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SUMMARY

Based on our examination of water production and sewage flow
forecasting at the Washington Suburban Sanitary Commission, we
of fer a summary of our conclusions in the form of an evaluation
of present methods and recommendations for improvement,

Evaluation:

1., In general, the methods used to forecast water production and
sewage flow are consistent with the best contemporary practice
in the water supply industry.

2. Data and information are organized and synthesized carefully
in order to prov1de historical perspective and credible data

bases. This is evidenced in the _1sL;;but;gn_ﬁxg;gm_ﬁ:gxagg

Study, T D F E
Forecasting Sewage Flow, anngsx_dem_al_l_ow_East_ox_Analm.s

3. In general, forecasting at WSSC involves the development of
disaggregated demand factors (coefficients) on moderately large
and relatively homogeneous customer groups. These factors are
derived from recently initiated accounts in order to best
reflect the type of customers who will be the constituents of
future growth. Continuing use of the extensive computerized
data processing facilities contributes to .the good quality of
forecasting methods.

4. The factors are applied to forecasts of future customer

groups which are produced by an independent specialized

cooperative process (the Cooperative Forecasting Program)

designed to obtain the best results. This technique is superior

Eg simply projecting past trends in water production and sewage
oW S.

5. Generally, although not always, forecasts are well documented
with sources of data and explanations of methods.

6. In a comparison with the local electric utilities (which
produce a commodity whose demand is driven by factors which are
similar in many respects to those of water and sewer services)
the forecasting practices at WSSC are similar in detail and
extent,
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Recommendations:

A number of inconsistencies and areas for improvement were
detected during the course of the study. Their reconciliation
and incorporation would enhance the forecasting process at WSSC.

l. Use of the Commission's Design Manual is rendered somewhat
confusing and ambiguous due to the lack of documentation of the
factors contained in the Appendices. There ought to be an
accompanying explanation of how and when the factors were
derived. Further, there should be differentiation between water
production and sewage flow factors in order to take account of
water main transmission losses, inflow/infiltration, and other
distinguishing characteristics; and geographic disaggregation
should be provided if appropriate.

2. The effects of changes in price and income should be
incorporated into the forecasting process. Although the debate
over the price elasticity of demand for water is far from
finished, enough evidence is available to suggest that economics
is a significant influence. Some degree of coordination with
those involved in the preparation of the WSSC budget should be
establ ished.

3. A pattern of frequent re-evaluation of factors and their
application should be adopted. 1In particular, Chapter IV of the
Distribution Sy j ¢+ should be
updated and expanded for use-in forecasting for planning
purposes.

4., The value of increased disaggregation by property code,
service type and location as available from billing records
should be investigated. 1If significant differences exist among
the many groups of customers, they should be further segregated
for analysis and forecasting.

5. The currently available Round III Cooperative Forecasts of
housing and employment should be used to update the analysis
presented in the Water Production Report Through June, 1982. 1In
the process of updatlng, this report might effectlvely be
combined with Dj i S

in order to reduce duplication of effort and reference materlal.

6. The use of probability in the field of forecasting and
control is now well established and should be incorporated into
the forecasts produced by the Commission. Perhaps the simplest
and most useful applications would be in presenting confidence
limits on forecasts, and expressing results in the format of
probabilities of exceedence.
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7. A small, but significant recommendation, is to revise the
results in the report Flow Projections for Workload Indices.
The forecast should have as its base level the value of the
normalized data regression line for FY'84, not the normalized
value of flow for that year. Water use data for the analysis in
this report have recently been changed to reflect water
"consumption" only, excluding usage through submeters which is
not returned to the sewers. These data are more representative
figures for sewage flow calculations than total water
"production®”. The derivation of work indices for water should
be fully documented.
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Introduction

This report presents the results of an external examination of
WSSC techniques used by staff of the WSSC in the development of
forecasts of water production and sewage flow. The analysis
focuses on the use of available data and information, and the
degree to which that use is consistent with good and
contemporary forecasting practice. The motivation for an
external examination came from inconsistencies in the approach
to forecasting methodology between WSSC staff and one or more of
the Commissioners.

The organization of the report follows the format of addressing
the nine inter-related tasks as set out in the proposal:

l. summarization and use of presently available data and
information at WSSC, County Planning Boards of the Maryland-
National Capital Park and Planning Commission, and Metropolitan
Washington Council of Govermments,

2, analysis of unit production and flow factors with respect to
WSSC property codes, service types, and counties,

3. analysis of the effects of change in price and income levels,

4. investigation and incorporation of uncertainty due to weather
into flow forecasting techniques,

5. incorporation of alternate future population, housing unit
and employment scenarios into forecasts,

6. presentation of individual forecasts which are conditional
upon discrete assumptions about the future,

7. presentation of example probabilistic forecasts in terms of
probabilities of exceedence,

8. ex-post examination of previous plans and forecasts at the
WSSC and planning agencies in order to determine historical
accuracy, bias and variance,

9. outline future directions in data availability, analytical
tools, forecasting techniques, and planning applications.

An Appendix, which contains a photocopy of an example of monthly
climatological data, follows the main body of the report.



Forecasting Defined

Forecasting can be defined as both an objective and a subjective
process: it is the subjective application of objective material.
A forecast is a statement about the future which is conditioned
on objective or factually derived relationships and influenced
by various assumptions. It is subjective in that it is a
statement about the future and therefore cannot be factual, but
speculative.

Good and contemporary practice of forecasting involves the
bringing together and analysis of all the pertinent information
that time and effort will allow in the competition for limited
resources, and having regard for the use to which the forecasts
will be put and its relative costs and benefits. The
information should be the most up-to-date that is available, but
should be regarded in the context of previous information, and
subject to change as new and revised information becomes
available. The process of forecasting usually includes the
establ ishment of a base level from which the forecast begins,
and an examination of previous conditions in order to establish
trends. Information which could influence the continuance of
established trends is brought into the forecasting process so
that final results are not a blind projection of the past.



Report of Work

All of the analyses, computations and results developed in this
study make use of the latest available planning and forecast
data which are relevant to the Washington Suburban Sanitary
District (WSSD). The execution of the study is described in the
fulfillment of nine interconnected tasks.

TASK 1

Evaluate the available data and information relative to
forecasting the demand for water and sewer services in the WSSD.

The evaluation has concentrated on material which would be of
most use in medium to long term forecasts for purposes of
planning raw water and distribution facilities, sewage
collection and treatment facilities, and budget considerations
in the out years. The data and information is derived from
reports and other documentary material, and from personal
contact with persons involved with the collection of such data
or the forecasting of future values. The material must
necessarily cover past conditions of water production, sewer
flow and explanatory variables, as well as forecasts of those
explanatory variables and their functional relationships with
respect to water and sewage.

