of equal scores,
the evaluator subjectively determined the rank based on his inspection
of that plant. The final rankings are summarized in Table 22.
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Table 22 shows that the FCWA Potomac WTP received the best rating (lowest
number). This plant is the newest and most modern plant in the MWA.
The WSSC Potomac. plant and the WAD Dalecarlia plant received the next
highest ratings in terms of flexibility. Rockville, the smallest plant
evaluated was ranked seventh followed by the WSSC Patuxent plant and the
WAD McMillan plant (the oldest plant). As was noted earlier, both the
Patuxent and McMillan plants are being renovated and it is expected that
these modifications will greatly improve their flexibility to treat
water. In fact, plant personnel have indicated that the flexibility of
these two plants should be comparable with the other plants within their
authorities (WSSC Potomac and WAD Dalecarlia) when the renovations are
complete.

All plants had a capability to adjust and control-the treatment process
to accommodate degradation of source quality below that which is currently
encountered. However, without a more detailed engineering study and
detailed analysis of future water quality trends it is impossible to
make quantifiable statements about the long term (30 years) conditions.
It does appear that there should be no difficulty for the facilities to
deal with the short term (5 years) possibility of degrading water quality.
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INTERCONNECTIONS AND REREGULATION

The use of raw and finished water interconnections to satisfy water
demand during drought conditions will result in periodically introducing
water from different sources into existing distribution systems. This
already occurs when the procedure of reregulation is employed. There
are a variety of problems that can result from processing a different
water through a treatment facility, blending with a different finished
water before entering the distribution system, and mixing different
water in the distribution system. These problems range from possible
taste, odor, color, and particulate changes which produce consumer
complaints to changes in corrosivity which can damage the distribution
system and consumer plumbing.

The effects of changing sources are difficult to predict due to the very
complex nature of the initial equilibria involved, the many factors
which influence water quality, and the time dependency of changes within
the system. Not only is the water chemistry complicated but such factors
as the materials used in construction, the historical exposure of the
system to the original water, and the frequency and magnitude of source
changes must also be considered.

..A number of fairly simple corrosion indices (Langelier, Ryznar, Riddick,
etc.) have been developed to predict some of these effects but are
limited in ability to do so. As pointed out by Gardels, "Corrosion
Indices are valuable guides when used within their limitations. A
universal method of predicting corrosion of all possible pipe surfaces
based on water quality still remains to be found" (6). According to
Patterson, "The difficulty associated with monitoring and controlling
corrosivity is that there are no simple, generally accepted means for
measuring the corrosivity of water, and thus the profession lacks a
generally accepted numerical index or parameter for identifying and
limiting corrosivity. There are a number of indices in use, but no
agreement on a cingle one which would, in all cases, definitively identify
corrosivity. Further, most of these indices were developed through
laboratory investigations, and the identification of corrosivity and its
response to passivation measures is vastly more simple in a closely
controlled laboratory environment than in a full-scale water distribution
system" (7).

Some general observations on the potential problems have been reported.
.- Ainsworth, for example, presents a hierarchy of types of source change
. and the problems that are likely to produce long-term consumer complaints (8).

In the following list (a) is less likely to produce long-term consumer
complaints than is (f):

(a) Infrequent and brief source changes during emergencies such as
a burst main or treatment failure.

(b) Blending old and new sunplies in e constant proportion before
entering the distributi -x systev

(c) Complete replacement of at, old supply.
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(d) Blending old and new supplies in varying proportions before
entering the distribution system.

(e) Mixing old and new supplies within the distribution system.

(f) The conjunctive use of supplies where one routinely replaces
another at regular intervals.

He also points out that water quality changes and customer complaints
occur as the existing "equilibrium" chemistry is disrupted by source
change. Thus a water supply with frequent and continued changes can be
expected to have more problems than one with less frequent changes.

