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SYLLABUS

The Congress of the United States authorized the Monoosnoc Brook
and Lake project in the Flood Control Act of 1966, Public Law No. 789,
89th Congress. Subsequent to this authorization and because of changed
conditions and priorities in the city of Leominster, the proposed dam,
reservoir and channel improvements project was placed in a deferred
category. Due to the continuing flood threat to the urban center of
the city, a restudy of the problem area was requested by the District
Congressman as well as local officials on 5 June 1972,

This report is being submitted as a result of a restudy of the
original Monoosnoc Brook and Lake project and reports upon the current
watershed conditions relative to flooding and associated water resource
problems to ascertain the need for and feasibility of flood control
and/or other improvements.

Hydrologically, the upper Monoosnoc Brook Basin can be separated
into two distinct areas for flood development problems. Runoff in the
extreme upper basin, west of the city, is controlled by surcharge
storage in the city's existing Notown Reservoir which is used for domestic
water supply purposes. The remaining upper basin, extending to Rockwell
Pond, is fairly steep and conducive to rapid runoff. Runoff from this
portion of the watershed downstream of Notown Reservoir to below Rockwell
Pond is the principal contributor to. floods in Leominster.

Major flooding occurs on approximately 70 acres of highly developed
residential, commercial and industrial properties which border the
Monoosnoc Brook channel within the central portion of the city of Leomin-
ster. Because of the numerous properties involved in the floodplain,
structural flood control measures were found to cause the least disrup-
tion to existing deve2lopments. Programs and procedures for prevention
of further encroachment of the floodplain were also considered in con-
junction with structural improvements.

Improvement as reported herein provides for flood control with
minor recreational facilities incorporated. The selected plan as re-
ported herein provides for a diversion tunnel to bypass flood flows
beyond the urban center of the city, and includes consideration of
recreational facilities. It does not provide for other water resources
activities as these are being met bv other community programs. Specifl-
cally, the current and future needs for water supply have been augmented
by the city joining the Metropolitan District Commission regional water
supply system. Water quality improvements have been recently undertaken
by the community and additional improvements are being pursued utilizing
State and the Environmental Protection Agency programs.
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The underground diversion tunnel with appropriate surface intake and
outlet structures and appurtenant facilities has an estimated Federal
first cost of $7,120,000 and annual costs of $472,400. Estimated non-
Federal first and annual costs are $520,000 and $36,200, respectively.
Average annual benefits derived from the tunnel diversion plan are esti-
mated at $616,700 yielding a favorable benefit/cost ratio of 1.2 to 1.0.
Selection of in underground structure for floodwater diversion has kept
environmental effects such as loss of wildlife habitat and open space
to a minimum. Minor detrimental effects will be offset by mitigation
measures. Positive environmental gains to the city's business community
by provision of flood control improvements are envisioned.

Subject to requirements of local cooperation as outlined in this
report, the Division Engineer recommends that the proposed tunnel diver-
sion plan be authorized for construction and a specific post authorization
change be made concerning the existing authorized Monoosnoc Brook and Lake
project.
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MONOOSNOC BROOK
LEOMINSTER, MASSACHUSETTS

FEASIBILITY REPORT FOR WATER
RESOURCES DEVELOPMENT

THE STUD Y AND REPORT

PURPOSE AND AUTHORITY

The central business district in the city of Leominster, Massachu-
setts, between Pond Street and Williams Street, experiences a constant

threat of recurring floods frbm Monoosnoc Brook. At the request of
local interests, the Committee of Public Works of the U.S. House of
Representatives adopted a resolution on 9 February 1961 requesting a

study of the feasibility of adopting improvements for flood control and
allied purposes to resolve this problem.

In partial compliance with the aforementioned authority provided
by the Resolution, an Interim Report was submitted during January 1965.
It provided for a plan of flood control for Monoosnoc Brook and was
authorized as part of the Flood Control Act of 1966 (Senate Document
113/89/2). The authorized project which provided for an upstream reser-
voir and channel improvements was subsequently placed in a deferred cate-
gory due to change in land use conditions both in the reservoir area and
in the central business district whe,'e urban renewal plans were curtailed.
During the interim period since authorization and at the request of Con-
gressional and local interests, a restudy was initiated to determine
whether alternative proposals for flood control could be found.

SCOPE OF STUDY

The restudy initiated in August 1974 forms the basis of this report
and presents the studie.s of flooding assoc'iated water resources problems
in the Monoosnoc Brook watershed together with potentials for solving
such problems. Alternative plans to solve the areas water resources

II
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problem have been investigated. Cost and corresponding benefit estimates

were made for each plan studied. Selection of the most feasible plan
was made after considering all factors, including views and comments

expressed by concerned agencies and local interests. (A more detailed

explanation of the scope of study for this report is contained in
Appendix 1, Section A, "The Study and Report.")

STUDY PARTICIPATION AND COORDINATION

The Corps of Engineers having principle responsibility for conduct-

Irg and coordinating the study, contacted and received information from

appropriate Federal, State and local agencies. Coordination involved

conferences, informal meetings and workshops to discuss problems, needs,

and alternative solutions. (Comments of review and concurrence are

included in Appendix 2.) A plan formulation public meeting was held on

27 January 1976. It afforded local interests the opportunity to express

their ideas and comment on possible flood control measures that should

be considered. Public needs and desires, expressed at this meeting, form

the basis of selecting the flood control plan as reported herein.

SUMMARY OF STUDIES

Aerial topography from the U.S. Geological Survey and the Massachu-

setts Department of Public Works as well as municipal and other existing

maps were utilized to determine basin characteristics and land use. Sub-

surface explorations were made along the proposed tunnel alignments,

Detailed damage surveys were conducted in 1962 and updated in 1974.

Damage surveys consisted of personal interviews with municipal and State

officials, officers of industrial concerns and private individuals who
have experienced flood losses. Office studies consisted of hydrologic

and hydraulic analyses, economic studies and evaluations, and estimates of

quantities and costs of the major items of construction. Real estate costs
have been determined based on field reconnaissance and analysis of recent

sales in the area.
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THE REPORT

Results of studies for the watershod of Monoosnoc Brook a tributary
of the North Nashua Rivei, which is in turn a tributary of the Merrimack
River Basin, is presented as a main report and two appendices. Appendix
#1 provides technical inforriztion required for an independent evaluation
of the validity of the findings and Appendix #2 contains pertinent
correspondence in connection with the study. The draft environmental
impact statement (FUS) is included as Attachment 1,

PRIOR STUDIES AND REPORTS

The Corps of Engineers has prepaired a number of Congressionally
authorized studies and reports concerning water resource development for
the Merrimack River and its tributaries, including the North Nashua
River and its tributary Monoosnoc Brook. These earlier Merrimack River
Basin reports, some of which date back to 1938, resulted in construction
of four reservoirs and five local flood protection projects. Subsequent
studies recommended additional improvements for water resource develop-
ment in the North Nashua and its tributary Monoosnoc Brook which became
basis for project authorization. (A summary of these earlier reports is
contained in Section A of Appendix 1.)

STUDIES IN PROGRESS

A flood insurance study report for the city of Leominstur is being
prepared by the Federal Insurance Administration (FIA). The city is
presently eligible for emergency flood insurance coverage and once FIA
publishes rate maps and the city officially enters the program, addi-
tional coverage will be available.

II



RESOURCES AND ECONOMY

OF THE STUD Y AREA

Iht Monoosnoc Brook watershed, a tributary to the North Nashua River

B~si And the larger Merrimack River Basin, is located south and west

.t State Route 2. It lies primaril " within leominster boundaries except

tor a portion in the adjacent city of Fitchburg, as shown on Plate t.

From its limits in the hills w,-st ol the city proper, the watershed extenos

oastwacd approximately 5.2 miles. It has a maximum north-south width of

approximatelV 4.2 miles acd covers a drainage area of 11.2 square miles.

EN VIRONMENTAL SETTIN(G AND

NATURAL RESOURCES

leominster and neighboring Fitchburg create the nucleus for one of

10 Standard Metropolitan Statistical Areas (SMSA) in Massachusetts. The

stidv lrea is about 40 miles west of Boston, 25 miles northwest of

orcester, Massachusetts, and about 210 miles northwest of New York Cit'

The onoosnoc Brook watershed is comprised of two significantly

contrastin g areas, the rural upper basin and an urbanized lower portion

which c(,:nprises the center of the city. The two areas are separated

physic lliv by Rockwell Pond, a small pond just upstream of town. Steep,

forested hills with some large rock outcropping cover most of the upper

hasin which also cont ains several reservoirs and ponds. Much of the

fortested area consists of virgin woods within the leominster State

Forest. Although the area is rural, steep slopes make the upper basin

vond uc ive to rapid runoff. Downstream of Rockwell Pond, the lower hasin

is characterized by urbanization and channel encroachment which extends

back to listoric times. Manufacturing, retail structures and multi-

familv housing crowd the brook and have dictated over time the use of

conduits through pa:rts of the city to conduct river flows.

The Monoosuoc Brook watershed is naturallv steep with a total fall

o! 550 feet along the 8.7 mile stream. It rises in the rural forested

hills in western leominster at Notown Reservoir. Traversing other

reservoirs on small tributaries, the brook flows easterly, roughly

paralleling U.S. Route 2, through several small dammed impoundments

to Rockwell Pond. Continuing downstream from Rockwell Pond, Monoosnoc

Brook flows under one railroad and nine highwav bridges in a 2.3 mile



meandering course through a heavily developed, congested urban area
of the city. Much of the stream between Pond and WaLer Streets has
been walled in. In several areas it has been confined to conduits.
About one mile before its confluence with the North Nashua River, the
slope of Monoosnoc Brook flattens out to form a -Jzab]e floodplain.
Under normal conditions the brook meanders from Rockwell Pond in open
channels or through conduits under buildings, roads and railroad
tracks to an industrial site on the eastern side of the city. The
streambed in this section is also cluttered with debris and vegetation.
During periods of heavy rainfall, runoff from the watershed floods
about 70 acres of the congested core business area between Rockwell
Pond and the North Nashua River.

Water quality in the upper watershed is good, but lower watershed
water quality is fair to poor due to discharges from industrial waste
impacting further upon the stream. There is little or no fishing
potential in the lower portions of Monoosmoc Brook, but Rockwell Pond
eoes offer some limited fishing opportunities.

The watershed, which lies in the north-central part of Massa-
chusetts, experiences significant variations in weather. Average annual
temperature for the area is about 48°F with a summertime high of 100
degrees or more and winter lows below zero. The basin is subject to
thunderstorms, tropical and extratropical weather systems and has an
average rainfall of approximately 45 inches. Average snowfall amounts
to about 60 inches with water contents of snow in the early spring,
of 4 to 6 inches.

The Monoosnoc Brook watershed is located along the western margin
of the New England upland in central Massachusetts. This is a region
of moderate relief characterized by wide valleys and broad, steepsided
hills that are conducive to rapid runoff. The brook runs through a
rough, naturally disected upland, controlled largely by underlying
crystalline bedrock that outcrops on the upper slopes of many of the
hills. Remnants of glacial outwash occupy the bottoms of many of the
major valleys. Variably thick deposits of glacial till lie above
the outwash and along the slopes.

Bedrock in the vicinity of the proposed improvement is a gray,
dense, hard unweathered phyllite at Rockwell Pond, and a similarly
gray, hard schist near Water Street, with both forms intermingling
between these areas. The rock lies from 7 to 70 feet below the surface.
Above the bedrock lie varying quantities of overburden that consists
of silty and gravelly sands.
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HUMAN RESOURCES

Leominster, Massachusetts is a manufacturing city with an estimated
35,000 residents. Comprising 28.8 square miles, the city lies in the
Nashua River Valley less than 3 miles from the center of its northern
neighbor, Fitchburg. These two cities have a total population of 97,237
(1970 U.S. Census) and make up the core of the Leominster-Fitchburg
Standard Metropolitan Statistical Area (SMSA). Leominster population
has grown at ar accelerating rate in the past 30 years, with increases
between 1965 and 1975 from 29,729 to 35,400.

In 1970, 38.1 percent of the residents were either foreign born or
second generation Americans, with the largest number coming from Canada.
The migrations into Leominster are represented in the ethnic diversity
of French, Italian, Polish and, most recently, Spanish speaking people.
The Spanish speaking group, numbered 634 in Leominster in the 1970 census
compared to 95 in Fitchburg.

The steadily increasing population growth has resulted in new
demands on the cities resources, especially schools and sewering. As
urban blight was identified as a problem in the older downtown areas,
civic improvement activities increased and the search for new investment
began. Increasing numbers of automobiles and road traffic and congestion
in core areas, high accident rate, and the lack of recreational facilities
are also problems mentioned by local reports. New highway construction
has been initiated to link leominster to Worcester with a limited access
highway. Under such influences, the city is now preparing an updated
master land use plan. Protection against flooding in the core city will
be very important to any program of city revitalization.

ECONOMIC DEVELOPMENT

Leominster was established in 1940, and its initial growth depended
upon an agricultural base. Aided bv a good location, proximity to Boston
and blessed with abundant water resources, Leominster entered manufacturing
and developed into a city by 1915. Today, ILeominster can be characterized
as a small city whose primary economic activity Is manufacturing. In 1975,
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139 manufacturing firms employed an average of 6,631 persons with an
annual payroll of $50,349,359. The latest listing of Massachusetts
manufacturers shows the Foster Grant Co., Inc. (plastic products, sun
glasses, combs, etc.) as employing more than 1,500 persons. Wholesale
and retail trade is the largest nonmanufacturing employer. In 1975,
22 wholesale firms employed an average total of 454 persons and had an
annual payroll of $3,546,306. An average total of 2,433 workers were
employed by 1.93 retail firms., They had an annual payroll of $10,456,541.

Leominster is part of tle Fitchburg-Leominster Labor Area repre-
senting a labor force of 51,260 in August 1975, (having increased from
50,155 in August of 1974). During 1975 the unemployment figure increased
from 3,938 to 7,540 increasing the unemployment rate (seasonally adjusted)
from 7.9 percent to 14.7 percent.

Although housing and population have increased in the recent past,
employment and trade have grown more slowly. Approximately half of
Leominster's residents are now employed outside the city. With demands
for municipal services due to population growth continuing, Leominster
is in part becoming a "bedroom" city.

INTERDISCIPLINARY PLANNING

PROCESS

PROBLEMS AND NEEDS

The authorized North Nashua Basin Water Resources Development Plan
of 1965 addressed an array of basin water resources needs and solutions.
The Monoosnoc Brook and Lake project provided for flood control, water
supply and limited recreational as well as channel improvements to
complement a downstream urban renewal project. The water quality needs
were already being met by a comprehensive program, carried out by EPA
and the Commonwealth of Massachusetts, providing for modernization and
expansion of treatment facilities. In addition, a concentrated effort was
being made to appoint sources of pollution through the EPA's permit program.
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In the 1964-1965 interim period of the authorized project, when the-
Corps ot Engineers was requested by the local Congressman to consider
resolution of the flood problems along Monoosnoc Brook, the community
satisfied its immediate water supply needs by joining the Metropolitan
District Commission (MDC) water supply system of Massachusetts. During
the interim period, the community also rejected urban renewal proposals
which would have included improvements along portions of Monoosnoc
Brook.

Consequently, the loss of the Monoosnoc Dam and Reservoir brought
about by land use developments in the area eliminates the opportunity
for the city to acquire additional water supply and limited recreation.
Nevertheless, these resource opportunities are being satisfied by alter-
rative actions already taken by the community, in the form of joining
the MDC and the permitting of a large private recreation development
as part of a year round scheme operation in the area where the dam would
be located. Although the urban renewal project has been shelved, a
refurbishing of certain projects in the center of the city has taken
place; and once needed flood contro) is provided, security to these
Iroperties can be assured.

At the public meeting of 27 January 1976, community leaders and
citizens evidenced their primary concern as being flood control,and
selected a plan of improvement which would have the least environmental
impact on the community, while providing adequate flood protection at
the least cost to the city. (Appendix 1, Section C - "Problems and
Needs," contains a description of the principal topics of discussion
at the public meetings.)

As a result of close coordination with the Leominster Planning
Board and consideration of needs shown in their Community Development
Plan Summary the following additional needs were noted:

1. To prevent drinking water crisis,

2. To plan, monitor and manage the growth of Leominster's population,

3. To expand economic opportunities in the community,

4. To restore the flow of commercial activity into the downstream
area,

5. To provide public facilities for neighborhoods,

6. To arrest deterioration of areas,
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7. To correct local flooding problems,

8. To increase the accesibilitv of recreation,

9. To preserve historic buildings and sites, and

10. To protect niatural resources.

(A detailed analysis of these problems and needs are contained in
Appendix 1, Section C.)

PLANNING OBJECTIVES

Planning objectives were formulated largelv on the basis o- infor-
mation contained in the Leominster (Cormunitv Development Plan Summary.
These water resource related objectives follow:

1. To plan, manage and improve Lteominster water resources, v
2. To provide adequate community development planning,

3. To implement an adeqjate, well planned economic development

program,

4. To improve the downstream are;a,

5. To conduct a housing rehabilitation program,

6. To encourage private restoration of potentially esthetic
properties,

7. To adopt and enforce rigid land use controls,

8. To adopt measures to protect natural and historic resources,

9, To adopt a program to rehabilitate properties of historic

significance,

10. To provide adequate storm sewer facilities, and

11. To provide adequate recreational facilities.

9
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L . Adequate water supply,

". (;rowth managenient capability,

3. Adequate w.stcwater disposal capability,

4. A pleasing city appearancv,

',. Protect or, ot natural and hfstori, resources,

1.. Adc.qtale ,lsposj. )f surfa(c. water runoff, and

7. A haniaed treait ion piogram.

(A more t.t:i t .d analysis ,f Ioth short and long range planning
obj,.ct ives is coatainet an Appejdix I , Section F, "Formulating a Plan.")

PREVIOITS W. TER RESOURCE EVALUATIONS

There airo no exist inri, t loot contr I projects In the Monoosnoc Brook
witersh d1. Flood prtt ect ioln Of the , ,.nt rall business district of Leomin-
ster was r,.comm,.lded by th,. Cor;ps ot Egtnetrs in a January 1965 report
en t it led: "North Naslhti.i kiver His in i,.at, r Resource Development Plan."
The improvements ii,, ommonded flr Monoostlo Brook were comprised of:
an upstreaim m,ilt iptrpose dam and reservoir and channel improvements
through thc ,cinter )1 l.o,mlster. "he 1iroposed channel Improvements were
separated fat,, four zones, with two cent ral zones to be Improved by local
interests as part ot ania urban re newa Il plin.

