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1. INTRODUCTION

O
1.1 Background

Boston Edison Company has requested Environmental Research 6

Technology, Inc. (ERT) to perform an analysis of the time required to
O evacuate the area within 2 1/2 miles of Pilgrim Station under peak popu-

lation conditions. This request was prompted by a question from the
Atomic Energy Commission (now the Nuclear Regulatory Commission) which

was asked during the Commission's review of the Pilgrim Station Unit 2
O Preliminary Safety Analysis Report.

The ERT analysis was performed for two specific futore times; 1980
and 2020. The earlier date represents the approximate tiine of Unit 2
startup while the later date is about the end of the unit's useful life.

O This analysis assumes an evacuation by private automobile. This mode of

transportation is the most likely due to the characteristics of the

area.

In order to estimate the time required to evacuate the 21/2 mile
O radius it was first necessary to project the population within the area.

In fact, population projections were made for the area within five miles

of Pilgrim Station. The population segments which were estimated include
permanent residents, seasonal residents, overnight visitors and daily

O
transients.

The estimated 1980 peak population and the current roadway network

were used to estimate the time for an evacuation in 1980. The projected
2020 peak population and the projected 1990 road network were used to

O
estimate the time required for an evacuation in.2020.

2005 102
1.2 Uses of the Study Results

, The analy- described in this report is admittedly imperfect.
Some of the limitations of population projections and the simplifying
assumptions required to estimate the evacuation time are described in

subsequent sections of this report. It should be noted, however, that

g when an assumption was required, it was the intent to err on the side
of conservatism. Specifically, where it was necessary to make assumptions
in the absence of hard data, the assumptions were made so as to predict
a greater population or a longer evacuation time.

1
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Notwithstanding the shortcomings of the study, this analysis provides
several useful pieces of information, including:

O

A detailed and rational distribution of the population withine

five miles of the site. This is believed to be accurate for
the 1975 situation and the projections reflect the anticipated
land use around the site and utilize the best availabic 3

information.

e Assistance in identifying potential population centers.

An analysis of the time required to evacuate the area arounde ,
the Pilgrim site at a time when the population is at a peak.
This analysis identifies the likely travel routes, desirable

traffic control features and possible points :f friction.

Ola a more general sense, this analysis should provide a basis for
more detailed emergency planning. It is hoped that this report can be

used by Easton Edison and the appropriate state and local agencies as an

aid in the development of any detailed evacuation procedures which are
required in the future.

1.3 Overview of Report Contents

Section 2 of this report provides a summary of the study. The busy g
but interested reader can obtain a general understanding of the project

by reviewing this section. The population-related topics are included

in Section 3. The cata sources, methodology and estimated future popu-

lation are discussed in detail in this section. Section 4 discusses g
the roadway network and identifies capacities of the various links.

Particular attention is directed toward capacity constraints. Section 5

discusses the evacuation analysis based on the population and roadway

data described in previous sections. Four appendices are also included. g
Appendix A presents the population data which form the basis for the
projections, Appendix B describes the methodology used for the pro-
jections and Appendix C discusses an analysis which was performed to

establish the consistency of the projected population distribution g
around the Pilgrim site with current zoning regulations in Plymouth.

S-$9 dl3 2005 103



Appendix D provides an analysis of the sensitivity of travel speed on
the time required to clear the 2 1/2 mile radius.
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O

2. StBNARY

O
An analysis of the time to evacuate the area within 21/2 miles of

the Pilgrim site has been performed. This area was selected as a

likely low population zone as defined in the appropriate regulation,

10CFR100, Reactor Site Criteria. In order to perform the analysis, it

was necessary to establish the current population and population distri-

bution around the site and to estimate these same characteristics through

the year 2020. In addition, a detailed inventory of the roadways around

the site was made and the traffic carrying capacity of this network was

estimated.

Following the collection of the population and roadway data, an
estimate of the time to clear the 2 1/2 mile radius was developed.

The following paragraphs summarize the findings of the studf.

2.1 Population Study

The population within 5 miles of the site was studied in detail.

O The study of the larger area was made to provide detailed and up-to-date
information for the site vicinity.

The study area is wholly contained within the Town of Plymouth.
Population estimates were made for each of the following population

e groups:

the permanent year-round populatione

the seasonal resident populatione

O the seasonal transient populatione

A combination of techniques was employed to establish current peak
population estimates as well as to project the size of the future popu-
lation.g The specific methodologies used are discussed in detail in
Section 3.

The study area was found to contain a year-round population of
approximately 12,400 persons or 45% of the town's current year-round

g population. By the year 2020, it has been projected that the five mile
area around the Pilgrim site will include about 29,000 permanent resi-
dents. The total town projection for that year is nearly 62,000 persons.

g g f , % .-2005 106.
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The present seasonal resident population within the study area is
estimated to be nearly 11,000 persons, most of whom are located along g
the coastal beach areas southeast and south / southeast of the site. This
seasonal resident population is projected to increase to a littic more
than 12,500 by the year 2020.

The study area's peak seasonal transient population is currently ,
estimated to be nearly 14,500 persons. Recreational activities account
for 72% of this population while historic sites are responsible for~
generating about 11% of the peak transient population. By the year 2020,

this population segment is projected to increase by a littic more than ,
6,200 persons, with growth in recreational attendance anticipated to be
responsibic for the majority of this increase.

The total peak population of the study area is at present about
38,000. The majority of the population is situated between 3 and 5 g
miles from the proposed site. Less than 29% of this peak population is
located within 21/2 miles of the site. The total peak population is

projected to increase to 41,000 by 1980; 48,000 by 1990; 53,000 by 2000;
57,000 by 2010 and; 62,500 by the year 2020. The greatest proportion of g
this population will be between 4 and 5 mi'~ from the site while 27%
will be situated within 21/2 miles of the facility.

2.2 Transportation Study and Evacuation Time
O

The transportation system was examined and the road network was
described in detail. Special attention was paid to those factors which
affect traffic capacity. Included in the transportation network in-

ventory were descriptions of physical characteristics of the roadways O

and intersections, traffic counts, and travel time data.

Capacities of key roadways were determine? using techniques based
upon the liighway Capacity Manual, publishM in 1965 by the National
Academy of Sciences. In addition to estimating capacities under normal O

operating conditions, calculations were performed for two other operating
modes (two lanes outbound and one lane only) which might be used during

an evacuation.

O
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Implicit in the capacity calculations were assumptions that:

e the evacuation would be carried out by automobiles

some parked cars would remain in certain areas throughoute

the evacuation;

e certain traffic control measures would be undertaken to

maximize capacity, including minimal turning movement con-

flicts, cleared right lane near entrance ramps on Route 3,

reverse flow, etc.

e downstream conflicts outside the 2.5 mile limit would be

minimized.

Estimates of the number of vehicles which would be involved in an
evacuation on a peak summer weekend day or holiday were developed for

each of four areas, each comprising a 22.5* sector surrounding the
Pilgrim site. Vehicle demand was estimated for three types of users:
year-round residents, seasonal residents, and daily transients. The

last c.tegory includes beach-goers, tourists, guests, etc. Vehicle

demands were estimated for 1980 and 2020, the latter year representing
the approximate end of plant life for Pilgrim 2. A total of 3,640

vehicles was estimated for 1980, and 5,670 in 2020. These figures are
exclusive of the through traffic on the network. Ilowever, it is assumed

that through traffic will be c1 cared during the time period prior to
general notification.

Evacuation rcc ings were described and were developed with thee

intent of moving vehicles as quickly as possible outside a 2.5 mile
radius with a minimal number of traffic conflicts. These are detailed
in Section 5.2.

Finally, the times that would be required to clear each sector were
calculated, assuming that individuals in all sectors are informed at the

same time that an evacuation is required. The maximum clear time for
any given route in any of the sectors is about two hours. That is, from

the time of notification of the public to the time the last car in any
GD sector clears the 2.5 mile limit in a simultaneous evacuation ic esti-

mated to be two hoyrs.

2005 108
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Several conservative assumptions were used in the analysis to
arrive at clear times. Among these are:

.
e conservative demand estimates through low (for an evacuation)

auto occupancy factors and probable doubic counting (e.g.,
beach population was considered distinct from residential
population); e

e the use of conserva.' e factors in calculating capacities of

roadways. This includes using a higher-than-expected truck
factor.

A
that all roads would be operating at capacity at the time ofe

notification;

that all demand will be put on the network at point sources,e

so that roads will be loaded to capacity at those points; e

e that every evacuation route, regardless of volumes served,
will undergo queuing effects.

.

.

.

.

.

'
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3. DESCRIPTION OF MET 110DOLOGY USED TO CEidVE

POPULATION PROJECTIONS AND SPATIAL DISTRIBUTIONS
9

This section describes the techniques that were used to estimate
the peak 1975 population and to make projections for the years 1980
through 2020 for the area within five miles of Pilgrim Station. The

assumptions made and the procedures employed to distribute the popula-
tion within the five mile study area are also presented.

Three separate segments of the population were considered in this
analysis: the permanent year-round population; the seasonal resident
population, and the seasonal transient population. Each population

group is treated separately in the analysis.

3.1 Limitations of Population Projections;

O
A distinction should be made at the beginning of this analysis

between the usefulness of population projections and the accuracy of
population projections. While estimates of population growth and move-

g ment represent a useful tool and an essential data requirement for both
planners and decision makers, the overall accuracy of population projec-
tions has not been impressive. In reviewing the history of official

U.S. projections of population and households, Jacob Siegel of the U S.
3 Bureau of the Census concludes that, "As indicated by the percent

variation in the range of the various sets of projections, our confi-
dence in our projections has not increased over time in spite of our
more elaborate methods and greater experience." Much of the inability

e to accurately foreca t the future lies in the lack of knowledge con-
cerning "the mechanisms by which populations grow and decline."

In the case of population projections for small areas such as
Plymouth, the determination of future migration patterns becomes the

9 critical factor and, subsequently, the major source of error, for the
spatial movement of a given town's population over time is filled with
uncertainty. Such factors as the opening or closing of a federal
installation, the construction of a larg, housing development or the

9 opening of a new roadway could abruptly change a town's population
within a short period. Until a way of forecasting such changes is

.
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foend, population projections will tend to assume.1 formal ar.d condi-
tional character. This, however, does not mean that population projec- O
tions do not serve a useful and 1cgitirote function. Population

projection; constitute one of the basic tools of the planner. Without

such information, the role of the planner vould'be limited to short-term
or incremental considerations, with little regard for the future. The 9
rational decision-making procsss, on the other hand, must take in'.o
consideratian an:1 weigh likely future events. Since there is unlikt'.y

to be a consensus about what wil' occur in the future, it is incumbent
upon the planner or demographer to clearly state the assumptions upon 9
which his decisions are based. The methodological section, which follows,
senes this purpose. Moreover, it should be noted that an attempt has
been made throughout this study to use con crvative assumptions in

instances where reasonable doubt exists as to facts involved. S

3.2 Year-Round Resident Population

This sectica describes the technicues and' procedures used to pro-

ject and allocate the permanent residential population trom 1975 to 3

2020. The discussion is sribdivided into four topics: (1) cur.-ent pop-

ulation estimdtes; (2) distribution of the current population; (3) pro-
jected future population 198C-2020; and (4) the allocation of the future
populatien to the study area. 8

Current ropulation Estimates

The 1975 year-round residential population of the Town of Plymouth
Iis estimated to be 27,776. This figure is based on a synthesis of

information received fro- Lio data sources, the Plymouth Planning.

Department and the Plymouth Water Commission.

The Planning Department has estimated that the currenWpopulation
I

is approximately 27,000. This enumeration is based upon a count of

persons 17.; ears and older as derived.from street listings, school
enro11 ment figures, estimates of persons under the age of 5 years and~

persons 16 to 17 years mf age and not in school.( }
In 1974, the Plynuuch Water Commission produced an independe it

'

estimate of the permanent population. Their an 21ysis was based upcn

h?)Edk *
~2005 112o
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building permit data in addition to utility hook-up scatistics. The

1974 population, according to the Water Department, was 28,362.
Although no estimate was available for the current year, an update of
the 1974 count based upon the Water Department's methodology indicates a
year-round pooulation of 28,551.(6) Since two slightly different popu-
lation estimates exist, an average figure was used to establish the
current year-round population figure of 27,776.

A further check was subsequently made in order to evaluate the
reasonabicness of this population estimate. This assessment employed

the use of building per nit information for year-round dwellings con-
structed between 1970 and March of 1975. Table 3.2-1 indicates that

there was a net addition of approximately 2,861 year-round dwelling
units since the 1970 U.S. Census of Population was taken. Based upon a

3.0 occupancy rate per unit, this translates into a net addition of
8,583 persons since 1970. The 1970 population according to the U.S. Ceasus
was 18,606. Thus, the current population is nearly 27,200, according to
building department information, which substantiates the reasonableness

g of this study's estimate of 27,775.

Dist;1bution of the Current Population

The allocation and distribution of the 1975 permanent town popula-

O tion witnin the 112 sectors, into which the five mile study area has been

divided, was accomplished through a three phase process. The initial

phase involved hypothesizing how the 1970 population as established by
the U.S. Census may have been distributed. The second phase was ta

O ascertain the reasonableness of the hypothesized allocations and to make
modir? cations where appropriate. This procedure primarily centered

around the use of aerial photographs of the area which were taken in
April of 1971. The final step of this process was to update the 1970

O distributions to tne current year. Building permit data provided the

basis for completing this process.

The 1970 Census of Population and Housing divides the town into 14

enumeration districts (ED's). As seen from Figure 3.2-1, the five mile

O study area either wholly or partially includes ten of the enumeration

districts. The initial step in determining each sector's share of the

total 1975 population was premised upon the hypothesis that the 1970

OO
200h113 ; -.
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TABLE 3.2-1

ESTIMATE OF TOTAL YEAR-ROUND POPULATION

BASED UPON BUILDING DEPARTMENT DATA

Total Year-Round Population, 1970 18,606

Additional Units Constructed, 1970-75 2,877

Demolitions, 1970-75 16

Net Addition of Units 1970-75 2,861 9

Total Year-Round Population, 1975 27,189

1970 Population 18,606

Growth Since 1970 8,583 9

U.S. Census of Population,1970

Plymouth Building Department data. Permits withdrawn were not g
counted. It is assumed that new construction which took place dur-
ing 1970 was not counted in the 1970 U.S. Census which was under-
taken during the first quarter of 1970.

(Net additions 1970-75) x (3.0 persons per unit)
O

Source: U.S. Census of Population,1970

Plymouth Building Department

Plymouth Planning Department
.

.
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population was equally distributec' within each enumeration district and
that each year-round dwelling unit contained 2.8 persons, the average ,
household size in Plymouth according to the 1970 Census. The fraction
of each enumeration district within the areas formed by the concentric

circles and radial lines was determined through the use of a dot grid.

Dwelling units were then distributed within specific areas based upon g
the assumption that a uniform distribution exists within each respective
enumeration district. For example, Sector A may contain 5% of the total
land area of enumeration district 1199 and 28% of the total land area of
ED 1200. If there were 1,000 year-round dwelling units in ED 1199 and g
800 units in ED 1200, the initial hypothesis would be that sector A

contains 274 dwelling units [(1,000 x 0.05) + (800 x 0.28)]. Using an

average unit occupancy factor of 2.8, this translates into a population

of approximately 767 persons for Sector A. This procedure was repeated g
for each of the 112 sectors.

The second step was to ascertain the reasonableness of the equal
allocation hypothesis. April 1971 aerial photographs were obtained for
the area and a photomosaic was prepared. A grid composed of concentric g
circles and radial lines in addition to enumeration district boundaries

was drawn onto the I.hotomosaic. It is assumed that the distribution of

year-round dwelling units ( ) as photographed in April of 1971 closely
approximates the 1970 situation. Adjustments to the equal allocation g
scheme were then made based upon housing counts taken from the aerial

photographs. Although the photographs proved to be a useful aid,
certain drawbacks were also encountered.

In the more built-up sectic is around Plymouth Center, it was found g
to be generally impossible to accurately identify individual dwelling

units from non-residential structures. Moreover, in these densely

developed areas where multi-family apartments are not uncommon, air
photos were found to be of little value in estimating the number of g
year-round dwelling units present. In these latter instances, the

initial equal area allocation scheme as described in Step 1 was used.
Most of the study area, however, lies within the more rural sections of

Plymouth. In these areas, large multi-family apartment complexes are g
virtually non-existent and individual single-family dwelling units were

easily identifiable from the aerial photographs and likewise, could be

~

g.
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readily distinguished from the relatively few non-residential. structures
also found in such areas.

O A second problem in the air photo interpretation process involved
the inability to make the distinction between year-round and seasonal
dwelling units. This situation was resolved by visiting the town police

and obtaining their estimate of the number of seasonal units within each
O of the 112 sectors. From these distributional counts, the number of

year-round dwelling units could then be determined after subtracting out

the appropriate number of seasonal units.

The final step in the three phase process involved the updating of
the permanent population distributions for each of the 96 sectors

contained within the study area. Local building department data formed
the basis for accomplishing this task. Through the use of assessors'
plat maps, the locations of newly constructed year-round dwelling units

from 1970 to 1975 were determined. After ascertaining the number of
additional year-round units constructed since 1970 in each sector,

updated population estimates were made by multiplying the number of
newly constructed units by 2.8 persons per unit, the average household
size in Plymouth as recorded in the 1970 U.S. Census.

Figure 3.2-2 illustrates the results of the three phase process

used to determine the current year-round population within the study
area. The population rose indicates that 12,429 persons permanently
reside within a five mile radius of the Pilgrim site. Over half live

between 4 and 5 miles and about 3,000 live within 2 1/2 miles.

Projected Future Population, 1980-2020

9

Historical Growth of Plymouth: A Perspective

Mut f the growth thus far experienced by the Town of Plymouth may
be attributed to the general suburbanization process which has been
occurring nationwide. While the decentralization of Boston has been
continuing for many years, the rapid growth of the South Shore has only
been a recent occurrence. One of the major factors which inhibited the
prior expansion of this area was the lack of a sufficiently developed,
transportation network linking it with the Region's major employment
center to the north, the City of Boston. In the mid-1960's Route 3, a
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limited access highway, was constructed and the impetus for the expanded

development of the South Shore was established. Table 3.2-2 lists

recent growth rates for eleven communities situated along Route 3 south
of Metropolitan Boston and indicates that population growth over the
past decade has largely centered in the Marshfield-Pembroke area, about
13 miles north of Plymouth. If the past is any indication of the future,

it would appear that "the surge of development will continue its march
down Route 3; and that Duxbury, Kingston, and especially Plymouth will
be the scene of greatest growth in the 1970's."I )

Another factor which may be partially responsible for the recent

development of Plymouth is its favorable tax rate. While property taxes

have been rising in other nearby towns, Plymouth's rate has remained

fairly stable. This is due to the increased assessed valuation brought

g about by the construction of Boston Edison's Pilgrim I nuclear power

plant. When Unit I was completed in 1972, the town's assessed valuation
increased from $47.6 million to approximately $114.9 million. ( ) It

appears that the Town of Plymouth has used this increased assessed

g valuation to subsidize its tax rate rather than to upgrade or increase
its level of municipal services.(10) In spite of this favorable tax

climate in Plymouth, it is difficult to evaluate the extent to w'ach low

property taxes have contributed to the large influx of people into the

g town, for residential location decisions involve a complex set of assess-

ments, with tax rates representing only one component. Other considera-

tions include the relative location of work places,(11) the quality of
municipal services,fI ) and space preferences of individual householdsI )

g in addition to a variety of other attributes related to the physical and
social environment. Perhaps among the more recognizabic reasons behind
recent development trends in Plymouth are:

the presence of a major employment center within commut-e
O

ing distance to the north,

proximity to major regional resort activity, even '" only one

a seasonal basis,

9 e the largest land mass of any city or town in Massachusetts,
thus affording abundant raom for growth,

e low density, and

7 bid @
* '
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TABLE 3.2-2

PERCENT OF POPULATION GR0hTH, 1960-1970, OF TOWNS O

ALONG ROUTE 3 SOUTH FROM BOSTON

East of Route 3 West of Route 3

Weymouth - 14% Braintree - 13%

Hingham - 22% Rock 1and - 19%

Norwell - 47% Hanover - 68%

Marshfield - 127% Pembroke - 128%

Kingston - 40% Duxbury - 58%

Plymouth - 29%

Source: U.S. Census of Pop. iation,1960 and 1970. Calculations

originally compiled by Dober, Paddock, Upton and Associates O
in " Plymouth is Growing: The Question for Tomorrow is not
Whether We Grow...but How." (1972)

.

.
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e the lack of significant snowfall, thus providing an inherent

attraction to retirees.f14)g

In summary, it is apparent that a variety of factors are respon-

sible for the recent development of Plymouth and that it is difficult to

evaluate the extent to which any one factor has contributed. hforeover,

it is likely that the same factors which have influenced the past will

continue to exert strong pressures on the future growth of Plymouth.

Population Projections

e
Three published sets of population projections for the Town of

Plymouth were reviewed:

The University of hfassachusetts town-by-town projectionse

prepared for the State Office of Planning (blass.) in 1974.

The Southeast Regional Planning and Economic Developmente

District (SERPEDD) projections. (1974)
O OBERS Series E projections specially tabulated by the Economice

Research Service, U. S. Department of Agriculture for the New
England River Basins Commission as part of their Southeast New
England regional study, How to Guide Growth in Southeastern

O New England. (April , 1975)

The OBERS Series E projections were found to be the most appropriate
set of estimates for use in this study while those prepared by the

4 University of blassachusetts were judged to be of least value. The

discounting of this latter set of projections was due to their apparent
inaccuracy, for all of their future population estimates for the town of
Plymouth have already been exceeded. The University of blassachusetts

9 projected the 1975 population to be 20,385 and the 2020 population to be
23,517. Current estimates, on the other hand, indicate a population in
excess of 27,000.

The SERPEDD projections were also reviewed. Although they were
G found to be consistent with the CBERS estimates, they did not proceed

beyond the year 1990. Subsequently, the OBERS Series E projections for

JD N-
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the town of Plymouth were found to be the most appropriate set of
population estimates for incorporation into the study. g

OBERS Series E Projections

The New England River Basin's Commission initiated a federally

Ofunded study in 1971 to evaluate the Southeast New England region's
water and land-related resources.(15) As an input to this project, the
federal Office of Business Economics (U. S. Department of Comw.rce) and

the Economic Research Service (U. S. Department of Agriculture) developed
Otown by town population projection for the years 1990 and 2020.

The initial projections produced were called the OBERS Series C
projections (16) and were partially based upon the U. S. Bureau of the

Census' series C fertility assumption, that women approaching the
Ochild-bearing age will have an average of 2.8 children in their lifetime.

This fertility rate was soon found to be high in light of the recent

decline in birth rates. Subsequently, the New England River Basins
Commission requested a rerun of the projections using the series E
fertility assumption of 2.1. The revised projections were completed in
1974 and are designated the OBERS Series E projections. These popa-

lation estimates for each of the towns within the Southeast New England
study area have been placed into Appendix A. Appendix B describes the
methodology used to produce the local projections. In short, the OBERS

methodology is economically oriented and utilizes a step down technique
whereby national projections are first made and then disaggregated in a
stepwise fashion in order to arrive at regional and local estimates.
National projections are based upon consideration of key economic para-
meters such as GNP, employment and income which are then converted into
population totals.

The OBERS Series E projections were developed for the years 1990
eand 2020 only. Since this particular study requires the use of 1980,

2000, and 2010 estimates in addition to those for 1990 and 2020, these
intermediate year projections were initially calculated through the use
of a curve fitting technique as suggested by the Economic Research
Service (U. S. Department of Agriculture).( ) The first column of

Tabic 3.2-3 lists the results obtained from using this technique. As
i 3eg

' '
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TABLE 3.2-3

POPULATION PROJECTIONS 1980 - 2020: PLYMOUTil, MASS.

Initial Projections Revised Projections ( )

f)1980 23,800 31,515

30,732(1) 33,9931990

f)9 2000 38,500 46,471

f)2010 49,000 53,949

2020 61,429( ) 61,429

9

Source: (1) OBERS Series E projections prepared by the Bureau of
Economic Analysis, U. S. Department of Commerce and
by the Economic Research Service, U. S. Department of

g Agriculture, 1974. These projections were specially
tabulated for the New England River Basins Commission
as part of their recent Southeastern New England Study,
How to Guide Growth in Southeastern New England,
Appendix Table 40 (April, 1975).

g (2) Calculations based upon fitting a curve to 1960 and 1970
U. S. Census counts for the Town of Plymouth and to OBERS
projections for 1990 and 2020. Intermediate years were
then read from the curve.

(3) Calculations based upon a linear interpolation between
the 1975 estimate of 27,776 and the OBERS 2020 estimateg
of 61,429.

*
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can be readily seen, the OBERS 1980 and 1990 projections appear on the
low side given the current population estimate of 27,776. Subsequently,

a discussion was held with the Director of the Plymouth Planning Depart-

ment as to the accuracy of the other estimates obtained. O ) What

emerged from this discussion was that the 2020 estimate did appear
reasonable in light of current trends. As a result, revised population

projections were made through a linear interpolation between the OBERS
2020 estimate of 61,429 and the current town estimate of 27,776. The

second column of Table 3.2-3 shows the revised population projections
for the years 1980 to 2020.

Tabic 3.2-4 compares the modified OBERS Series E projections for
the Town of Plymouth and projections for Plymouth County, the South
Shore, Metropolitan Boston, and Southeastern New England. These statis-
tics indicate that Plymouth's rate of growth between 1960 and 1970

9
was less than that which was recorded for the South Shore and for
Plymouth County but greater than that experienced in Metropolitan Boston
and Southeastern New England. The OBERS Series E projections, an the

other hand, anticipate that between 1970 and 1990, Plymouth's growth
G

rate will be above that of any other region in Southeastern New England.
After 1990, however, Plywouth is projected to grow at a lesser rate

relative to the South Shore and Plymouth County.

OAllocation of the Future Population to the Study a

Having developed the population projections for the Town of Plymouth,

the next step was to determine how the future population may be distri-

buted. The simplest method for allocating future town growth to the g

various sub-arcas would be to use an equal area allocation scheme,

whereby the future population of a given sector is a function of that

sector's share of the total land area of the Town. This approach however,

incorrectly assumes that all land is homogenous and equally attractive 4
as a place for settlement. In reality, there are a number of parameters

which serve to direct growth to certain areas and away from others.
Among these factors are the extent to which a given area is already
developed, the availability of utilitics, distance to daily activities 9

and services, and land use regulations such as zoning and wetland restric-
tions. The methodology utili:cd in this study to distribute the future

MODg 2005 124
*
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TABLE 3.2-4

COMPARATIVE POPULATION PROJECTIONS

Past Populuation( ) Future Population Percentage Changef

1960 1970 1990 2020 1960-1970 1970-1990 1990-2020

I3)Town of Plymouth 14,445 18,606 38,993 61,429 28.8 109.6 57.5

Plymouth County 248,449 333,314 516,809 838,534 34.1 55.1 62.2
I4)South Shore 77,000 116,000 238,000 461,000 50.6 105.2 93.7

N
Metropolitan (5)g

Boston 2,064,000 2,115,000 2,303,000 2,399,000 2.5 8.9 4.2g
W

Southeastern (6)New England 4,464,000 4,838,000 5,776,000 7,029,000 8.4 19.4 21.7
bJ
g Source: (1) U. S. Census of Population,1960 and 1970

(2) OBERS Series E projections

(3) ERT Modified OBERS Series E projection

(4) Includes the following 10 towns: Cohasset Duxbury llanover Kingston Marshfield
Norwell Pembroke Plymouth Rockland Scituate

(5) Includes the following 49 cities and towns:

Arlington Canton llo1 brook Medford Needham Sherborn Wellesley
'- Belmont Chelsea Holliston Medway Newton Somerville Weston

Boston Dedham ilull Melrose Norfolk Stoncham Westwood
Braintree Dover Lexington Milford Norwood Stoughton Weymouth
Brookline Everett Lincoln Millis Quincy Walpole WinchesterQ Bellingham Franklin Malden Milton Randolph Waltham Woburn
Cambridge Ilingham Medfield Natick Sharon Watertown Wrentham

(6) Includes all 39 cities and towns of R.I. ,171 municipalities in Central and Eastern
Massachusetts; and 3 municipalities in Connecticut (North Stonington, Stonington,
and Voluntown)
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population of Plymouth reflects, in part, some of these limitations to
development. The basis for the methodology is the Plymouth Planning

9
Departments' Development Potentials map in which each of the 132 plats
or sub-areas of the town has been evaluated with respect to its develop-

ment potential. Figure 3.2-3 illustrates this assessment. The underlying
assumption of this map is that the potential development of a given area e
is inversely related to the extent to which that area is currently
developed. In other words, future growth is likely to be attracted to
those areas which are presently least developed. The Development

Potentials h!ap takes into account the number of acres presently developed 9
and the number of acres where residential development is restricted by
virtue of current zoning and wetland restrictions.

The Development Potentials h!ap indicates five Icvels of growth
potential ranging from high to low. The former category signifies

O
that for a given plat, 80' or more of the larid area is developable while
the latter category implies that 20* or less is available for residential
developmerit . Similarly, medium development potential assumes that
between 40 and 60% of the land is available for residential development.

O
In order to translate the information contained within the Development

Potentials hfap to an operational method for distributing the future
growth of Plymouth, it was necessary to develop a weighting system.
Initially, each development category was arbitrarily assigned a number

O
from 1 to 5, with the scale corresponding to the arrangement of the
categories from low to high potential. This system implies that for
every person who settles in areas categorized as having a low develop-
ment potential, 5 persons would locate in areas having a high development
potential. Through the use of this weighting system, future increments
in population growth could then be distributed throughout the town in
accordance with the following allocation scheme:

O
High Potential = 5/15 of population growth
bled. High Potential = 4/15 of population growth
hiedium Potential = 3/15 of population growth
Fled. Low Potential = 2/15 of population growth

OLow Potential = 1/15 of population growth
15/15
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Due to differences in the area within each growth category, it was
e

found that a second dimension to the initial weighting scheme was

required, for without compensating for differences in size, the ratio of
5-4-3-2-1 could not be preserved on a per unit of land basis. There- ,

fore, the relative distribution of land within each development potential
O

category was calculated and formed the basis for the adjusted weighting
scale used to allocate future growth. Table 3.2-5 illustrates this

system and indicates that 44% of future population growth is to be
distributed to areas having a high growth potential; 23% to areas having

9
a medium high potential; 18% to areas having a medium potential; 12% to
arcar, having a medium low potential and; 3% to areas having a low
potential. Table 3.2-6 shows the results of applying the weighting
scheme to the projected town population for the years 1980, 1990, 2000,

9
2010, and 2020.