REREGULATION

Reregulation is the term used to identify a procedure to maintain reservoir
storage at maximum for use during time of low river flow and high demands.
The procedure can be used if a distribution system is supplied with
treated water from both a river supply and a reservoir supply. During
times of adequate river flow, the distribution system can be fed preferentially

-~ with treated water from the river supply thus reducing the demand on the

reservoir supply. This strategy allows the reservoir to fill or maintain
N volume for future demands. If the river flow then becomes inadequate,

the reservoir supply is then preferentially used to supply treated water
to the distribution system. For the MWA, there are two major reregulation
systems, the WSSC Potomac-Patuxent system and the FCWA Occoquan-Potomac
system. Details of proposed operation are discussed in detail in "Appendix E
- "R-- and Finished Water Interconnections and Reregulation" of the MWA

*. study.

Effects on the quality of finished water delivered to the consumer due
to reregulation are difficult to evaluate. They arise out of two different
mechanisms. The first is the effect of reregulation on the quality of
the reservoir supply and the second is the effect of blending different
water in the distribution system.

As pointed out earlier, a quantitative assessment of the effects of
blending different waters in the distribution system is complex and
beyond the scope of this effort. Comparing finished water rankings for
the WSSC Potomac-Patuxent reregulation system shows that the results for
the metals category are not very different with the Potomac water being

*. of slightly better quality. For the mineral category, the results show
that the Patuxent water ranks near the best while the Potomac ranks as
the poorest. Results for the aesthetics category show that the Patuxent
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is moderately better than the Potomac. Thus, greatest differences occur
in the mineral category. Data is not yet sufficiently developed from
the new FCWA Potomac Plant to compare water quality for this reregulation
system.

According to the hierarchy presented by Ainsworth, reregulation most
closely aligns to category (e) -mixing old and new supplies within the
distribution system. This category is the second most likely source of
long-term consumer complaints. As he also points out, the more frequent
the changes in supply are, the more frequent the problems are. Certainly
then, in principle, the system should be managed with one objective

*""being the minimization of changes consistent with maintaining an adequate
supply of water. The weight of this factor in the optimization process
will have to be established from a detailed study and analysis and/or
experience.

The water quality of the reservoir will probably not be severely impacted
because it is being supplied by its normal water. In addition, generally
the time when there is water available in the river is also the time
when the quality of water entering the reservoir is best. This promotes
a better quality of stored water. Another positive factor is that
generally, the closer a reservoir is to being full, the better its water

S-.. quality. -On the negative side, reregulation results in longer reservoir
detention times which tend to allow greater algal growth and bacterial
action resulting in increased potential for taste and odor problems and

• . possibly higher filtration costs. On balance, the water quality of the
Occoquan and Patuxent reservoirs probably will not be greatly affected
by reregulation beyond the ordinary variations of the supply or the
ability of the treatment facilities to treat with little change in
finished quality.

FINISHED WATER INTERCONNECTIONS

Finished water interconnections involve the piping and pumping capacity
to transfer finished water from one treatment facility to the distribution
system of another. The consequences on water quality in the distribution
system are very similar to those discussed in the sections on reregulation.
For this situation, however, the hierarchical potential for customer
complaints as expressed by Ainsworth falls somewhere between class (b)
and (d). That is, between "blending old and new supplies in a constant
proportion before entering the distribution system" and "blending old
and new supplies in varying proportions before entering the distribution
system." Thus, according to Answorth, finished water interconnections
have less potential for producing consumer complaints than does the
procedure of reregulation.
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There are two finished water interconnections considered in this report.
The first is a reversible interconnection between the WAD Dalecarlia
facility and the WSSC Potomac system. The second is a reversible interconnection
between WAD Dalecarlia facility and the FCWA Potomac Plant. Based on
the ranking results, the Dalecarlia finished water appears to be of
slightly better quality than the WSSC Potomac water. Data is not yet
available to compare the FCWA Potomac facility quality to the Dalecarlia
quality. However, based on the fact that the finished waters are not
strongly different and the Potomac River is the common raw water source,
the blending effects should be minor.

RAW WATER INTERCONNECTIONS

There are two raw water interconnections considered. The first is the
reversible WSSC Potomac/Patuxent (Rocky Gorge Reservoir) interconnection.
The second is the reversible interconnection between the FCWA Potomac
Plant and the Occoquan Reservoir.