Sveral prolIe'i.s arose whi,-h hindered implementation of the proposed
tlood control plan. When the leominst'r City Councll rejected urban
renewal Il Th,' ,-ritrol ectioin of the city, the overall channel improve-
mient program was no I ont.r t,,onomica ilv USt i t ed. Consequently, In
1967 the loc.il prote, t,,n part of the proljeet was deferred. Water supplv
%,,- Ihen eli inlated Is ai project pu rpose whon Leominster subscribed to
the Massachusetts MetropolI.in 1)sri itt CM TIssion'S .svsteM. Beginning
In 1965, the site for the prop(osed dam and reservoir underwent signifi-
cant land use chinge from development of commercial recroation areas and
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residential housing facilities. By 1969, the previously recommended

upstream dam and reservoir was no longer economically justified, nor was

it capable of providing a high degree of flood protection without the
downstream channel improvement work. Consequently, this portion of the
)roject was also deferred.

IMPROVEMENTS DESIRED

Flood control Is the primary water resource problem within the
Monoosnoc Brook watershed. Other water resource problems, including
those detailed in the 1965 proposal, have either been rectified or have
become unfavorable as project facets. The city of Leominster,especially
its areas of high flood damage potential, should be protected against
floods up to the magnitude of a Standard Project Flood. This should be
done in a manner that will cause minimal disruption to the residents
and make maximum contribution to environmental quality,

Although pollution is a significant problem on Monoosnoc Brook
downstream of Pond Street, the best and most economical method of pollu-
tion control would be enforcement of existing pollution laws on stream
abutters. Enhancement of fish and wildlife habitat would also be a
desirable effect of any improved water quality as fish and wildlife
habitat is virtually nonexistent from Rockwell Pond downstream.

Commercial recreational areas have recently been developed,
Municipal parks in the cities of Fitchburg and Leominster accommodate
limited urban type recreation. However, no areas exist in the immediate
Monoosnoc Brook watershed or even In the North Nashua River Basin that
offer public outdoor recreation In large open areas. Few public recrea-
tional opportunities exist within 10 miles of the Fitchburg-Leominster
area. Willard Brook State Forest, located about 7 miles north of Fitch-
burg, has limited swimming and picnicking facilities. Mount Wachusetts
Reservation and Leominster State Forest afford some land based recrea-
tional opportunities. Several lakes and reservoirs in the North Nashua
River Basin provide boating and fishing, but primarily for privately
owned developments. The improvements of flood control as depicted in
this report will not contribute to meeting public recreation needs, but
offer recreational alternatives as adjuncts to flood control improvements
are unavailable.

II



FORMULATING A PLAN

The plan formulation portion of this study explored all potentially
feasible alternative methods for water resource improvements by consid-
ering technical, economic, environmental and social factors in the
analysis.

BASE CONDITION

To fully evaluate the water resource needs of the community and
the region, a resources inventory of exij;ting and most probable future
conditions was conducted. initially, an analysis was made to determine
waich resoucce categories should be inventoried. Appropriate Federal
and State agencies as well as local officials and public interest groups
were then contacted to determine the extent of available information and
the jurisdiction for decision making. Information concerning the cultural
and archaeological base condition was coordinated with the U.S. Advisory
Council on Historic Preservation, the State of Massachusetts Historical
C~mmission and the Leominster Conservation Commission.

Other facets of establishing the base condition included literature
research, establishment of a systematic filing system, identification of
major data deficiencies and a determination of the extent of future data
collection activities. As the water resource needs and concerns of the
community were established and planning objectives were more fully outlined,
it was necessary to refine the data base in certain areas. Economic,
social and environmental concerns were the primary inputs for the data
base. In the economic category, the primary information on existiny, and
future conditions concerned industrial and commercial activity and growth
potential, labor force, employment and income. Social considerations
included population density and mobility, esthetics, health and safoty.
housing and possible displacement of people. All established environmental
concerns were fully evaluated in the required preparation and coordination
of the environmental impact statement. (Details of the base condition
analysis are more fully outlined in Technical Appendix 1, Section B,
"Resources and Economy of the Study Area." Coordination aspects of this
analysis is given in Appendix 2, "Pertinent Corresponden'e.")
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FORMULATION AND EVALUATION CRITERIA

The formulation portion of the study involved the investigation of
a range of alternatives for resolving the problems and fulfilling the
needs that have been defined in the study area, Alternative plans
were devised on the basis of appropriate technical engineering. Once
comparable levels of flood control were obtained, each alternative was
evaluated for its costs and its effects on economic development and the
quality of the environment in accordance with the Principles and Standards
for Water Resources Planning and Related Land Resources, The beneficial
and adverse effects of the alternatives were outlined and compared and
where p-)ssible, the alternatives were modified to reduce adverse effects,
On the basis of the final comparisons, local participants at the formal
public meeting selected the plan they judged to be most suitable for
the area.

I. Technical Criteria

The following technical criteria were adopted for use in developing
plans of improvements:

a. The selected water resource plans should be consistent with
local and regional plans for land use and water related activities.

b. Selected plans should be flexible enough to accommodate
projected future development.

C. Existln; water quality standards should be enforced and
future projections should Insure improvement.

d. Costs for tuture water supply requirements should include
those for required distribution systems.

e. A Standard Project Flood (SPF) is considered to be the
project design flood.

f. Increased discharges into downstream areas that result from
implementation of upstream flood control works should not cause addi-
tional flooding to those downstream zones.

2. Economlc - Crite-ria

The econonic criteria applied in formulating plans of water resource
Improvements are summarized as follows:

a. Tangible benefits exceed project economic costs.

b. [he scope of the project Is such as to provide the maximum
net benef Its. However, Intangible benefits are taken into consideration.

I1'



c. There are no more economical means, evaluated on a comparable

basis, of accomplishing the same purpose.

d. All benefits and costs are expressed in comparable terms.

e. Annual costs include those for maintenance and operation of the
project.

3. Environmental Criteria

The following environmental and social criteria were utilized
in formulating plans:

a. A systematic interdisciplinary approach is used to insure
the integrated use of natural and social sciences and environmental
design.

b. An evaluation is made of the environmental impact of any
proposed action, including adverse impact.

C. A determination of the existence of any irreversible or irre-
trievable commitment if resources is made.

d. Detrimental environmental effects are avoided and feasible
mitigating measures are included, if necessary.

e. Measures are taken to insure public health, safety and social
well-being.

FORMULATION OF ALTERNATIVE PLANS

When the various planning objectives were evalutated to determine
the need for further studies, the following water resource objectives
fell out of the planning process for the reasons cited.

I. Water Supply

Existing and future needs have been met by the recent inclusion
of the city of Leominster in the Metropolitan District Commission (MDC)
system. Because this is the least expensive method for meeting future
needs, developing alternative supply sources is no longer necessary,
In addition to the MDC supply, the existing water supply system includes
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six impoundments in the 1.0.4 square mile drainage area upstream fromtRockwell Pond. These are Notown, Haynes, Morse and Distributing
Reservoirs and Goodfellow and Sumond Ponds.

2. Recreation

Water based recreation needs could have been met by the construc-
tion of a multipurpose dam and reservoir such as the one proposed in
the 1965 study. However, since that time private development of land
in the vicinity of Carter Hill has made land taking for reservoirs
prohibitively expensive. Therefore, there is no longer economic justi-
fication for the construction of multipurpose reservoirs in the vicinity
of Carter Hill, and other sites are nonexistent. Part of this develop-
ment at Carter Hill has included recreational facilities in the form
of ski slopes and golf courses.

3. Water Quality

All of the impoundments located upstream from Rockwell Pond and
their tributaries are presently classified by the State of Massaclio.setts
as Class A waters. The main stem of Monoosnoc Brook below Rockwell Pond
is classified as Class B water. Because of these relatively high stan-
dards, there is no need to adopt additonal water quality standards for
discharges into Monoosnoc Brook. If higher standards are implemented
in the future, they will be monitored by both the State and Federal
Environmental Protection Agencies.

4. Land Use Planning

"Greenbelts" or park areas along a revitalized brook channel
in a dense urban setting would be of considerable value to the citizens
of the community. Such a plan was proposed to the city of Leominster
in 1965 as part of the overall Monoosnoc Brook and Lake study. However,
the urban renewal portion of the plan was rejected in its entirety
by the Leominster City Council on 30 September 1967. Because of this
lack of public interest for these types of improvements, it was con-
sidered to be in the best interest of the Federal Government not to
pursue this matter further. From this evaluation it became evident that
flood control was the primary need of the community and that it required
further study. Several alternative measures to satisfy the flood control
problems and needs of the people of Leominster were investigated.
Possible flood control measures included:
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a. Nonstructural measures such as zoning and building code regulations,
floodproofing, land acquisition, permanent evacuation of floodplain areas
and purchase of subsidized flood insurance;

b. Structural measures such as dams and reservoirs and channel
improvements that include widening, deepening, floodwalls, dike works,
and surface or tunnel diversions or combinations of these; and

c. A combination of structural and nonstructural measures. F;ndings
for these plans are summarized as follows:

FLoodplain Relocation - A relocation plan was found to be
highly impractical for this study area. It is too expensive to buy
properties and too disruptive to move people, industry and businesses
from tie city center.

Floodplain Zoning - Zoning and building regulations should be
implemented and enforced to effectively reduce the flood damage potential
of the study area. Planned future development and land use program would
alleviate present encroachment and preclude possible future encroachment
on the floodplain lands.

Channel Improvements - The substantial development in the
Leominster central district prohibits economical and practical improve-
ments to the existing channels. Con'struction of necessary dikes and walls
and removal and/or replacement of existing structures, to safely pass
SPF levels, would be highly disruptive and costly.

Dams and Channel Improvments - Several dam locations were investi-
gated on Monoosnoc Brook and its tributaries. Because these sites were
located too far upstream, their limited storage capacities precluded control
of all floodwaters to Leominster. Therefore, channel improvements would
be required to supplement any flood control scheme of upstream storage.
No integral dam and channel improvement scheme could satisy Corps criteria
and still carry a favorable benefit/cost (B/C) ratio. In addition, dam
construction and disruption associated with channel projects are generally
opposed by local officials and citizens of leominster.

Diversion Channel and Dam - A diversion channel was proposed
in conjunction with an upstream dam. Floodflows would be conducted
from Pierce Pond through an open channel directly to the North Nashua
River. This plan was found to be economically infeasible since condominiums
have been constructed along segments of the anticipated alignment.
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Rockwell Pond Lowering - A plan to lower Rockwell Pond to provide
a recreational pool and flood protection was investigated. Because of the

limited flood storage area provided by the pond, this plan was not con-

sidered feasible.

Diversion Tunnels - Because of the meandering course of the
existing channel a single, straight alignment was selected for various

size underground diversion tunnels. A listing of design discharges for

8, 10 and 12 foot diameter tunnels follows:

Size Discharge

F foot diameter 1200 cfs

10 foot diameter 2100 cfs

12 foot diameter 3400 cfs

For a design discharge (SPF) of 4000 cfs, at Rockwell Pond the 12'

tunnel would accommodate 3400 cfs arid the flow on the Monoosnoc Brook
channel would be controlled at 600 cfs during flood periods. Six hundred
cfs is considered the nondamaging existing channel capacity.

EFFECTS ON OBJECTIVES

1. National Economic Development

First costs, annual ch, rges And annual bonefits for economic
assessments were estimated for each alternative. Federal first costs
include constru tion costs baised on the June 1978 price leve Is, an
allowance for contingencies Ald engineering and overhead costs. Non-
Federal first costs associated with land purchase, damages, and utility
relocations are to be borne by local interests. Property valuations are
based on information from local officials and current sales values.
Annual charges, both Federal and non-Federal, are based on an interest
rate of 6-5/8 percent amortized over 100 years. Included with non-
Federal annual charges are the operation and maintenance of the completed
works.

Federal and non-Federal first costs and annual charges for several
alternative flood control plans are summarized in the following
tabulat ion.
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:] RT C)Sl'S AND ANNUAL. CH.ARGES
FOR ALTERNATIVE PLANS

(in $1000)

Plan First Costs Total Annual Charge; Total
Non- Non-

Fldera l Feder3 1 Federal Federal

1. Dam & Channel -ll , Ot) sls50 $12,850 $703 $118 $821
Project (Site 1)

2. Dam & Channel 11,300 2,300 13,600 722 147 869
Project (Site 2)

3. Surface 7,600 2,000 9,600 487 127 614
Division

!4. 12' Tunnel 7,120 520 7,640 472 36 508

By-Pass

2. Luality of the Environment

The Nlonoosnoc Brook watershed is divided into one upper mostly
undeveloped area by Rockwell Pond, while the lower reach has a high
degree of residential, ommercial and industria] development. Pre-
dominant physical fcatures of the upper area consist of a large expanse
of natural forest, rock hills and a number of reservoirs. Most of the
streams and ponds evidence varying degrees of pollution and degradation,
and certain portions of the upland forest show signs of having been thinned.
Major flooding is confined to the lower portion of the watershed which is
substantially developed.

3. Effects Assessment

Impacts of the possible alternative plins on the natural, social
and economic environment of the study area were assessed. It must be
recognized, however, that the primary goal of each alternative is to
alleviate or eliminate unpleasantness and economic losses from flooding.
Each of the alternative plans investigated had some similar impacts
on the environment social-well heing, and regional development of the
project area.
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The initial step of the assessment was delineating the Impacts
of "no action." The primary consequences of no action would be the
continued economic loss, inconvenience and possible danger to human

life which exists because of the inadequate channel capacity of Monoosnoc
Brook in its course through the central business district of Leominster.

The economic loss "without the project" Is estimated at S554,200 annually
under present conditions. A recurrence of the 1936 record flood would

produce an estimated $3,952,500 in damages (viewed at 1977 price levels).

The flood problem can be expected to intensify as runoff increases
because of additional development in the upper watershed.

Leominster's vulnerability to floods would be expected to result
in a continuation of depressed property values and relatively low tax

assessments in the flood zone. At present, some of the property in
these areas is in a deteriorated condition. Without implementation of

flood control improvement there is less incentive on the part of property

owners to upgrade those properties.

Environmental changes without a flood control project would be

minimal. Flooding would continue to leave sediment and debris within

the flood zone, requiring a cleanup after each event.

With the implementation of flood control improvements along Monoosnoc
Brook most of the economic, social well-being and environmental impacts
would be favorable. The following paragraphs discuss the impacts of

such implementation:

a. The positive economic impacts would include a substantial
increase in emplovment during construction, resulting in increased
spending for consumer foods. Materials and supplies for the project

would provide additional business for local and regional manufacturers.

b. From the municipal point of view the primary positive Impact
would be the reduction of flood damages at a relatively small cost to
the local governments involved.

C-. No business, residential or Industrial relocations would be
requi red for the tunnel bypass project. Tax revenues could he expected
to increase because of revitalization of those propertles thit were
formerly subject to flooding.

d. Due to the urban nature ol the area, environmental effects

include few or no impacts on existing natural resources, as fish and
wildlife habitat is limited or nonexistent.
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e. For a tunnel project, tile long term effect on land use of ease-
ments on private property would not be great, but it would preclude
tuture encroachment on lands around Rockwell Pond. Tunnel easements
would have no effect on surface land use,

f. Since a flood control project would neither alter normal
streamflow nor aftect the normal pool level of Rockwell Pond, no adverse
effects on future water quality are anticipated.

g. Construction of a flood control project would cause some inter-
ruption of traffic and some interruption of normal op.rations in the
.e'ntral business district of Leominster, but such inconveniences would
bhi temporary and not of a serious nature.

h. With elimination of flooding., the value of previously flood-
prone land would tend to rise.

i. Decreasing the f lood threat would serve to enhance future
potential for growth.

From the functional or flood control standpoint, each of the
ailternatLve plans would solve the flood problem. However, the diversion
tunnel offers the highest degree of flood protection as well as the most
favorable economics. Furthermore, the temporary retention of high runoffs
in an upstream reservoir would not have provided as complete a plan of
flood control. Complementary channel improvements through the city would
also have been required to provide complete flood protection. A channel
improvement project to p,ais design flood discharges without upstream
retention would not be feasible because of extensive building relocations
and new bridge construction that would be requi,'ed.

Economics of the various structural alternative plans for flood
control are as follows:

TABLE 2

ECONOMICS OF FOOD CONTROL PLANS

FI RST ANNUAl, ANNUAL B/C
-LAN COST COST BENEFIT RATIO

(Sl,ooo) (01,000) ($1,000)

1. Dam (Site I) and
Channel Project 12,850 821 603 0.73

2. Dini (Site 2) rnd
Channel ProieLt 1 iOO A69 610 0.70

1. Surk e Diver: ion C),oO ( 6114 511 0.96

'. 12' lcmt' I I , 64) A9 h 1 7 . 21
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SELECTING A PLAN

Selection of the best plan of improvment for the study area involves
the comparison and evaluation criteria previously outlined. A number of
factors influenced the decision about the best method of flood control.

The plan to construct upstream dams and reservoirs was found to be
costly, unpopular and somewhat ineffective. Local interest groups
voiced strong opposition to any impoundments to provide SPF protection,
primarily because of the high cost of extensive land acquisitions.

Furthermore, impoundments would have to be supplemented with channel

improvements to provide complete SPF protection.

Of several alternatives investigated in the preliminary stage,
the only plan providing an excess of net benefits was the 12-foot
diameter tunnel. A tunnel diversion would provide the necessary pro-

tection with minimal disruption to the community.

THE SELECTED PLAN

This section presents a description of the selected plan for flood
control and includes its accomplishments and effects as well as its
significant design, construction, operation and maintenance aspects.

FLOODING CONDITIONS

Monoosnoc Brook tises in the hills west of the city and flows in

an easterly direction to Rockwell Pond. At this point, just upstream
of the city, runoff converges from Monoosnoc Brook and its tributaries.

Continuing downstream from Rockwell Pond, Monoosnoc Brook passes under
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one railroad and ninc, highway bridges in its 2.3 mile course through a
heavily congested area of the city. Much of the stream between Pond
and Water Streets has 'been walled in, and in several areas it is confined
in conduits. Local interests are concerned primarily with the inadequate
capacity of the channel, which in previous flood periods has caused
overtopping of the baiks and inundation of the downstream business and
industrial areas.