The pursuit and analysis of information may sometimes be
frustrating and tedious, and inevitably some overlap of
information will be encountered in the descriptive and
interpretive reference material. The organization and synthesis
of data is certainly an important aspect of producing credible
forecasts, and should be undertaken carefully.

There follows a summary of data and information available for
forecasting the demand for water and sewer services in the WSSD.
This information is organized by the providing agency.

WSSC
Documentary material including:

WSSC Design. Manual
The Commission follows the practice of maintaining a
Design Manual. Relevant information to forecasting for
planning purposes is contained in several of the
Appendices. Appendix D contains Flow Factors
(coefficients) for numerous types of water using



property, including types of housing, and educational
institutions, retail and commercial properties. There
is, however, no areal differentiation and no
documentation refering to the method or date of
derivation of these Factors. The lack of explanation
fosters skepticism of their value as forecasting aids
and contributes to the fact that they may not be
regarded or used as well as they might be. Appendices
E and F contain Dwelling and Acreage Factors
respectively for the various land use zoning
classifications, differentiated by County. Again,
there is no supporting information as to date or method
of derivation.

Special Studies:
ADC Trends
The Office of the Secretary of the Commission has
conducted a series of studies which examine the
consumption behavior of customers by Average Daily
Consumption (ADC) group. The results of these studies
are of use in understanding the relationship of water
use to price, and in particular in seeing the effect of
the Conservation Orientated Rate Structure which was
introduced January 1, 1978. Although there is
considerable unresolved debate as to the price
elasticity of demand for water and sewer services, more
of this kind of information on the effects of changes
in rates, personal income and general rates of
inflation should be incorporated in the forecasting
process., No allowance for variations in weather seems
to have been incorporated in this work.

Inter-office and inter-agency correspondence
A considerable body of data and information relative to
forecasting exists in the files of the Water Resources
Planning Section. Much of the best described and
documented work is contained in the following reports:

1. Distributj
Project 6.02
Water System Planning Section, June, 1980.

2. The Development of Sewage Flow Factors and
Their use in Forec i S " F

by Edward Graham
Sewer System Planning Section, November, 1981

3. Resid i F F
Contract No. 83MM1093-A
by Nick Del Grosso and Bruce Downes
fégzning and Engineering Division, November,



These reports provide excellent background material and
should be referred to in all forecasting exercises. It
is recommended that the material in Chapter IV, on

water demands, of the Distribution System Storage
Study, Project 6,02, be updated and expanded for use in

forecasting for planning purposes.

Flow Book
The Flow Book, being a compilation of computer
generated data reports, is an important and consistent
source of basic data necessary in the preparation of
forecasts. Particularly useful reports in the Elow
Book generally contain monthly data back through 1977
for average and rolling annual average sewage flows to
each sewage treatment plant, monthly total
precipitation at three area rain gauges, and monthly
water produced at the Potomac and Patuxent treatment
plants. These data (together with monthly temperatures
available from the National Weather Service, Ref: NOAA
and the Appendix) would be useful in expanding the
Commission's efforts in normal izing water demand and
sewer flows for varying weather conditions so as to
more accurately understand the response to growth in
housing and employment,

Plumbing Code
The requlations governing the installation and water
using characteristics of new and replacement plumbing
fixtures in the WSSD reflect the evolution of water
conservation. The limitations on water use have
successively decreased the permissible amount of flow
through fixtures, and have progressively applied to
more and more types of fixtures as summarized in
Table 1. This information, together with some estimate
of fixture usage, might provide a quantitative factor
for incorporation into the forecasting process.



Regulations Governing the Installation of Plumbing and Sewer
Cleaning in the Washington Suburban Sanitary District

Quantity (gal) or Flow (gpm)
Issue Date 1961 1965 1972 1976 1980 1983 1984

Flushometer [gall

Toilet >5 >3.5 <3.5

Urinal <3.0
Toilet (tank) [gal] <3.5
Shower (stall) [gpm] <3.5 <3.0
Sink Faucets (htc) [gpm] <4.0
Lavatories (h+c) [gpm] <4,0

(hot only) [gpm] <0.25

Historical Perspective

In the preparation of all forecasts, an examination
should be made of the accuracy and assumptions employed
in previous efforts. This would give an historical
context and perspective that would aid in the accuracy,
understanding and interpretation of the forecast. The
reports mentioned above contain significant elements of
historical documentation.

Personal Consultation:
The interpretation of documentary material, on whatever
subject, is always enhanced by personal contact with
staff involved in the production or use of that
material. Among others, helpful resource people
contacted for data and information in this study are



listed below. It is important to realize that with
employment turnover and organizational changes,
individual personnel may come and go, but the
institutional structure should be such that the data
and information is maintained in a consistent and
available manner.

Nicholas J. Del Grosso
of the Water Resources Planning Section is helpful
in matters relating to sewage flows.

Thomas E. Gingrich
of the Water Resources Planning Section is helpful
in matters relating to water production.

John W, DiLoreto
is helpful in matters relating to the plumbing
code.

Thomas M. Fischer
of the Secretary's Office is helpful in matters
relating to changes in consumption over time.

William Austin
is helpful in matters relating to water and sewer
billing.

Marjorie L. Johnson
of the Public Affairs Office is helpful in matters
relating to water conservation programs.

Montgomery County Planning Board of the Maryland-National
Capital Park and Planning Commission

Documentary material including:

Comprehensive Planning Policies Report (annual)
This report contains a combined set of interrelated
policies and data in one convenient reference volume.
It also contains updated inventory data on development
progress for County population and housing, and
extracts of all previously adopted staging policies as
contained in various master plans, sector plans and
functional plans. The housing unit development status
information is among the most important in this
document., High, intermediate and low forecasts are
compared with actual growth data. The latest
population and employment forecasts are also given by
Policy and Planning areas.



Long Range Forecast:; Peo Job usj
This publication, dated August 1979, presents a long
range projection and analysis of population, households
and employment growth to the year 2000 in Montgomery
County and the Washington Region. It presents a more
detailed Ten Year Forecast for Montgomery County.
These forecasts are based on the Metropolitan
Washington Council of Govermments' (COG) Cooperative
Forecasting Program. Round II and Round I Forecasts
are compared; and high, low, and intermediate forecasts
are given and defined. The high alternative is the
greatest amount of growth which is foreseen to occur,
whereas the low alternative is the minimum growth
foreseen to occur., The intermediate forecast
represents the County's attempt to forecast a most
likely level of growth given the information available
at the time the forecasts were developed. No
probabilities of occurrence are associated with either
of the extreme forecasts, but they are produced as an
acknowledgement of the uncertainty inherent in
forecasting and as a possible tool for use in risk
assessment.