A study was done in 1978 by Enviro Plan, Inc., on the effects of raw
water interconnections on waLer quality (9). The study contains the
results of computer simulations used to evaluate the effects of raw

water interconnections pumping in either direction. Baseline data for
the Potomac - Rocky Gorge and the Potomac - Occoquan interconnections is
shown in Tables 23 through 26. The effect of pumping Rocky Gorge Reservoir
water to the Potomac River (using the baseline data) is summarized in
Table 27. It is clearly seen that under each scenario, the mixed
parameter values in the river ("final" column) are little different than
the values in the river before mixing. Thus, the effects are minimal at
worst and negligible at best. A similar conclusion is established from
the predicted effects of pumping Occoquan Reservoir water to the Potomac
River as shown in Table 28.

Effects of pumping Potomac water into Rocky Gorge Reservoir were not
summarized in tabular form but in narrative and graphical form. A
summary of the results of Enviro Plan's analysis follows. (All results
are based on a complete mixing model.)

Nitrate (As N) - The only scenario that produces excursions of
nitrate concentrations greater than the normal range of variation
in the Rocky Gorge Reservoir is with maximum nitrate concentrations
in both Rocky Gorge and Potomac water. This scenario yields• a
maximum concentration in Rocky Gorge of 2 mg/l greater than the
maximum observed nitrate concentration (4.6 mg/l). All other
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scenarios yield nitrate concentrations less than the maximum observed
Rocky Gorge nitrate concentration. If both waters contain average
concentrations of nitrate, the maximum value of Rocky Gorge Reservoir
water is predicted to be 1.5 mg/l. which is close to the observed
Rocky Gorge average of 1.2 mg/l. This would be the expected or
most likely combination.

Ammonia - Assuming both waters at maximum observed ammonia concentrations,j
the admixture will have a concentration 0.07 mg/l above the Rocky
Gorge baseline value. This is a negligible change.

* Total Phosphorous (as P) - There is a wide variation in phosphorous
concentrations observed in Rocky Gorge Reservoir water with the

* maximum value being 1.0 mg/l. The maximum observed for Potomac
water was 0.88 mg/l. Mixing waters with average phosphate concentrations
results a concentration of 0.13 mg/l which is twice the Rocky Gorge
baseline level. Other scenarios produce some values for phosphorous
greater than baseline but less than the observed Rocky Gorge maximum.
This is due to the fact that the Rocky Gorge maximum is greater
than the Potomac maximum.

Total Dissolved Solids (TDS) - Since the Potomac River TDS concentrations
run about twice those for Rocky Gorge Reservoir all mixing scenarios
result in some TDS values greater than the maximum TDS value observed
in the reservoir. Mixing average waters would result in reservoir
TDS values outside the normal range for six months of the year.
Under maximum concentration mixing, the TDS levels in the reservoir
approach twice the maximum normal values observed in the reservoir.

Total Alkalinity - All four mixing scenarios will result in total
alkalinity levels in the reservoir outside the range normally
observed. Mixing waters of average alkalinity will result an
alkalinity range of 23 to 42 mg/l compared to a level of 18 mg/l
normally found in Rocky Gorge.

Total Hardness (as CaCO 3) All mixing scenarios-result in values
greater than the normal range of 21-23 mg/l for Rocky Gorge for the
*entire year.

The findings related to the two raw water interconnections considered
here are:

1) The concentrations of phosphorous, inorganic nitrogen, and
total alkalinity are generally higher in the Potomac River
than in the Rocky Gorge and Occoquan Reservoirs.

2) Both reservoirs would experience an increase in total alkalinity
concentrations as a result of the interconnections.
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3) The Potomac River - Rocky Gorge Reservoir interconnection
could cause increased entrophication in Rocky Gorge due to
projected increases in nutrients, especially phosphorus.

4) Under the conditions of the hydrologic scenario, Occoquan
Reservoir water quality would probably not be significantly

S... impacted by the Potomac River - Occoquan interconnection.