In Leominster some 580 acres of land are susceptible to flooding
from the Standard Project Flood. More than 70 of these acres lie along
Monoosnoc Brook in the built-up portion of the city. The remainder is
a floodplain near the confluence of Monoosnoc Brook and the North Nashua
River.

1,ecords of historic floods are meager. However, local newspaper
iles indicate that the three worst damaging floods of recent times

occurred in 1936, 1938 and 1955. The flood of record occurred in March
1936 and had two distinct peaks on the 12th and 19th. Five inches of
rain between the 16th and 19th was augmented by snowmelt, producing
the highest peak. (A more detailed analysis of record floods and flood
development Is contained in Section D on the Technical Appendis, "Hydro-
logic Analysis.")

The floods recorded closest to the study area were measured along
the North Nashua River just downstream of the mouth of Monoosnoc Brook.
Table 3 shows flood stages and discharge for the three greatest floods
of record and the Standard Project Flood, as determined for the North
Nashua River Basin Report dated 25 January 1965.

TABLE 3

FLOODS OF RECORD
NORTH NASHUA RIVER

U.S.G.S. Gage

Leominster
(D.A. 107 Sq. Mi.

FLOOD STAGE DISCHARGE
(ft.) (cfs)

March 1936 20.5 16,300

September 1938 14.6 10,300

October 1955 10.8 8,820

Standard Project Flood 25.8 24,000
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PLAN DESCRIPTION
The selected plan of improvement in the Monoosnoc Brook Basin calls

for construction of a subterranean bypass tunnel from Rockwell Pond at
Pond Street to below Water Street Bridge.

Implementation of the plan would require acquisition of approxi-
mately 13.5 acres of permanent, flowage and temporary easements for the
inlet and outlet structures and appurtenant improvements.

The main feature of the plan are as follows:

1. Diversion of floodflows fr,,,n Rockwell Pond through a 12-foot
diameter tunnel extending 3,200' long beneath central Leominster to the
outlet of Monoosnoc Brook downstream of Water Street,

2. A morning glory type intake and spillway with a 46-foot diameter
weir ;ind a 107-foot vertical drop at Rockwell Pond,

3. A concrete outlet structure with antivandalism grate and energy
dissipation structure,

4. Enlargement of the waterway under the Whitney Street Bridge
by removal of a suspended sanitary sewer pipe to accommodate the anti-
cipated peak floodflows,

5. Filling and regrading of about 3 acres of floodprone land at

the Pyrotex Co., located near Williams Street, and

6. Relocation of a concrete encased sanitary sewer line across
Monoosnoc Brook at the end of Williams Street.

Details of the proposed plan of improvements are shown on Plates
I thcough 6 of this report.

PLAN ACCOMPLISHMENTS

The major benefits that will accrue from the plan are redmicti,,n of

existing and future flood dam,,,e- to about 70 ii rts of prederminant lv
commercial and industrial properti,s adj acent to Monoosnoc firook in
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the central business area of Leominster. Average annual benefits of $616,100

are estimated from the evaluation of flood damage prevention to the area and

from area redevelopment benefits. Furthermore, additional development

in the arei can reasonably be expected with the assured protection provided

by the selected plan.

In addition to the flood damage reduction benefits that would result
from the project, related conservation benefits and enhancement of the
wildlife habitat would also be realized from preservation of the natural
woodlanos in the upper basin. Preservation of the ecology of the natural
woodlands is considered as an asset along with the higher water quality
that the area supplies to Leominster.

Preservation of the entire project area is also expected to increase

public use of the aree for fishing, nature study and birdwatching. An
area free from flood threat would permit opportunities for desirable
recreational development amidst the highly urbanized atmosphere,

Although the selected plan provides an opportunity for local interests
to realize multiple use benefits, the project itself does not provide
other major benefits. The specific effects of the project are discussed
in the following paragraphs.

EFFECT OF THE PLAN ON ENVIRONMENT

The primary effect of the proposed plan would be the rlood protection

provided to about 70 acres of commercial, residential and industrial
property in the central business district of Leominster. Removal of
the flood threat would enhance the quality of the human environment and
Improve the local economy by substantially reducing property damage
and the loss of business days due to flooding.

A secondary effect would be the tendency toward more intensive
development within the protected area as well as increased real estate
values throughout the project area because of retention of open space
area and the improved visual impact expected to result from the project.
The area would also be esthetically improved by implementing the plan.
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In general, visibly disturbed areas surrounding the project would
be restored to their natural scenic beauty to provide an attractive
appearance for the public's enjoyment. The diversion would not alter
the natural stream channel during low flow periods, but would supplement
the channel capacity during flood periods. The need and justification
for any temporary and permanent easements will be further reviewed
during preconstructLion planning, under conditions existing at that time.

In accordance with Corps guidelines, a cultural resource reconnais-
sance has determined that no significant resources, either historical
or archaeological, are located in the vicinity of the proposed project.
However, the site of the proposed tunnel outlet structure was determined
to be archaeologically sensitive, and it will be more fully surveyed
during advanced engineering and design phases.

The office of the Massachusetts Historical Commission was contacted
to determine if any historical landmarks, points of interest, sites on
the National Register of Historic Places, or sites in the process of
being nominated to the Register would be affected by the project. No
properties or sites would be affected. Correspondence on this matter
is contained in Appendix 2, "Pertinent Correspondence."

The revised draft environmental impact statement is being submitted
as Attachment I to this report. The statement includes detailed cover:age
of environmental considerations concerning the selected and alternative
plans, as required by the National Environmental Policy Act of 1969.

AREA REDEVELOPMENT

Area redevelopment benefits, made possible by construction of the
improvements described, would be realized by providing employment for
people in the area during the -onstruction period. It is estimated
that 75 percent of the laborers will be locally hired for this project.
No benefit has been considered for labor engaged in maintenance and
operation of the completed project as the nee6 for this work is minimal
and will be handled by the public work forcc of the community, The
average annual area redevelopment benefits for the Monoosnoc Brook tunnel
diversion project are estimated to be about $76,000, based on June 1977
price levels. The recommended plan calls primarily for underground
construction, with limited land acquisition and easements required,
resulting in negligible loss of local tax revenue. Intangible benefits
such as improved public health, reduced risk to human lives and improved
morale of the areas people have not been included in the project benefit
anilysis.
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DESIGN

'lle proposed diverstion tunnel would carry the anticipated Standard
Project Flood discharge of 4,000 cfs at Rockwell Pond, minus a maximum
nondamaging capacity of 600 cfs to he discharged into the existing
Monoosnoc Brook watershed. A dike and wall would not he required at
the Leominster Tool Company, located downstream from the diversion tunnel
cutlet at Whitney Street, as the sill elevation ot this building is the
same as the SPF without freeboard. Project design would include filling
of low-lying property adjacent to the Pyrotex Co., and building and
construction of interior drainage facilities. Existing utility pipes
that cross Monoosnoc Brook at the end of Williams Street and pass under
the Whitney Street Bridge would be relocated to allow passage of the.
SPF. Borrow and spoil areas for the proposed project would be selected
to provide the least disruption to the community. Visibly disturbed
borrowed and spoil sites would be landscaped to restore natural esthetics
and provide a suitable facility for public enjoyment.

CONSTRUCTION

Excaated material would be utilized for project construction to
the maximum extent possible. Suitable embankment materialfor instance,
would be available from conduit excavations. Tf required, acceptable
borrow material is available within practical hauling distance. Granular
materials and rock spoil from conduit excavations would be used to provide
fill at the Pyrotex Co. property. Adequate sources of other construction
materials can be found locally. Temporary construction easements would
be necessary for work areas and access roads at the proposed Inlet and
outlet sites. It is estimated that the project could be constructed within
2 years. During the construction period, protective measures cited in
"Environmental Guidelines for the Civil Works Program of the Corps (if
Egineers" would be enforced to insure that proper method. of erosion
;ind dust control and debris removal would be used.
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OPERATION AND MAINTENANCE

No significant problems art, Anticipated in connection with the eper-
at ion and maintenance of the selected improvement. The proposed flood-
water diversion would operate automatically during periods of high run-
off and, except for general surveillance, should not require maintenance
during floods. Normal maintenance costs are estimated to be S1,700
annullyI. Routine maintenance functions necessary to assure efficient
operat ion of local storm drains entering the existing system would also
he essential to effective flood pre-vention. Maintenance and replacement
costs assot ited with the subterrane-an conduit would be pa id by thle city
oif Leominstei.r in accoenrdanc e w i th FedetralI regu la tions. In add it ion, thle

city Would be required to mintain the cxisting channel's capacity to)
pass a maximum discharge of 600 c fs.

ECONOMICS OF SELECTED PLAN

METHODOLOGY

The' tangible ccononil ivst ific itl(on ot Ihic sobet cU I pln C.IT h4'

aS(C.rt ained by compar inc, eqfliva 1.. ut avi r ig annnual cost s ( m inud i n in-
te rest, a mortizat ion and ina tt eniii e) with in cstimatt. of the 'ii eqileti

average ainnuial benief its that woold~ rk-tn 1t f rom thli project ove r a100-
year period. Ibis economic lit(-. is, be Iieved to be reasonable sinet the

p rojec t wotil d p rovide a ye rv h i li (leg rec of pro tec t ion and wonuld1 tine tt I

lode fin it ely , requitring littlIe main tenianct, be, ause tit thle permanent natilno

(if its components. Values ,f costs aind btnefi ts that woul linctrijt to)
thew plan were madei compa ribl I V '.bvonve rs ion to) an eq I va Ien I t ime hs
US in)g the Current Federal interest rate. An interest rate -f 0-'/8
percent was used for all fet orts ,I th -;vslecteid p lan founvd to hnteaI i



COSTS

Cost estimates for the di lersion tunnel project are based on June 1978
price levels and include a 15-percent contingency factor. Costs for
engineering and design and supervision and administration are based on
costs of similar New England projects. The period of analysis for the plan
was selected as 100 years. Interest and amortization charges are bascd on
an interest rate of 6-5/8 percent. Annual expenses also include maintenance
costs. Interest during construction was not charoed to the nlan because
of its short construction neriod. estimated to be less than 2 years. The
estimated first costs and annual charges of the project are summarized in
Table 4.

BENEFITS

lhe primarv henef it iccruing to the diversion conduit plan for the
M!(io,,sou Brook staliv are would be tht, reduction of future damages to
r,'sidential , commercial and industrial properties. The plan would provide
tle rescidents with area redevelopment and intangihle benefits such as
:.:1l;)-,v.,d ;"It I Ic hoIllth, reduced risk t, huri.in I ive ;, potential recreation

id i..het or, Ifc. Future average ,inunalI lfood damages that would be
d rt'prosc ; th( di fierenc, in ave-rage alllual flood damages that

,ld t,,, ,:pt( t,,d Witho11 t the works and residual aver cge annual damapies
thait wou ,, IcxI't witti th rccomienled plan. A determination has been made
oI tnttort aver,it atunti.l Flood damages baised on the existing level of
,evel; utlld on thl Ox(ected incriese in development.

[ 'nu't its are hast,,! on a l470 development with projections to 194O
It i ,ind i I10-vear p, iiod of analysis. They are estimated at

-)..0,",',O innualkV (I l'. vri(, levt-l.') lr th,. flotd control tlknctio,,, a ,!

, V,.*O() t,(Ir ,11,.1 r, II , lk I ritut 'onsil:r;t i()!),. iene f i(iaries o t the1 c t 1ed

0.ll I, I t ni, i ' 't t I, improvement ;;on are well distributed and art,
;i'Iiv~r , )WuetICV ot rtesidet s aund b iih,, establ;ishments ili the areCa

h,'t wton , kw('l I P jnI ul Williams Street.



TABLE 4

SUMMARY OF FIRST COSTS AND ANYUAL CHARGES

First Costs

Preparation of Site $ 20,000
Earth Excavation 45,000

Tunnel Rock EKcavation 1,465,000
Open Rock Excavation 3,000

Shafts, Complete 1,314,000
Gravel Fills 20,660
Topsoil and Seeding 28,375
Concrete 1,553,140

Steel Reinforcing and Misc. Metals 449,410
Drains 16,800
Waterstops 125,120

Stone Protection 18,000
Dewatering (tunnel) 326,000

Subtotal $5,384,505

Contingencies 815,495

Total Estimated Construction Cost $6,200,000
Engineering and Design 400,000*

Supervision and Administration 520,000
Lands and Damages 370,000
Utility Relocations 150,000

TOTAL PROJECT COST $7,640,000

* Does not include $210,000 for pre-authorization studies.

ANNUAL CHARGES

Interest and Amortization (.06635 x 7,640,000) $ 506,000
Operation and Maintenance 1i700

TOTAL PROJECT ANNUAL COST $ 508,600
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JUS TIFICA TION

Comparisons of average annual benefits with average costs are
shown in the tabulation below for the plan of improvement. Although
intangible benefits, and possibly tangible secondary benefits may accrue
to the national economy, only tangible primary benefits are presented
in the tabulation.

TABLE 5

AVERACE ANNUAL COSTS AND BENEFTTS

Flood Area

Item Control Redevelopment Total

Annual $508,600 $508,600

Costs

Annual $540,700 76,000 $616,700

Benefits

Benefit- 1.06:1 -- 1.21:1

Costs Ratio _ f

DIVISION OF PLAN

RESPONSIBILITIES

As prcviously discussed, although nonstructuraul measures such as
lood proofing of individual structures and zoning and building codes are

not requirements of the recommended plan, local interests should consider
and adopt such nonstructural measures as necessary. The importance of
I lood plain zoning: and related controls in preventing both encroachments
on wet land areas and accel crated runoffs from loss of natural storage
cannot be overemphasized. The division f responsibilities for the
proposed local protection plan in Leomlnster is discussed in the following
sect ion.



COST .4PPORTIONMENT

Sharing of costs between Federal and non-Federal interests for the
construction, operation, and maintenance of the Monoosnoc Brook flood
control project is based on the requirements established as Federal
policy for "local protection" improvements. Under this policy, the
Federal Government is responsible for all flood control construction
costs and non-Federal interests are required to provide, without cost
to the United States, all lands, easements and rights-of-way necessary
for the cons;:ruction and operation of the local protection project.
Non-Federal interests also bear the cost of relocating utilities and
maintaining project features after construction in accordance with
Federal requirements. Total project costs for the tunnel diversion are
estimated at $7,640,000.

FEDERAL RESPONSIBILITIES

The presently estimated Federal share of the total first costs e!
the proposed flood control project is $7,120,000. This includes the

total construction cost as well as engineering design supervision and
administration costs.

NON-FEDERAL RESPONSIBILITIES

Non-Fed era I interests would provide the following:

1. l'rovide without cost to the United Staitcs all lands, easements,
ri ghts-of-wav, utility relocation 1n( alterations, and highway or
hi ghway hr idge construct ion and a I terations where necessary for pro (.t
construct ion.
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it. Hod an11d saive thIIt Un i Led Stat es Itree from damages dute to the
L'onStrct ion) works, except where sucrh (jamages are due to the fault of

the ticitod St ate Or its cont ractors.

3. Maintain and opera3te the projeoct :ind exi sting channel without
cost to the United State- in accordance with regulations prescribed
by- the Secretary of the Ariv.

4. Prevent fut ure encroachment which might interfere with proper

f00(1 control fuon, t ion ing co- the project.

The C it y oif leon in;t or would be( requ ni red to ohbt ain permanent easements
for p rope r t.tea aireinid the perimnoteor of Roe kwe LI Pond an(i along t he
exisat in channel from Pond Street 1( be lo~w Wit or Street.- The e-asemen ts

.tRc Uwel Il won Ild p)revent the o)Wners-- I rem buil1d ing structures in
time iieas sub ;ect to inundat ion durin, the SITF Although they could still
o til1 til te I and for Other purp)oses,- ic roac hmen t on the ex isting -hanne I
would bet p rohb i ted b loeral1 en foreomen t of the zoning, code that
eStab ishOd thme nersmveasements.) O ther Rilenera I responsiFbilit ies art.

set forth under 'Rcmeda e Hie currently est imated non-Federal
share Of the total first cost is $5-10,000 and the estimated average
annual cost to mon-Federal interests for maintenance and operation is
$1 , 700.

VIEW1"S, OF
NON-FEDERAL INTERESTS

Iht cenasidered poaOf improvCeent were coord inated With the
tI I (,win g a giene its of the Cnmenwea I t h oI Ma ssachuse t t s :Di vision of

Wa t or Resources, D~epa rtnment (if PublIic Wrks , Di vision of Fisheries and
Wil liii'' Departflent of Fnoci ronimit a Qunlt: v Engineering, Historical

Commso iu. nd thle Imopartliont of Env iionmontal MaInagement. The l.ee-
Sinlst or fhep'artment oif 'ohl i c WorkaOT , Myo Jhn R. Mc mLhI ~ilin, the

i .cm instL r C it v CoeI Ind it Loomi nator [ist or i cal Commission have

AlIso, rev i eWe . the, p 1,1fr t ho Oprost d imp o0ve1ment . Statement s or
resolut jinSi by thto' interests exprecs mum; views and recommendations are

contai nedl in Appendlix 2 and ;ir. ,miiir i7,ed aIs tl Iowa:



COMMONWEALTH OF MASSACHUSETTS

Initially, the Division of Water Resources, Water Resources

Commission, coordinated the review of the general plan for a flood
control project on Monoosnoc Brook with other departments and commissions

within the State. Conclusions reached and comments made by various
agencies during the initial revihw and the recent EIS review are quoted
or summarized below:

• Under the Mssachusetts Ceneral Laws, the Department of Public
Works is expressly authorized to consummate agreements with the Federal

Government by providing formal assurances of local cooperation. Their
review indic -es no conflict with any Department of Public Works projects

in the area.

• Depirtment of Environmental Qualityn__Ierin

This office has reviewed the scope of the proposed construction
activity for local flord protection and is in favor of the project.

SMassahuset t s Itis tOrical Commi ssion

The finaI report ot a Phasc I survey f rom the Institute for Con-
servation Archaeologv has been reviewed by the State archaeologist, and
he is satisfied with the field survey as conducted. -lip survey of the
proposed site did not reveal any known archaeological ai, as. Therefore,

the proposed project will not result in any archaeologicaI impact. No

properties within the project boundaries are listed on the National
Register of Historic Places.