After the projected increases in population for the town as a whole
were allocated to the five growth potential categories, the sub-allocations
to each of the sectors contained within the study area was straight-

O
forward. It was assumed that all land within a given development poten-

tial category is homogeneous and that the weighted share of a category's
population growth would be distributed equally throughout the land area
contained within that development potential category. Therefore, in

9
order to estimate how many additional people any given sub-area will
receive, it was necessary to first determine the composition of that
sub-area with respect to the number of acres in each development potential
category relative to the town totals for those same categories. The

O
shares which resulted were then applied to the respective population
projection increases for each category. Table 3.2-7 more clearly
illustrates this process and uses as an example the area located in the

SSEsectorbetween3gnd4 miles. The sample year is 2020. Column A
O

shows the composition of the sector with respect to the distribution of
its land in terms of the five development potential categories. Column

B shows the corresponding distribution of land throughout the entire
town. Column C indicates the sector percentage shares with respect to

O
town totals. Column D represents the 2020 distribution of increased
population growth for the town by development potential category. These

e* %
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TABLE 3.2-5

ADJUSTED WEIGliTING FACTORS FOR ALLOCATION OFg
FUTURE POPULATION GR0hTil

% of Population
Development Growth Assigned to

O Potential Development Area Adjusted Each Development
y

Level Factor Factor Weight Potential Level

High Develop.
Potential 5 3 15 44%

O
Medium High
Develop. Potential 4 2 8 23%

Medium Develop.
Potential 3 2 6 18%

O
Medium Low
Develop. Potential 2 2 4 12%

Low Develop.
Potential 1 1 1 3%

O
Totals 34 100%

(1) Based on the use of a dot grid, it was found that approximately 30%
of the Town's land area (excluding Miles Standish State Park) is

g categorized as having a high development potential; 20% as medium
high; 20% as medium; 20% as medium low and; 10% as low. The estimated
acreage figures are as follows:

liigh Potential 15,600 acres

Med. liigh Potential 11,000 acres
,

Medium Potential 11,300 acres

Medium Low Potential 11,300 acres

low Potential 4,600 acres

O.
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TABLE 3.2-6

DISTRIBUTION OF POPULATION GROWTil BY DEVELOPMENT POTENTIAL LEVEL: PLYM0UTl! TOWN

Projected Distribution of the Projected Population
Permanent Change from by Development Potental Level

Year Population 1975 Population Level 5 (high) Level 4 Level 3 Level 2 Level 1 (Low)

1980 31,515 3,739 1,645 860 673 449 112

1990 38,933 11,157 4,909 2,566 2,008 1,339 335

2000 46,471 18,695 8,226 4,330 3,365 2,243 561

2010 53,949 26,173 11,516 6,020 4,711 3,141 785

2020 61,429 33,653 14,807 7,740 6,057 4,038 1,010

N
O
O
U

.

__.

O

# # 9 9 9 9 9 9 9 e e
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TABLE 3.2-7

SAMPLE ALLOCATION: 2020

N
C-) (A) (B) (C)=(A)/(B) (D)1
o Acres in Total Acres Sector Acreage Distribution of Town Pop.
Un Sector in Town as ". of Town Increase by Category

liigh Develop. Potential 207 15,600 1.33 14,807

Medium liigh 79 11,000 0.72 7,740

Medium 0 11,000 0.00 6,057
U$

Medium Low 242 11,300 2.14 4,038

Low 105 4,600 2.28 1,010

(1) Refers to the distribution of the incremental growth between 1975 and 2010.

A
2020 Increase in Population for Sector =

,

.

'' (14,807 x .0133) + (7,740 x .0072) + (4,038 x .0214) + (1,010 x .0228) = 362
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figures are derived from Table 3.2-6. By multiplying these projected

town population increases by the respective sector shares of each
development category, the total sector population increase from 1975 to
2020 can be determined. The 2020 total population for the sector is

then found by adding the increase in population 1975-2020 to the 1975
base year population. This process was repeated for each of the sectors

O
contained within the study area.

The population distributions obtained from the application of the
weighting scheme to the Development Potentials map and OBERS projections

represented the major input into estimating the year-round population to
O

be contained within the study area. Ilowever, consideration was also

given to several large residential development proposals which are known
to exist for particular segments within the five mile radius and which
may affect the population estimates for the area.

O

Major Residential Developments Planned for the Study Area

Through discussions with the Plymouth Planning Department four

major residential developments were identified as potentially locating g
within the 5 mile radius.O These include:

e Island Pond Estates: 152 year-round units on approximately
80 acres. 76 units to be completed by 1980 and 76 units by

9
1990.

e Kings Grant: 250 year-round units. May never be built due to

financial problems as well as the fact that the time has

elapsed on the building permit. 40 acre tract. To be completed g
in 1980.

e Seahill: 704 dwelling units, 106 of which are expected to be

reserved for second homes. The anticipated completion date is

1985. The site is 712 acres. GD

Pine liills at Plymouth: 100 year-round dwelling units to bee

constructed on a 10 acre site. 1980 anticipated completion
date.

g
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Figure 3.2-4 is a map which shows the approximate location of each
of the four residential developments. Accompanying this illustration is
Table 3.2-8, which indicates the estimated year-round and seasonal
populations associated with each development. The year-round population
figures are based upon multiplying the number of units involved by 2.8

g persons per unit, the average household size in Plymouth according to
the 1970 U. S. Census. An occupancy rate of 5 per unit was used to

derive estimates of the peak seasonal population associated with Seahill,
the only one of the four developments which plan to construct seasonal

g dwelling units in addition to those reserved for permanent residents.
The seasonal occupancy factor is based upon information obtained from a
limited survey of local realtors. This survey was conducted by ERT in

early May, 1975 and is explained in greater detail in Section 3.3. The

g information contained in Table 3.2-8 was added to the initial population
distributions obtained through the previously described weighted alloca-
tion process in order to arrive at total estimates of the year-round
population. This procedure was followed to provide conservative popula-

G tion estimates.

Figures 3.2-5 through 3.2-9 represent the synthesis of this data
and illustrate the estimated population distributions for the years
1980, 1990, 2000, 2010, and 2020. These population roses show the

g permanent population for the study area increasing from 12,429 in 1975
to 14,337 in 1980 and 29,226 by 2020.

The reasonableness of these future estimates and distributions
has been evaluated through a comparison between projected future growth

g and institutional limitations to such increases. Appendix C illustrates
the results of such an evaluation.

A compatibility analysis was undertaken to assess the consistency
between the projected permanent and seasonal residential growth and

g applicable coning restrictions for the Town of Plymouth. The analysis
generally indicates that the projected increase in dwelling units for

each section can, in fr.ct , be accomodated within the density limitations
as established by the town's zoning ordinance.

.
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TABLE 3.2-8 O

ESTIMATES OF Tile POPULATION ASSOCI ATED WITil FOUR

MAJOR DEVELOPMENT PROPOSALS (1)

O
Estimated Study Area Year Year
Completion Location Round Round Seasonal Seasonal
Date (sector / miles) Units Populatien Units Population

f)1980 SW/4-5 miles 76 213 0 0 g

WSW/4-5 miles 250( ) 700 0 0

f)S/1 1/2-2 miles 100 280 0 0

I)1990 SW/4-5 miles 76 213 0 0 0

SW/1-1 1/2 miles 149( ) 418 26 132

I)SW/1 1/2-2 miles 150 419 27 133

SSW/1-1 1/2 miles 149( ) 418 26 132 O

f)SSW/1 1/2-2 miles 150 419 27 133

(1) Seahill, Pine Hills at Plymouth, Island Pond Estates and Kings Grant
O

(2) Island PonJ Estates

(3) Kings Grant

(4) Pine Ilills at P1piouth

O
(5) Seahill; units are divided equally among 4 sectors.

O
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3.3 Seasonal Resident Population

OThis section describes the technique and procedures used to estimate
the current seasonal resident population and to project and allocate the
future seasonal resident population for the years 1980 through 2020.
The discussion is sub-divided into four major topics: (1) Current

Opopulation estimates, 1975; (2) Allocation of the current population to

the study area; (3) Projected Future Population, 1980-2020 and; (4)
Allocation of the future population to the study area.

Current Population Estimate, 1975 9

The U. S. _ Census of Population does not provide statistics on the
number of seasonal residents living in an area. Ilowever, estimates of

this population segment can be derived indirectly through the use of the g
census' count of seasonal dwelling units. According to the 1970 U. S.

Census of Ilousing there are 1,814 seasonal housing units in the town of
Plymouth. These dwellings are predominantly located within those enumera-
tion districts which abut Plymouth's coastal shoreline. Based upon a g
peak weekend occupancy rate of 5 persons per unit, this translates into
.n estimated peak seasonal residential population of approximately
9,000. The average occupancy factor is derived from an ERT telephone
survey of local realtors.( 0) g

During an earlier examination of the aerial photographs of the
Plymouth area it was noted that in certain enumeration districts along
the coast, there appeared to be an excessively high number of dwelling
units relative to the total count of units expressed in the 1970 U. S. g
Census of Housing. A subsequent conversation with Mr. William Downs, a
housing specialist with the U. S. Bureau of the Census,f Il revealed
that the 1970 census substantially underestimated the number of seasonal
dwelling units in the Cape Cod area. Mr. Downs indicated that a similar g
undercount was likely in the Plymouth area. Therefore, at the suggestion
of Mr. Downs, Plymouth's 1970 seasonal resident population was revised
upward by considering the undercount as equal to the difference between
census counts and air photo counts for certain coastal enumeration g
districts (ED's 1199, 1200 6 1202). The air photo count of dwelling,
units in the three enumeration districts resulted in the presence of
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slightly more than 900 units over that which was indicated in the census

3 data. Since these three enumeration districts contain the majority of

the Town's seasonal dwelling units, it is assumed that the 1970 under-
count of seasonal dwellings in Plymouth was approximately 1000 units.
b' hen this latter number is added to the original census count of 1,814

g seasonal units, the total supply of seasonal dwelling units in 1970 is
approximately 2,814. This corresponds to a 1970 estimated peak seasonal
residential population of 14,070. (2,814 x 5 persons per unit).

An updating of the seasonal resident population was accomplished
g through a review of building permit data between 1970 and March of 1975.

Un?ike many towns, Plymcuth makes the distinction between year-round
dwelling units and seasonal units in its building permit tabulations.
Their records indicate that during the past five years permits were

3 issued for the construction of 124 seasonal dwellings. Thus, the 1975

seasonal resident population is estimated to be 14,690.

Allocation of the Current Population to the Study Area

O The distribution of the estimated seasonal resident population to

each of the sectors contained within the five mile study area was

accomplished through the use of census iWrmation, building permit
data, air photo counts, and assistance from Officer Peter Paulding of

O the Plymouth Police Department.

The initial distribution of the seasonal resident population was

established through the seasonal dwelling counts available in the 1970

E S. Census of Housing. As was noted earlier, census data for Plymouth
O

is arranged according to enumeration districts, of which thcre are 14

within the town. Since the study area does not correspond to the bound-
aries of the applicable enumeration districts and since it was necessary

to determine the distribution of seasonal dwellings on a sector basis,
O census data provided only a general indication of the number of seasonal

dwellings which may be found within any one area of the town. In ordcr

to improve upon information provided in the census, a visit was made to

the Plymouth Police Department. Since town police in a resort area are
S generally knowledgeable of the areas where seasonal homes tend to be

clustered, Officer Peter Paulding was asked to supplement the census

2005~143 ,
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information in distributing seasonal homes within the study area.( 2)
The process began by p*esenting Officer Paulding with a map of the town g

upon which was overlaid the population rose and the boundaries of the
appropriately corresponding census enumeration districts. For each of
the ten enumeration districts which are eithcr wholly or partially

contained within the study area, Officer Paulding was asked to estimate g

how a given number of seasonal units ought to be distributed with
respect to the various sectors of the population rose. The distribu-
tional counts provided by Officer Paulding formed the basis from which
an update to the current year could be made. When it was later found 3

that there was a significant undercount of seasonal dwellings in the
1970 Census of flousing, upward adjustments were required. Changes,

however, were limited to those sectors located within enumeration dis-

tricts 1199, 1201, and 1202, the coastal areas where census undercounting g

was estimated to be most likely, given the large number of dwelling
units present in these same areas (as counted from air photos) relative
to the total count of units expressed in the census. The method used to

compensate for the undercount was to adjust the seasonal count upward 3
for each of the affected sectors by an amount equal to the difference

between the air photo count for a given sector and the sum of the pre-

viously established estimate of year-round and seasonal dwelling units

for that sector. This procedure resulted in an additica of more than S
900 seasonal units to the original census-based estimate for the study

area.

Once the 1970 distribution of seasonal dwelling units was established,

the updating process was acc.amplished through the use of town building e
permit data. With the aid of plat maps and street indexes, the location
and numbers of newly constructed seasonal dwelling units by sector was

established for the period 1970 through March of 1975. Current peak

seasonal resident population estimates for each sector were then made by 9

multiplying the total number of seasonal dwelling units found in each

sector by a peak weekend occupancy of 5 persons per unit.
Figure 3.3-1 illustrates the current distribution of the seasonal

resident population with respect to the five mile study area. The popu- S

1ation rose shows that the majority of nearly 11,000 seasonal residents

found in the study area are located to the SE and SSE. Cumulative
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seasonal population totals indicate that 12*. of the seasonal . resident
population live within 1 mile of the proposed site; 43*a within 2 miles;

O
49*6 within 2 1/2 miles; 53'. within 3 miles and; 79'6 within 4 miles of

the Pilgrim site.

Projected Future Seasonal Population

9
There are no published or unpublished seasonal resident population

projections for the Town of Plymouth. The technique used to project the

future growth of this population segment was based upon the application
of a predetermined ratio to the OBERS Series E permanent population g

estimates.

A ratio of 0.045 was used to project the future seasonal resident

population and was derived from building permit data for the years 1970
to 1974. (Table 3.3-1). This value is the ratio of the number of sea- 3
sonal dwellings constructed from 1970 to 1974 to the number of year-
round units constructed during the same time. This ratio was then

applied to the incremental change in the year-round population as estab-
lished by the OBERS Series E population projections after first converting 9

future population estimates into dwelling units. This latter calculation

was accomplished by dividing the change in population by 2.8, the average
number of persons per household in Plymouth according to the 1970 (J. S.
Census of Ilousing. The future growth in seasonal housing units was then 9

translated into seasonal population growth by utilizing the previously
established factor of 5 persons per unit. Thus, the formula for deter-

mining the future seasonal resident population for each succeeding
decade becomes: e

2 ~ l x 0.045 5

2.8

where P = year r und population at time 2 9
2

where P = year round population at time 1
3

O
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TABLE 3.3-1

BUILDING PERMIT DATA
O

Year Round Units Seasonal Units

1970 241 34

1971 751 35

1972 895 27

1973 650 26

1974 216 0

Total 2,753 124

O Ratio of seasonal to year round = 124 0.045=

2,753

Source: Plymouth Building Department, Building Inspection
O Division, Annual Report, 1970, 1971, 1972, 1973

and 1974.

O

O
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Table 3.3-2 indicates the estimated peak seasonal resident popula-
tions for the years 1980 through 2020. The projections show the seasonal

Oresident population increasing from 14,690 in 1975 to 16,192 in 2000 and
17,394 by 2020. This estimate of growth in the seasonal population is
consistent with current thinking in the town, for recently enacted

zoning and building regulations (1972) prohibit the construction of the
traditional non-winterized summer cottage. Today, all new construction

must comply with year-round construction standards. As a result, new

seasonal home construction involves a substantial investment similar to
that associated with a permanent home and makes future development of
large numbers of seasonal units unlikely in the town of Plymouth. ( )

Allocation of the Future Population to the Study Area

Although accessibility to the coastal waters probably weighs more g
heavily in the location decisions of the seasonal population than in the

decisions of the year-round counterparts, littic undeveloped land

exists along Plymouth's coastline. Therefore, it appears reasonabic to

assume that future residential location patterns for both the seasonal g
and year-round populations will be similar and that both population

segments will likely be attracted to those areas in Plymouth which are

currently 1 cast developed.

Consequently, the method used to distribute the projected future g
increases in the seasonal resident population with respect to the 112
sectors contained within the study area is identical to that which t a

used to allocate the future year-round population. In short, the

technique involves the utilization of a " Development Potentials" map in 3
order to construct a weighting system for population allocations by

sector. A complete discussion of this methodology is found in Section

3.2.

Figures 3.3-2 through 3.3-6 provide estimates of the future distri- g

bution of the seasonal resident populaticn ith respect to the sectors

contained within the study area. It should be noted that the 1990

population rose takes into consideration the 106 second homes associated

with the Seahill development previously identified in Table 3.2-8. 4
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TABLE 3.3-2

ESTIMATE OF PEAK SEASONAL RESIDENT POPULATIONS, 1980 - 2020: PLYM0UTil, MASS.

(A) (B) (C) A in seasonal pop.= Estimate of Peak
Projected Year-Round A in Year-Round (B) Seasonal Resident

x 0.045 x 5Year Population Population 2.8 Population

1975 27,776 --- --- 14,690

1980 31,515 3,739 300 14,990

1990 38,993 7,478 601 15,591

2000 46,471 7,478 601 16,192

2010 53,949 7,478 601 16,793

t[. 7 2020 61,429 7,480 601 17,394
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The population ro:.es show the seasonal resident population increasing
from 11,945 in 1975 to 12,525 by the year 2020. The majority of this
seasonal population will continue to be concentrated along the beach
areas south-southeast and southeast of the Pilgrim site.

3.4 Seasonal Transient Population

This section describes the methods and techniques used to identify

the seasonal transient population and to develop peak estimates of the
current and future population of this group with respect to the 112
sectors contained within five miles of the Pilgrim site. For the pur-

poses of this analysis, the seasonal transient population includes the
following groups:

those visiting local public beaches and parks,e

e those visiting major tourist attractions,

e those staying overnight at local hotels, motels, and guest /
rooming houses,

e those staying overnight at local campgrounds or attending
local camps, and

a those living in institutions, including nursing homes,

convalescent homes, hospitals, and jails.

Current Population Estimates

All potential " generators" of a seasonal transient population were
O identified through the aid of local resources such as the Plymouth

Chamber of Commerce, the Plymouth telephone directory, town officials
and; the New England Camping Association. After a complete inventory

was completed the persons in charge of the facilities were contacted.

O Each official was subsequently asked to provide an estimate of the peak
capacity and peak use, in addition to information regarding future
expansion plans. Tables 3.4-1 through 3.4-3 summarize this information.
It should be noted that both Priscilla Beach and most portions of White

O Ilorse Beach hate been excluded in this inventory for they are private
beaches and the attendees are assumed to have aircady been accounted for
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TABLE 3.4-1

'

,] - il0TELS, MOTEIS, CAMPS, AND INSTITUTIONS: Tile STUDY AREA

Column 1 Column 2 Column 3
''

j Estimate of Current Estimate of Futura Est imate of Current
G, loca ion Name of Activity Peak Capacity Peak Capacity Peak Use

IRITE LS/ MOTE LSq
I hNW S mi. Lefebres (Guest flouse) 2 Same 1980-2020 2

9' *Q Gov. Bradford Motor inn 470 Same 1980-2020 470'"

W S mi. Alden llouse (Guest ilouse) S Same 1980-2020 S

W 4 3/4 mi. Gov. Carver Motor Inn 162 Same 1980-2020 162

W 4 1/2 mi. Blue Anchor Fbtel 15 Same 1980-2920 15

W 4 1/4 mi. Colonial flouse Inn 18 Same 1980-2020 18

W 3 3/4 mi. llearthstone Guest flouse 4 Same 1980-2020 4

W 3 3/4 mi. Meadowview Guest Ifouse 20 Same 1980-2020 20

W 2 3/4 mi. l{eathcliff Inn 4S Same 1980-2020 45m
W 2 1/4 mi, Pilgrim Sands Motel 84 Same 1980-2020 84

WSW I 3/4 mi, Yankee Traveler hbtel 100 Same 1980-2020 100

SW 3/4 mi. Mariner Cabins 26 Same 1980-2020 26

SSE 3 1/4 mi. Brown Bear Motel 30 Same 1980-2020 30

SSE 2 3/4 mi. Blue Spruce Motel 60 Same 1980-2020 60

SSE I 1/2 mi. Red Oaks Motel 66 Same 1980-2020 66

SE 2 1/2 mi. lioneysuckle Motel 28 Same 1980-2020 28

SE 2 mi. hhite's Cottages 72 Sa:ne 1980-2020 72

SE 1 3/4 mi. Mayflower Inn 180 Same 1980-2020 180

SE 1 1/2 mi. hhite llorse Beach Motel 48 Same 1980-2020 48

N SE I 1/2 mi. McIntyre's 43 Same 1980-2020 48

CD SE I 1/4 mi. Sandpiper Inn 22 Same 1980-2020 22
CD
LT1

_._
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I TABLE 3.4-2
.,

/" - IIISTORIC SITES: TiiE STUDY AREA

g

CoIumn 1 CoIumn 2 CoIumn 3
Estimate of Current Estimate of Future Estimate of Current

Location Name of Activity Peak Capacity Peak Capacity Peak Use

WNW 5 mi. Antiquarian flouse 250 Same 1980-2020 250

WNW 5 mi. Pilgrim fla11 Museum 300 600 person capacity 300
by 1990. No expansion
plans after 1990.

WNW 4 3/4 mi. Plymouth Nat'l Wax 100 Same 1980-2020 100
Museum 3

WNW 4 3/4 mi. Mayflower Society llouse 60 Same 1980-2020 60

I
WNW 4 3/4 mi. Spooner flouse 75 Same 1980-2020 75

Iy kNW 4 3/4 mi. Ilowland flouse 60 Same 1980-2020 60

WNW 4 3/4 mi. Mayflower !! 125 Same 1960-2020 125

WNW 4 1/2 mi. Plymouth Rock N/A N/A

W4 1/4 mi. Sparrow Ilouse 30 Same 1980-2020 30

W 4 1/4 mi. William liarlow flouse 60 Same 1980-2020 60

I
W 2 3/4 mi. Plimoth Plantation 500 1000 people by 1980 500

No expansion plans
after 1980.

SOURCE: (1) Personal interview with Mr. David Freeman, Director, Plimoth Plantation April 16, 1975.
Figures later confirmed by Mr. Allan Stapleton, Managing Director, Plymouth Chamber of Commerce
in a telephone conversation, May 1, 1975.

C
(2) Personal interview with Mr. Larry Geller, Director, Pilgrim liall Museum, April 30, 1975,g

w (3) Personal interview with Mr. I.eroy Smith, owner, Plymouth National Wax Museum, April 30, 1975.

(4 ) Telephone conversation with Mrs. Stewart flall, Chairman of the flouse Commit tee,
Mayflower Society llouse, May 2, 1975.-.

LJI (5) Personal interview with Miss Kathleen Alden, owner, Sparrow Ik>use, April 30, 1975.

CD-
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TABLE 3,4-3

PUBLIC RECREATION FACILITIES: THE STUDY AREA

Column 1 Column 2 Column 3 Column 4
Size Estimate of Estimate of Estimate of Type of Recreational

Location Name of l acility (Acres) Peak Capacity Peak Use Annual Use Facility

KNh 4-5 mi , Allerton Street 0.95 48 60 150 Playground

Brewster Garden 2.83 144 1500 25,000-35,000 Park

South Street 1.15 58 100 250 Playground

Stephen's Field 7.40 370 500 1500 Playground, Park,
Swimming

Sub-Total 12.38 620 2160 26,900-36,900

Q kNW 3-4 mi. Plymouth Beach 83.00 18,094 3000 43,000 Beach

Om Sub-Total 83.00 18,091 3000 43,000

W 4-5 mi. Phillip Jackson 1.15 58 0 0 Park
-

Newfield Street 2.32 116 100 360 Park

g Jenny Poor Farm 6.31 316 1500 25,000-35,000 Park

Training Green 1.43 72 0 0 Parl.

Burton Park 1.10 55 0 0 Park

Avery field 3.17 159 200 400 Little League Field

Sub-Total 15.48 776 1800 25,760-35,760

SSW 0-1 mi. Cleft Rock 8.70 435 150 10,000 Park

Sub-Total 8.70 435 150 10,000

UISW 4-5 mi. Miles Standish 11500.00 N/A N/A 619,600 State Park, CampingI j
State Park

e- ,

Sub-Total 11500.00 N/A N/A 619,600

s

~
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TABLE 3,4-3 (Cont'd)

N
%

SSE 3-4 mi. Briggs 4.00 200 200 175 Playground

Sub-Total 4.00 200 200 375

SSE 2 1/2-3 mi. Fresh Fond 13.00 1154 1500 10,000 Park = 10 acres;
Swimming = 3 acres

Brook Road 5.65 283 100 350 Playground

Sub-Total 18.65 1437 1600 10,350

SE l-1 1/2 mi. White florse Beach 2.39 521 1000 15,000-20,000 Beach
(Taylor St. part)

Sub-Total 2.39 5 21 1000 15,000-20,000m
00

NW 0-1 mi. Boston Edison Overlook N/A '176( } 176 75,000 Scenic overlook, vista

Boston Edison Shorefront N/A 268 268 90,000 Walkway

Sub-Total 544 544 165,000

(1) This facility has been excluded in the analysis since park related ictivities take place within that small portion of the park
which is included within the study area. The park's attractions are wholly centered around the interior lakes and ponds which
are located outside the study area.

(2) Capacity ba>ed upon parking supply rather than acreage since the facilities are, for the most part, inaccessible except by car.

SOURCE: Town recreation data: Mr. Arthur Sirrico, Superintendent, Plymouth Department of Parks G Playgrounds.
Personal interview, April 16, 1975.
Mrs. Zoccolante, Pipouth Public Works Department. Personal Interview, April 30, 1975.
Ms. Marlene A. Pedro, Clerk, Plymouth Public Works Department, Personal interview, April 3, 1975.

Miles Standish State Mr. Jim McCarthy, Miles Standish State Park. Telephone conversation. May 2,1975.
Park:

Boston Edison Over- Mr. Bob Tis, Director of Public Relations, Boston Edison, Telephone interview, May 2, 1975.
N look G Shorefront:
O
O
LTI '

__.

O

9 9 9 9 9 9 9 e
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in either the seasonal or year-round population counts. Figure 3.4-1

aggregates the peak use or attendance figures given in Tables 3.4-1
through 3.4-3 and shows that in 1975, the estimated peak transient
population with 5 miles of the Pilgrim site is approximately 14,300.
The majority of this population segment is concentrated in four radial
sectors: 46'6 in the WNW; 238 in the W; 15's in the SSE and; 10's in the

SE. There is some double-counting involved in these statistics.
liowever , for the purposes of developing conservative estimates each
component of the seasonal transient population is assumed to be inde-
pendent.,

Projected Future Population Estimates

The application of a supply and demand technique was used to estimate

9 future transient populations. Since this study is oriented toward the

determination of the conservatively high estimate, the notion of peak
capacity at a given time is used to establish the arailable current

supply. Upper limits to the future supply were then established through
9 cvaluating the impact of known expansion plans associated with existing

facilities in addition to that which is related to identifiable new

developments which may also take place in Plymouth. The present and

future supply of a given activity thus acts as a constraint upon the

9 extent to which future user demand can be accomodated.
Effective user demand is measured by the observed peak use associated

with each activity; that is, the maximum number of persons who have
participated in the activity or used a given facility at any one time.

9 In instances where the current peak use is near or over the facilities

peak capacity estimate, future peak use, in the absence of expansion
plans, will be assumed te be the same as that which is estimate. at

present. The rationale for such a contention is that as peak capacity

9 is reached, either the peak period will extend in duration or that

" congestion" takes place. If the latter event occurs, it can be expected

that the relative attractiveness of that particular facilit: will

diminish,, all other factors being equal, and that demand will slacken
O to the point where a form of equilibrium results. For purposes of this

study, equilibrium is defined as the point of maximum capacity

2005 161
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as established by recreation standards. In the instance where current

peak use is below the design capacity, future peak use estimates have
been determined through either the application of activity demand pro-
jections developed by various governmental agencies or by the assumption
that peak use will reach peak capacity in the very near term.

The application of these supply and demand concepts to the projec-
tion of the future seasonal transient population are described in more
detail in the following subsections.

Estimates of Peak Capacity
O

Since the nature of the components which together constitute the
seasonal transient population are varied, peak capacity or supply

estimates were derived in several ways. In the case of hotels, motels,

g camps, and institutions, the number of beds available (now and in the

future) form the basis for the determination of peak capacity. The

owners or directors of each facility were contacted and asked to provide
estimates of their peak capacity in addition to estimates pertaining to

g their future capacity. Columns 1 and 2 of Table 3.4-1 summarize the
present and future capacities associated with these facilities. With a

single exception, all peak capacity estimates are expected to remain
unchanged in the future. Jordon llospital, on the other hand, is anti-

g cipated to increase its capacity from the current load of 131 persons to
183 persons by 1980; 223 by 1990, 263 by 2000; 303 by 2010 and; 343 by
the year 2020. Based on conversations with various owners in addition
to officials from the Plymouth Chamber of Commerce and the Plymouth

g Industrial and Development Commission, no new construction of hotels,
motels, camps or institutions is expected to take place in the town.I
In *he case of hotels and motels, the seasonal nature of the business is
thought to act as a deterrent to construction of additional lodging

g accomodations in the town, particularly when the Boston Metropolitan
area with its numerous hotels and motels is within close proximity. The

typical Plymouth hotel or motel reaches peak capacity only during a two
to three week period of the summer. During the remainder of the year,

g many hotels and motels are predominantly vacant.

2nj m ggq5tg.



In a similar manner, estimates were obtained for the present and

future peak capacities associated with the major tourist attractions

found in the study area. Columns 1 and 2 of Table 3.4-2 summarize these
statistics. Since Plymouth's major tourist attractions predominantly

center around historic sites, future expansion plans and new developments

are generally precluded. As a result, current peak capacity estimates
O

will continue indefinitely for most of the activities. Two exceptions,

however, should be noted, the Pilgrim ifall Museum and Plimoth Planta-

tion. The former may double its capacity by 1990 provided that suffi-
cient funds can be raised. The latter facility expects a doubling of

9
capacity by 1980.

Peak capacity estimates for the various recreational facilities

were developed through the use of recreation standards promulgated by
the Bureau of Outdoor Recreation, U. S. Department of the Interior.

O
These standards are presented in Table 3.4-4. Due to the types of

activities associated with Plymouth's recreational facilities, the

applicable standards used to determine peak capacities are as follows:

OParks, playgrounds and play fields 50 persons per acre

Outdoor swimming beaches 218 persons per acre

Peak capacities were then determined through multiplying the tcreage
Ocontained within each facility by the appropriate standard. Capacity

figures are presented in Table 3.4-5. The Superintendent of the Plymouth
D:partment of Parks and Playgrounds indicated that there are no plans to
either expand the size of the existing recreation facilities or to

develop new ones within the study area. Therefore, it is assumed that O

current peak capacities will remain constant into the future.

It should be noted that the population standards expressed in Table
3.4-4 represent generalized nationwide guidelines and reflect considera-

Otion of the necessity to preserve an acceptable level of quality of
recreational activity. Since these are only meant to represent planning
guidelines, local and regional variations in the interpretation of what
constitutes an adequate level of service should be expected. liowever,

for the purposes of this study, it is assumed that Plymouth conforms to
the national norm.

<[fsd dy4/2 ~
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TABLE 3.4-4

g RECREATION STANDARDS BY ACTIVITY

Type of Facility Standard

1. Community, neighborhood parks, play
O grounds and playfields 50 per acre

2. Outdoor swimming pools 4 per hundred sq. ft.

3. Outdoor swimming beaches 218 per acre

4. Picnic tables 5 per table

O 5. Picnic areas 40 per acre

6. Developed camping sites 4 per site

7. Boat slips and moorings 4 per slip

8. Boat lanes 4 per lane
O 9. Parking spaces at boat ramps 4 per space

10. Tennis courts 4 per court

11. Iliking trails 20 per mile

12. llorseback riding trails 20 per mile
O 13. Bicycling trails- 80 per mile

14. Motorized vehicle riding trails 40 per mile

15. Nature of interpretive trails 1/ 211 per mile
16. Golf courses

O Regulation 8 per hole

Par 3 4 per hole

Executive 4 per hole

g 1/ Based on a standard of one person per 25 feet of trail.