* 5) Increases in alkalinity and nutrient availability resulting
from input of piped Potomac River could cause increases in
treatment costs at the filtration plants. These costs are
related to more frequent filter backwashing and the need for
greater quantities of coagulants.

6) Neither of the interconnections are expected to cause violations
of existing Federal, State, or local water quality standards.

7) The water quality effects of pumping reservoir water to the
Potomac River are minimal.

Data comparison between this study and the Enviro Plan study is severely
limited because only total dissolved solids and nitrate nitrogen are at
least partially common to both baseline data sets. The total dissolved
solids for the Potomac - Rocky Gorge interconnection show that there is

little difference between the two studies (for this study, total dissolved
solids baseline values are 188 mg/1 for the Potomac and 60 mg/1 for
Rocky Gorge, while the Enviro Plan report values are 207 for the Potomac

and 61 for Rocky Gorge). The nitrate nitrogen values are higher in this
report than in the Enviro Plan study by factors of between two and
three. This study shows nitrate nitrogen for the Potomac to be 4.9

mg/l and for Rocy Gorge to be 3.7 mg/1 while the Enviro Plan values are
1.88 and 1.19 mg/l, respectively. For the Potomac - Occoquan interconnections,

this report yields a value for the Occoquan Reservoir of 0.56 mg/l.
Corresponding values for the new Potomac Intake are not yet available.

The Enviro Plan results are 1.74 mg/1 for the Potomac and 0.323 for the
reservoir. Again, it appears that the nitrate nitrogen values are
higher in this report. However, in the case of the Potomac - Occoquan

interconnection, the ratio of Potomac to Rocky Gorge nitrogen is 1.59
using the Enviro Plan data and 1.35 using data from this report. Thus,
while there seems to be higher values of nitrate nitrogen concentrations

in this study, the ratios show a lesser potential affect because the
differences are relatively smaller. Considering the Enviro Plan conclusions

and the raw water rankings of this study, it is seen that the general
water quality of Rocky Gorge will tend to be degraded by pumping Potomac

water into it. Although this problem is compounded by the fact that the
WSSC Patuxent plant is one of the least flexible of the area plants in

providing treatment, current renovation plans should increase the flexibility
of this facility to a level comparable to the other plants.
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Since any mixture of the different waters will not result in source
water which would not be treatable or result in a finished water that
exceeds existing standards, there should be no problem for the Patuxent
plant to treat the mixture resulting from the Potomac - Rocky Gorge Raw
Water Interconnection except for some possible increase in cost. Renovations
made at the Patuxent plant will improve the capability to upgrade the

* finished product.

The Enviro Plan results for the FCWA Potomac - Occoquan show increases
in both nitrogen and phosphorous concentrations in the Occoquan Reservoir.
These increases will contribute to increased algal growth. However, as
pointed out by the study, it is difficult to predict how significant the
impact will be. Again, since data from the new FCWA Potomac plant is
not available, inferences in this study are made from Potomac water as
profiled by data from the WSSC and WAD Potomac intakes. Generally, the
overall water quality for the metals comparisons while rankable Is not
clearly different. Thus, no inference other than there should be minimal
changes in the overall metals water quality. The overall comparisons in

* the mineral quality show that Occoquan water will be somewhat degraded.
In terms of aesthetic comparisons, Occoquan water should have improved
in color and odor levels but degraded turbidity levels. Overall, the

* changes should not be great enough to cause problems in treating except
for potential increased algal production leading to higher costs and
possibly increased taste and odor complaints.
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RENOVATED WASTEWATER -EXPERIMENTAL ESTUARY TREATMENT PLANT

One proposed method of augmenting water supply in the Potomac River is
to reclaim Potomac River estuary water (which receives treated wastewater)
through an estuary treatment plant. The evaluation of the feasibility
of this concept is now being conducted with a pilot experimental estuary
water treatment plant (EEWTP) completed by the Army Corps of Engineers,
Baltimore District, in early 1980. A contract for a three-year program
for operation, maintenance, and performance evaluation of the demonstration
plant was made with James 1M. Montgomery, Consulting Engineers, Inc., in
May 1980. The project objectives, stated in the form of key questions7
to be answered, are as follows with the overall objective being to
determine the technical and economic feasibility of using the Potomac
River estuary as a supplemental source of potable water in the HWA:

1. Using the best available analytical techniques, what quality
of water can be produced by advanced water treatment processes?