CITY OF LEOMINSTER

• Office of the Mayor

The mayor has expressed his concern about Leominster's des ignated
flood zone, its adverse economic impact on the city, and the effe ts of

the flood damage potential on residents and other downtown propertv

3 3

.. ... .. . . . . .. .. .. . .... ,.._ ,_ _ _ _ , .__ _ . - , ,, .... ., ', , ~ ,: "" . . .



owners. His primary interests were the city's share of the project

costs and the economic impact to the downstream area, in conjunction

with the ongoing 1-t90 highway construction. He has endorsed floodflow

diversion as advantageous and feasible, and he hopes that all pertinent

problems are carefully evaluated before decisions are made final.

Leominster Cityi Council

By a vote of 8 to 1, the city council has approved a continuation

of studies of the proposed tunnel beneath downtown Leominster.

Leominster Department of Pullic Works

The public works department fully supports the proposed project,

but it suggests that two surface sewer lines crossing downstream from the

proposed tunnel outlet be relocated or appropriately considered as to

capacity and efficiency in conjunction with the project structures.

Leominster Historical Commission

The chairman was particularly concerned that the diversion may, in

effect, eliminate waterflow to the brook. He required assurance that the

tunnel design will take only excess floodwaters and will not interrupt

normal flow onto the brook.

REVIEW BY OTHER FEDERAL

A GENCIES

The considered plans of improvement were coordinated with the

following Federal agencies:

Department of Interior

Department of Housing and Urban Development

Department of Health, Education, and Welfare

Fvi ronmenta 1 Protectl,.n Agency
Fish and Wildlife Service

Department of Agriculture, Soil Conservation Service

Advisory Council on Historic Preservation Service

L'conomic Devclopment Administration
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Letters received from those agencies expressing views and

recommendations are contained In Appendix 2 and are summarized below.

Department of Interior - Bureau of Mines

Expressed concern over disposition of excavated materials and its

effect on local crushed stone producers. The proposed project would

have no impact on other mineral resources.

SDepartment of Interior - Geological Survey

Wanted additional information concerning water supply wells and

the location of aquifers in relation to the tunnel alignment.

* Department of the Interior - National Park Service

Suggested that additional archaeological surveys be conducted.

Department of Interior - Bureau of Outdoor Recreation

No comment at this time.

Department of Housing and Urban Development

Found no conflict with the objectives of the proposed local

protection project.

Environmental Protection Agney

Was concerned that water stored in inverted syphon might become

anoxic.

Department of Agriculture - Soil Conservation Service

Replied that there are no existing or planned SCS projects that

would be affected by the tunnel project.

Advisory Council on Historic Preservation

Determined that EIS was procedurally adequate, but requested

further coordination with the State Historic Preservation Office.
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PLAN IMPLEMENTA TION

Construction of the proposed improvement can begin after the

following procedure is completed:

. Higher Corps of Engineers authorit ies such as the Board of
Engineers must review and approve this report.

. The Chief of Engineers then requests a formal review and comments
from the Governor of Massachusetts and interested Federal agencies.

. Following the State and interagency review and subsequent to

seeking comments from the Office of Management and Budget regarding the

relationship of the project to the program of the President, the final
report to the Chief of Engineers is forwarded by the Secretary of the
Army to the Congress.

. Congressional authorization of the flood control project is then

required. This includes appropriate review and hearings by the Public
Works Committees.

. When the project is authorized, the Chief of Engineers then

includes funds, when appropriate, in his budget requests for design and

construction of the project.

. When the Congress appropriates the necessary initial funds, formal

assurances of local cooperation are requested from non-Federal interests.

. Advance engineering and design studies are initiated, project

formulation is reviewed, and the plan is reaffirmed or modified to

meet existing conditions.

Surveys, materials investigations and preparations of design

criteria, plans, specifications, and an engineering estimate of cost are
then accomplished by the New England Division. Bids are invited and a
contract Is awarded. At this time, the necessary local actions are

required.

Following compIetion (if certain sections of the project, local

Interests assume the responsibility of operation and maintenance of
project.
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SUMMARY

Following a comprehensive study of the Monoosnoc Brook area's
problems and needs and a thorough consideration of beneficial and adverse
project effects, the tunnel diversion was determined to be the alterna-
tive that best solved the flood problem and satisfied the previously
outlined criteria.

The selected project which is sized at the optimum economic capacity,
is functionally able to provide a high degree of flood protection (SPF)
for the flood-prone areas of urban Leominster, and is economically
Justified. Project-related conservation benefits and preservation of
the existing environment will be realized from the successful implementa-
tion of the proposed project.

As designed, a concrete spillway inlet at Rockwell Pond would carry
anticipated flood flows through a 3,200-foot long diversion tunnel under
ceni-ral Leominster to an outlet structure downstream from Water Street.
The tunnel would divert excess floodwaters and would not impair normal
flow in the existing Monoosnoc Brook channel.

Improvements to the existing brook channel system would be required
to insure natural unobstructed flow. Improvements would include en-
largement of one bridge by relocating a utility pipe and relocation of
a sewer line spanning the brook. Filling and regrading of certain areas
to control interior runoff and temporary and permanent easements would
be necessary to discourage encroachment oa the flood plain. Any dis-
turbance of the surrounding natural environment would be restored
accordingly.

Total cost of this improvement plan would be $7,640,000 with annual
charges and benefits equal to S508,600 and $616,700, respectively. The
overall benefit cost ratio is 1.21 to 1.

The existing surroundings in central Leominster afford few natural
areas for recreation and natural wildlife habitation. The proposed
plao of local flood control suggests an improved social and environmental
climate in the area with minimal adverse effects. Effective losses
are associated mainly with easement rights necessary for efficient flood
control and small land acquisitions required for the above ground project
structures.
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Non-Federal interests will furnish all lands, easements and rights-
of-way, as not to indemnify the United States. They will be req:,ired to

prevent encroachments on existing channels and will maintain and operate

all project features. Operation and rraintenance costs are currently
estimated at $1,700 annually.

STATEMENT OF FINDINGS

All plan ,,rmulation data concerning the proposed action and the
stated views ot other interested agencies ard individuals have been

reviewed and evaluated. In accordance with interdisciplinary planning
within the multi-objective framework of Principles and Standards, various

practicable alternatives for providing the needed flood control and
related water resource needs for Leominster were investigated. Alter-
natives have been viewed for environmental, social well-being and economic
effects, including regional and national development and engineering feas-
ibility. During plan formulation the following points were considered

pert inent:

. The project will provde standard project flood protection for
the central business district f Leominster and adjacent areas.

. The project is sized at the optimum economic capacity, is func-

tionally adequate and economically justified.

. Care was taken to minimize adverse environmental elfects.

The proposed action as developed in the "Formulating a Plan" and
"The Selected Plan" sections is based on thorough analysis and evaluation
of various practicable alternative courses of actior for achieving the
stated objective. The selected plan meets the nine evaluation criteria,
i.e., acceptability, completeness, effectiveness, erficiency, certainty,

geographic scope, NED benefit cost ratio, reversibility and stability.
The selected plan is consonant with nat-onal policy, statutes and admin-
istrative directives. and the total public Interest would best be served
by Implementation of the selected plan.

18



RECOMMENDA TIONS

It is recommended that the tunnel diversion project for the Monoosnoc
Brook watershed in the City of Leominster, described as the selected plan
in this report and shown on Plates 1 thru 6, be authorized for Federal
construction, with such modificacions as the Chief of Engineers may find
advisable, at an estimated Federal cost of $7,120,000 and an estimated
non-Federal cost of $520,000 provided that Non-Federal interests will:

a. Provide without cost to the United States all lands, easements
and rights-of-way necessary for the construction and maintenance of
the project.

b. Hold and save the United States free from damages due to
construction works except damages due to fault or negligence of the United
States or its contractors.

c. Maintain and operate all project works as well as the existing
channel after completion on accordance with regulations prescribed by
the Secretary of the Army.

d. Provide without cost to the United States all alterations and
replacements of existing utilities.

e. Prescribe and enforce regulations to prevent encroachment on
both the improved and unimproved channels, and manage all project re-
lated channels to preserve capacities for local drainage as well as for
project functions.

f. Comply with the provisions under Section 210 and 305 on Public
Law 91-646, 91st Congress, approved 2 January 1971 entitled "Uniform
Relocation Assistance and Real Property Aciuisition Policies Act of 1970."

John P. Chandler
Colonel, Corps of Engineers
Division Engineer

39



CORPS OF ENGINEERS A I CD

2

3 M. \~ ~L

4-

LEMNSE

7-

BASIN MAP



D U S IIU ARAA

A SAI

- f \ AA 'LA&T C

4 I

K CO~. -,OCA7 ION MAP

* lit

t -4
LEOMINSTER LOCAL

PROTECTION PROJECT

-5

6

4/

MAE__ _ __

--. LOCAL PROTECTION PROJECT
BASIN MAP

PLA~fI



CORPS Or ENiGINEERS

A-- --A Iii

ii4
• --. / ,*

PLAN

,i ,)-- / .- - 71 .,

0. T~ - . " "

360 <,e

.- ''o

347/-

S -,

.FSC..F ".. 00!

4,50



S ARMY

ot ?.. at,. N

WAE tNRE EA~BLITYRPR

fS I' IN II::M%
'-- LOA RTCTO RJC

GENRA PLAN &POFL

MADS~ 600*VSS*UET

1/IL9kzL

/~~~o Sam,~4

~. 4,PLATE 2



CQPI O~ ENGINEEAS

I

* /
p.

2~. -,

~2

/ .. C

C -)

/
C

I- -

'N

V $

-4

- I

% C ... ~ - -*.~

.~ 22~

-r -

.1''

- " t.. ~f$v-.,-,r Sn,,'IWQC~ -.11
"-'In. I

.Ja. Sr .

* -4,

, -' - .*~I* - 4.

.4 ..b~

-4 4 .' Iv,- *.r'',i V *,.,

.. ...

'4-

'I
- .* .

-I

- -~ PLAN

-; - - . '.4



U. S. ARMY

$.4 7 .4j

>-K - 14 *. ~ *''

-/AI >--:

I ~45

DEOMEI Of HE RM

WAE REORESFAII - YRPR
LEMNTE.MS

PLA LOA PRTCTO PROEC
INAK PL AN

WN/SO BROOK
-~~4 ye

'..p--HF

PLT



CORPS OF ENG17, 45 A B Co

46

6- 
9

/

2 7/ // -
-< 

7

'7/ 
,7 N4-

f[3~c -7/o~~



F U.S5,AAMY

7 ~ .

-f 
3 - 5

-- 4

-, I7
I--7

DE.IMETO TEAM
10- 3'-N .

WATE REORESFAIBLT RPR

v LEMNTR MASS

V 1  (P'O O BROOK

H- ~ ~j S ___

PLATE 4



A

-~ 4 -, N - ..

7" .~ - -

' - .".- - .- 'A,

N, -.- - 20''
N 6-., .~

-2- <~

N > ,f~. 1~

'. 3

-~ 4 N N 7 / I
N >73 r

'~S~

\ Y*'\

-I ~ N

0 -' - 5, ,-r.---

-- - - - I ~, -~ .- ~

/2 - -

1 5 s,.

<A

''-'K--

N -"*22

7 - -'

N -'

~N (-.-- ~C - - 4 j

K
-~ 2 -----

/ -~ 1~' -43~,
'N - -'N

N "'-"'~~'~~Q

- -'------ I

1 - ' ~ - -

*C\~L'~2' 's.? ~ -4-- )

-, ~ -- ----- / ~
41.- ___

--

~41 - - -

- - -



F

-U1

~- -3

.,73

Nc

'55

t Dti~~fTO T" AM

=MM

-- 00'C-I

/ ,.PLATEI5



CORPS OF ENGINEERS A 5C DE

------- -- ----- - ---- --__ _ _ _I - - -

-7'

77

7-p



0 E F G U S ARMY

4- '> i'U,/e

1 -7

\- -

- -,,-"' , 4-- ' -

.o -r if-

_ _ _ _' If . , , ; . % II I i - . , 'c. '- ,

-7

, 'K. i

9
e~,~4t....... ....-

'" WATER RESOURCE' FE AS 18 1L I T Y RE PO0R T
1 L EOAIN.,T R MASS

, ' .,,,--- - lLOCAL PROTECTION PROJECT
-SECTIONS AND DETAILS

" I r ll 4 ,i i 11 ]Ma.40 NO C BRiO OK MASSACHU ET YS
. ....... - W m t .t

- ~. " . , .,. ...... 4O4IiiVNkC.

PLATE 6

if. . .. . .. . . . . ,. . . ' . .. . . . .if.. .. .. . . . . . . . . ' -- " .. . . .i--f' . . L . .
-iifffIll



SLM

NEW ENGLAND DIVISION

LEOMINSTER
LOCAL PROTECTIONA MONOOSNOC BROOKp Leominster. Massachusetts

D

C
Feasibility E
Report

fo r
WA TER

RESOURCES
DE VELOPMENT



LEOMINSTER LOCAL PRO FECTION
MONOOSNOC BROOK

LEOMINSTE R, MASSACHUSETTS

FEASI HI, ITY REI'()RT F0)R

WATER RESOURCES )EVELOPMENT

A

Technical Report P
P

SECTION A THE STUDY AND REPORT

SECTION B RESOURCES AND ECONOMY OF THE STUDY E
AREA

SECTION C PROBLEMS AND NEEDS N

SECTION D HYDROLOGIC ANALYSIS

SECTION E REAL ESTATE STUDIES 0
SECTION F FORMULATING A PLAN I
SECTION G THE SELECTED PLAN

SECTION H ECONOMICS OF SELECTED PLAN X
SECTION I DIVISION OF PLAN RESPONSIBILITIES 1

PREPA: .. ; BY THE

NEW ENGLAND DIVISION, CORPS OF ENGINEERS

DEPARTMEN. .- F THE ARMY



SECTION A

THE STUDY AND REPORT



THE STUDY AND REPo).I-'

TABLE 01' CONTENTS

Item

PURPOSE AND AUTHORITY A-i

SCOPE OF STUDY A-2

STUDY PARTICIPANTS AND COORDINATION A-3

SUM1MARY OF STUDIES A-3

THE REPORT A-4

PRIOR REPORTS A-4

308 Report P'-5

Survey Reports for Flood Control A-5

NENYIAC Report A-5

Interim Report A-5

NAR Report A-0

Northeastern United States Water Supply Study (NEWS) A-6

Merrimack River Basin Survey Report A-6

Merrimack River Wastewater Management Study A-7

Floodplain Jnfermation Report A-7

STUDIES IN PROGRESS A-7

Flood Insurance Report A-7

I4



tSECTION A

THE STUDY AND REPORT

Background information concerning the authorization of this study
and a description of the nature of the study are presented here as an
introduction to the contents and findings of this report.

Purpose and Authority

The purpose of this study, the results of which are presented in
this technical appendix, is to investigate the flood and associated
water resources problems in the watershed of Monoosnoc Brook and to
develop the most suitable plan that would solve these problems. Econo-
mic feasibility was one of the major factors considered in selecting
a plan and was, therefore, investigated in detail. Recommendations
of this study are presented in the main report,

This report is submitted in partial compliance with authority
provided in the Resolution by the Committee on Public Works of the
United States Senate adopted 9 February 1961. The Resolution reads
as follows:

"That the Board of Engineers for Rivers and Harbors, created under
Section 3 of the Rivers and Harbor Act, approved 13 June 1902, be,
and is hereby requested to review the reports of the Chief of
Engineers on the Merrimack River, New Hampshire and Massachusetts,
publlshed as House Document Numbered 689, Seventy-fifth Congress,
third session, and other reports, with a view to determining the
need for modification of the recommendations contained in such
reports, and the advisability of adopting further improvements
for flood control and allied purposes in view of the heavy damages
and loss of life caused by recent severe storms in the Merrimack
River Basin."

Appendix - I
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An Interim Report in partial compliance with the authority
provided by the Resolution was submitted during January 1965.
This report recommended a plan of flood control. for Monoosnoc
Brook. The plan was authorized as part of the Flood Control Act
of 1966 ,'Senate Document 113/89/2). Howevr, the proposed
project was subsequently placed in a deferred rategory because
of changing local interest requirements. At the request of
Congressional and local interests, the restudy was initiated
during August 1974.

Scope of Study

'lThis report includes a study of water resources problems
in the watershed of Monoosnoc Brook in Leominstor, Massachusetts.
Its purpose was determining the advisability of improvements in
the interest of flood control and allied purposes. The inter-
disciplinary planning approach of Principles and Standards (P&S)
was utilized throughout this study. The P&S planning process
requires a systematic approach to the development of plans to
satisfy the water resource needs and problems of the community.
Although the current study of Monoosnoc Brook directly evolved
from a reevaluation of flood control measures authorized by the
1966 Flood Control Act, as requested by Congressman Robert F.
Drinan, the procedures of P&S were utilized in the public involve-
ment and agency coordinati-n programs. This is more fully detailed
in Appendix 1, Section C - Problems and Needs, Section F - Formu-
lating i Plan, and Appendix 2, Pertinent Correspondence.

All reasonable alternative plans to solve the areas water
resources problems were considered. Several plans were studied
in detail that included computing cost and benefit estimates.
Selection of the most feasible plan was made after considering
all factors, including cenmments expressed by concerned agencies
and local intere.. ts. Th,- studies were d-vo loped to the depth and
detail needed to determine the feasibiliv: of the alternatives
and to permit plan selection. To ensur, :. most useful information
base, information developed during prior !i. ongoing study programs
was utilized.

Appendix -
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Study Participants and Coordination

The (orji p ! c lnL' i ncerss I t be ) ~tinitl , r,-ponsibiIity for con-

ductt ing 11u1l oordirat ing tilh, st 114v anjW tit he~i 1: iormnlation , on50 i-
chit ing inurinat ion I rum studies of ot lier avcencios and preparing, this
report

AllI stuidies t or t his re-pot wt-r-o oriinaitedl Ath ap propri ate
Federal, State and I oa I ag ,encies incl iinl the t.S . Fish anI! kVhId I i e
Servi ceU P. S. lh'pa rt men t o f il.'ns i no, , nd 1irhin Dt-ve Iopment , I' . Economi c
[(eve I oprnen t Adm in i st(ra t io i, :Ul 1-si I ( ons r-vat ri on Se rvice , .S. Envi ron -
mentalI Prot ec t on Agenicv New Iu I ind R i vu r laszi ns Coni is ~I oi and
var ious re son rLe tIW iCS Of t lic mr ot~ nwei I t h o f Missac hu sot t sand
the c i t v of leom inst er . The court mnat ion was tac'lCVe d throls h informnal
meetinugs to discuss the il ternuat i,,e plans, review of andi commeants on
the preliminary .traft environmontail stiitoment for the selected! plan,
and part icipat ion In thlt formal pib i c meetings.