County Comprehensi
Under State-law (Section 9-505, Health~Envirommental
Article), each county must adopt a plan that provides
for the orderly expansion-and extension of systems
dealing with sewage, water supply, and solid waste
disposal for at least a 1l0-year period. These plans
are subject to review and approval by the State
Department of Health and Mental Hygiene and are subject
to periodic amendment or revision. The plans include:
1. present level of use and existing capacity for
each sewage treatment drainage basin or
service area,
2. population projections, anticipated treatment
needs, and planned facilities,
3. water supply and waste disposal needs and
planned facilities.
The population, housing and employment data and
forecasts, as presented in these plans in recent years,
have been drawn framn the COG Cooperative Forecasting
Program. They are based on county policy and planning
areas, and extend by 5-year increments to the year
2000. In addition, current and future estimates of
population (including ultimate capacity values) are
given for major drainage basins in the county. This is
of direct benefit in planning for sewer facilities.
Recent plans have also tried to address the variability



recognized in several of the influential factors
affecting sewage flow. These include: growth rate
forecasts, infiltration/inflow, water consumption,
facility capacity rating, commitment policy and septic
relief. Each factor and its possible effects are
discussed. Household size (given in the l0-year plans)
is an important factor used in converting from
population estimates to numbers of housing units and
then to water demand or sewer flow. Although much of
the water and sewer data contained in the 1l0-year plans
are doubtless supplied by WSSC, there is much to be
gleaned in a qualitative sense for forecasting from the
development and employment policies presented by the
counties in those documents. An important function of
the plans has been to attempt to define the "holding
capacity" of the land; or in other words, its ultimate
carrying capacity for development under present and
future foreseen zoning limitations. This information
is of great benefit to the WSSC for the planning of
water and sewer facilities in that it helps define the
present position in relation to the ultimate maximum
potential demand for water and sewer services.
Redevelopment, changes in the technology of water use
and sewage generation, and other factors which continue
to affect demand at full land use development must
still be considered.

Personal Consultation
As stated in the Personal Consultation section under
WSSC above, direct contact with relevant staff is
helpful in complementing and interpreting published
information. Those at Montgomery County included:

Nazir Baig
Envirommental Planning Coordinator.

Robert Hnat :

is helpful in matters concerning forecasts of
dwelling units and holding capacity of the land in
Montgomery County.



Prince George's County Planning Department, Maryland-National
Capital Park and Planning Commission

Documentary material including:

Growth Trends in Prince George's County and the Region:
1950-2000

This report, published by the Research and Special
Studies Division in November 1979, presents the growth
and development trends expected to occur in Prince
George's County from the mid-1970's to the year 2000,
A good summary of growth from 1950 puts the future
projections in perspective, and the County is viewed in
the context of the entire Washington Metropolitan Area.
The report focuses on the amount of growth that is
likely to occur in population, households and
employment., Projections are based on the then-current
forecasts for the metropolitan area (Round II) and
include descriptions of the basic process, methodology
and assumptions. The report is concise, yet full of
clearly stated detailed information and useful data,
including: employment by industrial sector, average
household size, dwelling unit completions, and a
statement of assumptions used to produce low,
intermediate and high future development scenarios. In
addition, comparisons are made with previous forecasts
of population and employment.

Estimates and Forecasts of Dwelling Units, Population and
Employment in Prince George's County

This report, published in July 1981, presents useful
information on the following subjects: assumptions used
for dwelling unit and population forecasts 1980-2000;
low, intermediate, and high alternative development
scenarios; small area population forecast methodology:;
low, intermediate, and high alternative employment
scenario assumptions; population/employment ratios; and
employment forecasts by industrial sector. The degree
of documentation of data and assumptions in this report
contribute to making it a useful reference for water
and sewer service demand forecasting.

Forecasts of Growth in Prince G ' g
This document is sub-titled "Results of the Round III
Cooperative Forecasting Program" and published in March
1984. It contains results of the most sophisticated
analysis and assumptions to date, and is
proportionately useful in preparing forecasts of future

- 10 -



water and sewer use. Significant features include:
geographic disaggregation by Policy Analysis Zone;
5-year interval forecasts to 2010; high, intermediate,
and low development scenarios; household size
projections; dwelling unit projections by single family
and multi-family type; population projections by
households and group quarters; and employment
projections by industry group.

County Co ehensi Wate S P
The Prince George's County l0-year Comprehensive Water
and Sewer Plans provide substantially the same data and
information with respect to development in this county
as do the 10-year plans for Montgomery County, as
previously described. This data includes estimates and
forecasts of single and multifamily dwelling units, the
COG intermediate population and employment values
geographically disaggregated by sewer service areas.

Personal Consultation
Direct contact with the following personnel proved
helpful with the interpretation of reference material:

Dominic J. Motta
of the Envirommental Planning Division is
knowledgable concerning l0-year Water and Sewer
Plans.

Joseph Valenza
is helpful with the comparison of successive
planning and forecasting efforts.,

Metropolitan Washington Council of Govermments

Documentary material including:

Cooperative Forecasting, Round III Technical Report - 1984
Data and information presented in this report form the
basis of local and regional forecasts in the Washington
Metropolitan Area. It contains forecasts of
population, households and employment which are
developed through a cooperative process involving the
Council of Govermments (COG) , its member
jurisdictions, the states, and other planning agencies.,
This cooperative process is the best effort at
producing local and regional forecasts which are
coordinated in order to minimize local distortions.

The report documents the forecasting process and

- 11 -



presents results for the period 1980-2010. In addition
to local and regional forecasts, a geographic
disaggregation is made on the basis of COG Analysis
Districts. This is perhaps the most important and
current document to be consulted when conducting
forecasts for water and sewer services. As time
passes, local jurisdictions may update their forecasts
prior to the succeeding Round of Cooperative Forecasts.

Cooperati Forecastj R -
This document presents the principal elements of the
Round III Technical Report described above.

Personal Consultation

John McLean
conf irmed that the Round III Technical Report

contained a full comparison with previous Rounds.
Miscellaneous

Wolman reports

Early reports of consultants chaired by Abel Wolman on

/ future sewerage requirements for the area present
forecasts with factors of 100 gpcd, and 200
gal/acre/day infiltration; and commercial, industrial
and institutional acreage with specified design
gal/acre/day factors. Population projections,
including ultimate capacity values, and forecasts of
waste water flows are given for ten year intervals from
1960 to 2000.

Bi-County Water Supply Study

Considers existing demand for water and anticipated
future demand. The report covers the subjects of
future shortages, restrictions and structural
solutions, although very little documentation of
forecast assumptions is provided.

Other reports of studies involving demand forecasts for
water and/or sewer services do exist. These include the

Northeastern United States Water Supply Study and the
Metropolitan Washington Area Water Supply Study, both by the

U.S. Army Corps of Engineers.