2. Is the water produced by the demons-tration plant of potable
quality?

3. What are the optimum process combinations which will ensure
production of potable water at a minimum cost?

4. Finally, what Is the estimated cost of such a water treatment
plant with a hydraulic capacity of 200 mgd?

Based on a review of the first (May 1980 - March 1981) and second (March 1981
- September 1981) progress reports submitted by James M. Montgomery, the
experimental pilot plant project is well designed to meet the above
objectives.

The viability of was tewater renovation as an alternative augmentation of
the MWA water supply depends on at least three factors all relating to
potability. The first is based on the fact that almost any raw water
can be made potable if one wished to spend enough money. Thus, whether
or not a Potomac estuary water contaminated with treated was tewater can
be renovated to a potable level is not the issue. Rather, is it cost
effective and practical to do so? According to Clark, et al., "renovated
wastewater is extremely expensive as a solution" (10)." Thus, it is

* important to evaluate this factor and it is expected that the pilot
study will define the costs to the point necessary to determine the cost
effectiveness.

The second factor Is related to the difficulty of determining true
potability. As has been pointed out earlier and as emphasized in the
second Montgomery progress report, "meeting the EPA primary and secondary
drinking standards cannot be considered sufficient evidence that the
water produced by the EEWTP is acceptable for human consumption."
Clark, et al., point out that "undefined health problems may be associated
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with RWW [Renovated Waste Water] effluent." Thus, although a minimal
approach to determining potability can be achieved, an absolute certainty
is not possible and effluent from the EEWTP would remain suspect for
some time.

This leads into the third factor which is the view that in addition to
* physical and chemical characteristics as definers of potability, psychological

acceptance by the consumer is necessary before potability is achieved.
In essence, if consumers will not drink the water, no matter how good,
then for those consumers, the water is not potable. If they will drink. '

- the water but are uncomfortable in doing so, there is still a potability
problem. The issue at this point is that there does not appear to be

-. any studies currently being undertaken or planned to evaluate possible
problems with MWA consumer acceptance of reclaimed human sewage as a
source of drinking water. That this can be a significant and highly

*visible issue is evidenced by the Chanute, Kansas experience. Dwight Metzler,
- et al., described in a 1958 paper the results of using reclaimed wastewater
- in Chanute as an emergency supplement to the potable supply (11). Some
* of the statements and conclusions from the paper are:

0 ".... the great majority of water consumers take a dim view of
* deriving all or any small part of their drinking water from

the local sewage treatment plant effluent - regardless of the
purification processes employed or the quality of the finished
product."

o "There was an unprecedented awareness on the part of local
residents and their neighbors in nearby communities of the
Innovation at Chanute and spectators from near and far visited
the plant to observe its operation."

o "The high ammonia content of the raw water made free residual
chlorination impractical for taste and odor control and complete
color removal."

o "The water was unsuitable for most laboratory purposes. Even
after double distillation it could not be used for making

* standard solutions or mixing reagents because of carry-over."

0 "The treated water had several objectional characteristics.
It had a pale color and an unpleasant musty taste and odor."

o "Initial public acceptance of the water was good, probably
because the citizens knew that their supply normally received
diluted treated sewage from seven upstream communities. No
public mention of the move was made until after recirculation

* had been started. Public reaction became more adverse when
stories appeared in the local newspapers. Lottled-vater sales
flourished and virtually all grocery stores carried a large

1 stock."

0 "More than 70 private wells were drilled...."

o "Consumer acceptance of the water was poor, and many persons
obtained their drinking water from other sources."~
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0 The most serious problem is that of public acceptance or -morej

accurately - public rejection of the water...."