During h nesiain sc,,kral informal moo~t imp WLerf held
with various Fed-ra 1 , Stalt%, and 1 ha-.l inte(rests. Correspondence with
interested cit i7rns has also fnirtiercd the progress Of the studieS.
Pert inen11t et to r, ti1 corumenflt ind on ctir ri. CL are cont ai1ned in Appendix

ol this report.

A public me.et ing, was; hie l onl 27 lanuarv l()76 to present aI1
a iternat ives StudkiCr(irling t ho inlvest iga t ion :lnc to incorporate public
needs and desi res iT1 thet final1 1)11 I a formult ion and selection. Thte
p lan of f lood cort rcl imprOVC-Mtni I- sel11ectedl at thi s meet ing i s the plan
recommended ini tht is repor t.

Summary of Studies

U.S. Gvoo 1 opia i Srivc ', Ma ss.ichus;t t s Deopt 01 PuibIic < rks,

aerial topography, rinicipail ain,' thtr exiAst inc, 'i~:as Wil' l Ii tod
to determine basin chiraicteristiticsawid laind iisc. Subsurface c oa
t ions; by means of drive saimple hoti ho c ad igeol gi cal reconnaiissance
were acopihdater thet I i na pl in of improvements wa-s chosen
based On the need s a11d IC Si re s of tlit oommun it v

,\ppoud ix -

A -



Survevs of f 100d1 damages were made fol lowing the floods of 1938
aind 1955, and 11et.-Oled damage suirveys were conducted in 1962 and

again in 1974. The survevs consisted of' personal interviews with
Municipal and Staite olfici 115, off ice rs of industrial concerns and
private individlu 11 subjec t to fi 'od loss, s,

T he Rep"nor t

In thle interest of clarity of pi t'5t't;iticii and reference, this
report has been arraniged into a ma in rei 'r'. and two appendices.

ihe ma in report is aIo och a p resent at i on of the studies
of flood and ass ec i.at 'd Walttor rteSLnr,,es prob lems in the watershed
of Monoosnioc 9rook . i t i s '.li basic doC'uunen-i tlthat presents a broad
view ot the ove rall st udv fr the honlefi t Of bothB general and technical

readers. InclIUded in thc ma in rcort is ai description of the study
are a , inc, I ud i ng exist inc,, i mp re vot-m a It at lit, problIems be i ng experi enced
and the llted for ad1

1 it imilal inr-'. iaI snrmarv of thle project

ecmonmies. "*Jving thle !beIot its, cLSt-- and1i jstif icatlon-, the division

of p lan responsibi lIt es betweecn F'.'Ie-r.i i d noii-Federal interests;

and rec'ommendat ion-, 1(r imp I oment in_: tip sol octe0( plan.

Appeldk I' is a tL oem: 'a I -e ' OrIt I] ll t he kSame general nutlInc
as thle tormuul t ion and ,valtiil t) p i : t t he maiin report but presented

inl greattor let iil :or t li, t clhi i l rex'ii'wi'I. Ibes.'ri pt ions of the

probloieman soltif ioll5 ii-( ;i.o~i .sIn in the sam'c order as in the main
r t po rt . Ap 11tT ,I i x , '11n' li ' I- r I "j 1 t , resp on1den Icek f ro m Io ca ;II of f ic iaIs

as wll, aI"s icItril 11 :01 it kt. 1i'o., i. In'- 1iait 1-miik roniieiitnl Impact

Stuitcmt-it (IlIS) i s i- ini I A t< )t( *li-nt I

Prior Rc.::-orts

,' ~ ra .p 0 ri t Ici t rr p it, It( e rl)- of Fngineers
('Ot .rnini', WItt'l 1 ' 1-11 , ' cI,, 1w 'lri k River andi
its t rlblutarieJs, ill in tie 11 'r 11 Viver- ind Nonoosnloc Brook.

App)e nd (I x- I



These earl1ier reports resulIted in the const rue tion of four reservoirs

an d f ive 1 or a I flIood p rote ct ion p;*ej crt s at five 1 ocat ions in) the
Me rrimnack Ri ver His in. More rcentl \' uthorized stud i us recommended

addi tion,i I improvements for water resource 1Joe] o0pnent in the North
Naishua lye r and ! noSnoc Brook watersheds * A sumna rv of these
r eports follrows.

I'he te rrimarIk B ivc'r in New llinipshi re and Massuebuilset ts wsst tdied
P ' t he Corps ot F n ~infee rs undoer picovi sions of House oc ulmen t Nc.. 308,
h9thI Conglress, 1st Session, which was enacted into law with modifica-

ions in Sect ion I of the River and H4arbor Act of 21 January 1927.
he reLports t hat 1,)l lowed became know.,n as "308' Reports. The "errimack

River " WW' repor01t was pubi ished as House Document No. 649), 71st Conp-

ress, ird Se-Ssion. It determined that navigIation, flood rent rol power
devu- 10p1en01t and irrig ation improvoments were not warranted at that time.

Sa r-vy v k1 ,'rtS !o c 1'100( Control

Fr I Iow i [I t he' i oed of 19()36 , a repor t i7,r the Me rrimack Rive r
Bas in da'1t ed IS May~lv 19 38 Was ,-;?I hii ted and pub) I shed as House 1)ocumen t

689, ;'501Cnges The report recommiended the const r-icti en of a svs-
t em of tfIood routro! re so rvo ir!s .1 aO re Litedl floode cont rol works . The
pre-senIt sVste'M r ens mct ed undlor th is an thorcttv incl1ud ed four reseryeoirs
Indl 101 orl f 00( p cnt ct ion projoer ts at five locations. 'The reservoirs
incluide Fr~unkl in Pai Is., llatkwtiter , ifopkintzon-Evertett aind Fdward McDowell
While the loca';l iprot ect ion prOjects are located at Nashua and l.'il ton,
New Itamipsh ire and jewe-ll1, Sazonvi lie and HlaverhillI, Mlassachusetts.

'The report "t the New iP'ng land-New York lruter-A 'iencv COM; Iittee-
(NENY,;)IAC) ronsi dore'd all Ispetcts of the land and water res'olrces, of the
area. Yhe report wais publ ished as - onutt Document No. IQ 1- ith Conores';
Ist Session. Chp'j),er XI of a',rt 1we of the report covers t . roblem
o f f Iee c (on trolI i a the Me rr imn)(k R j vori Baum i . ItdI. t(ltor i nekdI thIa,-.t
add itionial flood( c mit ro) measu res we me need oti'( in h',e has in.

fIntter im RepokI-r t

In crmpIliance with author it.v provi dod in Rose '%. ! vht

IH10se Co mm i t te on 'uPT ) I i r -'or ks of t he Pu jte 10(1 Stt 's opt, 1)
Fi'Prnarv 1961, a skir\'ev was maPdk i d't eri'uin 110 t 1W' :dx'u1 t% Of
atdopt lI mftur the r i ilprovenlent S f or I lee' 'ouit me I aInd ;III i'.l p: t I)o S '

In V iew oIf tin1' 110a !V ulamaKeS And Ios I it 10CauIseI', kd v I outI eere



stcr s iII thec IL tr r i Il'irk R N I ' l Pv icc 1 ' 1\1 ott'T ill: tr lbor t (1,Ai ng W t 11
t lie Wa1te I Re ,;ou rt' c Ih'vc' -I lcmct -I (' I ani Nort li Na4siuc R i vc r Basl't , wa s

p)re palred( in 19uL5t . Baistd oni tie I indins ()I thle interim report ,the

890h Congress (Pul'n ic I 1aw 89-789 ) jli or i z ed thle cocist rcct ion of the
Monoosnoc Brook Cha~nnel I Imp i ovece n t und 'Mliccsnoc D1am and Lake.

NBAR Repor

The No rt 1i At ki at Reyg iooi~ 1 Watt'r P -ltros Stildcv wu-s one of 20
rt' iO~i' L tomp rcien- i \,, water andi rolat ci inrd resources studies
'ondut i'(-d t hroliou1111t theIL Inl i ted St at '-a mcIi' ci ide lint's t-stlhl Iished

bv L ihe 1905 Flood C rot ro I Ac t: (SeCt ion '' Plhl iC' Law 89-298) . '11e
study\. 's object ive was t hit 051 ab I is-iicent ,i iroaii master plani or

raniework to serve as a ha);1s i s tor f uturc I-. w. n atetr resources devel-
o pnceiit and man~lagement 1)1 a ins . 'The requ it. -its ocf the residents were
cons ide red in anialvzig netis. such1 a water qualit\y control, flood
cont rol, P Itinic-i1 al ad intdust rial ,iter supply, irrigation ;Ind rural
watter souLpplV. laViicat ion. h\'tiroel ct ric power, recreat ion, fish and
Wild Iit. ic ad Other L I ~roriMenrta] el re Thlese needs are proj ec ted
throughll til tvt alr 20210. The StLudY be gan in 1 966 and was complIe ted in
Julit 1972.

No theastt'rnin litcei St attic !'atle Scyonlv Study Q NFVWS)

The ciuprecOdlti-t drFough't t hat star-ted in 196(0 ovt'r thec north-
tas ;t 'rn st'aboa - oIirt- t'e Na't con led C.angre 55 to anthlonrize0 thtt Secret ary
of tin. Army, in October 1965,* to tcrocprate witic Federal , State and

I er I aent' ies in pr'pir ing, plrins tcc meet the long-range,( water re-
cjiiiiremen t o )f thle northeastern U~n ited Staites . ('on.gress ant ic ipa ted
t hat suicih plaits coulId inclutde imajodr rest'rvo irs , major c onvevan cc
fac ilIitit's to trnsfter water between river basins and major purifi-

a -t ion tic i i t i es to he roost ruCted Under Federal auISpiCeS with appro-
pr iate nor ceea] f inancial part itcipat ion . The NEWS Study was in i-
tiat ed in 1966 ail was Completed iii 1974.

Me rr mck ive ha inSurmvey- R epj r t

A study of Survey Report scope was completed in Aulgust 1972,
thle last in a series of reports authori zedl by the Congressional reso-
lt iin of 1 918, 1(), an1dtl 1 964 . Al thoughi the q972 report cove red the
ot ii' Merrimack Riven Baisin, so lutions to water resource problems
liwo I viog thet Northt Nashua antd Sudbuiry Rvers hiatd beeka suggested In
tin taier Ii terini rt'pir~s. [he L f in 'irt recommended no addi onal
f locot c iontrmol or niay i pat Ion i mprocvemen t,; t he Meriri mack River Basin,
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Merla~~kN i'.r Rs:e-wa'. er -lne.n t -St kit I

A wastewate-r management stud'.' of the Massachusetts port ion of
he Merrimack River iias L' was publishod in .June 1975. lie study was

.a Joint efftort by the CoinmolnWL'alt h of Massachusetts, and fivk. reg-ional
planning agencies in the Lnvironni.ental Protection Agencys and the Nashua
River p'rogram.. The study in.es tig.ated point and nonpoint sources of
pollution, including mnicipal. industrial and stnrmwater wastes, and
proposed system alternativ'es that varied from decentralized to large
centralized or rvegional facil iti4us. "he study team, investipated the
possibility of utilizing laind apolication methods as well rts water-
oriented treztment p~lants to purify Wastewaters. The study was con-
ducted to meet the -riteria of the Federal W.ater pollution Control
Act Amendment of L972.

Fioodplikn Informat ion Repor-t

A Floodplain Tinformation study report for the city of Leominster,
prepared by the New Eng'land D'ivision, was published in Octobker 1976,
The city of 1,eoniinster i-3 now eligible for flood insurance uinder the
emergency fl100( insurance prograi..

Studies in Progress

Flood! Insuran-ce Report

A flood i nsuraacce qstudy report for the city of Leorli nst er is
beingk prepared by tuie Federal Insurance Admin~stration (FIA) . As
pr'viOuISl ' noted, the city of 1,eokminster is now eligible for flood
inSuIrannCe Under the emergency flood insurance programi. Resi dentialI
homes can obtain flood insur.ance coverage of up to $35 ,ofo for Sn.25
pt-r ,100 (ai subs id ized rate) . Ad di t in i sub si d ized covers ,,ce for
contents, uIP to "'10.000, is al1so available. When rate MIPS art- pub-
l ished by FJA and~ heL ci1ty officiallyV enters the program, property
owners will be sib l to got addi tional coverage uip to, si 8),000 for
s;truictural daimages. plus an add it tonal $50,000 coverage for conntents.
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SECTION B

RESOURCES AND ECONOMY

OF STUDY AREA

This section of the Technicai Appendices presents an analysis
of natural and human resources for the Leominster area, as well as

environmental, clim tology and ;rchaelogical data. Economic develop-
ment information also is furnished along with tablo-s of population,
income and employment.

Environmental Setting and
Natural Resources

A general understanding of the resources and economy affected
by the proposed project is helpful in identifying, the problems of the
area and in selecting appropriate so lutions. The resources and economy
of the study area w. re analyzed on two levels. First, the cities of
Leominster and Fitchburg, which form the economic base stuv area,
were analyzed to determine the bro;id economic setting of the nroject.
Secondly, tne area immediately surrounding the project, reforto d to
as the study are., was analy2ed to determine, the project', snecific
impacts on the adjacent land.

TERRAIN AND LAND USE

Monoosnoc Brook rises in Rokv Pond in the hi ll.- west ot Leominster
.rnd flows in an easterly direct ion r 8.7 miles, thirou',h the commercial
center of Leominster to its ,-onif le'ne with the North Na'shua River.
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The Monoosnoc Brook watershed totals 11.2 square miles and is
located along the eastern margin of the New England upland in central
Massachasetts. It is a region of moderate relief, characterized by wide
valleys and broad, steep-sided hills that are conducive to rapid runoff.
The brook flows through the Massachusetts western highland, a rough,
naturally disected upland, controlled largely by the underlying crystal-
line bedrocks that outcrop on the upper slopes and tops of many of the
hills.

Remnants of tile glacial outwash ocitl, the bottoms of many of tile
major valleys. Variably thick deposits ol lacial till lie above the
outwash and along the upper slopes of t,., ,*'gion.

Bedrock in the vicinity of the prop,,,, improvement is a gray,
dense, hard, unweathered phyllite at the intake end and a similarly gray,
hard schist at the outlet site; both forms intermingle between. The rock
lies from 7 to 70 feet below the surface. Covering the bedrock are vary-
ing quantities of overburden, consisting of silty and gravely sands and
till.

The Monoosnoc Brook Basin comprises two significantly contrasting
areas. The rural upper basin and the urbanized lower area are separated
by Rockwell Pond, a small pond, located just upstream of the urban center
of Leominster.

The upper basin is primarily steep forested hills with some large
rock outcropping. The area contains several reservoirs and ponds along
Monoosnoc Brook and its tributaries. Much of the forested area is virgin
woods within the 1,vtomlnster State Forest. Although the area is rural,
steep slopes make the upper hasin conducive to rapid runoff.

Downstream of Roc kwe I l Pond, t he lower basin Is characterized by
urbanization and channel izat ion. Manufacturing, retail structures and
multifamily housing have encroached on the brook resulting in channeliza-
tion, bridges and conduits througli the city. In tile past central Leo-
minster has had major t looding problems., due to these restrictions.

HISTORICAL AND ARCtlA .)LOGICAL RESOURCES

In accordance with the Corps guidel;. ; 33 CFR Part 3ng.I( (a).
New England Division engaged a professioti..t archaeologisi- to ron.'irt
a ctilitural resource reconnaissance. Thi. preliminary sturd., ras rwn to
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identify, loca :e and record any cultural resources within thc proposcu
project area. The archaeologist's report did not c.Ote any si:'nificant
resources, either historical or archaeological, which would be disturbed
by the proposed project. The report did state that areas adjacent to
the outlet structure are archaeological ly sensitive beciiuse simi lar si ecs

in New England have produced irch.,eological fiads. Since no archa ,olo-
gical reconnaissance can be expected to lcrate all possible sitcs, the
sensitive areas will he surveyed further during subsequ Lent tlithorized
studies. The Office of the Massacirhsetts IUstorical (Cnirlis:,L(n (State
Historic Preservation Officer) was contacted to determine whether any
State Historic Landmarks, State Points of Interest, sites 181 the Nationil
Register of Historic Places, er sites iii the process of being, nominated
to the National Register would be affected by this proiect. None we.re

listed.

CL IMA TE

The Monoosnm- Prook water. Le,,s itunted within th North Nashula
River watershed, has a variable climate. It frequent . experiences
periods of heavy precipitation prodUccd b local tmndterstormq and
larger weather systems of tropic;l and extra-tropic.il onrigin. The bas in
lies in the path of the preval in- "'oesterlies" tit tr.averc, the country
in an easterly or northeasterly direction and produce fre-quc*it weather
changes. Tmperature extremes within the hasin range trom summertime
highs of about 100oF to subzcro temper;ittres in the minus to 'aJs occur-
ring tor short periods in the win er.

The mean -n aiIal t'tmpe rat tire ina t i, , Nirth Nasht., ki\e r watershed is
about 48 0 F. Recordtd t oriperit iitc n xt rL ntmes at rt'rtsent ;it ive stat ions
within or -idjucent t(o he. ,,t e rsh 1,, 1 ,.e v.aried l r, r a m:.:ina rt of 1030F
at Fitchburg, to a minim, in, oi - i It (i [nton, Mas-aci tst to. Freezing
temperatures may bc expected I rom toh l.ter part of Sept,.mier until late
in Apri l .

The averate annual proe ip itait ion evert he, North Nslt iv'r Basin
is appr(,ximat iv '45 it hies, tinifotrml', list ribit(.d ttr!c.lho, t. , r.
"Ti maximum ad minimun alinol I pr.c ipitnt ion at Fit tl i),r, ;re (,0.:'
and 27.45 incIes, respect ivelv. Anutial S owfal 1I ill the b lt;in ; 'enes

about 60 inhes it Fitchburg whic L is Incated at abot cievat ion 4 0no

feet msl.