Good forecasting practice involves the use of as much relevant
data and information as time will permit, and subject to the
intended application of the forecast. In partial fulfillment of
this objective, demand forecasting techniques at the electric

-12 -



utilities in the Washington area were examined. The demands for
gas and electric services have many similarities to those for
water and sewer services. Therefore, an inquiry into the way in
which that industry produces its forecasts of demand might
uncover useful applications for water and sewage forecasting.

Baltimore Gas & Electric Company
Mr. Ernest Dawson, General Supervisor for Forecasting,
provided the following information. Demand forecasting is
performed on disaggregate customer groups: residential,
commercial and industrial. The residential group is further
disaggregated by similar types, and future estimates of
housing starts and recent completions also factor into
forecasts of demand. 1In addition, engineering models (those
that rely on appliance censuses, usage and saturation rates)
are applied to residential use forecasting. Commercial and
industrial sector demand forecasts are functions of
employment and industrial production. There is also some
consideration of geographical distribution of demand, and
the effects of price and income are analyzed. Sources of
data for explanatory variables include: Chase Econometrics
for industrial production indicies, employment, and personal
income; the Regional Planning Council for demographic data;
BG&E accounts for customer types and usage; and BG&E
marketing surveys for residential appliance and industrial
utilization information.

Potomac Electric Power Company
Mr. Edward Mayberry, Manager of the Forecasting Division,
provided the following information. Electricity demand
forecasting is carried out on several time scales; from
hourly to long-term. Auto-regressive moving average (ARMA)
models with transfer functions are developed and employed.
Weather parameters drive demand: cooling degree days,
humidity, etc. Other influential factors taken into account
in modeling include: employment, price of product, price of
household appliances. There is extensive customer
disaggregation by major types of use (electric space
heating, water heating, air conditioning) for all customers,
and further commercial and industrial groups are based on
size and pattern of demand. In addition, some geographic
disaggregation is performed. Relatively sophisticated
sensitivity analysis is performed with Monte Carlo
simulation techniques in order to derive a probabilistic
range of forecasts. Sources of data for explanatory
variables include: Chase Econometrics for long-term macro
economic forecasts; Bureau of Labor Statistics, Bureau of
Census, Commerce Department (in general) for historic data.
Based on these data Pepco has developed its own models for
forecasting employment and demographic information.

- 13 -



WSSC planning staff develop disaggregated demand factors
(coefficients) on moderately large and relatively homogeneous
customer groups. The demand factors are derived from recent
historical data and modified in order to take into account
technological, socio-economic or other influences. Forecasts of
customer groups are obtained from independent agencies whose
responsibility it is to produce them. The demand factors are
then applied to the future values of constituent groups in order
to obtain aggregate forecasts. This format of producing
forecasts is consistent with best practices of demand
forecasting by water utilities, and closely approximates the
level of detail pursued in the local electric utilities.

TASK 2

Analyze unit production and flow factors with respect to WSSC
property codes, service types and counties.

WSSC Design Manual
The Commission follows the practice of maintaining a
Desian_ Manual which covers the minimum standard
criteria to be followed by design engineers when
preparing plans and/or specifications for the
construction of water and sewerage systems in the WSSD.
It contains equations for developing demands for water
and sewer services. Appendix D contains Flow Factors
(coefficients) for use with those equations when
applied to numerous types of water uses, including
types of housing, and educational, retail and
commercial properties. The same factors are to be used
for both water demand and sewage flow forecasts, with
no apparent allowance or differentiation for water main
transmission losses, inflow/infiltration or other
characteristics which distinquish between water and
sewage. The use of these Factors might be improved by
geographic differentiation and documentation refering
to the method and date of their derivation. Appendices
E and F contain Dwelling and Acreage Factors
respectively for the various land use zoning
classifications differentiated by County only. Again,
there is no supporting information as to date or method
of derivation.

Billing System Information
WSSC maintains relatively detailed customer records
which contain the twelve most recent transactions and
identify each account by property type (18 codes),
service type (8 codes), regional location (200 ft sheet

- 14 -



nunber), and minibasin. More of this information could
be used to develop locally disaggregate base factors
for both water production and sewage flows.

Distribution System Storage Study (Project 6.02) June, 1980
Chapter IV of the report of this study contains an
analysis of then-existing and projected water demands.
The approach is thorough and the data and assumptions
are well documented (i.e. future demands are based on
Round II forecasts). The demands are disaggregated by
distribution pressure zones or groups of zones. The
results also include maximum day and peak hour factors
and demands.

Water Producti R t T 8
The purposes of this report include documenting
historical water demand, presenting a procedure for
determining water consumption for single family and
mul tifamily residential and employment accounts, and
developing data to be used for planning future
improvements. Future demands are based on Round II
results of the Cooperative Forecasting Program. The
price of water and weather are acknowledged as
influencing the demand for water, although their
effects are not explicitly taken into account in the
examination or forecasting of demand. Analysis by
pressure zone and type of account should be especially
useful to the Commission in forecasting. The procedure
developed for determining unaccounted for water by
pressure zone should also be helpful in determining the
effects of leak detection and elimination on water
production. Now that the Round III cooperative
forecasts of housing and employment are available, the
intentions of producing periodic updating of the
analysis should be carried out.

Residenti F Fact i -
This report describes a well documented project to
update the derivation of sewage flow factors. It is
dated November 1984, and is the first major analysis of
flow factors since the work of Klein, reported in 1979.
Flow factors are developed for four residential
property codes and two composites of single and
multifamily dwellings for the WSSD., Factors are also
derived for inflow and infiltration. 1In addition, a
factor was assumed in order to cover all uncertainties,
including meter misregistration. This study explicitly
takes into account the effects of weather by
normal izing annual sewage flow with respect to
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rainfall. It is indicated that sewage flows in recent
years are less responsive to rainfall, which is perhaps
due to successful system-wide efforts to reduce inflow
and infiltration.

In summary, there is sufficient data and methodological
information available at WSSC for the production of forecasts
which are disaggregated on the basis of property codes, service
types, and pressure zones. And, with the implementation of the
sewer system model, it should be possible and desirable to
develop some form of flow factors on a sewage drainage area
basis. The degree of disaggregation should be determined by a
study of the difference in water use and sewage characteristics
among the classified codes, types and zones.

TASK 3

Analyze (and use where appropriate) the effects of changes in
price and income.

On closer inspection of the WSSC rate schedule for both water
and sewer services, and the variety of service types; time would
not allow the level of detail necessary to address this task as
it was originally set out. For instance, during the first year
of the period of analysis, flat rates were charged for water and
sewer services. During the remaining six years, a sliding scale
on one hundred rate steps was in effect. Such rate schedules
are notorious for confounding the price of a commodity under
investigation.