0 "The reuse of sewage treatment plant effluent to supplement
deficient water supplies should not be considered or permitted
except under the most severe emergency conditions. It is
certainly a last resort, to be used only after all other
possible sources of supply have been fully investigated."

It should be clear from the above comments and conclusions that the
attitudes of the consumer need to be assessed as well as some study of
approaches that could be used to ameliorate acceptance or rejection

* problems.

In summary, although the EEWTP pilot study will provide the necessary
information to determine if estuary water can be a cost effective alternative
to augment the MWA water supply, there will remain concerns about undefined
health problems and public acceptance.
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POTABILITY OF OTHER SOURCES

The scope of work for this study also called for a comparative assessment
of the potability/treatability aspects of other potential water supply
sources to include selected upstream reservoirs (both in the MWA and in
the Upper Potomac Basin) and the use of ground water. An examination of
the existing data resulted in the conclusion that there was insufficient
data available to compare the potential groundwater resources with the
other potential sources. Similarly, the lack of water quality data on
most of the upstream reservoir sites limits the scope of the analysis
that can be conducted relative to the potability aspects of upstream
storage.

Based on work by Sheer and Harris (12), a summary assessment of water
quality as influenced by Bloomington and Savage Dams can be made. Water
quality in the North Branch of the Potomac River tends to be poor because
of coal mining related acid drainage. Two large reservoirs dominate the
system. Savage River Reservoir (12 billion gallons) and Bloomington
Reservoir (42 billion gallons). Savage Dam has a single base outlet and
an uncontrolled spillway while Bloomington has a multiport outlet with
five levels including an emergency spillway.

According to Sheer and Harris, "Bloomington Dam improves water quality
downstream primarily by averaging the release of acid over time." However,
they also point out, "This averaging must be accomplished within the
constraints of the other purposes of the project: maintaining minimum
flow, meeting water supply needs downstream at Washington, D.C., and
providing flood control." Another element in water quality management is
the effect that the Westernport wastewater treatment plant effluent has
in neutralizing acid drainage. The authors have proposed procedures for
defining proper reservoir operations. These procedures, however, will
require gathering new data and developing simulation and optimization
studies for the system.

The conclusions reached by Sheer and Harris are repeated here as follows:

1. Significant water quality improvement will occur downstream
of Bloomington Dam because the reservoir will intercept and
dilute slugs of highly acidic influent.

2. The wastewater treatment plant at Westernport exerts a
neutralizing effect equivalent to about 13.6 metric tons of
CaCO3/d (15 tons/day). Some solid CaCO3 from the pulp and
paper mill effluent reacts with CO2 and dissolves during
secondary treatment, producing an effluent containing about
3aM bicarbonate.
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3. A procedure for determining reservoir operations has been
proposed. It attempts to maintain a consistent pH as high
as possible over the long term. The formula relies on the
newly defined functional acidity of each source of acid, as
well as the conventional alkalinity of each source of base.

4. Functional acidity and alkalinity data must be accumulated
to implement the operating rule.

5. Simulation and optimization studies for control of water
quality in the reservoir and the river are desirable.

Future water quality of Little Seneca Lake was assessed in the report
"Project Development Report on Little Seneca Lake for the Washington
Surburban Sanitary Commission" (13). Seven models were used to predict
algal growth, pH, ammonia, fecal coliforms, and temperature for current
and future land use patterns and for various flow conditions. In addition,
in Appendix A of the report, presents information on the water quality of
stream that will flow into the reservoir. In general, the water quality
parameters reported in the feeding tributaries are nominal and with the
exception of an occasional sample are within state and EPA standards.
One other exception is the fecal coliform values which tend to exceed the
200/100 ml state standard. However, the simulation studies indicate that
coliform die off in the reservoir is such that the levels in the central
pool and releases from the reservoir are within state and EPA standards.

Thus, it appears that there are no serious water quality problems to be
anticipated for Little Seneca Lake.

74

. .°

. .., .