A more dot ai led les( ript ion )I c I i, Tae t o gv , ioiludin taleS ol

temtper ttJr, Irond prec ipl tat Ion, i t; i i ,,itud in Appendix 1 .,' t ion D-
lydrologic Analysis.
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NATURAL RESOURCES

The Monoosnoc Brook watershed is an area of contrasts. In the
upper basin, the stream flows through a series of reservoirs and small
impoundments. This area is surrounded priarily by State or municipal
forests which are dominated by oaks, hic-,V'ries, hemlocks and maples.
These forests art, considered a transiti,,,.,: zone between the northern
pines and hardwoods and the southern black birches, sweet gums, tulip
trees and dogwoods.

The upper basin is primarily a small .,imal habitat. Animals
such as gray squirrels, chipmunks, raccocn ., foxes and field mice are
present. Occasional deer can also be foo,,l in this area. A few species
of minnows and suckers live in the brook, but for the most part the summer
flows cannot maintain cold water species.

The brook is impounded at the outskirts of the city by Rockwell
Pond, a warm water habitat. Species from the sunfish, catfish and sucker
familles are present. In the summer the pond has substantial growths
of algae, indicating that the pond is in an advanced state of eutrophi-
cat ion.

Water leaving the pond goes through the city's center which is
typical of Industrial cities in New England, with its many factories
and multipurpose dwellings lining the brook. For all Intents and pur-
poses, there is no mammal habitat present and only the heartiest of
fish are found in this portion of the brook.

Beyond the city center, the land reverts to a small animal habitat
with forest slmi]ar to the upper basin, although less dense.

Human Resources

1he approximately 70 acres subject f looding is located in
Leomlnster, Massachusetts, a small manuf .. iring city with an estimated
15,000 residents. Comprising 28.8 squar, iles, the city lies in the
Nashua River Valley less than 3 miles fr... the center of its northern
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neighbor, Fitchburg. These t'io ( ities mako up the core nf the Leominster-
Fit chburg Standard Met ropolIit in Stati 1sr cai Are.a (SMSA) with a totalI
.)opulation of 97,2:37 (1970 U.::. Censuis). Located approximately 40 miles
rrom Boston and 200 miles front New York City, the area is accessible
via highway routes 2, 12 and 117.

With new construction and other I actors, the citvs population has
grown at alt accelerating rate in thle past 30 years. During the decade
of 1955 to 1965, the populat ion inc rkased b'c 20.0 percent . 3etween
1965 and 1975 the( poplation grwfront 29,729 to 35,4.00 with a 7.5 per-
cent increase in the last hialf of that period.

The city's ,Aiare of the SMSA ail,;o increased from 33 percent in
1950 to 34 percent in 1970. The pOPUlation density of Leomiznster in-
creased from 836 persons per square mile in 1950 to 1,143 p)(rsons per
square mile in i.970.

I n 1970, 38.1 percent of the resiidents were either foreign bo:rn or
first ienerat ion Amier ic os. 'The largest roklibter came frot- Canada. Che
m i g r at ions in to Leominiis t e r re r,,,f I ec t ed in ti ie e thln ic d ive r s i tv o f
thIe( p ro jc t a re a, naito I F rench, a I i on , PoI Ish and , mos t re n N~',
Spanish spoaking, nersons. The Spanish speaiking, gr olip numhered 61s4
in Leom instI.er in the 1970 census is *ompaired to 95 In Fitchl-urg.

In 1.970 nearly 60 percent of Ie ur s t ert fainl I I ies ild schio oI a ge

chlIdren . in 27 percent of thos fatilies, lhe childre n Were linder
thet age of --ix. In the same year , 24 percent of thli oe omen torv schiool
chil dren we re- ii p r ivatre schoo a s, p)r inucipa IlIy pa roc hia I

In 1960, 2..' percent ol the 8i,t99 hIouIsing iinits in enroinstor
wi'ere, voran-t 11nd o~ai hefor oct ipiniv , while in 1947, 8.2 :t<cIt f1

lie ea-t imated 11,540 iois ing oni t 5 In Leominaster were %'torani an(' avail-
abefr ecepan y . For reasono, which have not he~n esp ii,,t , !cortin-

aler expert eni ec a suddlen grwhin 11totisin,' construction bee innini' in
1970. Thle groWth1 wa~s principal ly in apar tme-nt comple-xes outside o)f the
coI)re, area . Con t 1 ntied (-x )ins ion i s 1 a unred to a t t raict aI broad regi1ona I
i.Irke ,t.

T o ctnt intl 1n , ,r.'t ii i ;nip.iit oti litt; rt! it kd in 0evW lettnds
(ITT it resoti cci , ;c",ofls in(l] t~ t i t li ! ta t r 'irhan
ItI i,'it was ident i it,( ia; a pt- lti in 1 wnt owi; areas, Cit.i implrovemlent
-i t i %- it( es tCer' te of t1 !(ii ' r n( ., inlvet trCit I I iltted . he
lttcre' iln)' numlter! ,t iitt (it -:i t t I, tca r if ( itl c . rc.I, ie Ii t he h I 1it
Ii t-itt rait e Idl 1-k () ce .-I t lou1, 11U It t Iis i i 'T I t ;I' S 1)~t pr-

We) 1 o i t 1, ttt iotIl illtt ( t (t.;I I ottf i i r I t t a .. "4w 11ieIw, t. , tf , I (t it'll i!4

thil' w- I . f ink r." l , "i ra tr ( 3! r 11 I I i 7 1 ipi t I, 8' 1ta i; ' 1 t !,en

hot p rotcctIitt a Aili ! t I a w dil' t i ! ,1 e tt ta c it v I, ;I on, I Titt n) ttt tl-

at r int tt' thu revtl't t



TABLE 1

POPULATION

SMSA LEOMINSTER % OF SMSA

1950 73,120 24,075 33

1960 82,486 21,929 34

1970 97,237 32,939 34

1975 19,400
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POPULATION GROWTH IN LEOMINSTER
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Economic Development

Leominster was established In 1740, ,ind its initiil growth depended
on an agricultural base. Aided by a good location, its proximity to
Boston ar.d the abundance of water resources, Leominster was initially
a manufacturing town and then became a cii., in 1915. Leominster re-
peatedly adapted Itself to the manufacturc of new products. The city
shifted from comb making around 1845 to the production of piano cases,
to the tanning of leather to the manufacture of baby carriages and even
to dressmaking.

Today, Leominster can be characteri .. as a small city whose
primary economic activity is manufacturing. In 1970, 650 Leominster
firms reported to th- Massachusetts Division of Employment Security.
These firms employed 62.5 percent of the working population, or 11,455
persons for an annual payroll of $74,515,041.

In 1970, 140 manufacturing firms employed a total of 7,160 persons
and had an annual payroll of $51,594,814. The five largest manufac-
turing groups, in order of importance as employers, were plastic pro-
ducts, apparel and other finished goods, machinery (except electrical),
furniture and paper.

In 1971, 139 manufacturing firms employed a total of 6,631 persons
and had an annual payroll of $50,349,359. The latest listing of Massa-
chusetts manufacturers shows the Foster grant Co., Inc. which makes
elastic products, sun glasses, combs, etc. to be employing more than
1,500 persons.

4holesale and retail trade is the city's largest nonmanufacturing
employer. In 1970, 20 wholesale firms employed a total of 503 persons
and had an annual payroll of $3,538,896 while 197 retail firms had an
average of 2,273 employees with an annual payroll of $9,560,664.

In 1971, 22 wholesale firms employed an average total of 454
persons and had an annual payroll of $3,546,306, while 193 retail firms
had a total of 2,433 employees with an annual payroll of $10,456,541.
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The 1900 Census of Popa I at ion , which reportecl informai n on the
basis of residence rather than place of employment, listvci cQ,525
private wage and salary workers, 916 Government workers, P-69 self-
employed and 36 unpaid familI v workers living in Leominster . v 1470
census, these categories had increased to 11,527 private wage ' ;-ri
salary workers, 1,397 Govrnnent worker-3, 787 self-employed ;,nd 52
unpaid family workers.

Leominster is part of the Fitchburg-Leominster L.zbor Area. This
Labor Area had a l;bor force of 51,260 in August 1975, : gaini of 1,105-
in one year. The labor Area's t,,tal empioyment figtirt cif ! ,/20 in
August 1975 was d wu from the 46,217 of August 1974, a decr,.'Ise of
3,938. 'Ile uneniployment rate (seasonal Ity unadjusted) in h!is one var
increased from 7.9 percent to 1.4.7 percent. The unadjusted State
unemployment rate was 13 percent i.n August 1975.

App,-ndi,-l



TABLE 2

INCOME AND EMPLOYMENT

INCOME (1970)

Leominster SMSA State

Total Personal $108,039,920 $306,491,024
Median Family 10,390 10,177 $10,835
Per Capita 3,280 3,152 3,425

EMPLOYMENT (1970)

Fitchburg-Leominster
Leominster SMSA

Total employed 16 yrs. and over 13,578 39,210
Percent of population employed

(16 yrs. and older) 41% 40%

Fitchburg-Leominster Labor Area

August 1975 August 1974

Labor Force 51,260 50,155
Total Employment 43,720 46,217
% of Labor Force Employed 86% 92%
Totil Unemployment 7,540 3,938
Unemployment Rate

(Unadjusted) 14.7 7.9
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TAB!,A A

EMPLOYM1CNT AND PAYROLL-1
(Prepared by Mass. Dept. of Commerce and Development)

ALL 1NDUSTRY
No. of Annual Pay- Employees Distribution

Indus t rv -F i rms ro 1 _ 1970 Au 1970 by c-ovees
1. Agriculture 6.

lining 4 S 29,2(9 12 0.1%
2. Construct ion 105 3,930,439 443 3.9
3. Manufacturing 140 51,594,814 7,160 62.5
4. Trans., Comm.,

& Utilities 19 2,116,161 256 2.2
5. Wholesale &

Retail Trade 207 13,099,560 2,776 24.2
6. Finance, Ins.

& Real Estate )5 1,217,726 168 1.5
7. Service Ind. 140 2 , 527,_132 640 5.6

TOTALS 640 $74,515,0,11 11,455 100.0
NOTE: 1'he 1970 fi ,o res arc based on the revised Standard Industrial

Cassificaticn Code-1957. these figures are not comparable
to tabulations of years prior to 1958.

MANUFACTURING (n2.5'/ of the Average Fmploved Population)
No. (4 Annual Pay- Erl 1 Oee S

Grou .. .. Fim roll, 1970 Am'. 1970
t. Ordnance ;nd Ac cLssories
2. Food 1. Kindred Prod. $ 559,198 104

3. Tobacco Mlf-,.
4. Textile Mill Prod. 1) 3,281,623) 689)
'. ApI arel & Other Fin. Goods 3)
6. Lumber & Wood Prod. 3 55,050 13
7. Furniture & Fixture.; 8 2,556,9,6 31
8. Paper & Allied Prod. 3 1,892,213 273
9. Printing, Publisbing

& Allied 1,161,064 2150
10. Chemicals & Allied 7 6,284,89L 735
1 1. Prod. ol Fet roleur & Coa I
12. Rubber Products 49 26,372,576 37 46
13. Leat:ier & 1,e:th r Prod.
14. Sto: Clav & (;ass Prod. 3 168,946 35
I5. Pri : Itl lodust te ) 12,171,13) i61

16. KIAr tal 1'rocicts 5) 1
I7. Mawhiacry (F-x. le( trical I 0 5,765,66? 571
18. Electrical M;w, hilwry
i9. 1 rauspor tat ion III pneat
20. Pr,)f., S ilTt . , Controll ug

lost. Photo. , & Optical (;uouls
Watche:; & mlocks I firm inc ludo-d in Mis( . > It,. nd

S .iscel lIfI_ .MMfg._ I . .. co 17.2 518 . . . 367

S , 140 51 , 94,81 7,160

,\p':,,n i :'-



According to the 1970 Census, Leominster had a per capita income
of $3,280. This is lower than the State's $3,425 but higher than the
SMSA's $3,152. The same relationship is apparent in comparing city,
SMSA and State by median family income; $10,390, $10,177 and $10,835
respectively.

In summary, although housing and population have increased in the
recent past, employment and trade have grown more slowly. Manufacturing
has dropped. It appears that approximately half of Leominster residents
are now employed outside the city and that the demand for municipal
services due to population growth will continue.
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S ECTIO0N C

PROBLEMS AND NEEDS

The problems and needs of the 1 tv of Teominster and tli, region,
concerning water and land rel ated re:tinr( O5, are con ;idcrah Ic, but
they are not totallyV different from those -f mainy simil or uirbar areas
of the Uni ted States. During, 1961i-65 a plan for flood cont re im-

provements along M01nooSTIOC Brook was developed as part oif tlihe authoier-
ized North Nashua River Basin ilator Resour.:cs Devel ot-ment Pl] an. it
is noted that, although the 19(5 -aiviv did address water resources
needs other than flood cont roI (1. e. , proposed mult ipurpose rese rvoi1r
construction) a larg-er investmewnt (it' funds wouild haive heon necessary
at that time to) ascertain the mai~ia i rude of all other prohl on and needs.

Meet ings with l: i~tv officials a ad i'oncerneol cit i '.efls were, held
at least annually from I 063 to 19)I to dott.-rminet thle ciotof clian --

ing water resouirc o needs and p roblIem~s. Tihe en t ire 'lIonooIi) om C irook and
Lake project was p laced in a (Ii er ro d statuiis in 1 97 1 whenI it was-, aS-
cc rt ained that ad di tiona 1 water siipplIv was, no longer ,a nti md I) f thle
conmiuni ty and that a proposed u rbain renewal project hadi been rejected
by the Leominster City Council.

A typical meet ing ias holId with I ec.u offic ials on 00I Snteb
1 967. At this mot uig tie need fa)r 11-undo' 10 econ et r1ICt 11;TIe 1 Imp rove-
nments a long Monoosnoc Brook in t ha vicinitv of a rroposed mun V ipal

parking lot was discussed. CI tv off icialis h-ad bee n under the impres-
sion that partijal fund ing would he transferred from design mon ies for
the p)roposed t-4hitmanwil Ic Reservoir. T]his need was not met is such
a transfer was not with in the, pruv jew oif exist-ing corps :11i thor i ,It ions.

A public meotfiwg to determine, tile prob ernis and needoI cf the(- comn-
Tntinit y was hecld on '7 Janiuarv I 97i. Al though a feasileh proposa-l to

pre vent flInod i ng, on Monoosnoc. fro. k was p~rosen ted , the mett igv was
he Id as ; ain open fortin fer the ib i to CLwpress liei r prelleris and
needs- OTn a11asp t of" water resire eelopmont . lle fol lowt.Ili."
v jews alnd ques0t ions were d iscusse I:

(. on at -uc I in of f I oocl co-it ro I improvements wool, notvi I

henef to iul I ivpal t on the Leomin a t r ta:x raite.
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2. The Leomin3ter Historical Commissiotn stated that any plan for

tunnel construction should insure that normal flows will continue to

pass through the existing channel.

3. The Leominster Conservation Commission would require additional

meetings to make sure that the provisions of the Massachusetts Wetlands
Protection Act are being implemented.

4. A resident felt that flood control is a fine endeavor but

that the construction monies should be spent to improve the school system,

5. Care should be taken to include safety measures in any proposed

plan of flood control.

6. The Leominster Sportsmen's Club would like to see old properties
in the center of Leominster replaced with a park along the brook.

7. Floodproofing should be considered as an alternative to tunnel

construction.

8. Flood insurance and floodplain management studies should be

investigated.

9. Would the city of Leominster be legally bound to maintain the
existing channel if a tunnel diversion bypass is constructed?

1.0. Citizens were concerned that continued development in the
water3hed as well as interstate highway construction will worsen the

flood problem.

Another method to determine the problems and needs of the community

involved close coordination with the Leominster Planning Board and con-

sideration of needs described in their Community Development Plan Summary.

Areas of concern related to water resources development are summarized

below:

1. To prevent drinking water crises. Leominster's sources of

drinking water are wells and reservoirs. In 1974 the pollution of a
major reservoir resulted in the deposit of fine silt into the drinking
water of a large part of the community. Between 1963 and 1965 a severe

drought threatened the community with a water shortage. It is evident

that Leominster has a need to protect its water supply, Drinking water
protection Involves the maintenance of :.i o-uate watersheds, an adequate

distribution system and adequate emergei.., supplies.
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Ii Ql ) , mon0 tr iY li il~lanq__ thi ,,rowth of 1.oomi n-A e - a popo ! I-
Cion anlo the Of'' itshii 1;i10J areas so the population will not
exceed Leominstor's capaibilitv to provide vital city services. Between
197? and 1974 a l arge number (if naoa) rtnient on its; were construct ed in

ieominster. This, combined with -le dev-1cp-lient of single fairiilv home,
resulted( in po,)ulat ion growth whikh exceedt-d the city 's ahi lit v 'to pro-
vide services . Tlwc- rami ficat ions of this problem are overloading of
the se~wer:- c treatment pl ant ind overcrwdi op in the sc l-iol s.

3. To.-expand ecnmcjnroi o nthe-cominun-i tv in a w'ell
planned manner to maxim i ze log- c ,o go bene fit s to the, peoplec of Loomi ns tor
a1nd minimize assoc inated 0 r robi I emis . M.-n tv of the( residents are Linemp] Ove(I
It is important nba~i iConoii opp cti nities he proviid for these people.
T[his can be accompl1ished by imlp 1 oan t ing a well1 planned oconomic dovelIop-
mernt programi.

4. To rest o r t IIe f lo w nr cii'm r iai acti v i ty i ut o the ( d o-nto)w~n
area. New alhoppi ii il 1s ha, ive he,,n 'ho Iit i ii he past yearsi in (oit-

Iyin t ha ;ir t'; , f theI" ()Mm IIn Ii t v . Boin 'Jse of easy aroC'i'5 tin I imi teod parking,
now i'on.it rict i on; :in(i t her Iti c; e )r:a-, Htev ha vc a t t rac(-t tIo (( rn a i d c-r.1b I e

volumie of commierce I rom the down toWn aIria. Retil es ta-li i shments have
moved I row. downt own ,o tIe i oo h('j - %cenIters,- and Conime rce biaa, f I oiwti awayV

f rom the older diw,.ni own hoCiig onges tion andi i nadteinte parking
have also re'sulIted in i reblyie dc Ii ne iil vital ityv of the dlowntown.
An important need of the citry of Leomi nser is to restore- the flow of
commercial act iv ity into the downtown aind to restore the downtown as
the central mnarketplIace of Lh'- ci tv.