In this case, the analysis might proceed by determining the
quantity of water consumed and of sewer services required during
each month in each service type. In this way, a weighted
average price per month may be determined and compared with
personal income and quantity of water consumed (and sewage
generated). For reference and possible future application, data
on personal percapita income and retail price index are provided
in Tables 2 and 3.

- 16 -



TABLE 2 1976-1983 Personal Percapita Income
Montgomery and Prince George's Counties

Year Mont, P.G.'s
1976 10128 7005
1977 11055 7749
1978 12304 8490
1979 13890 9361
1980 15641 10400
1981 16998 11172
1982 18375 12031
1983 19738 12939

——— —————— - S ——————— T ——— T S - S T T iy S —— - -

76 178.4 182.2 185.5 188.1
77 190.2 191.5 194.2 197.8 200.8 203.9
78 208.7 212.6 216.0 220.4 222.9 225.4
79 231.9 238.8 241.2 247 .2 249.,2 253.6
80 257.2 262.3 264.7 271.4 271.8 275.5
81 278.0 278.8 278.4 281.3 286 .5 286 .3
82 289.0 289.0 292.6 296 .8 300.9 302.7
83 303.7 305.1 305.7 308.3 313.0 319.2

The work of Thomas M. Fischer of the Secretary's Office
indicates that consumption in both commercial and single family
residential accounts has shifted toward lower usage successively
between the winters of '76~'77 and '80-'81, and between '80-'81
and '81-'82. No account appears to have been taken of
differences in weather patterns which may have affected
consumption during these years.

Other reports by McGarry and Brusnighan, Arthur P. Brigham, and
others tend to confirm the move toward lower consumption since

the introduction of the Conservation Orientated Rate Structure

in January 1978,
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Thus, there has been some analysis of the effect of price and
rate structure on production of water at WSSC, but it has been
sporadic and inconsistent. There is, however, no straight-
forward methodological analysis applicable in a case with a rate
structure as complex as this one. Any attempt at analysis
should clearly state the assumptions which are made.

TASK 4

Investigate and incorporate uncertainty due to weather into
water production and sewage flow forecasting techniques.

"As far as the laws of mathematics refer to reality, they are
not certain; and as far as they are certain, they do not refer
to reality." Einstein

Having regard for Einstein's reflections on the applicability of
uncertainty, it is still good practice to describe future
expectations in terms of their likelihood of realization. The
WSSC forecasting capability and practice for water and sewer
services includes the use of exceedence probabilities of
moisture deficit in short term revenue forecasting, and

normal ization with respect to rainfall in sewage flow
forecasting. The moisture deficit information was developed by
consultants in 1980 and has experienced some problems with
credibility and 1mplementat10n, al though the concept of
exceedence probabilities is gaining acceptance in some areas.
The rainfall normalization analysis of sewage flows was carried
out by Bruce T. Downes of the Planning and Engineering Division
and described in reports dated November 1984, These are good
examples of how, by removing some of the effects of weather, the
underlying pattern of sewage flow is exposed for further
analysis and forecasting.

Further investigation was carried out as part of the present
work in order to confirm the relationships between weather and
the demand for services, Water production, sewage flow,
rainfall and temperature data were collated for analysis.
Monthly data were examined for the years 1977-1984. Plots of
water vs sewage, and water and sewage vs rainfall and
temperature were prepared (Flgures l - 5). This type of data
presentation is often useful in developing lines of further .
investigation. Clear relationships are seen between water and
sewage, rainfall and water, and rainfall and sewage.
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Statistical correlations of monthly and annual data indicated
that 1977 was an outlier, especially in water production data.
It is always a matter of some judgement as to how long a period
of historical record should be analyzed when deriving functional
relationships to be used in forecasting. 1In general it should
be as long as possible, provided that influential changes in the
explanatory variables can be taken into account. 1In this case
the rate structure underwent a significant change in January
1978 with appreciable antecedent publicity. Without further
analysis, which is beyond the scope of this study, it is
difficult to assess the effect of that change, and because it
coincided with only the first year chosen for investigation,
1977 data might be dropped from further consideration.

The influence of both rainfall and temperature could be seen to
vary through the year, i.e. heavy rainfall in early spring
produces a greater response in sewage flow than a similar
quantity of rain in late summer. It was hoped to capture some
of the quantitative effects of this phenomenon by comparing
cumul ative monthly average temperature and rainfall with average
annual water production and sewage flows. The results of this
analysis were disappointingly inconclusive, and no significant
statistical inferences could be drawn.

The motivation for performing statistical analysis of this
nature is the resulting quantification of uncertainty in past
experience., This knowledge of uncertainty can then be
transferred (with some degree of confidence) to forecasts of
future expectations.

There is still considerable room for improvement in removing the
effects of weather in past water production and sewage flow data
- prior to forecasting. The combined effects of rainfall and
temperature could be analyzed by joint functions such as
moisture deficit, the annual cycle and variations in
evapotranspiration, and drought indices. With these
unpredictable influences removed and explained in probabilistic
terms, the underlying trends due to changes in demography,
housing and employment could be more easily determined and
predicted. More complete forecasts could then be produced by
imposing the probabilistic influence of weather.

An example calculation of such a forecast is presented in the
description of Task 7.
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TASK 5
Obtain and incorporate alternate development scenarios.

The most appropriate source of alternate scenarios is the
Cooperative Forecasting Program of Metropolitan Washington
Council of Governments. The most recent (Round III) cooperative
forecast does present alternate scenarios of future conditions.
The definitions of the alternatives incorporate explicit
assumptions for the three scenarios. A summary is reproduced
here for example purposes (Table 4).

Detailed documentation of alternate scenario assumptions is also

provided in Estimates and Fo:ggag;s gf Dugll;ng Units,
Population and Employment in Prince George's County, July 1981.

These assumptions are applicable to Round II Cooperative
Forecasts and are reproduced here for historical comparison
(Tables 5 and 6).

TASK 6

Present examples of forecasts which are conditioned on discrete
assumptions about the future.

This concept follows directly from the previous subject. A
forecast which would result from the use of alternate
development scenarios would have several values of future
conditions at each point in time. For example: low,
intermediate and high; based on documented assumptions about the

explanatory variables. The WSSC document Flow Projections for
Workload Indices presents forecasts based on 5 discrete
assumptions about future conditions:

l. al5 year trend extrapolation,

2. a 10 year trend extrapolation,

3. a5 year trend extrapolation,

4. Round III Cooperative Forecast results, and

5. Workload Indices for FY 86 budget preparation.

Another example might be to use the alternate development
scenarios from the Round III Cooperative Forecast for each of
the counties in order to produce alternate forecasts for water
and sewer services. These would have to take into account the
fact that WSSC does not serve all the outlying county areas
which are subject to the Cooperatlve Forecasts., If the county
scenarios are adopted, three scenarios would be applicable to
forecasts for each county. Thus, potentially expanding the
number of forecasts to 9 for the WSSD. Some judgement must be
exercised when constructing scenarios in order to keep the
numbers manageable. Perhaps in this case, forecasts for the
WSSD could be based on scenarios limited to high/high, med/med,
and low/low for the two counties, respectively.
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TABLE 5

Pericd

LOW

DWELLING UNIT
SUMMARY METHOCOLOGY

INTERMEDIATE

HIGH

1976
to
1980

Single=Famil
® Same as intermediate.