SUMMARY AND CONCLUSIONS

Although there are differences in water supplies, treatment plants, and
finished water quality, the results of this study do not show any situation
where drinking water regulations will be violated or where a major
problem in potability or treatment will occur other than some increase
in costs and/or potential taste and odor complaints from consumers.
Several issues such as the blending of new water supplies for both raw
and finished water are too complex to be dealt with in detail at this
level of effort. However, it appears that the consequences on potab'Ility
of such blending will be minor. Certainly optimum management of the
overall HWA water supply system is important to reducing any negative
impacts to a minimum. To this end, close cooperation between MWA authorities
in developing and implementing management strategies is essential.
Additionally, using available computer systems to assist in the management
along with the development of needed new computer systems is an important
consideration particularly in the future as the supply problems become
more critical.

Specific conclusions derived-from the study are summarized as follows:

A. Comparison of Raw and Finished Water Quality

1. While the raw and finished waters showed overall differences
in water quality, the differences are not strong enough
to support a conclusion that the overall water qualities
are significantly different.

2. Because of the weak differences in overall water quality
of the raw and finished water quality, the impact of
these differences on vater supply decisions will be of a
small order of magnitude.

B. Comparison of Plant Flexibility

1. While some plants are more flexible than others, all of
the plants have adequate flexibility to compensate for
anticipated quality changes in supply.

2. Currently planned renovations will bring the WSSC Patuxent
and WAD Mc~illan plants to a flexibility level comparable
to other plants within their respective authority.

C. Interconnections and Reregulation

1. Water quality of the Occoquan and Patuxent Reservoirs
probably will not be greatly affected by reregulation
beyond the ordinary variations of the supply or the
ability of the treatment facilities to minimize change in
finished quality.
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2. A quantitative assessment of the effects of blending

different waters in the distribution is complex and

beyond the scope of this effort. However, no evidenceH
was found that serious problems will occur. In addition,
there appears to be adequate plant operational control
flexibility to minimize potential negative effects of
blending.

3. The less frequent and smaller the source changes are, the
fever the problems in water quality and potability.

4. Optimal management of the overall MWA water system will
result in minimal source changes thus reducing to a
minimum problems in water quality and potability.

5. Finished water Interconnections have less potential for
producing consumer complaints than does the procedure of
reregulation.

6. Since the differences in finished water tend to be second
order, effects of finished water interconnections should
be of a minor nature.

7. The concentrations of phosphorous, inorganic nitrogen,
and total alkalinity are generally higher in the Potomac
River than in the Rocky Gorge and Occoquan Reservoirs.

8. Both reservoirs would experience an increase in total
alkalinity concentrations as a result of the interconnections.

*9. The Potomac River - Rocky Gorge Reservoir interconnection
could cause increased entrophication in Rocky Gorge due
to projected increases in nutrients, especially phosphorus.

10. Under the conditions of the hydrologic scenario, Occoquan
Reservoir water quality would probably not be significantly
impacted by the Potomac River -Occoquan interconnection.

*11. Increases in alkalinity and nutrient availability resulting
from input of piped Potomac River could cause increases
in treatment costs at the filtration plants. These costs

a re related to more frequent filter backwashing and theneed for greater quantities of coagulants.

12. Neither of the raw water interconnections are expected to
cause violations of existing Federal, State, or local
water quality standards.

13. The water quality effects of pumping reservoir water to
the Potomac River are minimal.
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14. Overall, the changes resulting from raw water interconnections
* should not be great enough to cause problems in treating

except for potential increased algal production leading
to higher costs and possibly increased taste and odor
complaints.

15. ~'he necessary information to determine the cost effectiveness
of using Potomac estuary water will be provided by the
Experimental Estuary Water Treatment Plant pilot study
being conducted by James M. Montgomery, Consulting Engineers,
Inc.

16. Because of the difficulty in determining potability on an
absolute basis, there is always a potential for an undetermined
health problem to be associated with a particular water
study. The presence of treated sewage in the Potomac
River estuary increases this potential.

17. Public acceptance or rejection of a drinking water which
uses treated sewage .n any proportion is a critical issue
which needs to be evaluated. It may be necessary to
develop strategies which will ameliorate acceptance or
rejection problems.
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