SOURCE: U. S. Department of the Interior, Outdoor Recreation: A
Legacy for America, Appendix A: An Economic Analysis,

9 December 1973.

O
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TABLE 3.4-5 O

ESTIMATED PEAK SEASONAL TRANS1ENT POPULATION, 1975-2020

Persons Associated with: 1975 1980 1990 2000 2010 2020
0

1. Ilotels, Motels, Camps
and Institutions 2,473 2,525 2,565 2,605 2,645 2,685

2. llistoric Sites 1,560 2,060 2,360 2,360 2,360 2,360

3. Recreation Facilities 10,454 10,985 11,832 13,146 14,395 15,706

Total 14,487 15,570 16,757 18,111 19,400 20,751

O

O

O

O
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O

Estimates of Peak Use

O Column 3 of Table 3.4-1 summarize the peak use estimates for the
various hotels, motels, camps and institutions found within the study
area. Based upon a comparison between the peak use estimates in the
peak capaci y estimates given in Column 1, it becomes evident that theset

O facilities operate at peak capacity during some period of the year. In

light of the lack of expansion plans as evidenced in Column 2, future
peak use estimates for hotels, motels, camps and institutions are assumed
to remain the same as those experienced at present. One exception

9 should be noted, however. Jordan llospital is expected to increase its
peak capacity in the future. There fore , it is assumed that the future

peak use of this hospital will reflect the projected increases in peak
capacity for each decade indicated.

O Table 3.4-5 summarizes the projections made by decade for the peak
seasonal transient population. It is estimated that the future popula-

tion associated with hotels, motels, camps, and institutions will
increase from 2,473 in 1975 to 2,685 in 2020.

O Column 3 of Table 3.4-2 indicates peak use estimates for the
various historic attractions found within five miles of the Pilgrim

site. Based upon a comparison between these estimates and the peak
capacity estimates shown in Column 1, it is evident that these facilities

O also operate at peak capacity during some period of the year. Based

upon this data and upon the future capacity information given in Column
2, it is estimated that the peak population associated with the historic
sites will increase from 1,560 in 1975 to 2,360 in 2020. This assumes

e that the expansion plans for Pilgrim llall Museum and for the Plimoth
Plantation are implemented on schedule and that the projected peak
capacities of each are immediately realized.

Columns 2 and 3 of Table 3.4-3 illustrate peak use and peak capacity
O

comparisons for the major recreational facilities found within the study
area, The data indicate that with the exception of two facilities, peak
use exceeds peak capacity. There fore , it is assumed that future peak
use will be the same as current conditions, except for the latter two

O exceptions.

The two facilities which are estimated to be operating under their
respective peak capacities are Cleft Rock, a 9 acre park and Plymouth

2005 167"""'"
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For the purposes of future peak use projections, it has been assumed
that in the case of Cleft Rock, peak operating capacity will be achieved

Oby 1980. However, due to the large difference between peak capacity and
peak use in the case of Plymouth Beach, future peak use estimates were
made on the basis of recreation demand projections formulated in the

5fassachusetts Outdoor Recreation Plan (1973).
g

According to the estimates made by the 5fassachusetts Department of
Natural Resources, the demand for outdoor swimming facilities in South-
eastern biassachusetts was 16.5 million activity days in 1970 and is
expected to be approximately 21.0 million in 1985 and 32.5 million in
2000.I ) g

Through interpolation and extrapolation it has been estimated
that the rates of change in demand for swimming in Southeastern
otassachusetts will be as follows:

1975-1980 8. 3's

1980-1990 2 6.1 *,

1990-2000 32.11

2000-2010 2 3.1 *.

2010-2020 19.7's

These ntes of change in demand compare reasonably well with projections
published for the U. S. in Selected Outdoor Recreation Statistics, U. S. O

Department of the Interior, Bureau of Outdoor Recreation. ( ) Again,
through interpolation of the data contained in this latter document, the
following rates of change are projected:

O
1975-1980 16.4%

1980-1990 38.9%

1990-2000 28.5's
9

2000-2010 24.1%

2010-2020 18.9%

After applying the appropriate future rates of change in demand to O

current annual attendance figures, the future annual attendance at
:

Plymouth Beach was estimated. The peak future attendance at Plymouth
\

.



O

Beach was then estimated by applying a ratio between current peak
attendance and carrent annual attendance. It is estimated that theg
current peak at ondance is 3,000 persons and that the annual attendance
is 43,000. Applying a ratio of 0.07 to the estimated 2020 yearly
attendance figure of 114,304, results in a peak 2020 estimate of 8,000.

g The reasonableness of this estimate may be ascertained when viewed

against both the projected maximum capacity and the physical layout of
the beach itself. Plymouth Beach is nearly three miles long and cor. cains

about 83 acres. Based upon the standard of 218 persons per acre, the

g projected maximum capacity would be approximately 18,100. Since the

only point of access to the beach is from the south end and since there
are no roads which run the length of this three mile area, major portions
of Plymouth Beach remain generally inaccessible to the public.

g This fact alone serves to limit the use of the beach in spite of its

size.

Tabic 3.4-5 sumarizes the projections made by decade for the peak
seasonal transient population associated with recreation facilities.

g The data shows the peak population increasing from 14,487 in 1975 to
20,750 in 2020.

pistribution of the Future Peak Seasonal Tra:.sient Population

O Figures 3.4-2 through 3.4-6 disaggregate the projections provided
in Table 3.4-5 and indicate the distribution of the peak seasonal tran-

sient population within the 112 sectors contained within the study area.
Although the total seasonal transient population is expected to increase

O from the current level of 14,487 to 20,751 in 2020, the entire growth is

expected to occur in portions of three radial sectors only', the WNW, W,

and SSW sectors. Changes in the transient populations of these parti-

cular sectors is attributed to the future growC.1 %pu ted in the following
O activities:

e Jordan Hospital

e Pilgrim Hall Museum

e s Plimoth Plantation

e Cleft Rock

e Plymouth Beach 2005 169
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All other activities and facilities are expected to maintain their

currentTeakpopulations.

3.5 Total Peak Population

Figures 3.5-1 through 3.5-6 present estimates of the present and
future total peak population for the study area. These figures are

derived from aggregating the results of the previous analyses concerning
the year-round, seasonal resident, and seasonal transient populations.

Figure 3.5-1 indicates that the current peak population within five
miles of the Pilgrim site is approximately 37,861 persons. Less than

29% of the peak population is situated within 21/2 miles of the site.

Figure 3.5-6 illustrates the distribution of the 2020 peak population.
_ . The greatest proportion of this 62,500 population is expected to reside

between 4 and 5 miles from the site while less than 27'6 will be located
within 21/2 miles of the facility.

.
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FOOTNOTES - SECTION 3

(1) Siegel, Jacob, " Development and Accuracy of Projections of Population
and flouseholds in the United States", in Demography, Volume 9,
Number 1, February, 1972.

(2) Keyfitz, Nathan, "On Future Population", in the Journal of the
American Statistical Association, Volume 67, Number 338, June, 1977. g

(3) Not used.

(4) Interview with John Whitehouse, Plymouth Planning Department, April
30, 1975.

(5) Telephone conversation with Mrs. Gonsalves, Plymouth Water Commission,
April 22, 1975.

(6) Permits were issued for the construction of 63 additional year-
round dwelling units between January and March of 1975. Using the
Water Departments average household size of 3.0, the net addition
to the population is approximately 189.

(7) Year-round dwelling units include occupied dwelling units in addition
to vacant units for rent or sale. The latter group was included
in order to establish a peak estimate of the permanent population.

(8) " Plymouth is Crowing: The Question for Tomorrow is Not h11ETilER We
Will Grow . but 110N", An update of the Town's Plan for Future
Development and Zoning Bylaw, proposed by the Plymouth Planning
Board and prepared by Dober, Paddock, Upton and Associates, Inc.,
Planning Consultants, Cambridge, Massachusetts, 1972.

(9) PSAR, 2-17

(10) liarbridge flouse, " Social and Economic Impact of a Nuclear Power
Plant Upon Montague, Mass. and the Surrounding Area", November
1974.

(11) Kain, John, "The Journey to Work as a Determinant of Residential
Locatica", Papers of the Regional Science Association, IX, (1962).

(12) Mayo, Stephen, " Local Public Goods and Residential Locations",
unpublished doctoral dissertation,liarvard University, (1972).

(13) Alonso, William, Location and Land Use, liarvard University Press,
Cambridge, 1964.

(14) liarbridge flouse, " Social and Economic Impact of a Nuclear Power
Plant Upon Montague, Mass., and the Surrounding Area", November,
1974. This study was prepared for the Town of Montague and is in
part based upon case histories, one of which involves Boston
Edison's Pilgrim Unit I.
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FOOTNOTES - SECTION 3 (Cont'd)

(15) New England River Basins Commission, How to Guide Growth in South-
eastern New England, May, 1975.

(16) New England River Basins Commission, Interim Report: Socio-Economic
and Environmental Framework, Volume 1 (Base Report) and 2 (Appendix
Tables), March, 1973.

(17) Telephone conversation with Mr. John Green, Project Coordinator,
Economic Research Service, U. S. Department of Agriculture, April
14, 1975.

(18) Personal interview with Mr. Ray Friedan, Director, Plymouth Planning
Department, April 30, 1975.

(19) Personal interview with Mr. Ray Friedan, Director, Plymouth Planning
Department, April 30, 1975. Telephone interview with \fr. Ray
Friedan, May 6, 1975.

(20) Attempts were made to contact approximately 22 Plymouth realtors
on May 1, 1975. Successful contact was made with 7 realtors in
addition to the Chamber of Commerce and the Plymouth Police Depart-
ment. This limited survey indicated an average peak weekday
occupancy rate of 4 persons per unit and an average peak weekend
rate of 5 persons per unit.

(21) Telephone conversation with Mr. William Downs, U. S. Bureau of the
Census, May 6, 1975.

(22) Personal interview with Officer Peter Paulding, Plymouth Police
Department, April 30, 1975.

(23) Personal interview with Mr. Ray Friedan, Director, Plymouth Planning
Department, April 16, 1975. Personal interview with Mrs. Helen
Moon, Plymouth Building Department, April 16, 1975.

(24) Telephone conversation with Mr. Allan Stapleton, Managing Director,
Plymouth Chamber of Commerce, May 5,1975. Telephone conversation
with Mr. Melvin Coombs, Director, Plymouth Industrial and Develop-
ment Commission, May 6, 1975.

(25) Massachusetts Department of National Resources, Massachusetts
Outdoor Recreation Plan, Trends and Activity Days for 4 Activities,
1970, 1985, 2000 - Southeastern Massachusetts (January, 1973).

(26) Bureau of Outdoor Recreation, U. S. Department of the Interior,
Selected Outdoor Recreation Statistics, G.P.O., Washington, 1971.
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4. TRANSPORTATION NETWORK DESCRIPTION

In order to evaluate the time required to evacuate the area within
2.5 miles of Pilgrim Station by automobile, the transportation system

characteristics must be established. To set the framework for the

description of the site area, the general categories of roadways are
defined. The local road network is described in detail with particular

attention to routings ani capacity constraints.

4.1 Roadway Functional Classification

Roadway networks are generally described by their primacy function.
hhile the names of these classifications vary, they may be described as:

e Expressway - A limited access facility, with directional

division barriers, whose primary purpose is to move traffic at
high speeds between population centers. Although no express-

ways lie within the 2.5 mile radius under consideration for

evacuation, Massachusetts Route 3, an expressway located im-

mediately outside the area, will be a primary evacuation
route. The road to Route 3 from Route 3A is also of limited

access and lies partly within the evacuation area.

(See Figure 4-1).

Arterial - A facility whose major purpose is to move throughe

traffic at lower speeds than those of expressways, and which
provides little if any control of access. Those arterials in

the evacuation area are Massachusetts Route 3A and, to a

lesser extent, Beaver Dam Road. Old Sandwich Road, by virtue

of its location, serves through rather than local traffic at

most points. However, because it is unpaved along much of its
length, it cannot properly be called an arterial.

e Collector - A facility designed to link neighborhoods and

collect traffic moving from local streets to arterials, as

well as from local to other local streets within neighbor-

hoods. Those roads in the evacuation area wnich are collectors
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are Rocky 11111 Road, the Pilgrim Site access road, White florse
Road, Manomet Point Road, Old Sandwich Road, River Street,

Taylor Avenue, and Doten Road.

L :a1 - The remaining streets in a road network, designed foro

low volumes and speeds, and primarily to give access to abut-
ting land uses.

The highways in the evacuation area are shown according to these
functional classifications in Figure 4-1.

4.2 Inventory of Key Roadways in Evacuation Area (Figure 4-1)

Following is an inventory of those roadways which would serve as
the major routes for the evacuation. All roads are two-lanc and un-
divided, with the exception of Route 3 and its access route from Route
3A, the so-called "M" route. Most data have been obtained during field

observations in spring 1975.

Route 3 - While not in the actual evacuation area, Route 3 would

carry much of the evacuation traffic from it. This is a limited access
facility which is the major route between Cape Cod and Boston. Nearby
interchanges are located at the Route 3A access road (the so-called "M"

route), at Clark Road near Beaver Dam Psad, and near Route 3A south, by
the Bourne town line. The major capacity constraint for this roadway is
the absence of breakdown lanes or paved shoulders. If a breaNown could

not clear the travel lanes, then significant capacity reductions would
occur.

Route 3A - Once the primary route to Cape Cod, this road has been

supplanted by Route 3 and no longer carries large volumes of through
traffic. Because of its varying characteristics, the road has been
divided into segments for purposes of this discussion. Throughout all
segments it is an arterial with one lane in each direction, no breakdown
lane, and intermittent shoulders.

Warren Avenue north - this portion of Route 3A lies immedi-e

ately outside the evacuation area, ir. +.he direction of Plymouth
Center. The average effective width is about 24 feet. The

roadway widens at the intersection of the Route 3 access
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road, and narrows again toward town. Little'if any parking

occurs at the sides of the road. Ilowever, steep grades occur

in places and would restrict capacity.

e Manomet Road from Warren Avenue to the Pilgrim site access

road - The major capacity constraints in this area are the
presence of grades with no breakdown, climbing, or passing
lancs. Route 3A passes through relatively undeveloped land
in this segment. Again, road width averages about 24 feet.
Posted speeds are 40 mph. There is little opportunity for
passing, as sight distances are impeded by both hori: ontal and
vertical curves and hills.

e Manomet Road to Manomet Point Road - Road width narrows to

approximately 26 feet in this segment, and the road passes

through more highly developed land. Terrain is a bit less

severe here although passing is limited.

e Manomet Road south from evacuation area - most of this section
lies immediately outside the evacuation area, but would carry

a large share of the southbound evacuating traffic. The

roadway continues at about a 26 foot width, with gently

sloping terrain and numerous curves. Some neighborhood

commercial development is adjacent to the road. No major

capacity constraints are present on this segment.

Beaver Dam Road - Beaver Dam Road extends from Route 3A at White

llorse Road to Clarl; Road, near Route 3 and Long Pond Road. This is a

two lane facility wich no breakdown lanc, and soft shoulders suitable

for parking only occasionally. Width is approximately 26 feet. The

development along the road is mostly residential. Terrain is not too

severe and, as with the other two-lane roadways, capacity constraints
are introduced by the lack of passing lanes and reduced passing sight
distances. Posted speed limits are 40 to 45 mph.

Rocky liill Road - Rocky liill Road extends from Route 3A near the

Route 3 connector along Warren Cove to Rocky Point, past the Pilgrim
site, by Priscilla Beach, and terminates at White llocse Road. Land

immediately adjacent is develope for residential.use near Warren Cove
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and Rocky Point, and also in the Priscilla Beach-Whitehorse Beach area.
In other areas there is insignificant development, with the Pilgrim site
occupying much of the land on either side of the road near Pilgrim
Station. The road is two lanes throughout, with a pavement width of
about 24 feet. Posted speeds are 30 mph. There is little passing
opportunity, due mostly to hori::ontal, rather than vertical sight
restrictions. Otherwise, there is no major capacity constraint in this
collector.

Pilgrim Plant Access Road - Although a privately-owned facility
(Boston Edison), this road is included as a part of the network, since
it would be used in an evacuation. It consists of two lanes and is
about 26 feet wide. There is no parking along its length. It extends

from the plant past Rocky Hill Road to Route 3A. No capacity constraints

ex i. st .

Priscilla Road - This is a residential collector, which while

secondary in length and width, would be the first exit point for many in

the Priscilla Beach area. Capacity is restricted by narrow effective

widths in some areas due to parking, restrictive lateral clearances in

others, and some moderate grades.

Taylor Avenue - This road is the major shore road in the Whitehorse

Beach area. Road width is about 24 feet or less, but parked or stopped
cars, pedestrians, and restrictive lateral clearances reduce the effec-

tive width. There is commercial and residential development along the

road as well. Speeds average 30 mph or less. Taylor Avenue ends at

Manomet Point Road.

White Horse Road - This road extends perpendicularly between Route

3A at Beaver Dam Road and Whitehorse Beach and is the principal access
road from Route 3A to the beach. Between Route 3A and Rocky Hill Road

there is little, if any, parking, and two full lanes are generally

availabic for use. Posted speed limits are 30 mph, and there are slight

grades. Past this point, leading toward the beach, parked cars partially

block the road and constitute a potential capacity constraint. Speed

limits in this area are 20 mph. Throughout most of its length it is a

residential roadway with curbs on one side, soft shoulders o2@05 190
other. Roadway widths vary between 24 ard 25 feet.
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Manomet Point Road - Manomet Point Road is a minor co11cetor which

roughly parallels h'hite Horse Road. It is the major access route to

Manomet Point, and would be the logical exit route for many in the lower

part of the h'hitehorse Beach area. It extends between Route 3A and
Manomet Point. Adj acent land is moderately built up, and a school is

located here. Terrain is fairly level, speeds are low, and road width

is about 25 feet curb to curb. No major capacity constraints have been
noted.

Old Sandwich Road - This roadway would be only marginally adequate
in an evacuation because it is paved for only part of its length.

Beginning near downtown Plymouth, it forms an interchange with the Route

3 connector and proceeds southeasterly, intersecting Beaver Dam Road and
eventually Route 3A as it hcads toward Sandwich. However, it lies only

partially in the evacuation area, and becomes less passable as it nears
Beaver Dam Road. Nevertheless, it could serve as a suitable evacuation

route for a small number of autos.

Clifford Road - Although more of a local' road in character, it also

could serve as a collector for evacuation purposes. The road lies

between Route 3A, just north of the Route 3 connector, and Old Sandwich
Road. Between Route 3A and River Street, a very short segment, the road
is straight, with no shoulders, and has a minimum width of about 18

feet. 30 mph is the maximum posted speed limit. Between River Street
and Doten Road, it is a winding road in only fair condition and is 18
feet wide. Hills, curves, and narrow width present major capacity
constraints. The area between Doten Road and Old Sandwich Road is
primarily rural, with the major capacity constraint being a narrow
bridge at one point.

DotenRoad,BartlettRoad,kussellMillsRoad,JordanRoad,
Brook Road - These facilities are minor collectors and major

local roads which would also be usable in an evacuation. They
are all two-lane roadways, with little if any room at the sides for

parking. Most are in rural, hilly terrain with numerous curves and

restrictive passing distances.
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4.3 Key Intersections in Evacuation Area

OBoth under normal operating conditions, and in heavy traffic,
intersections are usually the constraining factors in the capacity of a
roadway system. This is especially the case where traffic control is
necessary because of large volumes. In the evacuation area, and immedi-

ately outside of it, there are no signalized intersections. Most

intersection control consists of signing, usually STOP signs. This lack

of signalized control will probably aid in a controlled evacuation,
since such controls would have to be overridden to facilitate the flow
of outbound traffic. In such instances, intersection capacity would be

limited by physical arrangement, rather than by traffic control devices.
Key intersections in the proposed evacuation scheme are listed

below, and are shown in Figures 4-2 through 4-7.

Route 3 Access Road / Route 3A - Route 3A divides as it approaches

this intersection (it is more of an interchange than an intersection,

since ramps are used between the two roadways). The soutnbound lane of
Route 3A becomes two lanes after it is joined by castbound traffic from
the access route. It becomes one lane again south of the intersection.

The northbound side also becomes two lanes, the right one continuing

southbound, the left one going under the southbound lane of Route 3A and
becoming the on-ramp to the access route westerly. Such a configuration

would not pose significant problems if one way outbound control was

instituted on both lanes.

Route 3A/ Rocky 11i11 Road - Currently, traffic control consists of

a STOP sign on Rocky 11i11, and small islands for channeling turning

vehicles. Entering traffic to Rocky 11111 Road from Route 3A south must

turn left around a small island. In an evacuation, the reverse move is

nossible but not as easy as the regular turn, because of the angic of

the turn involved.

Route 3A/ Pilgrim Access Road - As above, traffic control consists

of a STOP sign on the access road and islands for channelization. If it

were desired to reverse flow on the inbound lar.e for evacuation purposes,
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it might be easier to route vehicles onto Route 3A the same way that
they enter, rather than to have traffic make difficult turning movements

around the traffic islands.

Route 3A/ Beaver Dam Road / White llorse Road - STOP signs are

located on the latter two roads at Route 3A. Approaches are fairly
straight and turns are well-rounded.

Route 3A/Manomet Point Road / Strand Avenue - STOP signs are the

only traffic control. Strand Avenue would be a possible capacity con-
straint here as turns onto Route 3A south are difficult. Vehicles making

such a turn might hinder traffic entering from Manoment Point Road.

Rocky llill Road / Pilgrim Access Road - No major problems are found
here. STOP signs are located on the access road, in favor of Rocky Hill
Road.

Rocky liill Road / White llorse Road - At the cd of Rocky liill Road is
a STOP sign. The intersection configuration would make it difficult,
though not impossible, to allow two turning lanes onto hhite Horse
outbound.

Robbins 11ill Road /hhite llorse Road - This intersection would be a
key turning point for all traffic leaving by Priscilla Road from the

beach. Robbins 11111 Road is about 26 feet wide and the right turn onto

hhite llorse Road would accenodate two lanes of traffic more readily

because of the less severe turn. No major capacity constraints are

seen.

Taylor Avenue /Manomet Point Road - This would be a major inter-

section for existing hhite florse Beach traffic via Manomet Point Road.
The intersection is actually in the shape of a triangle with two chan-
nelization islands. Right turns onto Manomet Point Road from Taylor
Avenue could be accomplished with two lanes of traffic cither by re-
versing the normal left-onto-Taylor lane, or by having vehicles use the
lane normally reserved for left turning vehicles onto Manomet Point Road
from Taylor. Widths are sufficient to maintain capacity.

4.4 The 1990 Network, Plymouth Area

Despite the fact that it is required to estimate evacuation demand
for the year 2020, the road network cannot be confidently defined for

,
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O

that year. The latest year for which reliable estimates are available
is about 1990, a 15-year time horizon. Even for 1990, it is difficult

O
to predict what changes the local network will undergo, since such
changes are very much dependent upon local home and business construction

and subdivision approvals. It is assumed that any development to 1990

will be accompanied by local road improvement only. The road development
O

would probably hinder traffic flow, since through route capacity on
arterials is likely to remain unchanged, while more feeder routes from
collectors and locals would provide turning movement conflicts.

According to the Massachusetts Department of Public Works, the O
projected 1990 network which models the more major roads, shows no major
changes from that of the present system in the evacuation area. III In

the larger Plymouth area, only the widening and realignment of Route 44
(Samoset Street) is planned and that should not affcet traffic flow in
the Pilgrim Site area. 'There has been talk of widening Route 3 to three
lanes in each direction down to the Cape, but this is not reflected in
current DPW plans. This widening is, however, in the Regional Plan
adopted by the Regional Planning District.( ) To be conservative,
this improvement tas not been included in the calculations.)

To summariza, .many minor access changes are possible (or anticipated)
in the local network by 1990, but to incorporate them in a future network
plan is not feasible. Changes on major routes, either in construction
or reconstruction are not foreseen at this time, according to Massachusetts

Department of Public Works plans.

4.5 Traffic Counts

A limited number of traffic counts are available for the designated

evacuation area. Counts are available from the Massachusetts Department

of Public Works for the two state highways, Routes 3 and 3A. On local

roads, no formal counts have been taken, although limited counts by an
individual have been conducted. Data for the average daily traffic

volumes, shown in Figure 4-8, are from two sources: (1) Massachusetts
DPW continuous counts (a permanent station on Route 3) and coverage
counts (short term on Routes 3 and 3A); and (2) short-term counts con-

ducted by a private consultant for a study being prepared for a potential
development in the Pine Ilills acea near Route 3A.I') The volumes in

f{ ? g. , 8 y Q
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O

Figure 4-8 represents average daily traffic adjusted for seasonal varia-

g tions and for compatibility between counts.
The only point for which month-by-month traffic variations are

known is the section of Route 3,1.5 miles north of the Bourne Town

line. This is at the DPW continuous counting station. Seasonal varia-

g tion is shown in Figure 4-9.

Although direct comparisons between Route 3, which carries large
volumes of through traffic destined for Cape Cod, and roads carrying
local traffic are not proper, Plymouth does have seasonal attractions

g similar to those of the Cape. Figure 4-9 is therefore at 1 cast an

indicator of Plymouth traffic variations especially near resort areas.
The very high July and August peaks are typical of traffic peaks near
summer recreational areas.

8
4.6 Travel Time Data

Field studies were conducted to determine the probable travel time
per vehicle to evacuate the 2.5 mile radius area around the Pilgrim

8 power plant. From these tests, conducted at the assumed evacuation

speed of 30 miles per hour, the travel times from certain key points
were determined and are shown in Table 4-1. These are based upon

actual travel times exclusive of stops, but including slowdowns for
8 curves and intersection approaches and turns. Based upon these results,

the time required to clear each evacuation sector, where free flow is
predicted to occur, can be calculated.

These travel times represent actual running times at 30 mph. This
8 figure is used for a number of reasons. Empirical results have in-

dicated that capacity flows are achieved on a roadway with no access
control at about a 30 mph operating speed. (For limited access highways
the relevant speed is 35 mph).b) By definition, therefore, 30 mph is

8 the average travel speed at which drivers maintain a minimum time

headway (since average time headway is inversely proportional to through-
put, or hourly volume.) If traffic is assumed to start out at 20 mph,
drivers, for physical and psychological reasons, would tend to diminish

h
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TABLE 4-1

PROBABLE TRAVEL TIh!E PER VEllICLE NEEDED TD EVACUATE 11!E 2.5 bilLE

C/ RADIUS AREA AROUND 'lllE PILGRIh1 POWER PLANT

N
,'

Origin Destination Travel Time (Flin)
"

Power Plant Entrance at Rocky 11ill Road Rt. 3-A at Rocky 11111 Road 4.3
rI
i Rt. 3-A at Rocky 11111 Road Junction of Rt. 3 and "Fl" Route 4.4/

''
Rt. 3-A at Rocky liill Road blanters Point Road (Off 3-A) 2.6
Rt. 3-A at Pilgrim Access Road Rt. 3-A at Rocky 11111 Road 4.4
Doten Road at Bird Sanctuary Rt. 3-A via Clifford 2.8
Doten Road at Bird Sanctuary "h!" Route via Cliff ord and

Old Sandwich 3.6-

Clifford at Old Sandwich End of Paved Part of Old Sandwich 2.0'

N
g Power Plant Power Plant Entrance 0.8
OG Power Plant Entrance at Rocky 11i11 Road Rocky 11111 at Valley Road 1.7ulD

Power Plant Entrance Rt. 3-A at Power Plant Road 2.2
N
o Power Plant Entrance at Rocky llill Priscilla Avenue at Wellington via

@ Rocky 11i11 1.9
'

Power Plant Entrance at Rocky 11i11 White florse at Rt. S-A 3.0
White llorse at Brentwood 2.5 h!ile Limit on Beaver Dan 3.0
Rocky 11111 at Valley Road 2.5 blile Limit on Beaver Dam 3.7
Charlmont Lopresti at Rocky 11111 and White

llorse 1.3

Brook Road at No. 3-A Intersection Brook Road at So. 3-A Inter. via
Priscilla 2.1

3-A at Bartlett Bartlett at Ray 1.6
,)

3-A at Bartlett 3-A at Delancy 1.5

Taylor at St. Charles 3-A at Delancy 3.1\
liighland Avenue Samoset at htanomet Avenue via

blanomet Avenue 1.2
1
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their distance headway, but not enough to offset the greater time

headway being induced by the slower speed. Similarly, traffic at 40

mph would tend to space at greater distance headways such that time

headways would be less than those at 30 mph, despite the influence of
higher speeds.

Furthermore, 30 mph represents the most reasonable speed to asstrne g
based upon safety considerations. Since most capacities per lane yield

an average headway of between 2.0 and 2.5 seconds, a 30 mph speed implies
distance headways of about 90 to 110 feet. And, since stopping distance
at 30 mph is calculated conservatively to be 92 feet under dry condi- g
tions on a level grade, the 30 mph average speed represents a reasonable
estimate. A sensitivity analysis comparing evacuation times at average
travel speeds of 20 mph and 40 mph has been performed. The results are
presented in Appendix D. g

4.7 liighway Capacities

One of the major variables in estimating evacuation times is the
capacity of the road system to be used. Capacity is a function of both M
roadway and traffic characteristics, and can therefore vary depending
upon the type of traffic being carried. The ideal capacity under normal
operation of a two-lane undivided rural highway, with no major inter-
sections, is 2000 vehicles per hour in both directions, regardless of 4
directional distribution. This is somewhat reduced if there are
narrow travel lanes or nearby lateral obstructions, such as parked cars.
The fraction of trucks, grades, and other factors also lower the effec-
tive capacity. Conversely, improved methods of traffic control, lack of 4
turning movement conflicts, and uniformity of traffic mix can raise

capacity.

For the purposes of this study, capacity calculations were required
in order to evaluate the ability of the road system to move the traffic N
that will be required in an evacuation of the area surrounding the
Pilgrim site. Ilowever, not all roads would be operating as they do
normally, and capacities would be affected accordingly.

Due to the magnitude of the expected demand and the width and 4
layout of roadways, only three types of traffic flow are expected to be
needed:
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Normal operation on all facilities (Mode #1).

N This implies two-way flow during operation. Since all incoming

traffic is assumed to be prohibited within the 2.5 mile radius, normal

operation would continue only on local streets, especially near the

beaches. In this area two-way travel is required to facilitate movement

N of parked vehicles which might otherwise be unabic to move, and to

facilitate access to a collector or arterial.

Normal operation on one side of the facility only (Mode #2).

$
This operational mode would pertain only to two-lane roadways. In

this case traffic proceeds in the usual direction and in the usual lanc,

but there is no opposing flow. This type of operation is most likely to

occur in areas near the perimeter where incoming traffic is blocked, and

on those collectors and arterials which are main routes for evacuation,

but which also have entering evacuating traffic frem many points. It is

assumed that the free lane would make entering the evacuation queue a

smoother maneuver and would minimize disruption of the flow, since
merging distances would be greater.

Reverse flow on the usual inbound side of a two-lane facility

(two-way outbound) (Mode #3).
h

This type of operation would occur in high population sectors along

main collectors or arterials after most traffic has entered the queue.

The purpose is to move as much traffic as possible out of the evacuation

p area in as short a period of time as possible.

Capacities have been calculated for each of the key evacuation

routes in the Pilgrim station area for all possible modes of operation.

To facilitate these calculations, a number of assumptions were made:

h
No significant number of trucks would be involved in the evacuation.

While there would be trucks present on the network at the time of noti-

fication, these would be cleared along with existing traffic before the

evacuation of persons in the area itself begins. Road closings by

traffic control personnel would prevent any other vehicles from entering

the area. There may be some who have no r: course other than to use

* O#we; f5' Dis 7
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trucks to evacuate the area. It is assumed that these people would be
encouraged find other means to leave, such as in another automobile.

hNevertheless, in the capacity calculations, a factor of three percent
trucks in the traffic mix was used for most through or non-residential
streets. This is a realistic, if not conservative, assumption. In
other areas, a l'. factor was used. g

it is expected that some on-street parking would remain throughout
the evacuation. In other words, it would not be the intent to evacuate

all vehicles from the area, merely all persons. Therefore, parked
vehicles have been included as lateral obstructions in the capacity %
calculations at all points where it is currently either allowed or
occurring.