Multifamily

o Same as intermediate.

Single-Famil
e Completions estimated from

Building Permits equation
(70-76) from 1977 and 1978.

1979 completions is average

1977 and 1978.

Multifamil
o Completions estimate.

from sewer authorizations
to 1980 excluding any with

legal or site plan problems.

Single-Fam!
e Same as intermediate.

Multifamil
o Sime a5 intermediate,

1980
to
198S

Single-Famil

o Completions are extrap-
olocation of 1970-1976
rate of growth.

Multifamil

e Tompletions based on the
1977-1980 annual average
of sewer authorizations
excluding the ones with
any problems associated.

Single-Famil
o Completions are the average

of the extrapolation of
short term and longer term
trends.

Multifamil
o Average of the low and high

rgtes.

Single-Famil

o Completions are extrap-
olation of 1960-1977 rate
of growth.

Multifamil
o Completions based on the

1977-1980 average sewer
authorizattans.

1985
to
1950

Single-Famil

e Completions are extrap-
olation of 1970-1976
rate of growth.

Multifamil

o Tompletions based on
these units being 40%
of the housing stock.

Single-Famil

e Completions are the annual
average rate of completions
1960-1977.

Multifamil

o Completions are based on
the 1977-1980 average
sewer authorizations.

TRy

e Completions are extrap-
olation of 1960-1977 rate
of growth.

Multifamil

° Resiaentiaily determined
assuming Prince George's
maintains 21% of region's
housing (less 5,000 units
to smooth the curve).

1990
to
1995

Single-Family

o Completions are extrap-
olation of 1970-1976
rate of growth.

Myltifamily

o CompTetions based on
these units being 39%
of the stock.

Single-Famil
o Completions are the annual

average rate of completions
1960-1977.

Multifamil
e Completions are based on

the 1977-1980 average
sewer authorizations.

Single~ramil

o Completions are extrap-
olation 1960-1977 rate of
growth.

Multifamil
(] Ees13ent1ai1y determined
assuming Prince George's

maintains 21% of region's
households.

1995
to
2000

Total Units

o Tompletions based on
Prince George's
maintaining a constant
share of a growing
region.

— Single-famil
o Completions are the annual

average rate of completions
1960-1977.

FiaTereily

e Completions are extrap=-
olation of 1960-1977 rate
of growth.

1995
to
2000

Single=Famil
o The residual after sub-

tracting multi-family
units.

Multifami)
o CompTletions based on these

units being 38% of the
housing stock.

— Multifamil
¢ Completions are based on

the 1977-1980 average
sewer authorizations.

Fultitamil
o ResTdualTy deternined

assuming Prince George's
maintains 21% of regionals
households.
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TABLE 6

SUAMARY METHOOOLOGY OF EMPLOYMENT ALTERNATIVES BY YEAR

High

Ratio of population/
employment improves
to 2.47% or 0.70% of
the region

- e

Share analysis high
at 16.4% of tne
region

Share analysis high
at 16.9» of the
region

Low Intermediate
1980 Marylana Department of State Planning
and Employment Projections
1985
Share Analysis low Share analysis high at
1990 at 15.7% of the 15.7% of the region
region
Snare analysis low Ratio of population/
1yva at 16.4% of the employment is 2.25% or
reyion 0.73% of tne region
. Share analysis low at Ratio of population/
200u 16.9% of the region employment is 2.13% or
: 0.74% of the region
SOURCE: Memorandum to Prince George's County Council, December 7, 197s,

"Recommended Forecasts of Population, Households and Employment for
Approval for Suomission to COG and for Use in Prince George's County",
Prince George's County Planning Uepartment, Research and Special

Studies Division.
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TASK 7

Present example probabilistic forecast in terms of probabilities
of exceedence.

Most water demand forecasts are deterministic in that they
provide only one scenario. Typically, no attempt is made to
assign any level of likelihood to these forecasts whereas water
use does contain random components. The randomness
(uncertainty) of water use can be quantified in the form of a
classical probability distribution which is derived from
historical data and applied to expected (base) future demand.
Given this information, water system managers are better
equipped to make decisions as to the level of risk with which to
operate. The presentation of water use and sewage flow as
stochastic phenomena impacts all other aspects of demand
forecasting: price effects, conservation measures, revenue
estimation, effects of weather, system planning, etc. 1In the
following example the historic probability distribution is
derived for sewage flow and a forecast is presented as being
within confidence limits and as being below probabilities of
exceedence, Either or both of these presentation formats may be
applicable.

Base forecasts (sewage flow factors and water production factors
times numbers of units) should have the same interpretation as
the historic normalized data. After determining the probability
density function from the historic data, it is applied at
selected levels to the base forecast in order to produce
forecasts which are explicitly probabilistic.

In this example, the work of Downes (1984) on sewage flow
forecasts is extended as a probabilistic forecast. Nine years
of data are used in the derivation of the probability
distribution.

A regression of the Normalized Flows on 2-digit FY's (eg 77,78)
produces the following information:

Reg_Normal = 12.7 + 1.74FY (1)
ST. DEV. T-RATIO =
COL UMN COEFFICIENT OF COEF. COEF/S.D.
12.73 24,50 0.52
FY 1.7367 0.3023 5.75

Standard Error = 2,342
-R-SQUARED = 82 .5 PERCENT

R-SQUARED = 80.0 PERCENT, ADJUSTED FOR DEGREES OF FREEDOM
Correlation Coefficient = 0,9083
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Thus, now for each FY, there are values for actual flow,
normal ized flow, and a point on the regression line of
normalized flows (Reg_Normal).

TABLE 7 1977-1985 Normal ized Sewage Flow Data

. ——— o . . S S S e e S S S S S S S B S S S W S S S S f—————— o — — f— —— —— ———

Sewage Water Normal iz ed Regressed
FY Fl ow Consumed Sewage Norm., Sew. NFFadj
77 147.20 137.5 148.2 146 .7 0.9966
78 154.20 133.4 146 .5 148.5 0.9630
79 162.62 138.9 149.4 150.2 0.9236
80 177 .22 137 .4 154.4 152.0 0.8577
81 143 .44 142.9 153.6 153.7 1.0715
82 147 .32 141.3 152.5 155.4 1.0548
83 148,01 142.1 153.6 157.2 1.0621
84 163.24 148.5 159.6 ~158.9 0.9734
85 151.75 146.2 162.8 160.7 1.0590

- —— - —— —— - - ——————————— T —————

With this information, adjusted normal ized flow factors (NFFadj)
are calculated for each year by equation 2.