To tire i deC-)pr-- - _pji I i-c f;r ic ii J-KLs __ o-r, rei -Li )orl Iooils-- whIi chI woo I Id
restill in a bettt-r living" Cn'virorment for low income persons. Pa rt
o I tIi e cr rime aone (iVanIId i is p roi 1 i rf i-n I ts t rio) the, I a uk ot f uldeq a t o-

puhl ic Facifit ies, (special I- in the moeo ilersel v tthi pa)rts rf the
cemnuiiiin ity , Mainy of the onw andl iotiit incinec people 1 ive inl tho-se

araand manyv tirlbn problemns iro locaited there. I'rov idmin y uhlI i L
ta c I i t 1 os will o in ile ouirpeopl totit et t ) or t lit'i r "iciri eos

a l stiotil t .( ) r> idcf I ' i rj. one~j Voo; 1 ian11. 'Il I k Wi I I 1 s1 i TJrip r ve t lli-

I i ving' en1V i rcnmu-n t

(.To airrest loterioral ion if ;icaif- t he U)Milllit i 'r t (1

tik lot c'i I :it1 inl )i I i : it -: t 1n as in . Por t i a 1 o. t ith

n inih'. 7 o I i , o !-r t ii I ,rv iiii hI i.,* i 1) o -1!(. I I lri i
1

' hoiot t Ii - , r-o i t v

manYi of elJi l reInaopii I or Tmelirn indhistrio I need, !'irking

001i lit ic:, ir(- i nadoqna ito . Dc-i r i ora1 t il I 'a'; l-. i, s nd
h)1i ypit P rob! en;;- in 1hIn c it N'



7. To correct local flooding problems caused by surface runoff.
Poor storm sewer systems or, in some cases, no storm sewer systems
have caused severe flooding in many areas of the community. Before
subdivision regulations were established, privately built roads utilized
poor drainage techniques. Leominster's hilly terrain compounds the pro-
blem. Areas that i.ave been affected by flooding include basements,
yarus, sidewalks and streets.

8. To increase the accessibility of recreation to elderly and
handicapped people, to provide more passive recreation areas and to
improve recreation facilities. Recreation is a major need of the city
of Leominster. To develop into a viable urban community with a suitable
living environment for low and moderate income people, it is necessary
that Leominster develop adequate recreation facilities. This includes
facilities for organized sports as well as facilities for passive re-
creation for young and old.

9. To preserve historic buildings and sites. Leominster has no
sites or buildings on the National Register of Historic Places. It
is difficult to preserve buildings of historic value because of cost
and other factors. It is important, however, for future generations
to know the history of their commupity. A community which has preserved
historic buildings has preserved its identity and culture.

10. To protect natural resources. Leominster has a large acreage
of forested land and several mountains and lakes. The North Nashua
River is used for canoeing and other recreational purposes. Vital
to achieving a more rational utilization of land and other natural
resources in Leominster is the protection of natural resources for
future use.

From the information obtained at the public meeting and from the
Community Development Plan it was ascertained that the primary water
resource needs of the community are as follows:

1. Implementation of flood control measures.

2. Restoration of the central business district.

3. Maintenance of adequate water s.,,.ly.

4. Preservation of historical and u. iral resources.

5. Provision of areas for public i .eatinn.
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Because i lood jog ' is tilo Criflrs I-norn Of the' 'COM7wnni tV t I[.,
sect ion of t tic t ctintci report is I-,(, ti ,ti :IOn s torIm ( ha.iro ct ,-r is -

t ics. , t rein, lows, htydro Logic analIysi s, areas sohwoet to tI lood i n
f lood s Lof reo rd , aind f I ond (i Aln~ '; aS t hec y re 1 ;1te(, to t he' M01noosro

BrOok s t ol'. ;a . M'o re d etL I i t (d o If (,rnatLi on on,-(- : t~irt, lIS i Ii hylt- Ogy
aind t lie o k-'e ipe, t,, spec iti - s,) I ot ' ono to (I F Id 1)r ohIers i s o0Ve red

in sublseqUijent >.*ct iOns. Al so :;;e( here oreC tho nee for con!;er

Vat ion, rccreat ion, I o h and -qiIdl Iii> preservation and1 water qoal itv

improvemient ;th -;tatLUS Of exist inao' plans ind inoprovemint s apIn improve-

ments desired, io, exp)ressed byv locaIl interests.

Status of Existing Improvements

'The exist inn >Inooisi ac BrcoK is ot 'I Lliem cme channtIs,
bridg-es and cndu ts unde-r gotIi !s :nd rail rozid tricks. ThIs e
: t root ores ext end ai distaTncne Oft " . I s from Rocle we Pond tlbrough
Leominster ceniter to an indtoStria SI1it (I (II t !e elast rn si(!0 of theIt
Ci Lv at Wi 111 anis St roe t. The o t reamlied is c'lotte red with debrhis and
ove rg rown vege tat ioni whicoh severel Immph ne rs the cap ibiflit v of the
streamT to ctirrv f oidfi-ows. Enitr.t)tolirjct on th ostreat~ hv 'indiistrinaT
c-nnnerciA,iiian restilent ii huii Ii n' , i * Vic jel throoigiot :ts l t
In ;t, city. [ittf InOr III protect, o(n i., aIfforded to) th-sc c' ii

a t Ins t f 1 01 -di1! colid i t i ol. . i Ir ini;, po I ni a! ,; of i-wivv. ra) 1 n fi I I , riinof f
from thte Monoosuoo liroolb wite-r.hei itsli Its in) pe*riodic I boo(il i n the
onpetod o'l oeds it Is ln t'!er Ihis I lowdino; () curs

etIWCisi-,' 0of inlslift i1 ient fI ( Od -toroi~ pc r, :in;, JItrcasel rwil'f Iront
to. lenII rit el i rban d ove Ilopmn t , ! ii I I i m ;-d on croaichnlt on nit oral
too lwd 1iiT-t st ri p',- mooi and mod:i' ft I jeLnt clotittcI capac t ies .

An ~xi i Io gr. in) I toe 1) 1 ock hi:;; ;I t Roise I P' Id si he
ian ind I o of 1 () f,. I owe.v e r )r, I pnhkr t 1 os tirio ,( t I i ondt

x 1hie r it n c! f I ood i it , . A tc r normp I t ti )n o f t It' c r p 'nt rolI

i tpri'v n. it t he d(- i '11t I ood wot ', uld he' 3 fc-t I w ot r I hc

19 36 f I od n, .1f * I~ tu Rocbwc I I Pondl . A It lioli t t I ' ii I .- 11 1 i 515'I

no0t port or-il i H inivest ta,.it mootFi l i i t kto 11'It f hoI d i of ron-
o 1ri I I V s olid I'l fin o rt;Il p. 11 I 'ye I (,t RoclOw I I wi I i I 1 i
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Flood Problems

In Leominster about 580 acres are susceptible to flooding from
the standard project flood. About 70 ac,,,-- of this land is along
Mcnoosnoc Brook in the urban center of ],eominster, while the remainder
Is the floodplain at the confluence of thte N. Nashua River and Monoosnoc
Brook. Much of the existing stream through the commercial center of
Leominster has been confined by walls and building foundations.
Bridges and conduits further restrict the stream in this downtown area.

Floods have caused damage to the city of Leominster in March
1936, September 1938, June 1944 and October 1955. During any appre-
ciable storm, the limited surcharge storage capacity of Rockwell Pond
cannot significantly reduce peak rates of runoff through the pond.
Sint-c the maximum nondamaging channel capacity of the Monoosnoc Brook
channel and conduit system through the center of the city is only
600 cfs, storm discharge rates of up to 4,000 cfs cannot be accommo-
dated .,n, discharged. Backup occurs and subsequent flooding of the
Leomin.;ti r core business area takes place. The problem is compounded
by w'as,,nal storms and by runoff contributions from urban expansion
In t.,ominscer. Runoff from undeveloped areas would cause further
tl,'c!fng, it they are built on in the future.

STORM CHARACTERISTICS

Tho Monoosnoc Brook watershed located within the North Nashua
River watershed has a variable climate. Major storms producing flood-
Ing on Ionoosnoc Brook have generally been associated with local
thunderstorms and larger weather systems of tropical and extratropical
origin. Four general types of these sto;m:;. occur in the North Nashua
River Basin.
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Sta ge-frequency curves depicting flood stages of Monoosnoc Brook
under precent condi-:ions of development, without additional improvements
on the brook, are shown in Section H of Appendix 1.

EXTENT AND CHARACTER OF FLOODED AREA

The t lood problem area as indicated on 'late Q - Section D, Appendix
I, shows the potential limits of flooding which may be experienced.
This comprises an approximate area of 70 acres of highly urbanized
residential, commercial and industrial properties. Area residents
have low to mid-income near the business and civic center which is
cloyely mixed with manufacturing industries from Whitney Street to
Water St reet. Based on damage surveys conducted in 1974 and selected
field checks in 1976, it is estimated that a flood with a recurrence
interval of 40 years, comparable to 1936 event, would cause losses in
the study area of $3,252,300 at 1974 price levels. Some 38 percent of
losses would be industrial; 45 percent would be commercial and the
remaining percentage would be divided between residential and public.

Recurring losses at various stages of flooding were combined

with stage-frequencv data to determine annual losses amounting to
$541,000, taken at 1977 price levels.

Trends of Development

Hydrologic: Continuing urhanizotlio ,1 a small watershed increases
the frequency and damage of each flood. '-tion 1) (Hydrologic Analysis)
of Appendix I discusses this effect in dci Ai.
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Therefore, in the selection of a final plan effects compatible with
community, social and environmental objectives should be considered
along with the primary goal of flood control in the study area.

At two public meetings, during damage survey interviews and at
other meetings, concerned citizens and public officials have expressed
the opinion that structural measures would be required to eliminate
flooding from the Monoosnoc Brook floodplain.

The public meetings were held on 27 January 1976 and 2 March 1976
in Leominster, Massachusetts. The first was scheduled to hear the
problems, needs and desires of the public and Federal, State, and
local interest if favorable to participation in proposed flood control
improvements.

The primary purpose of the meeting on 2 March 1976 was to discuss
non-Federal costs in more detail. Corps of Engineers representatives
explained to Mayor McLaughlin of Leominster and others in attendance
the items of local cooperation required, including the acquisition
of lands and easements and tha local cost-share. The mayor and City
Council endorsed a plan for alleviating future flooding in the urban
center at Leominster. Such a plan would coincide with current plans
for the future development of Leominster.
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SECTION D

HYDROLOGIC ANALYSIS

Introduction
This report presents the hydrologic analysis pertinent to the

revised flood control plans for Monoosnoc Brook in Leominster, Massa-
chusetts. Included are sections on watershed description, climatology,
flood history, flood frequencies, standard project flood development
and hydrologic features of the proposed improvements.

Monoosnoc Brook, a tributary to the North Nashua River,
was included in studies reported in "Water Resource Development
Plan, North Nashua River Basin." dated January 1965. At that time
a flood control reservoir was recommended on Monoosnoc Brook together
with channel improvements in combination with a proposed urban renewal
prc4ur-. This plan was subsequently authorized by Congress. However,
escalating real estate costs and development in the reservoir site
plus the rejection of the proposed urban renewal project by the city

council resulted in the city's requesting a flood control restudy of

the brook in 1972. The restudy wis funded by the Public Works Appro-

priation Act of 1975 (Public Law )3-393, dated 28 August 1974) under
the general investigations provisions.

Tho current restudy has determined that the reservoir is no

longer feasible but that a deep rock tunnel bypass of the brook through
the center of Leominster is a practical alternative. Therefore, the
•ew recommended plan for flood control on Monoosnoc Brook in the city
o Leominster consists of a 12-foot diameter tunnel extending from

Rockwell Pond to an outlet downstream of Water Street Dam a distance

of 3,200 feet.

Watershed Description

Monoosnoc Brook originates :it Rocky Pond in the hills west of
the city of Leomlnster and flows in an easterly direction for 8.7
miles through the business center ill l.eominster to Its confluence
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with the North Nashua River, about nine miles upstream of the junction
of the North Nashua and Nashua Rivers. The Nashua River in turn enters
the Merrimack River in Nashua, New Hampshire. A watershed map of Monoos-
moo Brook is shown on Plate 1.

Monoosnoc Brook has a total drainage area of 11..2 square miles.
Flood runoff from the upper 4.7 square miles of the watershed is
largely controlled by surcharge storage in Notown Reservoir, a large
domestic water supply lake. The intervening 5.7 square miles between
Notown Reservoir an, the city of Leominstor is very hilly and conducive
to rapid runoff. The remaining 0.8 square miles of watershed, mostly
within the city of Leominster, is flatter in slope but quite heavily
urbanized. New development taking place in the watershed is mostly
upstream of Leominster and along Route 2, a limited access highway
passing through the northern portion of the watershed.

Further discussion of the Honoosnoc Brook watershed and the
larger North Nashua basin is contained in the 1965 "Water Resources
Development Plan, North Nashua River Basin."

Climatology

a. General. The Monoosnoc Brook watershed has a variable climate
and frequently experiences periods of heavy precipitation produced
by local thunderstorms and larger weather systems of tropical and
extratropical origin. The basin lies in the path of the prevailing
"westerlies" which traverse the country in an easterly or northeasterly
direction and produce frequent weather changes. Temperature extremes
within the basin range from summertime highs of about 1000 F to subzero
temperatures in the minus teens occurring for short periods in the winter.

1). Temperature. The mean annual temperature in the North Nashua
River watershed is about 480 F. Recorded temperature extremes at
representative stations within or adjacent to the watershed have
varied from a maximum of 1050 F at Fitchburg to a minimum of -220 F at
Clinton, Massachusetts. Freezing temperntiures may be expected from the
latter part of September until late in At,,;1. Table 1 shows the mean,
maximum and minimum monthly and annual t, mp. ratures at Fitchburg for
89 years of record through 1975.
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'tABLE 1

MONTHLY TEMPERATIRES AT

FITCHBURG, MASSACHUSETTS

(Degrees Fahrenheit)

Month Average Maximum Minimum

January 24.8 68 -21
February 25.0 68 -21

March 34.5 86 -8

April 46.0 92 6

May 57.7 97 26

June 66.4 100 35

July 71.6 103 40

August 69.3 105 35

September 62.1 101 27

October 51.3 91 16

November 39.9 81 -2
December 28.6 71 -16

Annual 48.1

c. Precipitation. The average annual precipitation over the

North Nashua River basin is approximately 43 inches, uniformly dis-

tributed throughout the year. The maximum and minimum annual preci-
pitation at Fitchburg is 60.23 (1954) and 27.45 (1883) inches, re-

spectively. Table 2 shows the mean, maximum and minimum monthly and

annual precipitation at Fitchburg for III years of record through 1975.
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TABLE 2

MONTHLY PRECIPITATION AT

FITCHBURG, MASSACHUSETTS

(In Inches)

Month Mean Maximum Minimum

January 3.44 7.78 0.84
February 3.28 8.33 0.34

March 3.67 12.15 Trace

April 3.42 9.91 0.57

May 3.57 8.25 0.57
June 3.66 11.56 0.09

July 3.67 12.68 0.46
August 3.66 10.72 0.17

September 3.64 14.04 0.19

October 3.43 13.01 Trace
November 3.84 7.79 0.38

December 3.51 9.33 0.58

Annual 32.77 60.23 27.45

d. Snowfall. The annual snowfall in the basin averages about
60 inches at Fitchburg located at about elevation 400 feet msl.
Table 3 shows the mean monthly and annual snowfall at Fitchburg for

90 years of record through 1975.

TABLE 3

SNOWFALL DATA AT
FITCHBURG, MASSACHUSETTS

(Depth in Inches)

Month Mean

January 15.6
February 17.6

March 11.3

April 2 5

May Trace

June

July

August

September

October Trace

November 3.5
December 11.7

Annuia 62.2
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e. Snow Cover. Snow surveys hrtiv been taken by the Corps of
Engineers in or adjacent to tie Nort'i Nashua River watershed since
1950. These surveys indicate that the water content of the snow nor-
mally reaches a maximum about mid-March. The mean, maximum and minimum
water content of the snow cover measurcd in the nearby Millers River
watershed for 27 years of record through 1976 is shown in Table 4.

TABLE 4

WATER EUIAL-NT IN SNOW COVER
MILLERS RIVER WATERSHED

1950-1976
(Inches)

Mean Maximum Minimum

I February 2.1 4.2 0.3
15 February 2.7 5.6 0.0

I March 3.1 7.6 0.0
15 March 3. 2 7.7 0.0

1 April 2.0 8.2 0.0
15 April 0.3 4.9 0.0

Streamflow

There are no streamflow records for Monoesnoc Brook; however,
average annual flow is believed to be about 15 cfs based on records
of other streams in the region. Minimum flows approach zero quite
frequently during the summer months, and the maximum flow of the stream
occurred in March 1936 when the peak approximated 2,000 cfs based on
high watermarks at the Water Street dam (10.8 square miles) and compu-
tation of flow over the crest.

A U.S. Geological Su rvev (:SGS) gac ing, station is located on the
North Nashu.1 Rver at Leominster. Drainage area above this cage is
107 square miles and includes Monoosnoc Brook. Average annual runoff
for 39 years of record through water year 1974 has varied from 307 cfs
In 1956 to 81.2 in 1965, with a mean of 192.8. Records at the gage
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indicate that several periods of sustained low flow have occurred in

the Norti, Nashua River. The longest and most severe drought, 1961-

1966, resulted in a cumulative runloff deficiency of 31.75 inches, which

is 115 percent of the average annual runoff (24.6 inches) at the Leomin-

ster gage. The maximum and minimun instantaneous flows recorded at

the gate were 16,300 cfs on 18 March 1936 and 11 cfs on 29 August 1948,
respectively. Table 5 lists pertinent d.a for the five largest events

of retcrd at the gage, while Table h summarizes the mean, maximum and

minimum monthly and annual runoff in cfs aid inches for the period of

record at the Leominster USGS gage.