Certain traffic control measures would be abandoned, and others %
instituted to maximi::e possible capacity. These changes include, but
are not limited to:

Manual override of STOP signs by police or emergency personnel ge

stationed at key intersections;

Little or no conflicting turning movements in the traffice

flow;

Constant 30 mile per hour speed, as explained in Section 4-6.e

This measure would not be possible at all points, as slower
speeds will be required at intersection turns, and at some
intersections, the queue would be stopped to allow other

%vehicles to enter. However, when the main stream is moving,
it would average 30 mph, the speed most likely to produce.

capacity flow;

Cleared right-hand travel lanes on Route 3 to facilitate ge

merging by evacuation traffic;

In certair. cases, reverse flow could be instituted so thate

there is additional outbound capacity with minimal friction
from entering or opposite traffic; %
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Any other special means availabic to police and emergencye

gg personnel to aid traffic flow, such as helicopters, special

communications, etc., would be used as needed.

Downstream effects which might restrict capacity would be minimized.
In an actual evacuation, there will be a limit beyond which it is not

D9
planned to evacuate the populace. Nevertheless, evacuating traffic must

pass through this perimeter to be beyond the 2.5 mile limit. Events

such as lane blockage in the external area, or conflicts with local
traffic which is not evacuating, could restrict capacity upstream in the
evacuation area. It is, t' erefore, assumed that :

If needed, suitable staging areas would be established outsidee

the evacuation area to accommodate evacuating vehicles so that
N they would not come to a halt or otherwise interfere with

orderly flow upstream. Because the first priority is to clear

the 2.5 mile area, the staging areas may be located on main
routes outside that radius, to the detriment of other traffic

O llowever, it is not anticipated that this would be required.

1.ocal residents outside of the evacuation area would be dis-e

couraged from using the ma ' evacuation routes. Means for

closing evacuation rou+.es would be left to proper authorities.

It is assumed that these capacities, and therefore flow rates,
apply to evacuation routes relatively free of conflicting intersections.
In the beach areas, as previously mentioned, traffic control measures

O
would be needed to allow traffic to enter the stream. Calculations of

individual intersection capacities were not performed. As explained
in Section 5, such calculations are not necessary, since a macroscopic,
rather than microscopic analysis is employed.

O
In addition to these assumptions concerning traffic policy and

factors affecting capacity, the following factors were included in the
calculations:

$ Normal operation capacities (mode #1) were calculated in the usual
manner for extended sections of roadway. In all cases, the limiting

capacity was taken to be the lowest of alj sections calculated for that
roadway. r 09

h \
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In those cases where capacities were calculated for reverse flow

(mode #3), it was assumed that procedures governing the computation of
Ncapacity for " undivided multi-lane highways" apply. The reasons for

this are: (1) although there is no opposing traffic as is assumed in

usual calculations for undivided multi-lane roads, it is estimated that

the friction factors associated with traffic traveling in an unfamiliar
Mway (i.e., in the opposite direction than is usual) roughly approximates

that of friction factors associated with normal opposing flow on an
undivided multi-lane road; (2) standard procedures for dealing with this
kind of flow have been developed only for limited access highways, since

M
these are the only kind generally built for one-way-only traffic in

rural areas. But these evacuation roadways, although being used under

special conditions, will not have complete control of access, despite

increased traffic control. En+ering traffic will still disrupt the main
M

stream in a manner similar to a non-limited access situation; (3) since

passing sight distance should not be a factor, two lane calculations

were not used.

For operation in one direction, but in the usual travel lanes

only (mode #2), one-half the capacity calculated in mode #3 was used.
Again, since passing sight distance is not a factor here, this procedure
was more apnropriate than using "two lane rural" calculations. (Further-
more, to justify the use of two-lane road calculations would require U
assuming that flow is split 100's-0'., directionally. While theoretically

possibic, this does not occur, and it is not reasonable to allow for

such a directional distribution.)
The results of the capacity calculations are shown in Table 4-2, U

for each of the three modes of operation, and by segment of road, where
applicable.

No separate capacity calculation was made for the ramps to Route 3
from Clark Road. The reason is that the right-hand through lane on

Route 3 in each direction is as<- to be cleared prior to evacuation.

Sinc: merging with the right-hand lane is the most significant con-
straint on ramp junction capacity (assuming no constrair.ing geometric
effects), no capacity restrictions are anticipated in the evacuation on
the ramps. Assuming that Level of Service D prevails on the ramp (see
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TABLE 4-2

CAPACITIES OF KEY EVACUATION ROUTES
4

Route Location hfode #1(") hfode #2 hiode #3 C

1 +

$ Route 3 and "h!" Route (Route 3 Connector) 2,840 1,420

Route 3A Warren Avenue 1,830 2,800 1,400

hianomet Road Between
Warren and Edison Road 1,060 2,450 1,225

hianomet Road Between
Edison Road and b!anomet
Point Road 1,485 2,440 1,220

blanomet Road BetweenS blonomet Point and Terminus 1,645 2,800 1,400

Rocky liill Route 3A and Edison 1,685 2,930 1,465

Edison and hhitehorse 1,350 2,425 1,210

% Beaver Dam Entire 1,485 2,690 1,345

hhitehorse Between Route 3A and
Rocky Hill 1,585 2,750 1,375

Between Rocky Hill and
# Beach 1,080 2,110 1,055

blanomet Point Entire 1,585 3,030 1,515

Taylor Avenue 1,105 2,345 1,170
"

N Priscilla Road 1,200 2,505 1,250
"

River Street 1,325 2,790 1,395
"

Old Sandwich Road 1,240 2,425 1,210
"

W Clifford Road 1,015 1,790 895
"

Route 3 Ramps 1,640 51aximum (C)
1

I")Two-way flow total
)One-way flow

(c) Actgal ramp mlume turning movement onto ramp estimated at s 1,00u vehicles per hour.
(~ < < \
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highway Capacity h!anual), one may project a free flow romp volume of
about 1,640 vehicles per hour on eacn on-ramp. This is just about the
feeder route capacity (Beaver Dam Road). Neither capacity would probably
be reached in any circumstance.

Finally, the capacities of the local roads and key intersections
were considered. These, in fact, would probably be the major delay

Spoints for individual vehicles in the evacuation, but quantitative
methods are of little value for both cases. 51ost local reads are so
short that uninterrupted flow is never attained. hiost traffic movement

here would consist of unparking, entrance from off-street parking, and
%movement toward a main collector or arterial for evacuation. Since

demand is placed on the street at many points, an hourly capacity
figure is not meaningful.

The uncertainty of capacity calculations for local roads and inter-
%sections, coupled with the imprecise nature of a plan such as this (the

latter dictated in part by police policy), have led to a macroscopic,
rather than microscopic approach to the calculation of clear times.
In this approach, individual delays at intersections and parking lots do

@not affect overall clear time, since there is assumed to be a constant
demand at kef points downstream. This is a reasonable approximation of
what would occur. This approach is further detailed in Section 5.

%

NOTES

1. Conversation with Personnel in the Planning Applications Section,
Bureau of Transportation Planning and Development, Department of
Public h'orks.

'

2. Adopted in 1972 by the Joint Transportation Planning Group,
Southeastern (blass.) Regional Planning and Economic Development
District.

g
3. "Seahill", Report No. 3, " Traffic Report", September 20, 1974.

4. liighway Capacity blanual
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5. EVACUATION TIME ANALYSIS

This section discusses the details of the proposed evacuation
procedure. The area to be evacuated is a roughly semi-circular segment

within a 2.5 mile radius of the Pilgrim site. This segment is sub-

divided into four sectors, three of which are of 45 each and one of

which is of 67.5* (see Figure 5-1). These sectors have been chosen to
reflect four general directions of evacuation for the sector designa-

tions. It should be emphasized that the evacuation analysis reflects
the assumption that individuals within all sectors would be notified at

the same time that evacuation is required and, therefore would evacuate
simultaneously. The formation of sectors in this case is primarily for

the purpose of evaluation of clear times in the various directions.

Ilowever, since the evacuation routes have been planned to minimize
conflicting traffic movements and to ref1cet the general arrangement of
population concentrations, should it be desired to evacuate individual

sectors, or conduct a sequential evacuation, the proposed evacuation
routes would still be satisfactory. liowever, under a sequential evacua-
tion plan, the proposed routes would not in each case be optimal, since
some circuitous routing (mostly in sector #3) was necessary to avoid
turning movemeni conflicts.

5.1 Vehicle Demand

The case chosen for evacuation represents the estimated population
load that is expected to occur within 2.5 miles of the proposed site on
the peak population day of the year. This population is most likely to
occur on a weekend or holiday in the summer, when beach, hotel, tourist
attractions and seasonal residence populations are at their highest. It

shoul.d be pointed out that in terms of the vehicular demand load, such
a day un be considered to be the worst case. Ilowever, in an automobile-
oriented evacuation, this may not necessarily be the worst case in terms
of auto availability. A weekday, during which the only auto in a one-
car family is unavailable due to'its use on a work trip, could represent
another type of limitation. Inasmuch as an upper limit of the time
required to clear the area is desired, :only the peak day has been

2005 2M
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analyzed. Ilowever, authoritics responsible for initiating a plan should

provide for non-peak-time cases through such devices as bus plans for
auto-less households.

Estimates of vehicular demand that would be placed on the network
during an evacuation are derived from the population estimates presented
in Section 3 of this report. The following assumptions were utili:ed in

arriving at demand estimates:

Year-round residential population would evacuate at an average of
2.5 persons per vehicle. This figure is based upon the assumption

that one vehicle per household would be used to keep the family
together. It would be the intent of all concerned to evacuate

persons most efficiently, not autos or other property. Since the

average household size in the area is 2.8 persons per dwelling
unit,II) the assumption of 2.5 persons per vehicle is a conserva-
tive one.

Seasonal residential population auto occupancy would be 4.0 per

vehicle. The average number of persons per seasonal dwelling unit 4
varies from 4 to 5.(2) Assuming the lower limit, and assuming the
same one vehicle per unit rule as with year-round residents, the

occupancy factor of 4.0 follows.

Whitehorse Beach population auto occupancy is 3.1 people per auto.

This figure is a reasonabic estimate of auto occupancy for those
beach attendees who would evacuate by car and who are daily
transients.(3) The estimated parking lot capacity near Whitehorse
Beach is 300 vehicles, but since there is likely to be some street

parking or illegal parking, use of the auto occupancy factor was
preferred. Because Priscilla Beach is not a public beach, it was

assumed that no transients would visit there (seasonal population
and guests only).

Demand by other recreational transient users (Cleft Rock, the Rocky

Point scenic overlook, etc.) was derived from vehicle parking
capacity. In these cases, lot capacity was deemed appropriate -

since little parking is likely to occur other than at
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There would be one vehicle per unit in hotels, motels, and guest

houses.

There are no camp sites in the 2.5 mile radius.

There are no historical sites, hospitals, convalescent or nursing

homes within the 2.5 mile radius.

There are no major commercial centers in the area. What retail

units do exist (small shops, restaurants, and the like), are

assumed to be patronized by segments of the population aircady
accounted for.

The use of these assumptions and the population figures previously
developed Icads to a conservative estimate of vehicle demand at the peak
time (i.e., a " worst case" estimate). The reason for this, aside from

the conservative occupancy factors, is the probable double counting
involved. It is unlikely, for example, that people staying at guest
houses, and who are probable beach users, would be in their rooms. Yet

they are assumed to use a vehicle in evacuating the beach at the same
time that they use one in evacuating the guest house. Sindlarly, some

year-round residents may be expected to be at Whitehorse Beach, and so

would be counted twice. This double counting is assumed to compensate
for any miscellaneous segments not included in the population categories,
as well as provide an upper limit of probable vehicle demand.

Vehicle demand was calculated for peak days in two separate years,
1980 and 2020. The demand for 1980 incorporates probable and possibic
growth in the area, most notably the proposed Planned Unit Development,
known as Seahill, in the Pine llills section immediately south of Route
3A, and south-southwest from the Pilgrim site. This development as
proposed would have one principal access road from Route 3A. The year

2020, the other year for which demand was forecast, represents the
approximate end of plant life for Pilgrim 2.

The road networks assumed to be used for the evacuation are the
1975 (current) system for the 1980 demand estimates, and the 1990 net-

work for the 2020 demand estimates. The assumption that the network
will not chanae greatly from no o 1980 is, ased on the long Icad times



for major construction projects, and the absence of any such projects in

the planning stages. Should developments such as Seahill be built,
minor local additions or modifications would be made, but it was esti-

mated that they would not significantly affect either evacuation routes

or total evacuation time. Ilowever, Seahill was assumed to be built and

was included in the analysis.
The 1990 network is used for 2020 demands for the following reason:

local, regional, and state plans do not have 45 year time horizons as
would be required for a 2020 plan. Therefore, a 1990 network, which
represents the latest predictable configuration, is used. The major

changes were detailed in Section 4-4. The use of such a network with

the expected heavier demand and future development, represents a con-
servative assumption, since given continued automobile (or other low-
occupancy vehicle) dependence, improvements in through-vehicle arterials
would almost certainly occur. Such improvements would increase evacu-
ation route capacities and would reduce evacuation times.

The resulting 1980 vehicle demand estimates by sector, ring, and
category of user, are summarized in Table 5-1.

The 2020 vehicle demands are displayed in the same manner in
Table 5-2.

There is another portion of vehicle demand which, although not part
of the evacuation population itself, must be accounted for. This is the
"in place" traffic on the network at the time of notification. Allowing

for the worst case, as has been the practice for previous assumptions,
it was assumed that all network-related traffic volumes are over and
above the traffic generated by sources already mentioned. This may be
so for a large portion of Route 3A and Beaver Dam Road traffic, but it
obviously is not so for much of the local road traffic, especially in
the beach area. Nevertheless, to calculate worst case clear times, the
assumption will be used for the key evacuation routes.

The number of vehicles for the worst case may be derived by first
assuming that all roads are operating at capacity (an event not likely
to occur). Assuming a 30 mile per hour speed, the distance headway in
feet, li may be derived:

d
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/ TABLE 5-1

1980 VEHICLE DEMAND, BY POPULATION CATEGORY *
Sector iear-kound '

Ring Seasonal l

Residents Recreationi

Transient Hotel, MotelResidentsI 0-3 miles 1 T ransi en t lets;63
31-2 miles 136

139 0
4 7122-2.5 miles 0

112 0
7 143

0Totai sector 1 42
314 161

14
2 1360-1 miles 42

8 506
21-2 miles 0

82 10
12 20 .

2-2.5 miles 0
242 40

2 134
0Total Sector 2 0

332 244
16

3 00-1 miles 50
10 398

21-2 miles 50
322 0

2 622-2.5 miles 0
115 0

2 324
0Tetal Sector 3 0

447 117
6

4 500-1 miles 0
7' 5033381-2 miles 0206 0819 4152-2.5 miles 331146 117

172 1,473
0Total Sector 4 27

429 3451,329
331

TOTALS 144 2,2331,522 1,3651_-

517 236 3,640

TARit s.;

2020 VfHICLE DEMAND, BY POPULATION CATEGORY *
L_Sectar Tear-Round SeasonalRing

Residents Recreation
1 Transient tbtel, hbtel '

s Residents
0-1 miles Transientlin Total

b
-- 1-2 miles 136
- 17e 0

6 2582 2.5 miles 0123 0: '
1820Total Sector 1 42

415 172
i 19

2 1360-1 miles 4265 612
4l-2 miles 0

309 10
87 792-2.5 miles 0367 40

I 8 736
0Tetal Sector 2 0:

1,041 375
99

_ 3 0. 0-1 miles 50
64 1,190

41-2 miles 50
i 896 0

80 1182-2.5 miles 0
233 0

10 976
0Total Sector 3 01,243 293

93
3 50

0-1 miles 0
; 114 1,387

339
- 1-2 miles 0

319 0
82; 453

i 2-2.5 miles 331230 117
175 1,592

0Total Sector 4 27
663 4321,339

: 331
_T0TALS

144 2,4773,362 1,551
) 517

1 236

* Table shows number of vehicles
5,666

=
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u It 5280
t _)(li *

d 3600

where

average speed = 30 mphu =

average time headway, in seconds
}{ =

The average time headway, li 't

3600
11 = ~
t 9

where

the flow rate in vehicles per hour=q
Therefore, the

We will assume that q equals capacity in all cases.

distance headway is
..

u 5280
u(5280) 3600 _ 5280u _ capacity

.

,

g 3600 g q,

d

For u = 30 mph

158,400_ (g)
li capacity"

d

Using the capacities derived in Section 4.7 and substituting ini d

d (the worst case existing network volume requ reequation (1) above, li l ted for each major
l

to be cleared prior to an evacuation) was ca cu a
These are shown in Tabic 5-3. is assumed toevacuation route.

At the time of notification of the public, evacuation
is assumed that this may begin once existing traffic is

This is the premise that will be used andbegin. It

cicated from the network. Ilowever, it has been
included in the clear times calculated by sector. d be enough time to

assumed that in the event of an accident there wouli
before genera!

allow traffic control personnel to mobilize and organ zePart of this time is required to clear existing_

notification is made. 'During this time, existing
roadh ocks.

traffic from roadways and set u

118
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% TABLE 5-3

M IN PLACE NETWORK VElilCLE LOADS, BY LINK, 1980 AND 2020
*# Distance

g licadway

1 (S ) "
3

Route or Street Limits Capacity Veh Distance (Ft) Link Load_
,',

(A) (B) (C) (D) (E) (F)

6
Route 3 Exit 41 (Beaver Dam) to Exit 2,840 112 38,800 1,390

38 (Route 44)
6"M" Route Entire 2,840 112 6,825 240

Route 3A Warren Ave. to 5 Mile Limit 1,830 87 17,160 400
(Samoset Ave.)
"M" Route and Edison Access Rd. 1,180 135 13,730 240

Edison Access Rd. f, Manomet 1,650 96 6,865 140
Pt. Rd.

Manomet Pt. Rd. f 5 Mile Limit 1,830 87 15,310 350,

5 Rocky 11111 Rd. Rt. 3A f Edison Access Rd. 1,870 85 11,090 260i

Edison Access Rd. f White llorse Rd. 1,500 106 5,810 110

Beaver Dam Rd. Entire 1,6 10 96 22,440 470

N White llorse Route 3A f Rocky lii?.1 Rs 1,760 90 3,170 70
'

ilocky 11i11 f, Beach 1,200 132 2,110 30
LD Manome' Point Rd. Entire 1,760 90 4,750 110

N Taylor Ave. Entire 1,230 129 5,280 80

Priscilla Rd. Entire 1,330 120 3,170 50

Old Sandwich Rd. Obery St. to End of Pavement 1,380 115 19,800 340

Clifford Rd. Entire 1,130 141 2,110 30
TOTAL 4,380

IVehicles Per llour, Normal Operation (E) (D) x (2 lanes) 158,400 - (per lane)
@ (rounded) '

6158,400 i (C) One Direction
_ }

s
U>

1
N
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traffic will clear, so it is not necessary to include the time to clear

the streets of this traffic in overall estimates. Most traffic not on

major through arteries, moreover, would probably be associated with one
of the uses for which vehicle estimates have been made, and will have

already been accounted for.
Estimates by state and local police for mobilization, organization,

and deployment of personnel have been on the order of one-half hour to one
hour, for the number of men they estimate would be needed. Based upon

an average travel speed of 30 mph, which is the speed most vehicles
would be travelling at if roads were at capacity, traffic could be

cleared in another half-hour. Therefore, the evacuation could proceed

within an hour to an hour and a half from the time of police notification.

A final portion of vehicle demand has been included for construction
workers at the Pilgrim Site. For the purposes of constructing a worst
case, it was assumed that an incident occurs during the construction
of Pilgrim II. Furthermore, it is assumed that these workers would be

present on a Sunday, the day of peak population. The fact that this

is not likely to occur, plus the fact that construction worker presence

on the site will be for a short time only, makes their inclusion in

the analysis another conservative factor.

Boston Edison has estimated peak daily auto population associated
with construction workers to be 1000 cars. These are assign:3 to
Sector 3, at a distance of 0-1 miles.

5.2 Traffic Flow Management

The evacuation is assumed to progress simultaneously in all sectors.

For that reason each individual sector evacuation plan is not necessarily

designed to minimi:e the time to evacuate that sector, but to minimi:e

overall times for all sectors. Details of traffic control at all inter-

sections are not presented. Discussions with state and local police

have made it clear that emergency operations cannot be planned to the
last detail. On-the-scene decisions are necessary, and depend upon the
judgement of the personnel involved. The plans outlined below, therefore ,

are recommended routings along major roads,~ones which may be expected
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to be used regardless of specific conditions at the time of evacuation.

They are intended to serve as a guide, to establish a framework upon
which specific actions at individual sites may be based.

Sector 1 Evacuation (510 Vehicles)

All traffic in this sector (Figure 5-2) within two miles of the
site would use hoeky 11111 Road to Warren Avenue. This traffic (about
210 vehicles) is almost entirely residential, except for that at the

scenic overlook and visitor center at the plant. Rocky 11i11 Road traffic
would proceed in the usual outbound traffic lane, with the inbound lane
being reserved for emergency vehicles bound for the plant from Plymouth
on Route 3. This one-sided restriction further facilitates merging at

Route 3A and merging of vehicles on Rocky 11i11 itself. Between 2 and

2.5 miles, another 160 vehicles, mostly residential, would primarily use
Warren Avenue (Route 3A) on the right side only, heading toward Plymouth
Center. To avoid merging conflicts, Rocky 11111 Road traffic would be
diverted from Route 3A onto the "M" Route (Route 3 access road) and
proceed in the normal manner to Route 3 northbound.

Sector 2 Evacuation (400 Vehicles)

There would be some limited traffic originating in Sector 2 that
would us Rocky 11i11 Road as in Sector 1. This traffic would probably

originate at the power plant or nearby areas. Most traffic in this

sector, however, originates one mile or more from the plant, and would
therefore not use Rocky 11111 Road. Traffic proceeding on Route 3A would
use the normal outbound lane (i.e., reverse flow) for through traffic in
order to facilitate merging with Rocky 11i11 Road traffic and other local
Route 3A traffic. These vehicles would be routed onto the "M" Route, as

shown in Figure 3-3, and would proceed in the normal manner to Route 3
northbound. Traffic in Sector 2 originating in the Doten Road area
would split; a portim would proceed south on Clifford Road and the
rest north on Doten toward River Street. Of the latter, all would be
routed left on River Street (see Figure 5-3) to Cliff Road and, hence to
Warren Avenue, where they would turn left and join through-traffic,
reversing flow in the normal inbound lane. The traffic on Clifford Road
south would be split between Old Sandwich north and south. But those
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few desiring to proceed straight on Clifford would be allowed to do so.
Most vehicles would be routed north on Old Sandwicl. Road. These vehicles
would merge with River Street traffic by maintaining wrong-way flow, and
paceeding in that manner to Warren Avenue, where a left turn onto the
normal southbound lane would occur. Finally, for that portion of Sector

2 traffk originating on River Street cast of Doten, vehicles would be
routed up Doten (under the "M" Route) to merge with Warren Avenue traffic.

Sector 3 Evacuation,(1500 Vehicles)

Sector 3 would include most Ediso.7-related ev;cuating traffic, as

well as the proposed Seahill development. It is suggested that all

traffic departing via the Edison access road would be turned right at

Route 3A to proceed toward Plymouth Center, gradually merging under
traffic control (police horses, cones, or the like) until all traffic is

in the left lane outbound. This would facilitate merging with Rocky

11111 Road traffic, as discussed in the Sector 2 evacuation. Traffic

from the Seahill development would split once it arrives at Route 3A:

part proceeding in the same manner as previously described up Route 3A
toward Plymouth; and part heading in the opposite direction. At Beaver

Dam Road all traffic would turn right and proceed on Beaver Dam to Route
3, maintaining one lane of traffic in the right lane. (These turn and
lane restrictions are to facilitate merging with Sector 4 traffic, a

description of which follows.) At the Route 3 interchange, the south-

bound ramps would be used. Since traffic on Beaver Dam would be two-way

outbound (due to Sector 4 traffic) evacuating vehicles originating in

Sector 3 cn Beaver Dam Road are assumed to enter the stream on either

side at appropriate times (See Figure S-4).

Sector 4 Evacuation (2230 Vehicles)

By far the largest number of vehicles to be accomodated in an

evacuation would originate in Sector 4, due to the large beach popula-
tions. In this sector traffic control is most crucial, since there

would be numerous potential conflicts at the many intersections along
the beaches. It is assumed that state and/or local traffic control
authorities would devise means on the scene for moving traffic from
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local streets to collectors and arterials in an expeditious manner. It

is not anticipated that all turning conflicts could be eliminated and

numerous stops in the main traffic flow to allow for entering vehicles

must be anticipated.

The evacuation from the Priscilla Beach area, involving about 415

vehicles, would be accomplished via Rocky !!ill Road and Priscilla Road,
both to White llorse Road. Since there are numerous local streets which
connect to these roads, it would be prudent to restrict traffic to one

lane on the normal side of the street. In this manner, cars parked on

the two evacuation routes facing the wrong way would be free to turn via

side roads and join the evacuation. Furthermore, Rocky 11111 Road may be

used as an inbound route for any emergency vehicle which might arrive

from points south of the plant. These vehicles could be routed via

Manomet Point Road, Taylor Avenue, White llorse Road, and Rocky Hill
Road. (See Figure 5-5 which shows free lanes for such movement) . At

White llorse Road, Rocky 11111 Road traffic would proceed south, using the
right travel lane only. Priscilla Road traffic would split, most going

right onto White llorse Road (southbound) using the Icft travel lane, to
avoid merging with Rocky Hill traffic (see Figure 5-5) . Part of the

Priscilla Road traffic is routed to Taylor Avenue.

At Route 3A, White florse Road traffic would split in the following

manner: The left lane would turn left onto Route 3A southbound, traveling
in the normal fashion southbound. The right lane of traffic on White

!!orse would proceed straight onto Beaver Dam Road, crossing over to the
left travel lane (reverse flow) to avoid vehicles arriving from the
Sector 3 evacuation (see Figure 5-5). Vehicles in the left travel lane

would use the normal northbound ramp at the Route 3 interchange.
Whitehorse Beach traffic, plus those small number of vehicles

arriving from Priscilla BL -h, would have to rely on Taylor Avenue as

the initial evacuation route. Taylor Avenue has a normal capacity of
1200 vehicles per hour with uninterrupted flow. liowever, the capacity

of this road would be considerably lower due to the numerous stops that
would be required to allow cars to enter the stream. The evacuation

of this area would involve about 1280 vehicles. They would almost all
be routed via Taylor Avenue to Manomet Point Road, assuming use of the
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right travel lane along this segment to facilitate merging with Manomet

Point traffic which is estimated to be about 180 vehicles.
Traffic originating in the Manomet section (1-2 miles from the

plant) should number about 200 vehicles, and would primarily use Route
3A in the normal outbound manner. At Manomet Point Road arriving

vehicles from Whitehorse Beach and Manomet Point would be using both
lanes and merging onto Route 3A southbound. Hence, there is some

unavoidable conflict with traffic arriving on Route 3A from Manomet and
Priscilla Beach. Traffic control measures should be devised on the
scene. Alternately halting Route 3A traffic to allow both lanes of

Shnomet Point Road traffic to proceed would be preferable, due to the
low holding capacity of the road and the much larger number of vehicles
which would be coming that way (approximately 1460 vs. about 525).

Vehicles on Route 3A would proceed along both lanes outbound from

the area. However, two additional roads are likely to generate smaller
amounts of traffic; Bartlett Road and Manomet Avenue. Each meets Route

3A at the same location and would present minor merging problems. How-

ever, volumas are expected to be light.

5.3 Clear Time Analysis by Sector

To calculate the clear time, i.e., the time between notification of

the populace and clearance of the sector, the following procedure was
followed:

A) For each of the possibic routings egin with the point

closest to the plant, or that point farthest from the clear

point of the sector.

B) Calculate at each point along the route the time it will take
for all vehicles destined to pass that point to do so, given
headway or capacity considerations discussed in assumption #4
of this section.

C) Locate the most severe capacity constraint along a given route.
Calculate the time it will take the lead car to reach this
point. If there is no capacity constraint, locate the point
of lowest capacity.
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D) Note from (B) above how long it will take all vehicles to

pass this point.

E) If the point being considered is the point of lowest capacity

along the evacuation route, assume that this acts as a metering

point for all downstream links. That is, due to the fact that

this is the lowest capacity point, all vehicles emerging will

not need to bunch again, and may be taken to be travelling at
the assumed speeds and headways. Therefore, it is only
necessary to calculate the time for the last car to clear the

sector via travel time estimates.

F) Add the results of steps (C), (D), and (E) to the terminal
time being considered for the lead car (and therefore every
other car), and the clear time is calculated.

The following assumptions were used in connection with the procedure
described above:

1) There would be an adequate time between perception of a

problem at the power station and notification of the populace
to enable traffic control personnel to mobilize and be in
position to supervise the evacuation. Current estimates are
from one to two hours.

2) Only that population within a 2.5 mile radius will actually
evacuate. It should be pointed out that no assurances have

been given by police (state or local), that they could prevent
people along the evacuation route, but who are outside the
evacuation area, fro' .lso evacuating. It is assumed that
public information wal have t,.en developed to a point such
that only those who need to evacuate will do so. But if some

, evacuation outside the 2.5 mile limit occurs, tha volume
will be low enough, sufficiently dispersed, and often ahead
of the main evacuation, to minimize its impact.
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3) Since it was not possible to apportion veh'cle demand dis-
cretely along the entire length of evacuation routes as it
would actually occur, all vehicle demand was loaded at a
logical or central point within a given sector and ring for
which demand estimates were available. In this manner, worst

case demand / capacity relationships were induced because the
entire demand for a sector and ring was assumed to pass

certain points along a route. This would not actually occur
in most cases, since much demand would enter the evacuation

downstream from the point of analysis. (See Figures 5-6 and

5-7 for maps showing maximum link volumes) .

4) Time headways between vehicles are assumed to be 2.5 seconds,

except in those instances where capacity restrictions dictate
a greater headway. This results in a maximum flow of traffic
of 1440 vehicles per hour along a continuous route, even
though this value may be below capacity.

5) Certain fixed times were assumed as being unavoidabic once

notification was accomplished. This is the " excess time" or
time spent not in moving, but in locking houses, gathering
whatever will be caken in the evacuation, etc. This was

assumed to be 20 minutes for permanent and summer residences
and motels, and 15 minutes at the beaches and other transient

recreation sites.

6) It is also assumed in this regard that people v wld distribute

their excess time periods in the same manner as they do their
actual travel time, so that any delays by individuals in

unparking or gathering belongings does not have an effect on
the overall clear times. In other words, it is assumed that

the evacuation volumes in the congested areas are high enough
so that there is a constant flow of cars along the main

evacuation routes. This is a macroscopic, rather than micro-

scopic approach to clear time analysis.
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Based upon this method, the clear times by sector have been calcula-
ted, given a simultaneous evacuation of all sectors. The results are

shown in Tables 5-4 and 5-5 for 1980 and 2020 respectively. As shown,

the maximum clear time is two hours. This occurs in sector 4, the beach

areas.

5.4 Individual Sector Evacuations

The suggested evacuation routings described previously were based
upon the assumption that all sectors would evacuate simultaneously,
i.e., all would receive notification at approximately the same time and
would begin to evacuate immediately. While it may be desirable to

eventually evacuate all sectors, it may be -important to evacuate certain

ones first. If notification could be restricted and if traffic control

is developed to enforce a sequential, rather than simultaneous evacua-

tion, the routings in some cases would change slightly. The reason for

this is that some turning movement conflicts with traffic from other

sectors would not result. More direct routings are therefore possible.

The changes that would occur from that of a sequential evacuation are
described, by sector, below.