Reg _Normal

NFFadj = —=====————e=- ) (2)
Actual Flow

In any particular year;

D Probabil ity

Reg N is the estimate (regression value) of normalized flow, and
the actual flow value is assumed normally distributed about that
estimate of N in a random manner due to the effects of
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precipitation. Thus the quantification of the probability
distribution of NFFadj is required in order to produce the
transformation from Reg N to Actual Flow.__Under the assumption
of being normally distributed, the mean (NFFadj) and standard
deviation (sNFFadj) are required.

0.99576
0.073735

In this case: NFFadj
sNFFadj

The fundamental relationship (from Downes, 1984) is contained in
equation 3.

Normal ized Flow
Actual Flow = —==c-cemscem—ecm e (3)
Normal ized Flow Factor

In order to introduce probability into the calculation of Actual
Flows, equation 3 is modified to the form given in equation 4.

Reg_Normal
Actual Flow(p) = =m==—e e e (4)
NFFadj + t(p)sNFFadj ‘

Where, t(p) is a standard normal factor selected at a desired
level of probability (p) from a table of standard normal
distribution function values. Table 8 is reproduced here for
ref erence, .

The solution to equation 4 provides the range of values about
the regression line of Normalized Flow within which the Actual
Flow is expected to fall with the probability (p) associated
with the selected t(p) value.

Referring to Table 8, and requiring an interval within which
Actual Flows are 90% likely to fall, t(p) values of + 1.645 are
selected. Similarly, for an 80% probability (or confidence)
interval, t(p) = + 1.282, Upper and lower interval values for
the 90% and 80% confidence levels are given in Table 9. In some
forecast applications, the lower interval values may be of
little significance, and only the upper limit is of importance
to decision-making. The standard function Table 8 contains
cumul ative probability density function values; therefore, the
Actual Flow values with a 5% probability of exceedence are given
by the upper 90% interval values, see Figure 6, and those with a
10% probability of exceedence are given by the upper 80%
interval values, and so on.
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It should be noted that the interval values diverge, that is,
the confidence bands are not parallel. This condition follows
from Equation 4 for flow values at selected levels of
confidence. An algebraic example illustrates this point:

RN RN
Au = —=-=- Al = —-==-
D~ D+
RN + ¢ RN + ¢
A'u = ———-———- A'l = —==-—m—-
D- D+

where:
Au,1 = flow in an earlier year at upper and lower
confidence levels
A'u,l = flow in a later year at upper and lower confidence
levels ’

¢ = the increment by which RN increases between
the earlier and the later year
RN regressed normalized flow

D+, - denominator with + or - applicable.

The confidence interval in the earlietr year would be:

RN RN
Au - Al = ——== — ———-
D~ D+

and the confidence interval in the later year would be:

The confidence interval is diverging if:

[(A'u - A']1) - (Au - Al)] > O

Test:
RN + ¢ RN + ¢ RN RN
----------------- = (==== = ====) > 0 ?
D- D+ D- D+
RN + cC RN + ¢ RN RN
---------------------- + === > 07
D- D+ D- D+
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D- D- D+ D+ D- D+

(o] (o

--------- > 0 7

D- D+

Yes, since the term with the smallest denominator (D-) is
greater than the term with the larger denominator (D+). The
condition may be explained further by the fact that the
confidence level flow values (Equation 4) are derived by a ratio
whose denominator is the sum or difference of two constants,
while the numerator increases through time.

For clarity, Figure 6 shows the relation among cumulative
probability, confidence interval, and probability of exceedence.
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FIGURE 6 Relation among Cumulative Probability, Confidence
Interval, and Probability of Exceedence

Direction of

Increasing
Fl ow
Cumulative
Probability A Conf idence Probability of
Interval Exceedence
[Nz(t) Table 8] J
A
0.95 - - 0.05
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0.50 - 0.50
0.05 - e e e ————— I Y]
1

Direction of
Decreasing
Flow
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FIGURE 7 Upper and Lower 90% and 80% Interval Bands

=
(Yol
o
+

170.

150.

+ 11+t 4+t

130.

Where: A

—————————————— — ——— T —————— — — ———— —— ———— -

A
C C
C C E E
C E E
E A
A
A
A
F
F F F D
F D D D
D
———— e e S e
77 78 79 80 81
Actual Flow

Regressed Normalized Flow
Upper 90% Interval

- 36 -

C C
E E

A
A F
F D
D

84

Fl ow

85 FY

= Lower 90% Interval
= Upper 80% Interval
= Lower 80% Interval




In order to produce a probabilistic forecast, selected interval
or exceedence probability values can be calculated from a base
forecast in a similar manner. However, the base forecast must
have approximately the same meaning as the historic Normal ized
Flows; that is, the base forecast must be essentially a forecast
of the historic normal ized flow regression. In this case,
equation 5 would be the appropriate forecast formula.

Base Flow Forecast

Actual Forecast Flow(p) = =—==—==——mcmmmme e (5)
NFFadj + t(p)sNFFadj

The following illustrative example of a forecast, with a 10%
probability of exceedence, shows the slope of the Base Forecast
increased to 2.0 mgd/yr beyond the historic data period where
thg/slope of the Normalized Flow regression line was l1.74
mgd/yr.

Base Flow Forecast
- ————- —-- (6)
NFFadj - 1.282sNFFadj

Actual Forecast Flow(10%)

Where:
Base Flow Forecast (slope) = 2.0 mgd/yr (7)

The relevant data and results for this example are given in
Table 10 and shown in Figure 7.

TABLE 10 Example 10% Exceedence Forecast Data

Forecast
Base Flow Flow with 10% Prob.
FY Forecast of Exceedence
86 162.7 180.5
87 164.7 182.7
88 166.7 185.0
89 168.7 187.2
90 170.7 189.4
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Where: A = Actual Flow F = Base (Normalized) Forecast
B = Regressed Normalized Flow T = 10% Exceedence (Actual)
C = Normalized Flow Forecast
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Further elements of uncertainty can be incorporated into
analysis and forecasting. These include probabilistic
assignments to the future levels of other explanatory variables.
For instance, if distribution functions are assigned to
alternate scenarios of future population, housing units and

empl oyment, these could be combined with each other and those of
the Normalized Flow Factors. The resulting forecast could be
presented in terms of joint probabilities of exceedence based
upon all the chosen explanatory variables.
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TASK 8

Ex-post examination of previous plans and forecasts for
historical accuracy, bias and variance.