Sector 1 (Sequential)

No significant changes would occur, except perhaps routing all

traffic to Route 3 by using reverse flow on the normally inbound lane of

the "M" Route. However, this would disrupt southbound Route 3 traffic,

something not done in the simultaneous evacuation. Nevertheless, the

lack of congestion which could arise in downtown Plymouth because of the

routing of traffic via Warren Avenue could offset this difficulty.

Assuming all traffic is directed away from the Pilgrim site, i.e.,

proceeds west on Rocky 11i11 Road, the only reduction in evacuation time

that would be reali::ed would be as a result of lessened demand on the

"M" route, the point of greatest flow.

Sector 2 (Sequential)

No changes would be made except possibly providing for easterly

flow on Route 3A as well. This however, is a longer te to clear the
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TABLE S-4

1980 CLEAR TIMES, BY SECTOR, SELECTED ROUTES

Maximum Number
Sector Routing of Vehicles Total Clear Time

1 Via Warren Ave. 385 45 minutes
Via "M" Route 1,475 90 minutes

2 Via Rocky liill Rd. 6 Warren 385 45 minutes
Via Rocky Hill Rd. 6 "M" Route 1,475 90 minutes
Via Manomet Rd. to "M" Route 475 50 minutes
Via Daten 6 Warren 180 35 minutes
Via Doten 6 0. Sandwich, North 20 25 minutes
Via Doten 6 0. Sandwich, South 35 25 minutes

3 Via Manomet Rd., North 1,475 90 minutes
Via Beaver Dam Rd. 245 40 minutes

4 Via T2ylor, from Whitehorse 1,325 120 minutes

Via Priscilla 6 Manomet Rd. 1,250 80 minutes
Via Rocky 11111 6 Beaver Dam 245 40 minutes

TABLE 5-5

2020 CLEAR TIMES, BY SECTOR, SELECTED ROUTES

Maximum Number
Sector Routing of Vehicles Total Clear Time

1 Via Warren Ave. 490 50 minutes
Via "M" Route 1,310 90 minutes

2 Via Rocky 11i11 Rd. 6 Warren Ave. 490 50 minutes
Via Rocky 11111 Rd. 6 "M" Route 1,310 90 minutes
Via Manomet Rd. to "M" Route 1,310 90 minutes
Via Doten 6 Warren 350 40 minutes
via Doten 6 0. Sandwich, North 70 30 minutes
Via Doten 6 0. Sandwich, South 130 35 minutes

3 Via Manomet Rd., North 1,310 90 minutes
Beaver Dam Road 295 45 minutes,

4 L. Taylor, from Whitehorse 1,385 120 minutes
Via Priscilla 6 Manomet Rd. 1,385 85 minutes
Via Rocky Hill 6 Beaver Dam 295 45 minutes

1 Includes time from notificaticn of public to
last vehicle clearing the zone.
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2.5 mile radius Again lessened clear times result from smaller flows
on the "M" routc

9

Sector 3 (SequentiaC

Without having to worry about out-of-sector conflicts, the evacua-

g tion of Sector 3 would be more straight forward than that described for
the simultancous evacuation. The Pilgrim site access road would be
used for two lanes outbound, with the left lane turning onto Route 3A

southbound, and using the left lane (reverse flow) . The right lane

g would use the right lane of Route 3A in the normal northbound manner.

Persons evacuating from the Seahill development would use that access
road in the same manner, and make the same types of turns onto Route 3A.
The two lanes southbound on Route 3A would then turn onto Beaver Dam

g Road and proceed to Route 3, using the same lanc-to-ramp configuration
as described for Sectors 3 and 4 in the sequential evacuation. The

two northbound lanes on Rcute 3A would split at the "M" Route, with

right lane vehicles proceeding up Warren Avenue in the usual manner, left
lane vehicles proceeding to the "M" Route in the usual manner. The

estimated clear times are also lower for an individual sector 3
evacuation for much the same reason as in sectors 1 and 2. In fact the

main congestion point in the simultaneous evacuation is the "M" Route,

due to loading from three sectors. Any one taken alone reduces that

loading and the congestion times.

Sector 4 (Sequential)

In a sequential or individual evacuation, Sector 4 would change
somewhat with respect to evacuation routings, for the reasons mentioned
in the Sector 3 description. In this case, all traffic from the Priscilla

Beach area, and part of that from Whitehorse Beach, could be routed on
both sides of White llorse Road outbound, as would be done in the simul-

taneous evacuation, llowever, instead of one lane turning onto Route 3A,
both lanes could be maintained in the same manner the length of Beaver
Dam Road, until Route 3. Oth.er routings would stay the same. The main

difference is that vehicles will not have as many conflicts entering
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O

Route 3A from Point Road, due to the lessened load from Priscilla Beach
and origin points further north on Route 3A.

g
A detailed analysis for this sector would be required to estimate

the extent of the time reduction in this case.

5.5 Traffic Control Requirements
O

No attempt will be made here to estimate man-power requirements for
traffic control and other police functions. That is a job best left to
responsible agencies. What can be done however, is show those locations
which would probably require personnel either for traffic control, re- S
routing, or assistance. Refer to Figure 5-8 and the following list.

Road blocks to prevent entrance to the areae

- Route 3A near Route 3, Bourne S
- Clark Road near Beaver Dam
- Jordan Road
- Old Sandwich Road near Warren Avenue
- Warren Avenue south of downtown 9
- All exit ramps from Route 3

e Major intersections

- two locations on Clark Road near Beaver Dam Road at the
on-ramps to Route 3

- Beaver Dam Road /Old Sandwich Road
- Old Sandwich Road /Clifford/ Jordan
- Manomet Avenue / Route 3A
- Warren Avenue /Old Sandwich Road
- Warren Avenue / Cliff Road
- Cliff Road /Old Sandwich Road
- Old Sandwich Road / River Street
- Taylor Avenue / Point Road
- Route 3A/ Point Road
- Doten Road /Clifford Road
- Doten Road / River Street
- Doten Road / Warren Avenue

f ' 142' _.



ee
.e.-

* e:: ,
*.*

, t..,, o , ,.

*
_

. . ,

,

,

',c e
.

.

I il

,

,

._
_ _ .

.
~

e-
.-

'

.-
e-..

. e Personnel Required '

. _. _,
-

.

N)o . .
.

g2o -

w *
. gm

ggDm -

4
@

. _ _ _ _ _ _ _ _ _ _ - . . - - _ _ - _ - _ _

+9

M w H' m M

- - - - -
-

p>
.

p .

;, Figure 5-8 Traffic Control Requirements
: ,

S8
% =

;

e
143"

-/+
w % ,n



o
P

s

C

C

.

.

.

(. . .
t

n. ,

^

.
.

.

.. . J .

?1

. . . , -
. , 1.

.

'- -
.

t

::
,

: - -
,

.

I 2005 247
i

F9 / 7f,



- Rocky 11i11 Road / Route 3A

- Boston Edison Access Road / Route 3A
- Whitehorse/ Beaver Dam Road / Route 3A
- Rocky 11i11 Road / White Horse Road

- Taylor Avenue /4 Intersections
- Priscilla Road / White llorse Road
- Boston Edison Access Road / Rocky 11111 Road

There are about 30 locations where personnel will be needed.

Additional points might also be considered by police on the scene for
such instances as:

- further control along Taylor Avenue

- further control on main evacuation routes to prevent chaos if

large numbers of unplanned-for vehicles evacuate
- assistance to disabled vehicles or persons

- patrol against looting or other crimes

5.6 Non-Auto Evacuation Needs

It is expected that virtually all people in the area will have
access to an automobile. This assumption is based upon the observation
that the Plymouth area is highly automobile oriented, with fairly low

population densities. It is highly unlikely that those too old, young,

or infirm to drive themselves would be in the area unless with family or

friends. Furthermore, there are no nursing homes, hospitals or other
institutions which would have special evacuation needs. It is for this

reason that the premise of an all-auto evacuation is used.
Nevertheless, it is anticipated that circumstances could arise

which would necessitate some public transportation assistance. For

instance, a family could be separated in the confusion. It is therefore

recommended that a bus or buses be made available to cruise and pick up

transportation-dependent persons. Most evacuation routes have been
chosen to allow emergency vehic'es or buses to travel against the major
directions of flow, since usually only one side of the road is to be

used. It is therefore not expected that the operation of such vehicles

would significantly affect either evacuation traffic management or clear

time estimates.
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APPENDIX A

POPULATION DATA

The following population projections were developed by the Bureau
of Economic Analysis (U.S. Department of Commerce) and the Economic

Research Service (U.S. Department of Agriculture) for the New England

River Basin Commissions study of the Southeastern New England region.
These town by town projections are referred to as the OBERS Series E
projections.
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ArfE;:0! ' TABLE 40. Town Porulation.1.and Area, Population Per Square Mile. 1960-2020 (Using Settes E Control Totals), & Environ-ental Holding
C=pacities ,1990, Southeastern New England Study Area

FIPST COLI:0 * - NON SE!:l: TWN
!!/A = !!OT APFLICALLE EXCIEDES NON S!.::C TOWS

'4ND
POPUIATION ARcA POPUIATIO:t PER SQUARE MILE IR3 AREA

.
EMC ELC

1960 1970 1990 2020 1990 Sq. Mile 1960 1970 1990 1990 2020

Cosatal r.assachusetts 79,674 106,547. 154,102. 274,758. 333,985. 544.8 146.2 195.6 282.9 613.0 412.6
Barnstable County 70,286 96,656. 143,801. 213,890. 278.364. 392.6 179.0 246.2 366.3 709.0 544.8

Barnstable 13,465. 19,842. 30,570. 43,660. 53,916. 59.1 227.8 335.7 517.3 912.3 738.7
Bourne 14,011. 12,636. 13,176. 13,372. 22.074. 40.4 346.8 312.8 326.1 546.4 331.0
Bresster 1,236. 1,790. 2,859. 4,600. 13.472. 22.9 54.0 78.2 124.9 588.3 200.9
Chaths, 3,273. 4,554 7,521. 11,806. 10,109. 16.6 197.2 274.3 453.1 609.0 711.2
Denats 3,727. 6.454 10,922. 18,615. 18,256. 20.3 183.6 317.9 538.0 899.3 917.0
Eastham 1,200. 2,043. 3,579. 5.795. 10,337, 13.8 87.0 148.0 I,14 749.1 420.0
Patrouth - 13,037. 15,942. 21,331. 27,683. 34,878. 44.0 296.3 362.3 484.8 722 7 629.2

> Harwich 3,747. 5,892. 9,398. 15.120. 26,398. 21.4 175.1 275.3 439.2 1,233.6 10r. 5
N Marhree 867. 1,288. 2,046. 3,290. 23,201. 23.2 37.4 55.5 85.2 1,000.0 141.8i

N O Orleans 2,342. 3,055. 4,271. 5,722. 6,852. 13.8 169.7 221.4 309.5 496.5 416.7
O Province twn 3,389. 2,911. 2,779. 2,689. 3,150. 9.6 353.0 303.2 289.5 328.1 2E0.1

Sanhich 2.082. 5,239. 10,717, 21,291. 15,069. 42.7 48.8 122.7 251.0 352.9 409.6
Truro 1.002. 1,234 1,588 2,133. 3,802. 21.0 47.7 58.8 75.6 181.0 101.6
Wallflee t 1,404 1,743. 2,2 79. 2.906. 5,506. 19.6 71.6 88.9 116.3 280.9 148.3

N Tarrouth 5,504. 12.033. 20,766. 35,208. 31,344. 24.2 227.4 497.2 858.1 1,295.2 1.454.9
g ukes County .5,829. 6,117. 6,386. 6 ,70 2. 51,727. 103.8 56.2 58.9 61.5 498.3 64.6D

Chtirirk 238. 340. 409. 529. 5,946. 18.9 12.6 18.0 21.6 314.6 28.0
--' E;l'a r t em 1,474 1,481. 1,493. 1,491. 17.336. 26.6 55.4 55.7 56.1 651.7 56.1

Cay Head 103. 118. 126. 130. 2,972. 5.5 18.7 21.5 22.8 540.4 23.6
Casncid- 66. 83. 100. 125. 2,000. 13.2 5.0 6.3 7.6 151.5 9.4
Ca'< Bluffs 1,419, 1,385, 1,363. 1,334, 3,971. 7.4 191.8 187.2 184.2 536.6 180.2
TisburY 2,169. 2,257. 2.378. 2.491. 4,227. 6.5 328.6 342.0 360.3 640.5 377.4
West Tistury 360. 453. 518. 602. 15,275. 25.6 14.1 17.7 20.2 596.7 23.5

Fantucket CeuntY 3,559. 3,774 3,915. 4,166. 3,394, 43.4 73,$ 73,o 80.9 80.5 86.1
Nantude t ' 3,559. 3.774. 3,915. 4,166. 3,894. 48.4 73.5 78.0 80.9 80.5 86.1

Bosten :'etroyo11 tan 3,358,863. 3,709,600. 4.585,052. 5,808,595. N.A. 2,421.4 1,387.2 1,532.0 1,893.6 N.A. 2,399.9
Essex County 570,087. 637,887. 814,246. 1,048,948 N.A. 494.0 1,154.0 1,291.3 1,648.3 N.A. 2,123.4

*A ~sbury 10,787. 11,388 12.396. 13,336. N.A. 11.8 914.2 965.1 1,050.5 N.A. 1.130.2
O *A nd ove r 17,134. 23,695. 36,890. 56,761. N.A. 31.1 550.9 761.9 1,186.2 N.A. 1,325.1

Beverly 36,108. 38,348, 51,760. 63,511. 44,099. 14.9 2,423.4 2,573.7 3,473.a 2.9 59.7 4,262.5

.
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.st E::31X T CLC 40. (Cent'd) Tom reputation, lanJ Area, l'eputation Ter Square ftile, 1960-2020 (t: sing Series E O control Totals), 6 Environnntal
Holding Capaettles,1990, Southeastern t;cw England Study Aaea

TI?ST CN L"2: * - N0:3 SE5E TotCI
/A = NOT AMLICAr.LE EXCLLTES NO:: set 3 TO'.a:S

IMD
ForU1AT10N AREA PDFL1AT10:1 PCR SQUARE !!1LE 1A!3 APIA

Euc EHC

1960 1970 1990 2020 1990 Sq.H11e 1960 1970 1990 1990 2020
_ _

Boxford 2,010. 4,032. 7,388. 13,184 13,810. 24.0 83.8 168.0 307.8 575.4 549.3

Danvers 21,926. 26,151. 36,685. 49,802. 30,518. 13.0 1,686.6 2,011.6 2.822.0 2,347.5 3,830.9

Essex 2,238. 2,670. 4.439. 9,860. 7.269. 14.0 159.9 190.7 317.1 519.2 704.3

Ccergetown 3,755. 5.290. 9,173. 15,921. 10,085. 12.9 291.1 410.1 711.1~ 781.8 1,234.2

Cloucester 25,78). 27,941. 33,355. 38,221. 37,207. 24.7 1,044.1 1,131.2 1,350.4 1,506.6 1,547.4
Croveland 3,297. 5,382. 8,519. 17,042. 6,346. 9.0 366.3 598.0 946.6 705.1 1.E93.6
lunilton 5,488. 6,373. 11,704. 20,195. 11,364 14.6 375.9 436.5 801.7 778.4 1,3d3.2

N *Haverhill 46,346. 46,120. 46,045. 46,055. N.A. 32.3 1,434.9 1,427.9 1,425.5 N.A. 1,425.9

C ' *Ipswich 8,544 10,750. 13,970. 20.054 16,731. 33.2 257.3 323.8 .420.8 503.9 6r. 0

Lamence 70,933. 66,915. 65,718. 64,803. N.A. 6.8 10,431.3 9,840.4 9,664.4 N.A. 9,52).9

O Lyr n 94,478. 90,294 90,735. 89,057. 92,384. 10.5 8,997.9 8,599.4 8,641.5 8,738.5 8,461.6 -

y Lynnfield 8,398. 10.826. 15,499. 21,707. 13,400. 10.1 831.5 1,071.9 1,534.5 1,326.7 2.1 '.9. 2
!!anche s te r 3,932. 5,151. 7,808. 11,542. 8,265. 7.7 510.6 669.0 1,014.0 1.073.4 1,4?).Op

i 2Lirblehead 18,521. 21,295. 31,052. 44,329. 1,483. 4.2 4,409.8 5,070.2 7,333.2 353.1 10,534.5
08 . N *.'.erriisc 3,261. 4,245. 7,155. 12,203. .N.A. 8.6 379.2 493.6 832.0 N.A. 1,419.0

@ **:e thuen 28,114 35,456. 55,678. 67,572. N.A. 22.3 1,260.7 1,590.0 2,496.8 N.A. 3,020.1
!!!ddle ton 3,718. 4,044, 7,080. 13,190. 8,668 14.3 260.0 282.8 495.1 606.2 922.3g !!ahant 3,960. 4,119. 6,796, 11,714. 4.119. l.1 3,600.0 3,744.5 6,177.8 3,744.5 10,641.0*

.!!cuburyport 14,004 15,807. 19,929. 24,002. 18,273. 8.4 1,667.1 1,941.8 2.372.5 2,175.4 2,657.3
t r.ibury 2,519. 3,804 5,365. 10,922. 7,883. 24.5 102.8 155.3 251.8 321.8 445.E
"crth Andover 10,908. 16,284. 28,924. 52,269. 21,660. 26.6 410.1 612.2 1,087.4 814.3 1 t65.0
FeaboJr 32,202. 48,080. 64,786. 67,994 54,179. 16.5 1,951.6 2,913.9 3,926.4 3,283.6 4.120.8
R M port 4,616. 5,636 9,928. 17,698. 8,247. 6.8 678.8 828.8 1,459.9 1,212.8 2,E 2.7

Ecwley 2,783. 3,040. 4,178. 5.877. 8,839. 18.5 150.4 164.3 225.8 477.8 317.7
Salre 39,211. 40,556. 42,084 43,492. 42,613. 8.1 4,840.9 5,006.9 5,195.6 5,260.9 5.3f9.4
* Salisbury 3,154 4,179. 7,131. 13,252. N.A. 15.4 204.8 271.4 463.0 N.A. S(0.5
Saugus 20,666. 25,110. 32,419. 40,153. 28,711. 10.9 1,896.0 2,303.7 2,974.2 2,634.0 3,683.8
Swampscott 13.294. 13,578. 16.343. 19,199. 14,337 3.0 4.431.3 4,526.0 5,447.6 4,779.0 6.3'9.8
Tops field 3.351. 5,225. 12.525, 35,039, 8.954 12.7 263.9 411.4 986.2 705.0 2,759.0

tienhara 2,798, 3,849. 6,007. 12,021. 6,734 7.7 363.4 499.9 780.1 874.5 1,561.2
*tle s t Newbur y 1,844 2,254, 3,783. 6,971. N.A. 13.8 133.6 163.3 274.2 N.A. 505.2

94
N



s
,-

$
r/ t??INDIX TALt.E 40. (Cent'd) Tom reput at ten. LscJ Area Petulatica rer kure ::lle, !!60-2020 (t:stng Series E 1/ Cratrol Totals) . f. Er strcn-ental

llaldinr. CJPacities 1990, Southeastern liew Er;;,la1J Study Area

t' ' IItST CCLt!!!! * - 1:01 SERE TOLN
.* ::/A = I:0T AT?LICABLE EXCL1' DES t;0N SE::E TOWLS

r IMD
* For M IION ARIA FOPUIA!10:8 PER SQt AE !:ILE 1A"3 ARIA

EM:: Ecc
1960 1970 1990 2020 1990 Sq.Hile 1960 1970 M90 !?50 2020

.-hidJ1csex County 1,238,742. 1.398.355. I,725,788. 2.192.745. N.A. 824.4 1,502.6 1,696.2 2.093.4 N A. 2 U o.8*Acton 7,236. 14,770 31.670. 53,189. N.A. 20.2 358.3 731.2 1,567.8 N.A. 2,,633.1
Arlinsten 49,953. 53.524 57,135. 57.017. 53,805. 5.0 9,990.6 10,704.8 11.427.1 10,761.0 11,403.*
*Ashby 1,833. 2,274 2.853. 3.744 N.A. 23.9 78.8 95.1 11*.4 N.A. 156.7
*Ashland 7,779. 8.882. 15.708. 27,254 N.A. 11.9 653.7 746.4 1,320.0 N.A. 2.292.8

'*Ayer 14.927 8,283. 12,858 21,615. N.A. 9.0 1,655.6 920.3 1,428.6 5.A. 2,401.6
*Bedford 10,969. 13,513. 21,820. 35,969. N.A. 13.9 789.1 972.2 1.569.8 N.A. 2,659.6
Beltent 28,715. 28,285. 29,607. 29,749, 28,966. 4.7 6,109.6 6,018.1 6.239.4 6.163.4 6.329.7*Bll! erica 17,867. 31,648 51.375. 77.145. R.A. 26.4 676.8 1,198.8 1.946.0 N.A. 2,922.2

2 g 8 d oreugh 74 4 1,451. 4,295. 15,771. N.A. 10.6 70.2 136.9 405.2 N.A. l.487.8
{C *h rlin3 ton 72,852. 21.980, 33,120. 38,172. N.A. 11.9 1,080.0 1,847.1 2,531.1 1.A. 3.207.7

Ca-S ri .!ce 107.116. 100,361. 99,573. 97.469. 100,549. 6.2 17.373.5 16,187.3 16,C63.1 16,217.6 15.720.9C *Carlfele 1.4P8 2. 8 M . 6,203. 14,807. N.A. 15.5 .96.0 185.2 400.2 N.A. 955.3
*a c * - t f ord 15.130. 31,432. 49,106. 61,943. M.A. 22.8 663.6 1,378.6 2,153.8 N.A. 2,716.8g
*C n: r3 12,517. 16,148. 23,371. 33,328. N.A. 25.4 492.8 635.7 920.1 N.A. 1,312.1
*0re:6t 13,674. 18,214 30,585. 48.841. N.4. 21.1 648.1 863.2 1,449.5 N.A. 2.314.8f\) *Li,s t able 824 1,292. 2,360. 4.910. N.A. 16.8 49.0 76.9 140.5 N.A. 292.3

g Everett 43,544 42,485. 43,870. 43,302. 42.723. 3.3 13,195.2 12,874.2 13.293.9 12,946.4 13.121.9
,

' Tremin 3 am 44,526, 64,048. 77,648. 83,439 N.A. 24.7 1.802.7 2,593.0 3,143.6 !". A. 3.378.4h
U *C r e : e. 3,904. 5,109. 7,542. 12.062. N.A. 32.9 118.7 155.3 229.2 N.A. 366.6

Hs111ston 6.222. 12.069. 19.341. 35,225. 19.068. IP.9 329.2 633.6 1,023.3 1,051.2 1,263.7
*H:.w inten 4.932. 5,981. 11.495. 27.027. N.A. 26.3 187.5 227.4 437.1 N.A. 1.C27.6
*1!u d s on 9,666. 16,084 27,786. 37,074 N.A. 11.7 826.2 1,374.7 2,374.8 N.A. 3.168.7Lexington 27,E91. 31,886 37,709. 47.050. 34,719. 16.3 1,698.8 1,956.2 2.313.5 2,130.0 2,856.5Lincoln 5.613. 7,567. 12,464 23,442. 11.C12. 14.5 387.1 521.9 859.6 764.9 ',616.7
*Littleton 5,109. 6,380. 12.020. 27,210. N.A. 16.5 309.6 386.7 728.5 N . A ., 1.649.1*Lo'11 92,107. 94,239. 97,848. 97.346. N.A. 13.6 6,772.6 6,929.3 7,194.2 N.A. 7.157.81*.siden 57,676. 56,127 56,048. 54,440 57,887. 5.1 11,309.0 * 11,005.3 10,989.7 11,350.4 10,674.6
N ta rltic r oy ,h 18,819, 27,936. 39,329. 45,230. N.A. 20.5- 918.0 1,362.7 1,918.5 N.A. 2,2C6.4
*:b yna r d 7.695. 9,710. 13.017. 16,875. N.A. 5.2 1.479.8 1,867.3 2 ,50 3.4 N.A. 3,245.8
*:cd f ord 64,971. 64,397 65.837. 65,262. 65,267. 8.0 8.121.4 8,049.6 8,229.6 8,158.4 f 157.7
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Q ATTENDIX TALLE 40. (Cec.t'd) Tem reputatim. Emd Area. Terulatten rer Squara I:lle,19G0-2020 (t| sing Series E O control Totals). f.,rnviron ental
Itald tr Capaettics.1990. Southeaste rn ICcu Ery,luJ Study Area

/ FIPST C0tr * - 1:0 f ST::E T0*f:I
* : /A * "0I APPLICABLE EXCLL* DES *;O:t SENE TOWS

A Port |LATIC:t Pelt SQLL*JE !*11.E LAO AM

EMC
1960 1970 1990 2020 90 Sq. Mile 1960 1970 1MO 1990 2023

1:ctrose 29.619. 33.181. 34.318. 34,162. 33.384. 4.6 6.438.9 7.213.0 ).4t0.4 7.237.4 idI6*'
tlatick 28,831. 31.057. 41.650. 52,062 33,651. A 4.8 1.948.0 2.c9 5.4 . 2.814.2 2.273.7 3.517.7
Itaten 92.384. 91.263. 91.724 91.661 92.227. 17.9 5.161.1 5.c98.5 5.124.2 5.152.3 5.120.7
1: orth redding 8.331. 11.264 20.165. 35,933. 14.580. 13.3 626.4 846.9 1.516.1 1.C96.2 2.701.7

OIU*I*Pepperell 4.336. 5.887 9.459. 15.657 N.A. 23.0 188.5 256.0 411.3 N.A.
Readin 19.259. 22.539. 31.268. 37.351. 24.075. 9.9 1.945.4 2.276.7 3.159.4 2.431.8 3. M 2. 8
Sherborn 1.806. 3.309 10.681. 32.268 g,980. 16.1 !!2.2 205.5 663.4 619.9 2.CN..

'EI*O* Shirley 5.202. 4.909. 5.841, 7.655. N.A. 15.9 327.2 308.7 367.4 N.A.
S t-e rville 94.697. 88.779. 66,416. 8% 044 89.009. 4.1 23.096.8 21.653.4 21.077.1 21.707.5 20 AM.5
Stenchan 17.821. 20.725. 27.524. 27.346. 21.587. 6.0 2 .9 70.2 3.454.2 4.5?7.4 3.597.8 4,M].6
+3 tow 2.573. 3.984 7.370. 18.016. N.A. 17.9 143.7 222.6 431.7 N.A. Id *

. *Sudbury 7.447 13.506 28.13L 56.383. N.A. 24.7 301.5 546.8 1.139.0 p.A. 2.2U.7
3.U N *N *Tedsbury 15.902. 22.755. 34.913. 63.879. N.A. 20.9 760.9 1.085.8 1.670.5 N.A.

*To msend II'"I

>Q' 3.650. 4.281. 4.981. 5.748 N.A. 33.0 !!0.6 129.7 15L9 N.A.
43.0*Tyn3sberough 3.332. 4.204 5.577. 7A20 N.A. 16.9 195.4 248.8 3E0 N.A.C Wake field 24.295. 25.402. 30.027. 32.197 27.766. 7.4 3.283.1 3.432.7 4.057.8 3.752.2 4.M 9

$ (.J1 Walthen 55.413, 61.582. 64.532. 64,504 63.263. 12.5 4.433.0 4.926.6 5.162.5 5.061.0 5.100.3
Watertos.n 39.092. 37.307. 40.115. 40.220, 3?.444 4.0 9.773.0 9.826.8 10.028.9 9.P61.0 10.0M.0
*Vayland 10.444. 13.461. 22.051. 42.338. M.A. 15.5 673.8 868.5 1.422.6' n.A. 2.731 5
**!estford 6.261, 10.368. 18.016, 34.441. N.A. 30.7 203.9 327.7 586.8 .i. A . I*I2I*I.

W Weston 8.261. 10.870. 22.393. 42.763. 14,846. 17.0 485.9 639.4 1.317.2 873.3 2.515.5
. gh Wilnington 12.475. !?.102, 26,354. 53.724 18.801. 17.0 733.8 I 006.0 1.550.2 1,105.9 3.160.2

Winchester 19.376. 22.269. 24,539. 26.438 22.926. 6.6 3.229.3 3.711.5 4.089.9 3.821.0 4 ACE.5
Woburn 21.214 37,406 47.156. 49.593. 40.767. 12.5 2.477.1 2.992.5 3.772.5 3.261.4 3." I' '

Norfolk County 510.256. 604.854. 801.079. 1.017.552 786.931. 393.0 1,298.4 1.539.1 2.0 33.4 2.002.4 2. 5 EL 2
Avon 4.301. 5.295. 9.550. 14.845. 7.693. 4.2 1.024.0 1.260.7 2.273.7 1.831.7 3.5 %.4
Bellingham 6.774 13.967. 20.928.' 30.166, 21,519. 18.0 376. 3 775.9 1.162.6 1.195.5 1.675.9
Braintree 31.069. 35.050. 44,647. 50.665. 39.240. 13.6 2.284.5 2.577.2 3.282.9 2.835.3 3.725.4
Brookitne 54.044 58.689. 62,072. 61.554 60,132. 6.8 7.947.6 8.533.7 1.123.2 8.842.9 9.052.0
Canton 12.771. 17.100. 29.354. 45.093. 24.762. 18.5 690.3 924.3 1.536.7 1.339.5 2,437.5
Cohasset 5.840. 6.954. 12,360. 22.081. 11.001. 9.7 602.1 716.9 1.274.2 1.134.I 2.276.4
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AFFESDIX TABLE 40. (Cent'd) Town Populatten,1.and Area, Populatten rer tquare Mile, 1960-2020 (Using Series E O control Totsis), & Environ-ental#
*

Holding Capacities,1990, Southeastern l'ev Engla,d Study Area

TIEST COLUM" + - !TN SENE TOWN
N/A = 'TT APPLICALLE EXCLLTCS I;ON SE;I TO'.!KS

1R.n
FCPULAT101 ARIA FOPULATION PER SQUA2E !:1LE 1AD ARI.A

EHC Ett;

1960 1970 1990 2028 19'30 Sq.Hile 1960 1970 1990 1990 2C20

Dedha:s 23,869. 26,938. 29,228. 31,825. 29,549. 10.4 2,295.1 + 2,590.2 2,810.3 2,8 ',1. 3 3,0 M . 2
Dove r 2.846. 4,529. 8,325. 20,964 11.492. 15.2 187.2 298.0 547.7 756.1 1, 379.2
Tcxboreugh. 10,136. 14.218. 22,210. 41,069. 27,171. 19.8 511.9 718.1 1,121.7 1,372.3 2,074.2
F ranklin 10,530. 17,830, 29,378. 53,520. 33,156. 26.4 398.9 675.4 1,112.8 1,255.9 2.027.3
Holbroe's 10,104 11,775. 16,042. 21.605. 17,987. 7.2 1,403.3 1,635.4 2,228.1 2,493.2 3,000.7
Medfield 6,021. 9,821. 16,623. 25,559 16,405. 13.8 436.3 711.7 1,204.6 1,188.8 1 *52.1
1:cdway 5,168. 7,938. 13,354. 22,534 13,894 11.5 449.4 690.3 1,161.2 1,238.2 1,959.5
Millis 4,374 5,636. 10,572. 18,800. 10,758. 12.0 364.5 473.8 881.0 854.8 1.W. 7
Milton 26,375. 27,190. 32.386. 31,942. 29,989. 12.9 2,044.6 2,107.8 2,510.5 2,324.7 2.475.1
ficedhan 25,793. 29,748. 36,595. 40,132. 32,556, 12.2 2,114.2 2,438.4 2.999.6 2,658.5 3,289.5
1;crfolk 3,471. 4,656. 9.248. 18,326. 12,173. 14.9 2 33.0 312.5 620.6 817.0 1,229.9> lbrvooJ 24,898. 30,815. 37,496. 38,466. 34,543. 10.3 2,417.3 2.991.7 3,640.3 3.353.7 3,734.6

h Plainvilla 3,810. 4,953. 9,859. 16,844 10,'J 8 7. 10.9 349.5 454.4 904.5 1,008.0 1,545.4
Outncy 87,409. 87,966. 93,677. 91.760. 91, E0 6. 16.1 5,429.1 5.463.7 5.818.4 5,732.2 5,699.4
Randolph 18,900. 27.035. 38,205. 38.882. 30,551, 9.8 1,928.6 2,758.7 3,598.4 3.117.4 3,967.6
Sharon 10,070. 12,367. 20,828. 29,429. 24,842. 23.3 4 32.2 530.8 39 3.9 1,0% . 2 1.253.0
Steu3 ten 16,328. 23,459. 33,426. 45,326. 33,887. 16.0 1,020.5 1,466.2 2,089.1 2,117.9 2,832.8h

N Walpole 14.068. 18.149. 32,686. 47,734 32,938. 20.3 693.0 894.0 1.610.2 1,622.6 2.3! .4
O Velle s fey 26,071. 28.051. 33,208. 36,65). 29,706. 10.0 2,607.1 2,805.1 1,320.5 2,973.6 3,665.3

tre s tvooi 10,354 12,750. 18,971. 26,908 17.067 10.9 949.9 1,169.7 1,740.5 1,555.8 2,45% 7
O We>routh 48,177 54,610. 62,607. 65.068. 59,764. 16.7 2,884.9 3.270.1 3,746.9 3.573.7 3.816.3
(y) Wrentham 6,685. 7.315. 17,247, 29,799. 21,863. 21.6 309.5 338.7 798.5 1.012.2 1, 379.6

9 Plytoath County 248,449 333,314. 516,809. 838,534 642,123. 654.3 319.7 509.4 781.9 951.4 1,281.6
A b tr.;;t on 10,607, 12.334 20,503. 31,571. 15,167 9.8 1,082.3 1,258.6 2,092.2 1,547.3 3.221.5N Brid evater 10,276. 11,829. 19,126. 37.811. 25,636. 27.4 375.0 431.7 698.0 935.6 1,3E0.0E

(,71 Brockton 72,813. 83,040. 106.771. 105,739 95,542, 21.1 3,450.9 4,219.9 5,060.3 4,525.1 5.011.3
g Carvery 1,949. 2,420. 4,033. 11,902. 29.129. 37.4 52.1 64.7 107.8 778.9 318.2

Duxbury 4.727. 7,6 36. 13,866. 33,183. 14,847, 23.3 202.9 .327.7 595.1 637.2 1.424.2
East Bridgewater 6.139. 8,347. 15,445. 33,510. 11,905. 17.3 354.'2 %82.5 892.b 685.2 1,937.0
llattfax 1,599. 3,537. 6,515. 15.113. 8,844 15.9 100.4 222.5 409.7 556.2 950.5
Ilanove r 5.923. 10,107. 18,043. 31,624. 14.723, 15.5 382.1 652.1 1,164.1 949.9 2,040.3

v
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f Artn3IX TELE M. (Cent'd) Tevn Pepulat ter , Land Area. Pc;ulat ten re r 9 quire !!tl. . 1960-2020 (Us tng Serics E Control Totsis), f. Environe ntal6-

Q Holding Capu ttles,1990. Southeastein t:cw rn:1.nd Study Area

p(' , TitST C(" L':3 + - P: E::E TM
|:/A = L'T AF?LI,UE* D:Cl.tWS ::C:: StrE TO'. ::S

Im
PDTUMT10:3 ARF.A POPI|IAT10:I PER SQi!ARE !!!!E 1A:3 ARIA

EHC EHC
1960 1970 1990 1020 1990 Sq. Mile 1960 1970 1990 1990 2020

!!cns on 4.370. 7,148. 13,245. 20.0l? 12.311. 15.1 289.4 473.4 877.2 815.3 1.325.,4Iringhan 15.378. 18,845. 27,132. 33.340 27,464 22.1 695.8 852.7 1,227.7 I,242.7 1.735.1Hull 7.055. 9,961. 17,551 17,533. 10,717 2.5 2,822.0 3,984.4 7.020.2 4.086.8 7,013.3Kin ston 4.302. 5.999. 9.751 18.944, 14,942 18.5 232.5 324.3 527.1 807.7 1.024.0Lakeville 3.209. 4,376. 7,257 16.579 21,955, 29.4 109.1 148.8 247.2 746.8 563.9N !!a r t on 2.881. 3.436. 5.676 12.384 11,240 13.7 210.3 25G.8 414.3 820.4 903.9!!arshfic1d 6,748. 15.223. 31,90?. 60,949 22.263. 28.5 236.8 534.1 1.119.4 781.2 2.139.6O ita t tepoise tt 3.117 4,500. 7,314 15,018. 11.839 17.2 181.2 261.6 425.2 685.3 873.1O !!!ddleborosch 11,065. 13,607. 21,981. 46.181. 41.306. 69.4 159.4 196.1 .316.7 595.2 665.4g Ibriall 5,207 7.796. 15,989 30,560. 12,361. 20.9 249.1 373.0 765.0 591.4 1.462.2Pc-breke 4,919. 11,193. 16,199. 29.427. 19,658 21.6 227.7 518.2 750.0 910.1 1.362.4Pl>r.outh 14.445. 18.606. 30,732. 61.429. 88,195. 96.1 150.3 193.6 319.8 917.7 639.2>* N Plyrpton 821, 1,224 2.334 5,418. 5.354 14.6 .56.2 83.8 159.9 366.7 371.1h g Rechester 1.559. 1,770. 2,852. 6.209. 20,600. 33.2 47.0 53.3 85.9 620.5 187.0Rockland 13.119. !$,674 29,258, 36.885. 18.004 10.0 1,311.9 1,567.4 2.925.8 1,800.4 3.H ?.5@ Scituate 11.214 16,973. 30,245. 30,968. 19.815. 16.9 663.6 1.004.3 1,789.6 1,172.5 3,015.9Wa rt ia:a 9,461. 11.492. 19.938. 43.049. 39.200. 34.4 275.0 334 .1 579.6 1,139.5 1,251.4Wes Bridgewater 5.061. 7,152. 8.182. 9,227. 14,593. 15.6 324.4 458.5 524.5 9 35.4 598.5Whitman 10,485. 13,059. 14.960. 18,960. 15.013. 6.9 1.519.6 1.892.6 2,168.2 2.175.8 2.767.9Sulfon .C(unty 791.329. 735,190. 727,131. 710,816. 742.385. 55.7 14,207.0 13,199.1 13.054.4 13.328.3 12.761.5Boston 697,197. 641,071. 631,836. 612.446. 647,043. 46.0 15,156.5 13.936.3 11.735.6 14.066.2 13.314.0Chelsea 33,749 30,625. 28,359, 27,321. 30,702. 2.1 16,071.0 14,583.3 13.5 % .1 14,620.0 13.0tt.2Revere 40.080. 43,159. 45.560. 49.006. 44,208. 5.9 6.793.2 7.315.1 F,722.1 7,492.9 8,306. 2Winthrop 20,303. 20.335. 21.376. 22,042. 20,432. 1.9 10,785.8 10.702.6 !!.250.5 10.753.7 !!.t01.1
Fall River - tiew Bedford 398,488. 444,301 508,674. 604,331. 605,805. 553.5 719.9 802.7 919.0 1.094.5 1,091.eBristol County h 8.488 444,301. 508,674. 604,331. 605,805. 553.5 719.9 802.7 9 19.0 1,094.5 1.C91. 8Acushnet 5,755. 7,767. 11,039. 15.444 14,227 18.4 312.8 422.1 599.9 773.2 8 39. 3Attleboro 27.118. 32,907 39.843. 48.060'. 45.475. 27.0 1,004.4 1,218.8 1,475.7 1.684.3 1,7EO.0Berkley. 1,609, 2,027 2.160. 3,738. 6,746. 16.6 96.9 122.1 166.3 406.4 225.2Dartraouth 14,607. 18,800. 24,552. 31,313. 30,934 61.0 239.5 308.2 402.5 50 7.1 513.3,

e
a

D



e

|s
' .W
c h.)
. . - .

E APPENDIX TAtLE 40. (Cer.t'd) Tern T.yulat ten, LanJ Area, Population Per ';quare ::lle, I!60-2020 (Using Series E O Control Totals), & Envirox ental
Holdtrg Capacities,1990, Southeastern New Engla>3 Stmfy Area

TIRST COLLM! * - 1:0: S!::E TCuN.(s . N/A = !:ct APPLICAELE EXCLUDES i:0N SZE TO'.J::S

1AND
POPU1AT10:4 AREA POPULATICN PER SQt.UE 1:1LE 1A:3 AL'A

.
EltC E1;c

1960 1970 1990 2020 1*90 Sq. Mile 1960 1970 1990 1%0 2020

Dighten 3,769. 4.667 6.126. 8,083. 12.270. 22.2 169.8 210.2 275.9 552.7 94.1
Easton 9,078. 12.157. 17,061. 23,938. 17,123. 28.8 315.2 422.1 592.4 594.5 831.2
Tatrhaven , 14,339. 16,332. 18,625. 21,007. 18,064 12.1 1,185.0 1.349.8 1,539.3 1,492.9 1,73.1
Tall River 99,942. 96,89P. 93,836. 91,020. 105,748. 33.0 3,028.5 2,9 m 3 2,343.5 3.204.5 2,73e.2
Trec t om 3,039, 4,2'3. 6,602. 12,754. 10,969. 34.4 88.3 124.1 191.9 318.9 370.8
Itans field 7,773. 9,933. 13,103. 16,984 19,786. 20.2 384.8 492.0 648.7 979.5 240.6
Neu 8edford 102,417. 101.777. 97,265. 94.346. 105.318. 18.5 5,255.2 5,219.3 4,955.0 5,400.9 4,838.3
North Attleborough 14,777. 18,665. 24,50E. 31.791. 25,N3. 18.9 781.9 987.6 1,296.4 1,335.8 1,6?2.0
Norten 6,818. 9.487. 12,621. 16.236. 18, bus. 28.1 242.6 337.6 449.2 669.2 577.8
Rapham 4,150. 6,705. 10,641. 16,573. 13.211. 20.4 203.4 328.7 521.6 647.6 812.4
Rehoboth 4,953. 6,512. 9,318. 13.248. 19,146. 47.3 104.7 !!7.7 197.0 404.8 2 ? 0.1
Seekor.k 8,399. 11,116. 16,045. 23,459. 16,524. 18.6 451.6 597.6 862.6 858.4 1.261.2f JSo erset 12,196. 18,088. 28,037. 46,088. 19,359. 8.0 1,524.5 2,2 1.0 3,504.6 2,419.9 5.761.0oo Swansea 9,916. 12,640. 16,616. 22,543. 26,293. 22.7 436.8 556.8 732.0 1,158.3 993.1
Taw. ton 41,132. 43,756. 45,784. 47,124 60,191. 47.0 875.1 931.0 974.1 1.260.7 1,002.6
Westport 6,641. 9,791. 14,298. 20,583. 20,313. f.9. 3 134.7 198.6 29').0 412.0 417.5

Worcester-Fitchburg 583,228. 637,079. 754,004 917,935. N.A. 1,513.0 385.5 421.1 498.3 N.A. 606.7
Worcestet County 583,228. 637,079. 754,004 917,935. N.A. 1,513.0 385.5 421.1 498.3 N.A. (06.7

*Ashburr. ham 2,758 3,484 4,432. 6,297. N.A. 39.0 70.7 89.3 113.6 N.A. 161.5
*A t h ot 11,637. 11,185. 11,069. 11,031. N.A. 32.3 360.3 346.3 342.7 N.A. 341.5
Auburn 14,047 15,3'7. 19,6 9'.. 23,730. 20,518, 15.3 918.1 1,003.1 1,287.2 1,341.0 1,554.9
*Barne 3,479. 3,825. 4,185. 4,728. N.A. 44.6 78.0 85.8 93.8 N.A. 106.0* Berlin 1,742, 2,099. 2,787 4,095. M.A. 13.0 134.0 161.5 214.4 U.A. 315.0
Blackstone 5,130, 6,566 9,026. 13.273. 11,805. 11.2 458.0 586.3 805.9 1,054.0 1.135.1*3olton 1,264 1,905. 3.465. 7,350. N.A. 20.1 62.9 94.8 172.4 N.A. 365.7
*Boylston 2.36 7 2,774 3,603. 4,892. N.A. 15.8 149.8 175.6 228.0 N.A. 309.6*3rookfield 1,753. 2,063. 2,524 3.431', N.A. 16.5 106.1 125.0 153.0 N.A. 2C8.0
*Charlton 3.685. 4,654 6.308. 9.156. N.A. 42.8 86.1 108.7 147.4 N.A. 213.9
*Clinton 12,848. 13,383. 14.081. 15.334 M.A. 5.5 2.336.0 2,433.3 2,560.3 N.A. 2.765.0
Dou,las 2,559, 2.947. 3.555. 4,270. 19,920. 37.0 69.2 79.6 90.7 533.4 165.4
*Dudley 6,510. 8,087. 10,534 14.513. N.A. 21.1 308.5 383.3 499.2 N.A. 637.8
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( ' NE::C LT T.*dLE 40. (Ci nt 'd) Trim T,:pulstion. LinJ Area. Perulat ion Ter ".ture *:lle. !?GO-2 tun (l'.in; Series E / Control Totals) f. Enviter.-ental
1

Italdin: Capacities.1990, Scutheastern 1:cw Englaid Stu4'y A;c 3
TI757 COLLCf ^ - EC1 5";r TC7.:g'

4 :;/A = WI APPLICABLE EXCLLVTS E0' S;;;E TOT.;S
s

IJUD
POPL1AT10;f AREA POPULATIC:3 PCR SQUA?.E !11.E 1A:3 ARIA

EHC EHC
196J 1970 1990 2020 1990 Sq.Hile 1960 1970 1990 1990 2023

* Cast Erookfield 1,5}3. 1,800. 2,363. 3.418. N.A. 9.8 156.4 183.7 241.1 N.A. 359.8
*Titebburg 43.021. 43,343. 43,754. 44.237. N.A. 27.4 1,547.5 1.559.1 1,573.9 N.A. 1.591.2
*CerJncr 19,038. 19,748. 21,093. 22.941. N.A. 22.2 857.6 889.5 950.2 N.A. 992.9
Crafton 10,627. 11,659. 14.436. 17.237. 20,405. 22.8 466.1 511.4 633.1 895.0 756.9
*ilsrvick 2,340. 2,379. 2,455. 2,552. N.A. 38.5 60.8 61.8 63.8 N.A. 66.3
Ita rva rd 2,563. 12.536. 15.327. 18,183. N.A. 26.6 96.4 471.3 576.2 N.A. 623.5

91 olden 10,117. 12,564 19.026. 30.059. N.A. 34.9 289.9 360.0 545.2 N.A. 251.3
Heredale 3,987 4,292. 5,047. 6,292. 5.504 5.1 781.8 841.6 989.7 1,079.2 1,233.7
*It abb a rd s ton 1,217. 1,437 1.726. 2.280. M.A. 41.0 29.7 35.0

. 3 50 . 7 3.A. 549.2
42.1 N.A. 55.6

*Lancaster 3,958. 6,095. 9,162. !$ .213. N.A. 27.7 142.9 220.0
*Leicester 8,177 9,140. 11.303. 13,919. N.A. 23.0 355.5 397.4 491.4 N.A. 605.2N *tec-inster 27,929, 32,939. 42.981. 55,625. .N.A. 28.5 980.0 1.155.8 1,50 8. 1 N.A. l.951.8

> O *Lunentaurg 6,334 7,419, 11,096. 15,284 N.A. 26.3 240.8 282.1 421.9 5.4. 581.1
P:adon 2,068. 2,524. 3,384 4.939. 9,521. 17.9 115.5 141.0 189.1 531.9 275.9e OC !!!! ford 15,749 19,352. 28,823. 41.276. 25,812. 14.7 1,071.4 1.316.5 1,960.7 t,755.9 2,807.9
ft111 bury 8,623. 11,987. 16.059. 21,703. 17.235. 16.0 601.4 749.2 1,003.7 1.077.2 1,356.4
Millville 1,567. 1.764. 1,912. 2,053. 3.838, 4.9 319.8 360.0 390.1 783.3 419.0

N *Tew Sraintree 509. 631. 799. 1,046. .N.A. 20.9 24.4 30.2 39.2 N.A. 50.0
*Tertabercugh 6,687. 9,218. 14.396. 23,124 N.A. 18.5 361.5 498.3 778.2 N.A. 1.2&9.9
Northbridge 10.830. 11,795. 13.174. 14.602. 18,886. 17.2 627.9 685.8 765.9 1.098.0 8t9.0CO *'ivrth Brockfield 3,616. 3,967. 4,363. 4.848. N.A. 21.2 170.6 187.1 205.8 N.A. 228.7
*Caihm 524 730. 1,024. 1,469. N.A. 20.9 25.1 34.9 49.0 N.A. 70.3
*0xford 9,282, 10.345. 14,193. 19,328. N.A. 26.6 348.9 388.9 533.6 5.A. 726.6
*Paxton 2,399 3.731. 6.775. 11,427. N.A. 14.7 163.2 253.8 460.9 N.A. 777.4
*Petershan 890. 1,014. 1,193. 1.438. .N.A. 53.7 16.6 18.9 22.2 N.A. 26.8
*Phttlipston 695. 872. 1.202. I,696. N.A. 24.2 28.7 36.0 49.7 N.A. 70.1
* Princeton 1,360. 1,681, 2,256. 3.148. N.A. 35.4 38.4 47.5 63.7 N.A. 85.9
*Royalston 800. 809. 803. 804 W. A*. 42.3 18.9 19.1 19.0 N.A. 19.0
*Rutland 3,253. 3.198. 3.199. 3,253. N.A. 35.1 92.7 91.1 91.1 N.A. 92.7
Shrewsbury 16,622. 19,196. 28,389. 41,204 23.872. 20.7 803.0 927.3 1,371.5 1.153.2 1,933.6
*Southborou,h 3.996. 5,798. 9,738. 17.234 N.A. 13.8 289.6 420.1 705.7 N.A. 1.20.3
*Southbridge 16,523, 17.057. 18,147. 18,644. N.A. 19.5 847.3 874.7 9 30.6 N.A. 956.1
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$' AFFENDIX TAELE 40. (Cent'd) Ten Perulation, Land Area, Population Per 9quare Itile, 1!60-2020 (Using Series E O control Totals), & Environ ental
4 Held t::: Capacitics,1990, Southeastern Ecv Engla1J Study Area

TIRST COLinM * - K0:8 SEKE TOW
!!/A = 1:0T APELICALLE EXCLUDES 7: S :.I TOWS

1AND
FOPULATION ARTA POPUIATION PTR SQ*a:E 1:!LE IA:3 AFIA

EHC EHC
1960 1970 1990 2020 1990 Sq.Ittle 1960 1970 1c30 1990 2020

*Srencer 7,833. 8.779. 10,168. 11,865. N.A. 32.6 240.4 269.3 311.9 :!. A. 363.9
* Sterling 3,193. 4,247. 6,656, 10,586. N.A. 30.4 105.0 139.7 218.9 N.A. 3:2.2
*Sturbridge 3,604. 4.878. 7,455. 11,956. N.A. 37.7 95.6 129.4 197.8 N.A. 317.1
Su: ten 3,638. 4,590. 6,097. 8,047. 18,986. 32.7 111.3 140.4 186.4 580.6 29.1
*Te?pleton 5,371. 5.863. 6,699. 7,285. N.A. 31.9 168.4 183.8 210.0 N.A. 225.4
Upten 3,127. 3,484 3,932. 4,625. 12.316. 21.8 143.4 159.8 IEO.4 565.0 212.2Uxbridge 7,789. 8,253. 9,283. 10,004. 19,730. 29.5 264.0 2 79. 8 314.7 668.8 3r.1
*L'a r re n 3,383. 3,633. 3,925. 4,262. N.A. 27.4 123.5 132.6 143.2 N.A. 155.6*Vebster 13,680. 14,917. 16,845. 18,198 N.A. 12.5 1,094.4 1,193.4 1 %7.6 N.A. 1,05.8
*Vestborough 9,599. 12,594 18,475. 28,455. N.A. 21.0 457.1 599.7 879.8 N.A. 1,335.0

.p **'est Bey 1ston 5,526. 6,369 9,264. 13,182. N.A. 12.7 4 35.'1 501.5 729.5 N.A. 1,037.9
e * West Drookfield 2,053. 2,653. 3,933. 4,998. N.A. 20.5 100., 129.4 191.8 N.A. 213.EH **.'e s t-in s t e rO 4,022. 4,273. 4.915. 5,690. N.A. 35.5 113.3 120.4 138.5 N.A. 160.3

*Vinchenden 6.237. 6.635. 6,863. 7,102. N.A. 43.1 144.7 153.9 159.2 N.A. If '. . fvorcester 186,587. 176,572. 174,833. 169,947 184,295. 37.2 5.015.8 4,746.6 4,699.8 4,954.2 4,560.5

Coastal Rhede Island 140,945. 179,934 222,117. 284,142. 328,195. 436.1 323.2 412.6 539.8 752.6 651.6
Newport County 81,405. 94,228. 112,381. 131,322. !!8,529. 104.9 776.0 898.3 1.071.3 1,129.9 1,251.9O Jamestown 2.267. 2,911. 3,779. 4,577. 4,225. 9.7 233.7 300.1 389.6 435.6 471.9

O Little Compton 1,702. 2,385. 3.082. 3,526. 9.340. 21.6 78.8 110.4 142.7 432.4 IF 2. 2
!!!JJ1e t om 12,675. 29,290. 39,277. 51,248. 31,848, 12.9 982.6 2.270.5 3,014.7 2,468.8 3,9 72. 7U Nesport 47,049. 34,562. 33,585. 33,1e0. 35,262. 7.7 6,110.3 4,488.6 4,36 1. 7 4,57?.5 4,201.1
Portsnouth F.251, 12.521. 16.572. 20,600. 15,960. 23.3 354.1 537.4 711.2 685.0 ff4.1

N Tiverten 9,461. 12,559. 16.086. 18,191. 21,894 29.7 318.6 422.9 541.6 737.2 612.5
Washington County 59,540. 85.706. 109,936. 152,820 209,666. 331.2 179.8 258.8 331.9 633.0 461.4

Charlestown 1,966. 2.863. 3,949. 5.796. 14.076. 36.3 54.2 78.9 108.8 397.8 1%.?W Exeter 2,298. 3,245. 4,467. 6.619. 33,197. 57.6 39.9 56.3 77.6 576.3 114.9
Hopkinton 4,174 5,392. 6,710. 8,740. 21,674. 43.0 97.1 125.4 156.0 504.0 203.3
I:a rraga n se :t 3,444. 7.138. 11,428. 20,871. 11,903. 13.9 247.8 ' 513.5 822.2 856.3 1,101.5
New Shoreham 486. 489. 533. 603. 4.056. 10.0 48.6 48.9 53.3 405.6 60.3
North Kirgston 1 % 977 29,793. 37,738. 50,690. 46,105. 43.5 4 36.3 684.9 867.5 1,059.9 1,16 5. 3

~

. . . . . . . . . . .
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O Control Totals),(. Envitcn entalrir.. DIX TM LE 40. (Cont'd) Ten Populat ten,1x3 Area. Pcpulation rer cluare ?:lle, 1560-2070 (Usin8 Scrics E
IIelJirc Capacities,1910. Southeastera ?!co Ea;1a11 Study Area

;!: ; r CM C' ' - 1;?: CETM'

|;/1, .U. .1IOLI E T".CLLDES SOS ::E TCOS

1At:)
ForCIAIION ARI4 F0FULAT10:3 FER SQUARE ::1LE LA:V AR*A

II:C EHC
1760 1970 1990 2020 1990 Sq.Ittle 1960 1970 1990 1990 2020

rid m ! 1,986 2,625. 3,422. 4,823. 20,40). 40.4 49.2 65.0 69.6 505.0 98.0
Su:b ,:hgston 11,942. 16,913. 21,344, 28,610. 34,108. 56.8 210.2 297.8 375.8 600.5 503.7
Fc terly 14.267 17.248. 20,344 26.068. 24,143. 29.7 480.4 580.7 685.0 812.9 877.7

Prov tJ.me ' wtucket 718,543. 769,789. 908,725. 1,806,265. 846,543. 612.5 1,173.1 1,256.8 1.483.6 1.382.1 1,806.1
Bristol C.nnty 37,146. 45,937 60,632. 89,660. 51,021. 24.9 1,491.8 1,844.9 2,435.0 2.049.0 3,600.8

N Eirrin; ten 13,826 17,554 24,023. 37,212. g g,39 7, g,9 1,553.5 1,972.4 2.699.2 2,067.1 4,181.1
Bristel 14.570. 17,860. 23,287 34,117. 20,360. 10.2 1,428.4 1,751.0 2,293.0 1,996.1 3,344.8O Wa r re n 8.750. 10,523. 13,322 18,331. 12,264 5.8 1,508.6 1,814.3 2,296.9 2,114.5 3,160.6

p C Kent Cor.ty 112.619. 142,382. 196,038. 308,312. 215,000. 172.1 654.4 827.3 1.139.1 1,249.3 1.791.4g Ceventry 15,432. 22,947. 37,048. 69.901. 39,595. 62.2 248.1 368.9 595.6 636.6 1.123.8
i
* East Crc netch 6,100. 9,577. 15,969 31,380. 21,856. 16.6 367.5 576.9 962.0 1,316.6 1,8'0.4~

varwich 68,504 83,694, 109,863. 159,910. 96,195. 34.9 1,962.9 2, 39 8.1 3.147.9 2,756.3 4,5?2.0N) West Orc en ich 1,169. 1,841. 3,160. 7,320, 30,556. 50.6 23.1 36.4 62.4 603.9 144.7
& West U m ick 21,414 24,323. 29,998. 39 UI' 26,798. 7.8 2,745.4 3.118.3 3.845.9 3,435.6 5,10!.3Fa- .Jer:c County 568,778. 581,470. 652,056 708,303. 580,522 415.5 1.368.9 1, 399.4 1,569.3 1,39/.2 1,70'.7O sarrillville 9,119 10,037. 11,908. 12,737. 28.JI6. 55.8 163.4 180.8 213.4 507.5 229.3Centra,1 Tells 19,858 18,716. 17,956 16,712. 19,441 1.2 16,548.3 15.596.7 14.963.1 16,200.8 13,926.4Cranstca 66,766. 74.287 80,D7 82,223. 79,629. 28.6 2.334.5 2,597.4 2.825.1 2,784.2 2,874.9Cu40rlen.t 18.792. 26,605. 41,232. 60,259 35,704 27.1 693.4 981.7 1,521.'i 1,317.5 2.223.6East ProvtJence 41,955. 48,207. 56,206. 59,422. 101.010. 13.3 3,154.5 3,624.6 4 ,22 6. ') 7,59*. 7 4,467.e

Te s te r 2,097 2,626. 3,652 5,309. 18.148. 51.4 40.8 51.1 71.1 353.1 103.3Clecester 3.397. 5,160. 8,624 14.513. 29,064 55.3 61.4 93.3 155.9 525.6 262.4Jehesten 17,160. 22,037. 31,705. 43,592. 30,141. 23.7 724.1 929.8 1. U T. 8 1,297.1 1,839.31.fncoln 13,551. 16,182. 20,882. 25.792. 23,264. 18.6 728.5 870.0 1,122.7 1,250.8 1,3 " . 7?;erth Trevidence 19,220. 24,337. 35.505. 34,943. 25,084 5.7 3,196.5 4,269.6 6,2E .0 4,400.7 6,131.3
!!:rth 5-Ithfleid 7,632. 9,349 I2,802. II.23I* 19,440. 24.5 311.5 381.6 1 '.5. 8 79 3.5 7C4.1Fawtud e t 81,001. 76,984 75.118. 72,678 77,283. 8.8 9,204.7 8,748.2 8 36.2 8,782.2 8.255.8Frovidehce 207,498. 179,116. 176,543. 165,688. 1,602, 18.1 !! 464.0 9,895.9 1,753.7 ES.5 9,154.1Scituate 5,210, 7,489. 12,248. 20,925. 25.032. 48.8 106.8 153.5 251.0 513.0 42P 8S- t th fia l d 9,442. 13.468. 21.116. 33,118. 18,941. 26.7 353.6 504.4 790.9 703.4 . 30.4V:ansocket 47,080. 46,820. 45,682. 43,141. 47,823. 7.9 5,959.5 5,926.6 5,732.5 6.053.5 5 '4

1/ The Series E population proj1ctions presented in this table were adjusted by ERS from the Series C town projections develo;ed 1yby BEA carlier in the SC::E stu(y.
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APPENDIX B
e

PROJECTION METHODOLOGY

(> Part 1 of this appendix describes the methodology used by the Bureau
of Economic Analysis (U.S. Dept. of Commerce) and by the Economic Research
Service (U.S. Dept. of Agriculture) is preparing the OBERS Series C
town by town projections for the Southeastern New England regional study.

dD This description was taken from the New England River Basin's Commission's
Interim Report: Socio-Economic and Environmental Framework, Volume 1,
March, 1973.

Part 2 shows the method by which the Economic Research Service
G later converted the original Series C projections into the OBERS Series

E town by town projections. This revised methodology is provided cour-
tesy of the New England River Basins Commission.

O

O

O

O
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PART 1

O

METHOD 0IDGY

SOCIO-ECONOMIC PROJECTION METHOD 01DGY

O
The economic infomation contained in this report has its source in a

program of economic measuremant, analysis and projection conducted by the Bureau
of Economic Analysis (BEA) - formerly the Office of Business Ecc iomics (OBE) -
of the U.S. Department of Cornerce and the Economic Research Service (ERS) of

O the U.S. Department of Agriculture. The OBERS program, as it has come to be
called, seeks to provide a regional economic infomation system in which historical
and projected data fem a national economic framework wherein a region's present
and future levels of economic development can be assessed and compared with those

e of other regions.

The OBERS program prcvides historical and projected data for economic areas,
States, river basins, and water resources subareas (WRSA). The area of immediate
concern in this study - Southeastern New England (SENE) - is encompassed by one

g of these subareas (WRSA 106) which includes the ten easternmost counties of Mass-
achusetts and all five counties of Rhode Island. With the exception of that small

part of the SENE study area in Connecticut, all of the TNE drainage basins are

included in WRSA 106. Excent for the uoper tt:o-thirds of Worcester and Middlesex

counties, WRSA 106 closely annroximates the SENE study area.g
In this report, the data for WRSA 106 are further disaggregated into series

for six component county groupings. These series provide control totals for the

deve'.cpment of population projections for individual towas. The historical and

projected population data for the towns contained within each of the county group-

ings may then be aggregated to provide population projections for planning areas.
In addition to presenting data for the six component areas, this report

seeks to relate the historical and projected economic trends of the SENE study

area to the comparable national totals. The economic area framework is utilized
O

for this analysis, which is designed to provide a basis for evaluating the

regional economic impacts of proposed development programs.

g It should be noted that changes in various subsections of the economy may
g not be adequately reflected in future projections. Farthemore, shifts in

the competitive relationships between the study area, surrounding regions
and the nation may not be immediately evident.
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O
Insofar as possible, the data contained in this report will correspond to

the 1972 GBERS projections. It is expected that differences, if any, will be
minor and result from final aciting procedures employed in the publication of the
OBERS document. Major revisons indicated on the basis of field review of the g
preliminary OBERS projectic .s have been incorporated in this apart.

9
ECONOMIC PROJECTION METHODOIDGY

The National Framework. The OBERS projection procedure calls first for
projections of su . mary National totals, which are then disaggregated into National

industry components. The National industry components, in turn, are disaggregated 9
to the various regional configurations.