This Task, together with Task 1, most directly address the main
issue of this study. A memo from Vice Chairman Jesse L. Maury
to the other Commissioners and the General Manager dated October
17, 1984 discusses work load indices for FY '86 budget
preparation. The primary subject of the memo concerns WSSC
water production and sewage flow trends, and draws a comparison
between Mr. Maury's extrapolation of short term historical
trends and a forecast prepared by WSSC staff and reproduced in

the report Flow Projections for Workload Indices by Mr. Bruce T.
Downes dated November 7, 1984.

In the context of the results of this study, the forecasting
methods employed by WSSC staff have greater merit.

The forecasts produced by WSSC staff are generally consistent
with best contemporary practice; they are based upon unit use
coefficients applied to disaggregated groups of customers (the
forecasts of which have been estimated by independent agencies).
The unit use coefficients (factors) are derived by WSSC staff in
a very logical and conscientious manner. On the contrary, the
straight line projections of past trends in raw data for total
sewage flow and water production fall far short of good
forecasts, given the fact that so much other relevant
information is readily available.

In an attempt to reduce the computational burden, Mr. Maury
(1984) constrained the intercept of his trend lines to the first
data value in the time series of his analysis. This has the
effect of skewing the slope (growth rate), which is the most
important parameter value to be derived from the analysis. The
same data produce the unconstrained slope values given in

Table 11 for comparison.

T — T ————— o ——— — — ——— —————— ———— i —————— -

Mr. Maury's |

Slope with | Slope with

Constrained | Unconstrained Corr.

Intercept f Intercept Coef.
1975-1984 wWater Production 0.60 mgd/yr | 1.33 mgd/yr 0.87
1972-1984 Sewage Flows 0.14 mgd/yr | 0.072 mgd/yr 0.03

Note: these analytical results are based on .actual flows, not
normal ized flow.



Thus, the effect of constraining the intercept is to halve the
growth rate for water production, and to double the growth rate
for sewage flows. The savings in computational burden do not
appear to be justified in the light of the relative magnitude of
skew introduced into the results.

The following sewage flow and water production factors were used
in the work described by Mr. Downes (1984):

Sewage Water

(gpd) (gpd)
Single Family Dwelling Units 350 270
Mul ti-family Dwelling Units 330 253
Empl oyment (Montgomery Co.) 49 60
(Prince George's Co.) 73 60

The source of information for numbers of dwelling units and
employment figures is not made clear in the memo.

Sewage flows from 1972 to 1984, normalized for variations in
annual rainfall, are represented by a regression line which
shows an annual increase of 2.3 mgd. The forecasts just
described used the normalized FY '84 flow as the base from which
to start. A better base would have been the flow for FY '84
represented by the regression line; the implication being that
it is the normalized flow which is being forecast, and that the
regression line is its representation during the recent past.
The 1984 base represented by the regression would be
approximately 2.5 mgd lower than the normalized flow for FY '84,
and thus each of the values in the forecast should be reduced by
that amount.

The history of sewage flow factors used at WSSC is documented in

the report The Development of Sewade Flow Factors and Their Use

in Forecasting Sewade Flow by Edward Graham and dated November
1981, The description of WSSC sewage flow forecasts in that

report is reproduced here for easy reference.

"Growth forecasts are provided by M-NCPPC, generally in 5-year
increments, for population, dwelling units and employment.
These can be prepared for appropriate sewer service areas.
Accordingly, sewage flow forecasts can most easily be prepared
using these data. The approach is quite straightforward:

1., Determine existing flow

2, Determine 'base' flow factors, based on water

consumption, for employment and dwelling units,
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3. Determine a composite flow factor to include an
infiltration allowance,

4. Determine the flow increase from the growth projections
and flow factors,

5. Prepare raw flow forecasts,

6. Adjust forecast as appropriate to reflect cost-effective
I/I reduction."

This method has been expanded, and improved, to include
normalization for annual rainfall in step 1. Present practice
at WSSC also involves the use of only recently connected
properties (assumed recently constructed) in order to determine
"base" flow factors representative of the types of dwellings
(plumbing systems and water using appliances) that will be
contributing to future growth in sewage flow.

A recent analysis of residential sewage flow factors (Del Grosso
and Downes, 1984) resulted in the recommendation that single

family dwelling unit flow factors be reduced from 350 to 300 gpd
and that those for multi-family units be reduced from 330 to 270

gpd.

One of the most significant changes in the way water and sewage

flows are forecast is in the use of dwelling units as predictors
instead of population. The analysis done on the subject at the

time of the Bi-County Water Supply Study indicated that a better
relationship existed between water use and dwellings than water

use and population.

In general, water and sewage flow factors have been refined
downward as analysis and data handling capabilities have
improved. Concurrently, the high rates of growth experienced in
earlier decades have not continued in the past few years and the
ul timate carrying capacity of the land (development potential)
has been increasingly taken into account as a limiting factor
when long range forecasts are made.

Successive housing unit and employment forecasts produced by the
counties and the Cooperative Forecasting Program have declined.
All three future scenarios of the Round III dwelling unit
forecast for Prince George's County lie below the intermediate
scenario of Round II. All of the Round III employment scenarios
lie below the lowest of Round II. The variance (spread) of
employment scenarios is wider, whereas that of dwelling units is
narrower in the more recent Round. Although the forecasts have
not had long to run, it can be seen that the earlier ones were
for future levels of development which would take longer to
materialize than expected.
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TASK 9

Outline future directions in data availability, analytical
tools, forecasting techniques, and planning applications.

The detail and availability of data with respect to water
production and sewer flows in the WSSD has improved dramatically
in recent years. This is mostly due to the computerization of
billing records and the generation of routine reports which
classify the data in useful ways. It is expected that
improvements will continue to be made in the way the data is
stored, but the most important beneficial feature in the short
term will be the increased acctess to this data directly by the
different divisions of the Commission through the use of remote
terminals and analytical tools such as the FOCUS software used
for statistical analysis. The implementation of the Sewer
System Computer Model should make spatial and temporal sewage
flow data readily available on a very fine scale.

The cohort survival model made a great improvement in the field
of population forecasting when it gained widespread acceptance.
It was used in the Round II Cooperative Forecasts for Prince
George's County, but because of the overwhelming influence of
migration in recent years, it was not used in Round III. Other
ways of using diverse data will be developed to forecast
population where migration continues to dominate. Multiple
regression analysis will gain in applications where the combined
effects of multiple explanatory variables are desired to be
segregated. The use of multiple regressions could also help in
deriving factors for use in forecasting.
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Appendix

National Oceanic and Atmospheric Administration:
example of Climatological Data
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