Conceivably, the economy of each region could have been projected indepen-
dently. However, the alternate course of first making National projections as a
guide or control on the regional projections is followed for several reasons. g
National trends as well as National inter-industry relationehips are generally
more etable and measurable, and hence, projected more reliably than are those of

cmaller areas. It is well t) utilize the more accurate available data and ctable
relationships first, as this places them in control positions. The came raasoning g
is applied within tha set of National projections. Conceiva'aly, each industry could
have been projected separataly and all summed to the National aggregate; of employ-
ment, output, incoma and enrnings; however, a set of aggregat.c measures :a; fi rot
developed and then disaggregated into regional totalc for the individual indust:-iec.

9The initial step in preparing the National projections was to project the
gross national product (GNp) t o 2020. GNP vas represented as the product of
projected annual employnent, man hourc :orked per year, and product per man houru.el

S
'1/ Thomas A. Grigalunan, ' A Revin of the Southeastern Ne' England Economy and

Its Water and Related Innd Resources, uith Some Propocals for Economic Develep-
nant," Kingston, Univarcity of Rhode Icland, 1972.

U For more detailed discuccion see: " State Projections of Income, Employment,
and Population," Survey of Current Business, April 1972.

.

,
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National employnent totals were derived by applying projections of historical
labor force participation ratios and unemployment rates to the Census Bureau's
published projec"nns of the population. Hours worked per year and product per

man hour were alsc p-ojected on the basis of analyses of the trends in these two
variables since l'!L8.

O The Series C projections were ridely accepted at the time the 1972 OBERS

work was initiated. In licht of recent changes in fertility rates, these projections
are now considered somewhat "high" by many analysts. An alternative set of " low"
projections (Series E) is currently under development. Unfortunately a fully spec-

O ified set of Series E regional projections is not available at this time. Differ-
ences between Series C and Series E projections for 1990 are not likely to be
large, however 2020 Series C projections are not as useful because of the greater
likelihood of overestimation. For 1970 the Series C and E (Mt.PC has Series D pro-

O jectiona for 84 of the 207 towns in the SENE area.) estimates can be used as a
planning range: the Series C as the upper estimate and the Series E as the lower
estimate.

Total GNP was disaggregated into the gross product originating (GPO) in each

3 of 37 industries on a National basis, thus the disaggregation represented an exten-
sion of trends in the industrial composition of the economy over the past two decades.
National totals of aggregate personal income and earnings of persons engaged in each
indust: r and employment by indurtry were derived from the GNP and GPO projections on
the basis of historical relationships and from separ.te analyses of the industrialg
composition of earnings and employment. Summary National personal income, earnings
and employment data are present cd in Tables 4.1 and 4.2.

The Economic Area Framework. Projections require a kno cedge and extension

cf relevant past relationshipc. The more precisely such relationships can be iden-g
tified and measured the more accurate till be the projections. In order to develop

water and related land resource plans, economic projections are needed on a water
resources subarca basic but such geographic areas are not satisfactory units fcr use
in .renaring projections. Accordingly, projections were made first for some 173 nodal-
functional economic arcar and then converted to the water resources subareas.

Frm a geographic point of view, an economic area encompasses a principal
trade and labor market center including the surrounding county units whose econcmic

3 1/ The 1/72 OBEF Projections is based upon the Series C :rojections found in the
Current Ponul: an Renorts (p. 25, No. 381).
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tac e 4.1 - Population, Frployment, Personal Income, and Ea:ning: by Indust:- , for the
United Statt.. Historical and Projected, Sele-ted Years,1950 - 2 ~ ~ .

1950 173? 1962 1968 1969 1980 1990 2000 2010 2020

Population, Midvear

(Millions) 151.9 177.1 185.8 199.8 201.9 234.2 269.8 306.? 350.1 399 0
Per Capita Incomt

(1967$) 2,065 2,4.1 2,583 3,304 3,416 4,765 6,166 8,289 10,895 14,260
Per Capita I iccme Relative

(US=1.00) 1.00 1.00 1.00 1.00 1.00 1.30 1.00 1. X 1.00 1.00
Total Employment
(Millions) 57.5 66.4 67 7 93 8 106.9 124. d- 143.4 163.6

Employment / Population
Ratio 38 37 36 40 .40 41 .41 .41

Earnings Per Worker
(1967$) 4,502 5,360 5,7 63 9,396 12,167 15,811 20,450 26,569m

Earnings Per Workerm

Relative (US=1.00) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

IN BILLIONS OP 1967$

Total Personal Income 313.6 432 3 480.1 660.0 689.6 1,115 9 1,663.4 2,542.8 3,814 4 5,690.1
Total Earnings 258 7 355 8 390.0 529 7 554 9 881.6 1,300.8 1,970.7 2,933 3 4.347 2
Agriculture, Forestry,
Fisheries 23.6 17.0 18 5 18.4 19.6 19 9 21.6 25 5 33 2 44 5Mining 51 51 4.9 52 5.7 73 87 10.7 13 0 16.0

N Contract Construction 15 5 21 9 23 0 31 7 34.1 52 5 77.4 117.1 174.0 256.4o Manufacturing 74.8 1T ' 115.6 155.6 161 4 241.0 339.1 492.6 707 5 1,020 9
O Trans., Comm. & Public
Ln Utilities 21.1 27 4 28 7 36.6 J8.6 56.8 80.0 116.4 167 3 241 3Wholesale & Retail 46.9 63 5 67.6 87 1 91.1 148.6 220.1 335 5 501.6 746.5N Trade* Finance, Insurance & 10.9 18.1 19.8 27 7 28 9 45 1 65.6 98.0 144 4 212.2U Real Estate

Services 28.9 45 2 52.6 77.2 81 7 145 2 230.0 368.6 573 0 876.8
Government 28.8 50.2 59 4 90.0 93 8 165 2 258.3 406.4 619.2 932 7

Population, April 1, 1970 203.2

9 9 9 9 9 9 9 9 9 9 9
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Trne 4.2 -- Popalation, Erployment and Participation Rate by :n?2stry Sectcre, f:r the United States,
Historical a:ri Projected Selected Yean; 1940 - 2020

-

-
. .-

Selected Historic Years Pra iected Years
___ 1 Q _ J 10 1950 1?66 1 '4U i ?)C 2:X)] . 22 2020' ' '

Population (Millions) 132.2 151 3 179 3 195 9 234 2 269.8 306.8 350.1 399.0

Total Employment (Millions) 45 4 57., 66.4 75 1 93 8 106.9 124.o IL;., 1 63. 6

Participation Rate (Emp/ Pop) 3L 38 37 38 40 40 .41 .ul .41

Agriculture, Forestry & Fisheries 87 72 45 37 25 2.1 1.9 1.8 1.8
C Mining 9 9 7 .6 5 5 5 5 5en

Contract Construction 2.1 35 4.0 4.6 5.6 6.4 7.4 84 9.6
y

N
C7s Manufacturing 10.8 14.8 18.2 21.0 25 0 27 7 31.4 35 2 39 3Ch

Machinery, ALL 1.1 2.1 32 4.2 5. 6 6.7 8.2 9.6 11.2
Transporation Equipment 9 1.4 19 23 29 33 3.8 44 49
Other Manufacturing 3.6 4.8 59 6.7 7.9 8.7 99 11.0 >1 3
Transport., Commun. & Pub. Utilities 32 4.5 47 4.9 5.9 6.6 75 85 95
Wholesale anc Retail Trade 7.7 10 7 12 3 13.7 17 2 19 5 22 7 25 9 29 3
Finance, Insurance & Real Estate 15 1.9 2.8 32 4.2 4.8 5.7 65 74
Services 8.8 10 3 14.1 17 1 24 7 30.1 37 1 44.6 52.6
Government 1.8 3.6 51 6.3 8.1 91 10 5 12.0 13.6



activity is focused en the center. An economic area includes, as closely as
possible, both the place of work and the place of residence of its workers. This
characteristic allows the regional analyst to view area workers in both their
producing and consuming roles.

From an industrial point of view, an area's economy may be viewed in tems
af a group of " basic" industries and a related group of "residentiary" industries.
In eve n area, the basic group includes agriculture, mining, all manufacturing
(except food and kindred products, printing and publishing), and armed forces. The
residentiary group in every area typically includes contract construction, transpor-
tation, communications, utilities, trade, finance, business and professional services,
and civilian government activities. However, in areas where one or more of these
typically residentia n activities Jerve larger-than-regional markets, they are
treated as basic activities.

Basic industries are those which play the central role in an area's develop- g
ment. In the production of its basic industries, an area has special economic advan-
tages relative to other areas' thus, much of its basic-industry output tends to be
exported to other areas in return for inputs in which .s product mix is less efficient.

Residentiary industries tend to spring from basic ind2stries; their origin may
Obe viewed as a response to requirements for special services on the part of both basic-

industry fims (e.g. , transportation and wholesaling) and workers in their role as
consumers (e.g., recreation and retailing). It is important to note that the inter-
dependence of an area's basic and residentiary industries is integral to the BEA
Economic Area projection process. O

The initial step in the economic area (as distinct from the National) projec-
tion was the calculation of the shares of National earnings and employment in each
basic indust y received by residents of each of the 173 areas for 9 selected years
from 1929 to 1968. Changes in the shares accruing to each region were analyzed S
industry-by-industry and mathematical extensions of these trends were calculated and

then modified in accordance with infomation from other sources. Projected shares of
earnings and employment in 1980, 1990, 2000, 2010 and 2020 in each region were applied
to the National totals in the appropriate industry to obtain projected earnings in g
dollar tame /and employment in numbers of persons.10

Earnings and employment in nonbasic or residentiary industries were then al-
located to the 173 regions in accordance with projections of the trend in past re-

R / All income and earnings data represent constant dollars and are presented in O
tems of 1967 dollars. Conversion to constant dollars was accomplished through
the use of the Implicit Price Deflators for Personal Consumption Expenditures
published annually by BEA. Projections were made in tems of 1958 dollars and
then converted to 1967 dollars for publication purposes.

200-5 267 *
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lationships of basic and residentiary industries. Personal income projections were
developed from projections of total earnings. Population was then projected on the
basis of projected employment and income.

The natural increase in population in an area - births minus deaths - can be
prvjected quite accurately. The critical element in a local area population projec-
tiot made within a given Naticnal population total is inter-area migration. It was

O asst med in these projections that the major motivating factor in migration is eco-
nomic opportunity except in a few areas which attract an especially large number of
retired persons. Accordingly, changes in area population were projected as a function
of changes in area employment.

O Historically, there has been some variation among areas in the ratio of popu-
lation to employment because of differences in unemployment and in labor force par-
ticipation. The projection technique recognizes these differences but assumes that
they will gradually disagear. (Four percent unemployment was assumed Nationally but

g not in each area separately.)

The projected increases in employment were translated into population changes
by applying the projected National population / employment ratio to area changes in
employment. In areas where retired persons comprise an especially large proportion

g of the population - and measured labor force participation is unusually low - the
retirement population is projected ceparately from the re-ainder.

Minor differences between the sum of the economic area projections derived by
the above formula and the previously determined National totals were allocated in
proportion to the fomula results.

Historically, area trends in relative income per capita (area per capita in-
come expressed as a percent of National per capita income) have shown a cronounced

taniency to converge to:tard 100. Projected per capita income relatives uere computed
for each area and were analysed for trend-stability and convergence. The lack ofO
these characteristics in a fev: instances caused a reexamination of each projected
component with modification where appropriate to achieve satisfactory interconponent
relationships were achieved.

The Southeastern New Eneland Study Area. In the previous discussion the n.ethoc'
O used in making projections for the 173 functional economic areas vere developed; how-

ever, to meet the needs of water and land resource planners, projections for the eco-
nomic area unit must be transformed into projections for the water resources subarca
(WRSA) unit.

g Water resources subarea boundaries seldom coincide with economic area

R/I "1972 OBERS Projections: Economic Activity in the United States by Economic Area,
Water Resource Region & Subarea & State Historical & Projected, 1929-2020," GPO,
Washington, D.C. 201.02
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boundaries; thus, economic areas must first be disaggregated into sub-segments and
then reaggregated into water resources cubareas. Accomplishment of this involves
expressing the various components of income, employment, and population in each of g

the economic area sub-segments over the historical period as percentages of the
economic area in which they are located. The historical percent shares were then
projected and applied to the appropriate economic area projections te obtain the
absolute values for each segment. These segments were then reaggre',ated to the water g
resources subareas. The final step was a review for reasonableness of relations con-
cerning industry mix and the relatio'nships among income, earnings, population, and
employment. (See Appendix Tables 1 to 5.)

In general, obtaining projections for the SEIE study area involved the appli- ,
cation of the above procedure to the Boston Economic Area. This results from the
fact that the SENE study area is wholly contained within this single economic area.
Thus projections for the SENE study area and its component subareas were derived by
disaggregating the Bosten Economic Area.

O
The SENE sub-segments of the Boston Economic Area consist of:
1. Greater Boston subarea (Essex, Middlecex, Norfolk, Plymouth and Suffolk

Counties in Massachucetts)
2. Providence-Pawtuckot-Warwick subarea (Bristol, Kent and Providence Counties

in Rhode Island)
3. Worcester-Fitchburg-Leominster subarea (Worcester County, Massachusetts) 3
4. Fall River-New Bedford subarea (Bristol COtnty, Massachusetts)
5. Coastal Rhode Island subarea (Newport and Wa hington Counties) and
6. Coastal Massachusettc subarea (Barn:: table, Duke; and Nantucket Counties).

The geograohic interrelationchips between WRSA 106 and the six SEIE cubareas are
shom on *,he acco.npanying map (Figure 4.1).lla/ The basic OBERS projections for g
Sout.heastern Ner England are precanted in Tables 4.], 4.4, and 4 5

Southeastern New England Subareas. The six subareas i;hich collectively

comprice WRSA 106 are the basic projection unit for the SEIE study. Ideally,

somewhat smaller units would be desired by water and related land resource planners;
O

however, there are several technical reasonc thy multi-county areas must be used for
basic population areas.

First, comprehensive detailed industrial earnings and employment data exists
only at the county level although come economic data does exist at the town level,
it is generally not comprehensive. Where inductrial detail exists,

lla/ Figure 4.1 shows only the fifteen towns of the Worcester Economic Subarea
which are in the SEIE Study area. The Economic Subarea, however, includes
forty-five additional towns not shown, i.e. the northern portion of

OWorcester County (see Appendix Table 59). The same is true for the Greater
Boston Subarea. Essex and Mi.dlesex Counties trithin the Greater Boston
Economic Subarea contain eighty-eight towns, however, thirty-eight of these
toms lie outside the SE!E study area and therefore are not includes within
the boundaries dram in Figure 4.1.

*
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Table 4 3 - Total Personal Income, Population, Per Capita Income, and Employment .
Selected Historical Years, 1950-1969, Water Resource Subarea 106.

Year
1950 1959 1962 1968 1969

Total Personal Income (19673) (000) 10,887,343 13,933,768 15,423,434 20,685,202 21,526,881

Population, July 1 4,831,339 5,248,893 5,377,026 5,770,327 5,802,549Per Capita V _..~ (19673) 2,255 2,668 2,884 3,610 3,736
Per Capi +r incom.e Relative (US=1.00) 1.09 1.09 1.12 1.09 1.09

Total Employment 1,909,371 2,102,035{ Employment /PopulationRatio 40 40
ra

SELECTED PROJECTED YEARS, 1980-2020

1900 1990 2000 2010 2020

Total Personal Income (1967$) (000) 34,721,933 51,319, W1 77,502,989 114,386,340 167,521,685

g Population, July 1 6,832,572 7,904,509 8,992,995 10,228,395 11,594,423'g Per Capita Income (1967$) 5,112 6,53 0 8,667 11,248 14,530
o Per Capita Income Relative (US=1.00) 1. W l.06 1.05 1. 03 1,02
tn

Total Employment 2,895,605 3,296,760 3,827,745 4,368,894 4,934,909
N Employment /PopulationRatio .42 .42 43 43 43N
-

0 0 0 0 O e O
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Table 4.4 - Earnings by Selected Industries, Selected IIistoric Years
1950 - 1969, Water Resource Subarea 106.

__

1950 1959 1962 1968 1967

Thousands of 1107 Dollars -

Total Earnings 8,744,252 11,321,987 12,464,372 16,242,004 16,325,247

Agriculture, Forestry & Fisheries 160,636 110,199 110,463 114,654 116,729

Mining 5,254 8,406 7,923 8,577 7,688
N
o contract ' .struction 498,942 620,885 670,708 964,930 1,016,214

to o

hw Manufacturing 3,500,495 4,047,062 4,306,960 5,042,934 5,116,469

Z Trans. Comm. & Public Utilities 560,511 712,952 764,751 957,446 1,023,168
N.

Wholesale & Retail Trade 1,703,369 1,987,326 2,104,883 2,752,319 2,845,020

Finance, Insurance & Real Estate 431,480 681,412 747,033 1,014,682 1,052,471

Services 1,035,160 1,595,301 1,888,646 2,909,820 3,117,047

Government 1,048,406 1,558,439 1,775,005 2,476,640 2,529,461

g Data raay not add to totals because of rounding.

Source: Bureau of Economic Analysis, U.S. Department of Commerce.
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Table 4 5 - Earnings by Selected Industries Selected Projected
Years, 1980 - 2020, O
Water Resource Subarea 106.

--

1980 1990 2000 2010 2020

in Billions of 1767 Dollarc O
Total Earnings 26.1 39 4 59.2 86.9 12 6.7

Agriculture, Forestry & Fisheries .1 .1 .2 .2 3

Mining .01 .02 .02 .03 .04
O

Contract Construction 1.6 23 34 50 7.2

Manufacturing 7.4 10.1 14 3 20.0 28.1

Trans. , Comm. & Puolic litilities 15 2.2 32 4.6 6.6

Wholesale & Retail Trade 4.7 6.9 10 3 15.2 2' .1

Finance, Insurance & Real Entate 1.6 23 33 47 6.8

Services 54 8.4 13 2 20.1 30.1

Government 45 71 11.2 17.1 25 5 O

Data may not add to higher level totalt because of rounding.

O
rules of disclosure prohibit puolication which might reveal information on jndi-

vidual plants or fir.3, thus county unito must be utilized in the definition of

areas for economic projectienc.

Secondly, the accuracy of economic projection decreases markedly as projec-
4

tien units become omriler. Additional information, such as zoning decisions and
age of industria. plant need to be carefully examined when making small area
projections. '1here such information is needed, cpecific interviewing of plant,

managerc ad of town planners may be the only means of obtaining reliable infor-

Oc.atica on the intividual location decisions which would have to be considered
in aaking cuch detailed projectionc. Such an intense investigation was outside

tha score of thin staJy. Therefore, extreme care should be exercised in using

the '.al; area p"ajections contained in this report..

.

2005 273 .
B-14



In the analysis of the sub-segments, instead of viewing the six geographic

components relative to WRSA 106, i.e., to the SHIE study area as a whole, the

components were viewed relative to the Boston Economic Area as a whole. As
was noted above, the economic area is a geographic ent-ity more appropriate for
economic analysis than is a hydrologic region. The economic area appioach has
the effect of enabling cre u nnalyze economic changes within any one of the six
geograpnic components of the study area in terms of their impact on the distri-

bution of ecor.omic activity within the Boston Economic Area.

Such an approach, of mirse, requires that the disaggregation of the
econo:ric area be fully exhaustive. This, in turn, requires that one take into

account two other geographic components of the Boston Economic Area in addition

to the six SEIE componente. Thic seventh component is the Manchester-Nashua
area, which is defined as Hilloborough County. The eighth includes the remainder

O
of the New Hampshire portion of the economic area, concisting of Belknap, Carroll,
Merbimack and Rockingham Counties. Historically, these two New Hampshire areas

have accounted for between five and seven percent of total economic activity in
the Boston Economic Area..

O Town Proiections for Southeastern New England. The town projections take
as their starting point the population projections already prepared for the six
sub-segments of the Boston Economic Area. With these as control totals, popula-
tion projections for the constituent counties of each of these sub.-segments were

9 developed. These county projections came as the result of extending into the
future the historical tee.Ti .n ca d county's percent share of the population of
the cub-cegment in which it n s located and applying this percent share to the

cub-segment population control total.

g With the county projections as control totals, the town population picjec-
ticns were developed. Th2se projections represented an extension of each town's
growth experience during tha decaces of the 1950's and 1960's. Thus, for example,
long established towns which were fully utilizing their available land area tended

g to grow at relatively moderate rates and are projected to continue to do so. Such

towns - each with upwardu of 30,000 residents tended to cluster both at the center

and en the fringe of metropolit an areas. On the other hand, there were a number

of smaller tcwns which grew rapid 2y during the 1960's and are r ojected to continue
to grow rapidly in the fut are. These towns. tended to be locatet at some distance
from metropolitan centers.
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In general, the previous methodology was used in projecting population data
for each of the 289 towns under consideration. However, the projections for 111
of these towns (which were members of the Boston Metropolitan Area Planning
Council (MAPC), also utilized as an additional input the Council's own set of
projections, published in 1968. Utilizing the U.S. Census Bureau's D Series,
the MAPC projects the total population of its member towns in 1990 to range from
3,858.6 to 4,062.2 thousand. On the other hand, BEA, using the Census Bureau's
C Series, foresees a 1990 population of about 4,200.0 thousand for this area.

The difference between these two sets of projections stems from the higher
national birth rate assumed by the C series. This higher rate not only implies
a future population larger than that indicated by the D Series, but it also
implies a younger population. This younger population, in turn, might be expected
to exhibit a consumption pattern all its own. For exa ple, they may demand more
recreational facilities and prefer large, single-family dwellings to small, g
multi-family dwellings.

Despite the differences between the MAPC and BEA projections, the fomer
proved useful in the BEA town projection process. The MAPC projections indicated
that population growth during the next two decades in the MAPC area would occur

,
mainly in suburban rather than in urban communities. This finding suggested
that one might approach the task of projecting population for the 111 MAPC towns

by first insolating those relatively populous inner-city and metropolitan-fringe
communities which grew slowly during the 1960's and would be expected to exper-

Oience only moderate growth in the future. Thirty-one such toms were identified
and their population data projected.

Data for some eighty fast-growing suburban communities remained to be

projected. With the MAPC 1990 high projections for the eighty towns as a basis,
BEA projected the towns' populations by proportionately allocating the " residual"
projected population i.e. , the difference between the 4,200.0 thousand population
projected for the MAPC area as a whole and the population already projected for
the thirty-one MAPC urban co= unities. In this way the BEA projection process was
able to utilize both MAPC expertise in land-use planning and MAPC detailed 9
knowledge of the suburban co= unities. Next, for each of the eighty suburban
co= unities a comparison was made between the MAPC projected 1960-70 pcpulation
growth rate and the actual rate (based on the 1970 Census). This comparison
necessitated a readjur+ ment of projected population in ten co= unities to more 4
closely align projected population growth rates with those of the last decade.

2005 275 .
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g It should be noted that in the population projections for the 111 MAPC
towns, all of which (except Easton, in the Fall River-New Bedford Are) are part
of the Metropolitan Boston sub-segment of Economic Area 4, the projected data
were adjusted to fit within the already established su b segment and county
projected population control totals.

Finally, there are three towns in Connect 4 cut (North Stonington, Stonington

and Voluntown) all outside of the Boston Econce.ic Area for which no control totals
exist. Projections for these towns are base ( on historic trend as compared with
towns of similar size and trend found within the SENE study area.

O

O

O

O

9

6
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PART 2

METi!0DOLOGY TO REVISE BEA SERIES C

TOWN PROJECTIONS
4

The Bureau of Economic Analysis, U. S. Department of Commerce, has

produced a set of town projections for their six subarca definition of

the SENE region. These town projections were based on Series C assump-
O tions. Series C assumptions have proven too optimistic and town pro-

jections using Series E assumptions are now desired. ERS has been

called upon to produce these revised projections. An earlier attempt

by ERS to do this (March, 1974) iias proven to be inadequate. This
e attempt utilizes the more detailed methodology described below resulting

froin suggestions by BEA and others. The methodology will be described

in steps. All numbers refer to total population.

4D Step 1.

Series C 1990 SENE Region X

Series C 1990 Economic Area 4 " Series E 1990 Economic Area 4

g X = Series E 1990 SENE Region Control Total

Series C 2020 SENE Region Y

Series C 2020 Economic Area 4 Series E 2020 Economic Area 4

Y = Series E 2020 SENE Region Control Total
e

Step 2.

Series E 1990 SENE Region (X) - 1970 SENE Region
_

Series C 1990 SENE Region - 1970 SENE Region

e
a= .625225 = proportional SENE growth rate: Series E to Series C

Series E 2020 SENE Region (Y) - 1970 SENE Region
bSeries C 2020 SENE Region - 1970 SENE Region

9 b = .539370 = proportional SENE growth rate: Series E to Series C

.
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Step 3.
9

(.625225)(Series C 1990 Town - 1970 Town) + (1970 Town) = i

i = Series E 1990 population projection for each town

(.539370)(Series C 2020 Town - 1970 Town) + (1970 Town) = j
O

j = Series E 2020 population projection for each town

Step 4.

OIi=I

I = Series E 1990 SENE Population Projection

Ej=J

IIJ = Series E 2020 SENE Population Projection

Step 5.

a. Compare I with X
O

X = 7,136,100
I = 7,132,874

b. Compare J with Y

0Y = 8,950,700
J = 8,946,026

It was decided that the summation of both the 1990 and 2020 town
projections agreed closely enough with the control totals that no further
adjustment was necessary. g)

O

.
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APPENDIX C

S COMPATIBILITY ANALYSIS

An analysis was undertaken to evaluate the reasonableness of the

permanent and seasonal residential population distributions projected
ID for the study area. This assessment was made in terms of the consis-

tency of the projected population increases with applicable zoning
restrictions for the Town of Plymouth.

The compatibility analysis indicates that, with the exceptien of
4D one sector, the projected number of dwelling units in each sectoral

location could easily be accommodated within the density limitations
established by the town's zoning ordinance. The one exception is the SW
sector between one and two miles from the proposed site. Four-hundred

4> eighty-one additional dwelling units are projected to be located in this
The " holding capacity" of this sector, however, ranges from 292area.

to 476 units. Although the projected increase for this particular
sector is not consistent with the density limitation, the degree of

G inconsistency is relatively minor.

Description of Analysis Procedure

For each sector evaluated, the net additions to the permanent and
4

seasonal resident population (1975-2020) were first determined on an

aggregated basis and then converted into projected increases in dwelling
units. These projected incrcases were subsequently compared against an
estimate of the " holding capacity" of each sector. The " holding capac-

G
ity", or the maximum number of additional housing units ala cwable, was
derived from information contained in the previously described Develop-
ment Potentials Map (Figure 3.2-3) and in the dimensional restrictions
published in the Plymouth Zoning By-Laws (1973 revised edition) . This

II
analysis was undertaken for each sector with a projected increase of 100
dwelling units or more. The twenty-one sectors evaluated had a total
projected population increase of 16,362 or approximately 89% of the
total population increase projected for the entire study area.

9
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Tabic C-1 summarizes the results of the compatibility analysis.

The following paragraphs describe the information contained in this
O

illustration along with the procedures used to assemble the data.
Column 1 indicates those sectors with a projected increase of 100

dwelling units or more between 1975 and 2020. Column 6 shows the pro-

jected increase ia dwelling units for each sector. The conversion of
O

the population estimates to dwelling units was accomplished by dividing
the projected increase in the permanent population by 2.8, (the average

household size in Plymouth) and that of the seasonal resident population
by 5. The latter occupancy factor was derived from the results of a 9
limited survey of realtors in which various officials were asked to
provide an estimate of the average peak size of seasonal households in
the town.

Column 2 indicates the total number of acres contained within each O
sector. Column 3 represents an estimate of the number of acres avail-
able for new development in each sector. These estimates were made from
information contained in the Town's Development Potentials Map as pre-

viously explained in Section 3.2. Since this map provides an approxi-

mation of the percentage of land in a given location which is currently
developed, the residual signifies that which is potentially available
for future development. Therefore, these latter percentages were
applied to the respective sector's total land area to arrive at an 4
estimate of the number of acres available for new development. For

example, if Sector A is 880 acres in size, and if 40*6 of the land is
classified has having a high development pctential (0-20". already devel-
oped), and 60'. categorized as having a low development potential (80-

9
100% already. developed), the amount of undeveloped land in the sector is
approximately 370 acres.

The source of this latter calculation is more clearly described as

follows:
O

Step 1: 880 acres x 0.40 = 352 acres or the number of acres
categori:cd as having a high development potential.

O
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Step 2: 352 acres - (105 of 352) = 317 acres or the number of
4 acres of high development potential land yet to be

developed. The acreage subtracted from the product of

Step 1 represents the average percentage of land con-
tained within the high development potential category

9 which has already been developed. (High development

potential signifies that between 0 and 20"6 of the land is
already developed. Therefore, 10"6 is the average amount
developed.)

O
Step 3: 880 acres x 0.60 = 528 acres, or the number of acres

categorized as having a low development potential.

Step 4: 528 acres - (90S. of 528) = 53 acres or the number of
acres of low development potential land yet to be devel-g
oped. The acreage subtracted from the product of Step 3
represents the average percentage of land contained
within the low development potertial category shich has
already been developed. (Low development potentialg
signifies that between 80 and 100S. of the land is already
developed. Therefore, 90"6 is the average amount devel-
oped.)

$ Step 5: 317 acres + 53 acres = 370 acres available for develop-

ment in Sector A.

Column 4 identifies the residential zoning districts contained

within each sector. The Zoning Map for the Town of Plymouth providedg
the basis for this assessment. Column 5 represents an estimate of the
" holding capacity" of the undeveloped land within each sector. These
calculations are derived from multiplying the number of dwelling units
per acre allowed in each :oning district by the number of undeveloped,
acres contained within each :oning district of each sector. The minimum

lot sizes expressed in Table C-2 show the basis for determining the
density limitations of each zoning distri.ct. A capacity range is given

in Column 5 of Table C-2 due to the fact that the minimum lot sizes varyg
within a given :oning district depending upon whether conventional
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single family homes are constructed or whether a planned unit develop-
ment or cluster development scheme is utilized. The capacity limita- e
tions expressed in Column 5 were then compared to the projected
increases indicated in Column 6.

.

.

.

.

.

.

.

.
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TABLE C-2
10NINC RECift Af tnNS: TOW't OF Ft.YalnUTH

I Min. Pin. 't i * 'n iet

Minimum Min. Lot Side Frun Rear Ca era.e N1 -
4 g

Diet ric t inreat af District Allowed t'see Spec ial Permit Uses Frohibited Uses 1.ot Stae Dimensions Yard Yard Yard Man. F.A.R. Keng a

4'r i . 's 2 - Ir rec. e lse w e l ino s - Con se r vat ion u =c s - saat landings and - Dumping. filling, Wetlands restrictions overtie other sones. Ltses in undcriving rone may be a l l ei.. J

ht as e valuable public . Outdonc recrea- boathouses escavating or by special permit and special analysis.

* f tai res sorc e a%4 t o gu re stan - Dans for ponds, irrt- const ruct ion which

Areas their praterri.o - Agriculture gattan, rec re at ion will interfere
- to prot ect develep- - Open vise s ac ce s s- - Appropriate Town usee - with or be enden.
ment from posslbla cry to residential pumping st at ions gered by water
da eze in wet areas u se s - Ot her uses wtitch do coursee, water

- 10 rrevent filling or not interfere with storage areas

b l a b l *g o f f laod. water courses
p l e t ns

4 *l 11 - 'o dise uraae A vel- - Stente family . - Ent ract ive industry - Medive and small 60,000 eg.it. Width 200 30' 70' min. 50' 150/X.A. I st sri.s

** .*e 1, ar+ .i s dwe lling s - Rec reation f acilit ies tot residential Depth 200' 15 f.et

fi e l ri- fr.m 3.Alic - All wetlanilt uve - Day nursert<* except as part of

F-t~ 6e titiftes aml - Hose occupattans - Planned Unit Develop- Planned Unit
lasalltles enent s i nc l .ad i ng Deve lopmen t s

- nr .r < e* Ne I nthor hond Comme re i a l - Ccwwierc t al
s al i e!c rural et ars- I du/ acre avn. paz. - Indust rial

ter of it T , bv (500 acre utn. t ract ) - Junkyards

T r i t'.it i sa n et t e r.4.: ,f . . I a g. ,. ie .. I t *

0

Ch t 've - Is e I1 . . ss f-r - All uses allrr.cd - Mnhtte Hne fevelopments - Industrial 40.000 sq.ft. Width 150' Varia%Ie so' min. 50' 250'N.A. 3 st+rt.e
e- .-artatniarl. Sr 9c - in RR - heo-f eat ly dwellinas - General Cosmie r- Depth 200' by H a .. . t$3 , g
a 'Ia- I- 4e i i - u.c iatton f .ec i l l t 6. e e t :il spec!al, g
s 's em ira .. n t i-tto - Day nurseries - Art e rial Coo- permit

t.-ily u 4 r in- pr m. u t - Planned Clester mercial 20,000 sq.ft.

n* s - n ar r ton Development - Improper storate cluster

thr y h F ! rr . J - Planeird Resident ial et vehicles
e 13 - r , r rv . * i m-i , t Development - Mobtle Mnoce
e Pi ") 1.5 du's/ai.re avg. man.

. u5 - in n rev i i, er-is for - All uses all %sd - Mobile Home - Saor as t-40 25.000 sq.ft. Width 110' 15' single 35' min. 40' 254 N.A. I *t rt s
* a r a- net. pacious in R '.0 Flanned Unt1 Develop- tsepth 175' 40' total B fi s *35 M .h.
= i '. e t a ' r .a a f il rir. - aw a t variable

m- e ,1 e a e u our av - Funeral Homes I:y
p., .- ,e pr. i . c e t an - Medical FactIttles 15.000 sq.ft. special
af n -s .o r - e - he - Planned Clust er cluster pe ret t
rie n , 1 m ste itial Development
p.. e t .. e a t 'FFD) - Planned Resident ial

Devetopment
*

2 di, s / ac re iva, seat.

I

.

C .
1,t wi 't h wev he reduced in RR. R /.0, 2. Side yard depth variable to allow improved 3. Verlety in front yard depth is 4 Ce rt ain sa.c ial pa r - A t .s

d- d . s if lot is kept wooded, ut iltrat ion of open space, optimSal in sandatory for all residentlet in Is J14 .n l l - it i- a

et*toi 312 Smtus Int ent i ve R'0 R - 2 's R - 20 5 f. . B-20MD. and R-20MF lots, see Section 300.06, dw l l i nt => r0 t .4

tone s sub )cet to specist permit review. aJdttim al Em ir+-- ts

@ Mandatory f or all lot s of less than 20.000 De s ign Ccr d it t .$n s .
Includtnt Planned trait Developments.
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TABLE C-2 (Continued)

i
Min Miii ii is It

Minimum Min. t.nt $1de, front Rear Cow r ec nt -

g g g
I'' -r i t t at s n' e. f tjt st r l< t A l low d t;ms m Spesial Pisett Use s l'rohibited tises 1.o t Stre Dimensione Yard" Vard Yard Man F.4.R. st

-

' '$ - 1, p ra . I le ar-as - All use s allrowed - Same as R-25 - Same as R-40 20,000 sq.ft. Width 90' 15' single 10' min. 30' Mc / N. A. ) * tert <-

4 - a re meller lot s in R 40 - ReJtsc t ion of tot 30,000 sq.ft. Depth 150' 35' total la f eet

.I' tot et e pl- site may size to twn-family verlable
a e ' n*tal t- avaitoble, r,n- 15,000 sq.ft.

15,000 sq.ft. 75' width
sau m t with t' pecial

by special hst. ,- t t h er , ' e r p,,,l,
Por*It s Pec ialet . . g .e g eg . c ir by

E''*i'I .t 6 15,000 sq. i t .
c lu st e r

8 ' - r = tra a ;' art 45 * All U** s SIIowed - Same as R- D - Same as R-40 20,000 sq.ft. Width 90* 15' single 30' min. 30' 250/N.A. ) st os .. .
4. 'I t, s ei 6 -- d t r In R-tosL e xc e pt reduc t ion Depth 150' 35' tot al 35 feet

3 000 43.
J.a.itv r~il t (- of lot #' * '

-'.i, two-family
i i' f .i,t i s tic u s se - Planned Re s i d. n- by

e o let b b eilt ttal De ve t orment 15,000 sq. ft. ssects!a

- ' t ,*i re a hl - 5 du's/ acre avg. cluster pe rmit
r, a'it- te<t.1.+ tal man.
. w t ro v ,t t t r *ug h
rir r-25 %f an.t or It I

(*) -i .,5 1. it e ri-
I "In C i.

'M

(4 N- 1 u .i r - , par t - All uses allowed - S a<ne as R-2nyD - same as R-40 20,000 sq.ft. Width 90' 15' single 30' min. 30' 2s0 3.A. I etcric.
- 5 's +"t, s ' is in R-20s!. - Mul t i-f a' ally

' '9' *
Depth 150' 35' tot al li 1. < t

~

- vi- i i ne er w l- and si ngle f..elly variable C 'iW*I** y
-|-et at t ac hed dwellings byi % la **

it e C i '' r- >f . 1 - man. 12 du's/ac re 15,000 sq.ft. special

. .. , . . . ,g,..
'

N s t. e .f I cu ais gO-
t ,.. . m i is t .

O
Q - t ' r 'n t- t h. ' eve l- - saat sale s, serv- - Re st aurant s , rec. - Any uses, in. 20,000 sq.ft. 70' 10' 10' 10' Seht 1.0 1 -t - r u m*

gy.i -t .I 1W iea t<e, repatr, c reat i on, mot e l, cluding most u ,e

@ i r .. #-! ic ' t , i f t . *i t c h rvnt al specialty shop- cco ral conener- '.

for P anned Yard requirements may be made arcater or lessl
s- .im r > r i at . tn - romr.e rci al f i sh- pina, stellar s t al f acilit ies,

8 happing for special permit uses sub )ct s t o Env i r on. Rj
t' .. c srtrint Ing comp 4t ible f ac t l. which are not

* "" " ' " "I8" " III"""bd - I r q a t e. en efina- itles which toimple- compatible with -

riis of site pl ns mer' and st rengthen the intended p@
a .1 rn ' strian str. the function of the use or function

@ r eel st t an , .nJ r m- watertront area of the water.

p at thilit y with th - 'hstti-fastly and front or do not

a lli ent h i st or t e single family fit into the

art i at t ached dwe llings d s tred pat tern

et ac t ivit y

47 '

l. I e stifth nay be reduced in Rit, R-40, R-25 2. Side yard de pth variable to allow 3. Variety in front yard depth is mandatory 4. Cert ain spec ial per-it un+ a-

ie s if 1.t is b,pt woodcJ, Section ll2 improved utittaatton of open space. for all resident ial lot e, see Sect ion 300.08. c iud ans al l mul t i- f a--i n .. 'It-

si . iu. l+ sntives. Optfor ' in R-I.0, a-25. R-20SL, R-20MD, and Pt'D sub ject t o a a i g i ,1a

and R . 'MF sones sub jec t to special Env i ro9-sent a l Dr e ig i t e f a t a.'
perutt review. Mandatory for all lot s
of less than 20,000 including Planned
Unit Developments.
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APPENDIX D

O
SENSITIVITY ANALYSIS

The asotmption that evacuating vehicles will maintain an average

g speed of 3L miles per hour was based upon capacity and safety consider-
ations. These factors are discussed fully in Section 4.6. The calcula-

ted cicar times for each sector derived in Section 5 are in part based

upon this assumed speed.

g It is reasonable to ask to what degree the results are sensitive to

variations in the average speed. One might at first conclude that there

would be a significant effect. A higher travel speed implies a uniformly

shorter clear time. This may be the case when volumes are low and

g interrupted flow is rare.

11owever, such is not always the case in an area such as that sur-

rounding the Pilgrim site during an assumed evacuation at a peak demand

time. In some areas volumes may be high enough to put a strain on the

g road system. In such cases roadway evacity rather than average speed

is the determining factor in the number >f vehicles which may pass a

point in a given amount of time.

The assumed speed of 30 mph is that speed which empirically has
g been found to produce maximum flow under normal operating conditions.

In other words, left to their own judgement, based on safety, traffic

volumes and weather, drivers will space themselves closest (in time, as

measured by the headway in seconds from front to front) at 30 mph.

g thereby producing the greatest flow a road will allow.

It has been assumed that drivers will independently reach optimal

flow rates since improved traffic control and elimination of most con-

flicts will reduce the probability of blockage, thereby avoiding a

g build-up in density. Nevertheless, the effects on evacuation time of

speeds of 20 mph and 40 mph have been evaluated.

Speed-volume curves have been developed which depict the relation-

ship between average travel speed and average hourly passenger car

g volume in one lane of traffic. As traffic volume increases, speed

decreases due to the presence of greater numbers of vehicles. After the

point of maximum volume (about 2,000 vehicles per hour on a limited
access highway lane), the cause-effect relation reverses and decreasing

* 2005 286-
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speed allows fewer vehicles to pass. This decreasing speed is often
brought about due to the higher densities encountered. The higher 9

densities cause reduced speeds. (Graphical representations of these
effects may be found in the Highway Capacity Manual or Traffic Engineer-
ing Handbook).

OIf the average speed on an evacuation route is 20 mph it might be
assumed that traffic controls have broken down to the 2xtent that
density factors are causing decreased flow, or that traffic control is
enforcing a 20 mph uniform flow. In the latter case, artificially high

O
densities will result. In either case, the ability of the roadways to

accommodate maximum flow will be impaired.

It is assumed that at 20 mph:

1) Free speed travel times are increased proportionally to the 9
decrease in speed from 30 mph to 20 mph. That is, times are

1.5 times longer;

2) Capacities are reduced by a percentage derived by inspection
Ofrom suitable speed-volume curves.

The times required to clear each sector have been calculated assuming
20 mph average speeds on all evacuation routes. The resulting clear times

assuming terminal time remains unchanged, are shown in Table D-1. O

If the average travel speed were 40 mph on an evacuation route,
an implication is that hourly volumes have been reduced. If this were

not the case, travel speed would likely be lower. These reductions in

volume could be due to longer and more widely dispersed terminal times, O
congestion at loading points along an evacuation route or the use of
alternate routes. An average travel speed of 40 mph would probably
result in use of the roadway at less than practical capacity.

However, because there are several loading points along an evacua- 9

tion route, congestion at one point does not necessarily result in

underutilization of that roadway. Thus, the assumption of - 40 mph
average travel speed suggests congestion at most feeder points which
would probably result in somewhat longer clear times for a given sector. O

The travel time for an individual automobile would, of course, be shorter

than for the case analyzed in Section 5.

O
9 0 0'5 ' 8' 7-' ^D-2 '
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4D TABLE D-1

1980 CLEAR TIMES, BY SECTOR, SELECTED ROUTES

20 MPH AVERAGE

II Maximum
Number of Vehicles

Sector Routing Encountered Total Clear Time

1 Via Warren Ave. 385 50 minutes

II Via "M" Route 1,475 110 minutes

2 Via Rocky Hill Rd. 6 Warren 385 50 minutes

Via Rocky Hill Rd. 6 "M" Route 1,475 110 minutes

Via Manomet Rd. to "M" Route 1,475 110 minutes
g

Via Doten 6 Warren 180 40 minutes

Via Doten 6 0. Sandwich, North 20 25 minutes

Via Doten 6 0. Sandwich, South 35 25 minutes

(D 3 Via Manomet Rd., North 1,475 115 minutes

Via Beaver Pam Road 245 45 minutes

4 Via Taylor, From Whitehorse 1,325 135 minutes

Via Priscilla 6 Manomet Rd. 1,250 85 minutes

II Via Rocky Hill 6 Beaver Dam 245 45 minutes

O

Total sector clear times have not been calculated for the 40 mph

average speed situation. Because this situation has been hypothesized
II to result from simultaneous congestion at feeder points, the actions of

traffic control personnel at the scene would affect the loading rate
of automobiles onto the evacuation route, which would determine the

total clear time.

.
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General Offices: 212 West Michigan Avenue Jackson, Michigan 49201 * Area Code 517 788-0550

August 22, 1979

Eulletins and Orders Task Force
Att: Dr D F Ross , Manager
US Nuclear Regulatory Cecmission
Washington, DC 20555

DOCKET 50-255 - LICENSE DPR-20 -
PALISADES PLANT - REQUEST FOR
ADDITIONAL INFORMATION REGARDING
THE SMALL BREAK LOCA ANALYSIS

Re ference : (A) Letter, R W Reid to all Combustion Engineering designed
operating reactors , dated June 5,1979

(3) Letter, G E Liebler (Florida Power & Light Cc=pany) to
Dr D F Ross dated August 3,1979

Reference (3) forwarded the completed document , CEU-llb-P , Amend =ent 1-P per
the previously agreed upon schedule. This document is applicable to Palisades,
and therefore , constitutes our response to Reference ( A) . Any questions regard-
ing this report should be directed to Combustion Engineering Inc through Mr
George Liebler of Florida Pcwer and Light at (305) 552-3811 or Mr Ken Morris of
Omaha Public Power District at (h02) 536 h50h.

David ? Hoffhan (Signed)

David P Hoffman
Assistant Nuclear Licensing Administrator

CC: JG'<eppler, USNRC
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General Offices: 212 West Michsgan Avenue, Jackson, Michigan 4920t e Area Code 517 788 0550 U

August 24, 1979

Director, Nuclear Reactor Regulation
Att Mr Dennis L Ziemann, Chief
Operating Reactors Branch No 2
US Nuclear Regulatory Commission
Washington, DC 20555

DOCKET 50-255 - LICENSE DPR-20 - PALISADES
PLANT.- IE BULLETIN 79-17 - PIPE CRACKS IN
STAGNANT BORATED WATER SYSTEMS AT PWP PLANTS

Consumers Power Company's response to Item 1 of IE Bulletin 79-17 is provided
below. Response to Items 2 through 7 will be submitted prior to October 25,
1979, as directed by the Bulletin.

Item 1

Conduct a review of safety related stainless steel piping systems within 30
days of the date of this Bulletin to identify systems and portions of systems
which contain stagnant oxygenated borated water. These systems typically
include ECCS, decay / residual heat removal, spent fuel pool cooling,
containment spray and borated water storage tank (BWST-RWST) piping.

a. Provide the extent and dates of the hydrotests, visual and volumetric
examinations performed per 10 CFR 50.55a(g) (Re: IE Circular 76-06
enclosed) of identified systems. Include a description of the
nondestructive examination procedures, procedure qualifications and
acceptance criteria, the sampling plan, results of the examinations and
any related corrective actions taken.

b. Provide a description of water chemistry controls, summary of chemistry
data, any design changes and/or actions taken, such as periodic flushing
or recirculation procedures to maintain required water chemistry with
respect to pH, B, CL , F , 0 -2

Describe the preservice NDE performed on the weld joints of identifiedc.

systems. The description is to include the applicable ASME Code sections
and supplements (addenda) that were followed, and the acceptance
criterien.

d. Facilities having previously experienced cracking in identified systems,
Item 1, are requested to identify (list) the new materials utilized in
repair or replacement on a system-by-system basis. If a report of this
information and that requested above has been previously submitted to the
NRC, pleae reference the specific report (s) in response to this Bulletin.

2005 291
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Response

The identification of safety-related stainless steel piping systems and
portions of systems which contain stagnant oxygenated borated water is
contained in Attachment I.

The extent and dates of the hydrotests, visual and volumetric examinationsa.

performed per IE Circular 76-06 is contained in Attachment II.

b. The Palisades Plant controls water chemistry as follows:

1. Periodic sampling of borated water (see Attachment III for areas
sampled, parameters measured, and frequency of sampling).

2. Recirculation L ough demineralizers (Note: Recirculation is not
applicable to the SI bottles).

3. Control of makeup water quality.

The following actions control the water chemistry of lines containing
boric acid.

1. Subsequent to each period of shutdown cooling, the Engineered Safe-
guards System (ESS) is flushed to raise the boron level in these lines
to greater than 1720 ppm.

2. Section XI monthly pump testing routinely flushes out many small
diameter 1 nes.

3. Concentrated boric acid lines are routinely flushed during shutdown /
start-up to verify flow paths.

NOTE: 2. and 3. above are not designed to provide chemistry control but
they do provide a degree of control over the water chemistry of the
affected lines.

c. A description of the preservice NDE performed on weld joints of identified
systems (Attachment I) is contained in Attachment IV.

d. The Palisades Plant has experienced no cracking on systems identified in
Attachment I.

David P Hoffman (Sigued)

David P Hoffman
Assistant Nuclear Licensing Administrator

CC JGKeppler, USNRC
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Attachment I

e

PALISADES PLANT

Compilation of Safety Related Stainless Piping Runs *
Postulated to Contain Stagnant Borated Oxygenated Water

SYSTE4 PT"ING RUNS PIPE CLASS SCHEDULE
vall

Containment Spray ESS-10-CSS-SLB GC-1-10" .250"
FSS-8-CSS-SLB GC-1-8" h0S

High Pressure
Safety Injection ESS-6-S1S-1HP DC-1-6" 80S

ESS-6-S1S-2HP CC-6-6" 120
ESS-6-SlS-3HP CC-6-6" 120
ESS-6-SlS-HPB DC-1-6" 80S
ESS h-SlS-2HP CC-6-h" 120
ESS h-S3S-HPB DC-1 h" 80S
ESS-3-SlS-3HP CC-6-3" 160
ESS-3-SlS-HPA DC-1-3" 80S

*

ESS-3-SlS-HPB DC-1-3" 80S
ESS-3-SlS-HPC DC-1-3" 80S
ESS-2.5-SlS-1Al** CC 4-2 " 160
ESS-2.5-SlS-1Bl** CC h-2 " 160
ESS-2.5-SlS-2Al** CC h-2 " 160
ESS-2 5-SlS-2Bl** CC h-2 " 160
ESS-2-SlS-1Al** CC h-2" 160
ESS-2-SlS-1A2** CC-6-2" 160
ESS-2-SlS-1Bl** CC h-2" 160
ESS-2-S1S-1B2** CC-6-2" 160
ESS-2-SlS-2Al** CC h-2" 160
ESS-2-S1S-2A2** CC-6-2" 160
ESS-2-SlS-2Bl** CC h-2" 160
ESS-2-SlS-2B2** CC-6-2" 160
CVC-2-CHP-RHP CC-7-2" 160
ESS-2-SlS-l!.kd* DC-1-2" 80 S
ESS-2-SlS-1Bh** DC-1-2" 80S
ESS-2-SIS-2Ab** DC-1-2" 80S
ESS-2-SlS-2Bh** DC-1-2" 803
ESS-2-SlS-1A3** CC-6-2" 160
ESS-2-S1S-1B3** CC-6-2" 160

ESS-2-SlS-2A3** CC-6-2" 150
ESS-2-SlS-2B3** CC-6-2" 363

Lov Pressure ESS-2h-SIS-SH1 HC-3-2h" .375"
Safety Injection / ESS-2h-SlS-SH2 HC-3-2h" .375"
Shut Down Cooling ESS-lh-SFP-TD4 GC-8-lh" .250"

ESS-lh-SCS-2H1** GC-8-lk" .250"
ESS-lk-SDC-LPC GC-8-lh" .250"
ESS-lh-SDC-LPD GC-8-lh" .250"
ESS-12-SCS-2 H1* * CC-9-12" 1ho
ESS-12-SlS-SDC GC-1-12" .250"
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SYSTEM PIPING RUUS PIPE CLASS SCHEDULE

Low Prescure ESS-12-SDC-XCO GC-1-12" .250"
Safety Injection / ESS-12-S1S-1LP** GC-1-12" .250"
Shut Down Cooling ESS-12-SlS-1A6** GC-1-12" .250"
(Cont'd) PCS-12-S1S-1Al** CC h-12" 1ho

PCS-12-S1S-1Bl** CC h-12" lho
PCS-12-SlS-2Al** CC h-12" 140
PCS-12-SlS-2Bl** CC h-12" 140
PCS-12-SCS-2H1** CC-9-12" lho
ESS-10-SlS-LPA GC-1-10" .250"
ESS-10-SlS-LPB GC-1-10" .250"
ESS-10-SDC-X1A GC-1-10" .250"
ESS-10-SDC-X1B GC-1-10" .250"
ESS-10-SDC-XOA GC-1-10" .250"
ESS-10-SDC-XOB GC-1-10" .250"
ESS-B-SIS-1A6** GC-1-8" LOS
ESS-B-SlS-1B6** GC-1-8" h0S
ESS-B-SlS-2A6** GC-1-8" h0S
ESS-B-SlS-2B6** GC-1-8" h0S
ESS-8-SFP-TE: GC-8-8" h0S

'

ESS-8-SDC-RL1 GC-1-8" h0S
ESS-6-SlS-1Al** CC-4-6" h0S
ESS-6-SlS-1Bl** CS h-6" h0S
ESS-6-S1S-2Al** CC-h-6" h0S
ESS-6-SlS-2Bl** CC h-6" h0S
ESS-6-SlS-1A6** GC-1-6" h0S
ESS-6-SlS-lE6** GC-1-6" LOS
ESS-6-SlS-2A6** GC-1-6" 40S
ESS-6-SIS-2B6** GC-1-6" h0S
ESS-6-SDC-REl HC-23-6" 10S
ESS-h-SDC-RE2 GC h-h" h0S
ESS h-SDC-RE3 GC h-h" L'S
ESS-2-SDH-lP2 GC-9-2" LOS
ESS-2-SlS-DL1 HC-1-2" h0S

SI Bottle Discharge ESS-12-S1S-1A5 GC-1-12" .250"
ESS-12-S1S-1B5 GC-1-12" .250"
ESS-12-SlS-2A5 GC-1-12" .250"
ESS-12-S1S-2B5 GC-1-12" .250"

Spent Fuel Pool SFP-1t-FPF-RL1 H'C h-lh" .250"
SFP-8-tDL-DL1 HC h-8" 10S
SFP-6-CP.-SL1 HC h-6" 10S
SFP-6-SRT-bL1 HC h-6" 10 S
SFP-6-SRT-RL1 HC h-6" 10S
SFP-6-FPF-RL1 HC h-6" 10 S
SFP-6-FPF-RL2 HC-4-6" 10S
SFP h-FPF-SL1 HC h h" 10S
SFP-3-FPP-FPB HC h-3" 10 S

.

2005 294



3

SYSTEM PIPING RUUS PIPE CLASS SCHEDULE*

Concentrated Boric CVC 4-BAP-SBL HC-6 h" 10S

Acid CVC 4-BAI-1Ph HC-7 h" 10S

CVC 4-BAI-1P5 HC-7 h" 10S

CVC h-BAI-1P6 UC-7 h" 10S

CVC-3-BAI-1P2 HC-7-3" 10S

CVC-3-BAI-1PT HC-7-3" los

CVC-3-BAI-1P8 HC-7-3" 10S

CVC-2-BAP-RE6 HC-7-2" LOS

CVC-2-BAP-RE3 EC-7-2" LOS

CVC-2-BAI-1Ph HC-7-2" h0S

CVC-2-BAI-FB1 HC-7-2" 40S

Primary Coolant PCS-3-DTH-lP2** HC-1-3" loS

System Drain PCS-2-DTH-lFl** HC-1-2" h0S

PCS-2-DTH-1P2** HC-1-2" h0S

PCS-2-DTH-1P3** HC-1-2" h0S

PCS-2-DRL-1Al** CC-10-2" 160
PCS-2-DRL-1Bl** CC-10-2" 160
PCS-2-DRL-2Al** CC-10-2" 160
PCS-2-DRL-2Bl** CC-10-2" 160
PCS-2-DRL-1H1** CC-10-2" 160
RWS-2-DEL-1Al** CC-10-2" 160
RWS-2-DRL-1Bl** CC-10-2" 160
RWS-2-DRL-2Al** CC-10-2" 160
RWS-2-DRL-2Bl** CC-10-2" 160
RWS-2-DRL-1H1** CC-10-2" 160

Chemical & Volume CVC-2-PSS-1Pl** CC-5-2" 160
Control (Auxiliary PCS-2-PSS-1Pl** CC-5-2" 160

Spray Line)

Radvaste System RWS-6-CWR-SLh HC-2-6" 10S

RWS h-CWT-1P1 HC-2 h" 10S

RWS-3-CWR-SL5 HC-2-3" 10S

It should be noted that the piping runs delineated above may not be stagnant over the*

the entire length of the run cince a given pipe run may serve more than one purpose.

** All or portions of these piping runs are not normally accessible du;ing reactor
operation.
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*

RESULTS OF TESTING PERFORMED PER IE CIRCULAR
76-06

1. Hydrostatic Testing

A. Safecuard Pumn Suction from SIRW Tank

1) Date of Test: April 22, 1977

2) Pressure (Minimum): 127 Psig (Suction side of Pumps)
255 Psig (Discharge side of Pumps)

3) Test Results: No visible leakage

h) Scope: ESS-18-SIS-SH1 ESS-12-SDC-XCO
ESS-18-SIS-SH2 ESS-10-CSS-SLA
ESS-lh-SIS-LPA ESS-10-CSS-SLB
ESS-lh-SIS-LPB ESS-8-CSS-SLA*
ESS-lk-SIS-HPA ESS-8-CSS-SLE*
ESS-lh-CSS-lPA ESS-8-SDC-RLl*
ESS-lh-CSS-1PB ESS-6-SDC-REl*
ESS-lh-CSS-lPC ESS-8-SIS-hPB
ESS-8-CSS-1PA ESS-6-SIS-HPA
ESS-8-CSS-1PB ESS-6-SIS-HPB
ESS-8-CSS-lPC ESS-6-SIS-HPC
ESS-10-CSS-lP3 ESS-3-SIS-HPA*
ES3-10-SIS-LPA ESS-3-SIS-HPB*
ESS-10-SIS-LPB ESS-3-SIS-HPC*
ESS-lh-SFP-TDI ESS-8-SIS-1A6
ESS-8-SFP-TDI ESS-8-SIS-2A6
ESS-12-SIS-lLP ESS-8-SIS-1B6
ESS-10-SDC-XIA ESS-8-SIS-2B6
ESS-10-SDC-XIB ESS-6-SIS-1A6
ESS-10-SDC-XOA ESS-6-SIS-2A6
ESS-10-SDC-XCB ESS-6-SIS-1B6
ESS-12-SIS-SDC ESS-6-SIS-2B6

ESS-12-SIS-1A6

"Only portions of these lines were tested.

B. Cha"ging Pump Suction and Boric Acf ' Injection Lines

1) Date of Test: April 2, 1978

2) Pressure (Minimum): 32 Psig (For piping desi6ned for 25 Psic)
138 Psig (For piping designed for 125 Psi)

5 2963) Test Results: No visible leakage

h) Scope: CVC h-BAI-1Bk CVC h-BAI-lP6 CVC-1.5-BAI-1P3
CVC-3-BAI-1P2 CVC-2-BAI-FBl* CVC h-CHL-1P2
CVC-3-BAI-lPT* CVC-2-PAI-1Ph* CVC-3-CHL-lP2
CVC h-BAI-1P5 CVC-2-BAP-RE6* CVC-3-CHL-1PC
CVC-2-BAI-lPh CVC-3-BAI-lP2 CVC-3-CHP-1PB

CVC-2-CHP-PBB
CVC-2-CHP-PEC
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B. Charging Pump Suction and Boric Acid Injection Lines (Cont'd)

*0nly portions of these lines were hydro tested.

2. NDE Performed on Stannant Piping System

1) Scope: Examination NDT Method

ESS-lh-CSS-1PA-201 UT
ESS-lh-CSS-1PB-203 UT
ESS-10-CSS-1PB-223 UT
ESS-lh-SIS-HPA-207/ESS-6-SIS-EPA UT
ESS-6-SIS-HPA-212 UT

ESS-lh-SIS-LPA-203PR VT
ESS-lh-SIS-LPA-210 UT

ESS-12-SIS-lC5-222 UT

ESS-12-SIS-1LP-205 UT
ESS-8-SIS-HPB-208 UT
ESS-14-SDC-LPC-213 UT

2) Results of NDE: All components examined were found to be acceptable.

3) Date of Testing: All components identified above were examined
during the Palisades refueling outage, January through April, 1978.

h) NDE Procedures used:

Method Procedure Thickness Rance

UT SvRI-NDT-800-36, Rev 13 0.1" to 0.i
VT SvRI-NDT-900 h, Rev 1h NA

5) Procedural Acceptance Criteria:

a) Ultrasonic reflectors were recorded at 50% DAC; reflectors ex-
ceeding 100% DAC vere reported and sized at 50% DAC. Note that
UT Calibration blocks for thin valled piping contained Appendix
III, Section XI type notches for reflectors,

b) Reporting criteria for Visual Examination results was as a minimum-
Evidence of cracks, cuts, gouces, leakage, pipe clamps and U-Bolts
loose, and hanger springs sheared.

6) Referencing Code: ASME B&PV Code, Sections V and XI, ThS75
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Attachment III

PALISADES PIld!T

Su= mary of Borated Water Sampling

System / Component Measured Parameter Limiting Value Typical Value

Primarf Coolant
System

pH 5-8
Conductivity h-13Arnhos
B 0-1750 ppm
Cl- (.12 ppm (.10 ppm
Dissolved 0 (.1 ppm <.02 ppm

2
F, (.1 ppm <.1 ppm
Li .1-1.0 ppm
Na+ .01 ppm
H 15-50 cc/kg 20 cc/kg

2
N 5 cc/kg
T!talGas 25 cc/kg

Safety Injection
& Refueling Water

bTank T-58 pH 5
conductivity 8/4mhos
B 1720-2000 ppm 1800-2000
Cl- <.1 ppm
F- <.1 ppm
Li+ (.1 ppn
Na+ <.005 ppm

Spent Fuel Pool pH 5
Conductivity 8
B >f1720 ppm 2000 ppm
Cl- .1 ppm
F- .1 ppe
Li+ .1 ppm
Na+ .005 ppm

Boric Acid Storage
dTanks T-53A & T-53B pH 3.3

conductivity 125 Anhos
B ), .10937-17500 ppm 1LOOD ppm
Cl- <.1 ppm
F- <.1 ppr
Li+ 4 1 ppm
Na+ 4 005 .5 pp-
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SI Bottles"
T-82A, T-82B, T-82C,
T-82D B 1720-2000 ppm 1800

Cl- I *1

r
Make-Up Water

6T-90, T-91 pH
Conductivity Mdos
Cl- 5*1 PP"
Na+ < .005 ppm-

y < l ppm

B < 1 PP"

a PCS is sampled daily
b T-58 is sampled weekly
c Spent Fuel Pool is sampled weekly
d T-53A & T-53B are sampled weekly
c' SI Bottles are sampled conthly
f Make-up water is sampled weekly
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.

PRESERVICE IIDE PERFORMED OIi STAGIIAIiT LIIIES

1) Scope

PCS-12-SIS-1A1
PCS-12-SIS-1B1
PCS-12-SIS-2Al
PCS-12-SIS-2B1
ESS-12-SIS-1A1
ESS-12-SIS-1B1
ESS-12-SIS-2A1
ESS-12-SIS-2B1
ESS-6-SIS-1A1
ESS-6-SIS-1B1
ESS-6-SIS-2Al
ESS-6-SIS-2B1
PCS-12-SCS-2H1

2) Referencing Code: ASME B&PV Code, Section III, Appendix IX, 1968 Edition.

3 )~ Acceptance Criteria: Recording / Acceptance Level at 100% DAC.

b) Results: All velds were acceptable.

.
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