TA1,3LF 5

PEAK DISCHARGE
USGS GAGE, NORTH NASHUA RIVER

LEOMINSTER, MASSACHUSETTS

Average Peak

Date Rainfall Discharge Runoff
(Inches) (cfs) (csm) (Inches)

18 Mar 1936 5.5 16,300 152 4.0
21 Sep 1.938 7.5 10,300 96 4.7

15 Oct 1955 7.5 8,870 83 5.0

25 Jun 1944 5.5 8,100 76 -

12 Mar 1936 3.0 5,500 51 -
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MONTHLY RUNOFF

NORTH NASHUA RIVER

DA = 107 Square Miles
Oct 1935 - Sep 1974

Average Maximum. Minimum
Month CFS Inches CFS Inches CFS Inches

January 205.2 2.2 465 5,.1 50.9 0.6
February 215.7 2.1 534 5.2 88.8 0.()

March 372.7 4.0 1289 14.0 140.0 1.5

April 422.5 4.4 868 9.1 154.0 1.6

May 292.7 2.6 450 4.9 85.4 0.9

June 155.5 1.6 393 4.3 64.3 0.7

July 91.1 1.0 392 4.3 42.9 0.5
August 75.1 0.8 286 3.1 38.1 0.4

Septemb,- 90.6 0.9 595 6.3 38.9 0.4

October 95.8 1.0 606 6.6 39.4 0.4

November 155.6 1.6 485 5.1 44.4 0.5

December 190.8 2.0 429 4.6 58.6 0.6

Water Year 192.8 24.6 307* 39.4 81.2** 10.4

*1950

**1965

Flood Development

a. Genera The 11 .2 squar, mile. Monoosnoc Brook w-tershed may
be divided into two subareas with respect to flood develCThet: (1)
the 4.7 square mile headwater area controll1ed by Notown Reservoir,
and (2) the 6.5 square mile area he low Notown Dam. The reservoir
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IS118iM Iom IV f I I led to) Sp i Iwa IWc'r(s,,t ,forming a 250-acre pool; however,
the s ircha rgt, storaigv ;ibove sp illway (rest effectively reduces and delays
peak flows or ig ina t ing in the uipper watershed. Runof f from the area
belIow thle re'Se rv i r is unon 01trolICld, andI its hi lly toiiography is condo-
o lye to rap id ra intaI rurnof f' Ruinoff V cor the port ion o V the watershed
downst ream o f the rese rvoir is the '[1:1n proiducer of flooeds in Leominster,

1). Ma1r ch 19 10 Flood1. The c-reates t known flood on Monoosnoc
Brook occurred as the reso It of Hie second storm of March 1936.* In-
terit tent periods of moderate to heavy ra iinfal1 dir ing the month
comb ilned w ithI cons ide r~rb 1e snowme it to produce two floods The first
rise , occuirring, on the 1 2 thi, resulIted li argelIy from runoff from melting
snow with Ii Some contri[but ion from mode rat o rainfall that averaged about
hrec. inches- over the basin during tihe period from 9 to 13 March. A

second steonrm period , last ing from the 6 thI to the l9th produced the
brook 's rec-ord flood of the 18th. Tils; Second flo od peak resli Ited from
itt ne ra intVat inht ave raged abouit 5. 5 inches with only minor con tri -

but ion from snow-me t . The resn It I og peak fl1ow oin Monoosnoc Brook was
about 2,000 ci s and Plate 2 graphiic-al lv illustrates the development
of tihe computed 1936 flood hivd rographi and its cont ribut ion to the North
Nashuai River at LCominster . Thre es,,tirirated plain and flood profile,
!based on 1limited high water marks and the developed rat ing curves are '

shown on Plates 9 and 8 respectively. A comparison of associated
1936 rainfall amounts are listed in Table 7.

C. September 19138 -Flood. Another flood producing event ocr irred
as a result of rainfl associated with the September 198 hurricane

that passed up the Connecticut River Val lev . The Monloosnoc Brook
wat~ershed just narrowly missed the b-runt of this storm with 14 inches
of rain failing a short distanice to the west. However, basin rainfall
aiveraieLd about 7 inches during IS te 21 September, with about 4 inches
Sa 1 1inrg in a 24-hour lperiod on the 20thli. 'F'lie peak resul t ing flow on
,Monoosnoc Birook{ has [icon es t imateod :a about 1 ,400 c f-s based on rainfall
runoff compit t ons. September 1938 rairnfal 11imounts recorded at
Worcester, Massachunset ts , comparedI with other storms, are li sted in
Table 7.

d. Oc to ber Iq 55 FI ood. The Monoosnoc Brook watershied escaped
the widespread torrenti[al hurricane -aint a Is of Aigust 1955 hut
(I id exper erice f lenod j)rodic tgra i W ;al I ia Oct ober 195 5. The Octobier
steormn resul ted f rom thle interact Ion if a - -;t to eaist frontal weather
svstem wit 4l coastal low pressure svstc, en; vlirg northward. Rainfall
in thre watcershed itro~inted to ablortjt ') in c -, iii 24 htours on the 15th,
based onl rainfall rec-ords at St cr1 i ng , ;. ichuset t s
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TABLE 7

MAXIMUM RAINFALL - DURATION DATA
(In Inches)

Storm 1 lir. 2 Hr. 3 Hr. 6 Hr. 12 Hr. 24 Hr.

10-Year Frequency 1.8 2.3 2.6 3.3 3.9 4.7

100-Year Frequency 2.6 3.4 3.7 4.6 5.4 6.3

Standard Project 3.3 4.6 5.8 8.7 10.2 11.9

March 1936
(at Worcester) 0.8 1.0 1.4 2.3 4.1 5,3

September 1938
(at Worcester) 0.7 1.0 1.3 2.1 2.6 3.8

October 1955
(at Sterling) 0.5 0.8 1.0 1.7 3.1 4.6

Flood Frequencies

An adopted peak discharge frequency curve for Monoosnoc Brook
is shown on Plate 3. The curve was developed by relating the computed
frequency statistics of the flow records for the North Nashua River
at Leominster to Monoosnoc Brook through comparison of common flood
events at the two locations. Statistical analysis was made in accordance
with Water Resources Bulletin 17 and consideration was given to: (a)
regional frequency analyses, i.e., analysis of the North Nashua record,
(b) the estimated magnitude and plotting position of the three historic
floods on Monoosnoc Brook and, (c) the computed 100- and 10-year storm
runoff based on a rainfall-unit hydrograph analysis.
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Studies in the New England Division area of responsibility indi-
cate that standard deviations have no relationship to drainage area
and that skews are most sensitive to length of record, being the highest
where major floods have occurred. Regional studies Indicate a skew
of 0.5 for streams in Massachusetts most nearly approximates condi-
t~ons on ungaged streams. Studies have also shown that within a given
watershed there is a close relationship between drainage area and mean
log, i.e., the ratio of mean log varies in proportion to the ratio of
the respective drainage area to an exponential power, generally 0.7
to 0.8. In computing the mean log for Mooosnoc Brook this relationship
was used and an exponent of 0.7 was adopted. The computed mean
log, standard d-viation and adopted skew f,,r the North Nashua River
at Leominster, with a drainage area of 1d7 square miles was 3.3634,
0.3033 and 0.8, respectively. The adopted parameters for Monoosnoc
Brook with a drainage area of 11.2 square miles were: mean log =
2.669, standard deviation = 0.2924 and adopted skew = 0.50. It was
considered that the adopted frequency curve was sufficiently high to
be representative of runoff conditions under present and near future
levels of development in the watershed.

Standard Project Flood

a. General. A !..andard project flood (SPF) was developed for
Monoosnoc Brook by applying standard project rainfall to synthetically
dcveloped unit hydrographs for various subwatersheds and then routing
and combining the resulting component hydrographs at selected index
points. The SPF represents the flood discharge that may be expected
from the most severe combination of meteorologic and hydrologic condi-
tions that are considered reasonably characteristic of the region,
excluding extremely rare combinations.

b. Rainfall. Standard project storm rainfall was determined
In accordance with Civil Engineer Bulletin 52-8 and EM 1110-2-1411.
The 24-hour index rainfall for 200 square miles was 10.0 inches. This
amount was increased 19 percent for the 11.2 square mile Monoosnoc
watershed, resulting in an adjusted inde ;-ainfall of 11.9 inches.
Losses were assumed to be 0.1 inch per h--!- and the resulting 24-hour
rainfall excess was 9.5 inches. Hourly r;ilufall amounts are listed
In Table 8.
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c. Unit Hydrographs. A synthttic 1-hour unit hvdrograph shown
on Plate 4 was developed for the 6.5 square mile Monoosnoc Brook watershe.d

downstream of Notown Reservoi:. The adopted unit graph had a peak of

506 cfs, equivalent to 78 cfs per square mile, and a lag time of 4.5
hours. Snyder's coefficients used in developing the unit graph and
other pertinent data are listed on Plate 4.

The unit graph was tested by determining the degree to which the

1936 flood peak could be reproduced. Representative runoff hydrographs
for Nowtown Reservoir were first computed and then routed through sur-
charge storage to determine cutflow. The outflow was then routed down-
stream and combined with the lower watershed runoff to establish the
total 1936 flood hydrograph. Development of the 1936 flood is graphi-
cally illustrated on Plate 2.

d. Standard Project Flood. The standard project flood for Monoos-
noc Brook was developed as follows: (1) the standard project inflow to
Notown Reservoir was computed and routed through surcharge storage,

(2) the outflow was lagged to Rockwell Pond and combined with the com-

puted runoff from the intervening 5.7 square miles of watershed, and
(3) the Rockwell Pond hydrograph was lagged to the mouth of the brook
and combined with the local runoff from the 0.8 square mile of urban
watershed in Leominster. The resulting.peak discharges at Notown
Reservoir, Rockwell Pond and the mouth of the brook were 1,410. 4,000
and 4,600 cfs, respectively. The component hydrographs at Notown

Reservoir Rockwell Pond and the mouth of the brook are shown on Plates

5, 6 and 7.

Inflow to Notown Reservoir had a peak of 2,750 cfs. After routing
through surcharge storage the peak outflow was 1,410 cfs, which was
delayed five hours after time of peak inflow. Although the peak outflow
from Notown Reservoir was 1,410 cfs, due to desynchronization, it is
noted that its contribution to the peak downstream discharge was only

400 cfs.
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IABLE 8

STANDARD PRO.l FCT

SI ORN - I NFAI,]

Time RainfkaI I Loss Excess

(Hrs) (In,'hes) (Inches) (Inches)

0.2 0.1 0.1

2 0.2 0.1 0.1
1O. 2 (). 1 0. 1

0.2 0.1 0.1

5 0. 1 0.1 0.2

0. .1 0.21

7 0.9 . 0.8

8 1 .2 I .1

9 1. 0.1 3.2

10 1. 0.1 1.2

11 1.0 0.1 0.9

1I 0.9 0.1 0.8

13 0. 1 0.1 0.2

14 0.2 0.1 0.1

15 0.2 0.1 0.1

16 0.2 0.1 0.1
17 0.2 0.1 0.1
18 0.2 0.1 0.1

19 0.1 0.1 0.0

20 0.1 0.1 0.0

21 0.1 0.1 0.0

22 0.1 0.1 0.0
23 0.1 0.1 0.0

24 0.1 0.1 0.0

11.9 2.4 9.5
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Flood Profiles

Monoosnt,' lirook I oodI iprt)t il ,s were computed ltit liz in, the computer
program, )IFC- , dJOVe loptd by th, Ilydrologic Engineering Center in Davis,
California. Cross section data w.1a taken from recent Corps of Engineers
surveys from the mouth upstream to Wate - Street dam. From the dam up-

stream to Rockwell Pond, cross sect ion ,kformation was taken from a flood
control plan completed for the city of Leominster by Mr. William P.
Ray, C.F. , in 1 38. The 1938 dat; was verified by field investigation.
Backwater computations were made for both natural and modified conditions

using at Manning's "n" o 0.035 for the channel and 0.06 for overbank

areas. Assusmed contraction :nd expansion loss coefficients for all

bridgt,s wert 0. 1 ind 0.5, respectivel "'. The computed standard project

flood profile, both natural and as modified by the proposed bypass tunnel,
is shown on Plate 8. limits of flooding are shown on Plate 9.

Monoosnoc Brook Bypass

.1. (entr:. I he prop,,sed dee.p rck tunnel wi II serve to bypass

t luodt lows frum tilt ,xi'-( in ,ick ,,l I Pond, located just upstream of
the L.eominster bus.-iness di st rit , to -a point approximately 900 feet
downst ream of the Wit er Stret r v I an, ;I d 1st antc, of 3.200 fet

lilvirologic t'1gint ring ';ittur'.s )f the varioua- components of the

proposed diver sion arte shown( on P1,itcs 10 throu),h 13 and ditsclissed in
the f ollowing, paraI,raphs. lv ltrau i ana.vses made dutring plan formu-

iation were veneral in s tope. More detailed analysis, probably including
noltl st mdits. o some ot the more complex hvdrautlic' structures, will be
reqIired in tin.il dsin.
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b. DesignCapacitV. The tunnel bypass, in combination with
the existing channel capacity, will be designed to safely convey the
standard project flood through the urban center of Leominster. The
SPF discharge at Rockwell Pond is 4,000 cfs, of which 3,400 will be
conveyed in the bypass tunnel while the remaining 600 cfs will be dis-
charged into ti.e existing channel. Designing to the level of the SPF
was found feasible in project formulation stud i, s and was considered
advisable due to the high damage potential in the city. It is noted
that in the event of flows greater than the SPF, the bypass will still
serve to reduce flows by an amount equal to Its capacity of approxi-
mately 3,500 cfs.

C. ReguJred Assuj an ces. Tho abilitv of the proposed improvements
to safely "onvev tile SP will be tlependent on the maintenance of both
the integrity of the existting Rockwell ',.,; ! dam and the existing safe
channel capacity through Leominster. '[HIt *.fore, as part of local assur--
.inces it will he necessary to stipulate ttt the dam and channel be
appropriately maintained.

d. BYr-_ss lunnel . [he 12-toot diamet'r tunnel will be concrete-
lined :and tppT, :im,1tkl'v 1,200 feet in I enrgth. The invert of the tunnel
at the upstr ,s end Will ite '108 f t o msl and will ;1ope at 0.0137
ft/ft to elv itin 264 feet msl at the outlet. With the design discharge
of 3,400 cfs, the volcitv of the flow in the tunnel wrill be about 30
fect per seond. Hiht hydraulic capacity of the tunnel was computed
using a Manning's "n" of 0.014. A profile of the tunnel, Including the
design hydraulic gradient, is shown on Plate 10.

V. Bvpass Inlet. I[he inI et to the tunnel, shown on Plate i ,
is oIf the "morning glory" type atop a 14-foot diamter vertical shaft.
[he 14-foot diameter transitions to a 12-f.iot diamtter before entering
the tunnel. 'lie transit ion starts -it elevation 348 feet mrsl , which is
tht, hydraulic gradient of the tunnel for a flow o f only about I ,1400 cfs.
The larger 14--f ot shaft was sleoctOel t', insure froe aeration of the flow,
thereby minimizing the possih[li itv of "burping" or "ulping'" as has been
experienced with innimum s;ized morning g lory spi I I t.avs . The Inlet will
also hC erliuipped with "Spi Irtr walls" to mitimiz', potential vortex
.'1t ion. I'rash racks :ire. provided for Ieh,, col lect ion of debris and personal
sattty. The. inlet crest was shaped lot :(,sin "ls" If 4,8 feet,
ther-by insurin, omp( Ie t,. support of thi . pe 'it to the actual design
head of 3.5 feet. Crest shape dat a wa.n; ,'n from: "Pestgn of Small
Dams," U.S. l)ep.artment of Interior. Ktir,'s ff Reclamation, 1960 edition.
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Operation of the bypass for flood control will be automatic
through the proper selection of elevation and length of the two
overflow weirs. The level at Rockwell Pond is presently maintained
by a granite block dam about 13 feet high with crest elevation at
415.7 feet msl and an effective length of about 68 feet. With the
proposed plan of improvement, the effective length of the existing
spillway will be reduced to 22.5 feet while maintaining the same crest
elevation. Elevation of the bypass crest will be one foot higher at
elevation 416.7 feet msl and will have an effective crest length of
138 feet. The original dam crest, being one foot lower than the bypass,
will allow passage of normal riverflows downstream through Leominster
in the old Monoosnoc Brook channel. During flood periods the lip of
the morning glory inlet will be the hydraulic control for bypass flows
up to approximately 3,400 cfs, with a required head pool elevation
at the inlet of about 420.2 feet msl. This maximum water surface ele-
vation was determined by physical constraints to properties around
the edge of Rockwell Pond and the elevation of Pond Street near the
right abutment of the dam. Pond Street with a low roadway elevation
of about 421.5+ feet msl provides slightly in excess of 1-foot of
freeboard above the adopted maximum water surface elevation. Vith
flows greater than 3,400 cfs the inlet will become submerged by tunnel
backwater ahd the hydraulic control will switch to the tunnel outlet.
With the head pool at elevation 420.2 feet msl, the system will be
capable of discharging the SPF discharge of 4,000 cfs with 3,4n0 going
through the bypass and 600 oeing discharged into the existing Monoosnoc
channel. The 600 cfs corresponds to the maximum nondamaging channel
capacity of Rockwell Pond. The channel capacity increases to 800 cfs
at the Water Street Dam. Outlet rating curves for Rockwell Pond are
shown on Plate 14.

f. Bypass Outlet. The outlet of the bypass tunnel will consist
of a 12-foot diameter vertical shaft transitioning to a 32-foot wide
horizontal apron with an invert elevation at elevation 320 feet msl.
A plan and profile of the outlet is shown on Plate 13.

An apron of riprap will be pl aced at the outlet e-'it toa
prevent excessive scour. With a design flow of 3,410 Cfs In the bypass,
the velocity in the vertical shaft will be approximately 30 feet per
second. Water level at the top (f the shaft would rise to near the
energy gradient of 334 feet msl and then drop to ahotit '332 feet msl
as it passes over the apron end sill. Velocities of flows exiting the
outlet structure will be about 8 f.et per second. Des ign ta il water
at the outlet structure is elevation 3'33 feet msl based on backwater
computations.
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A breakaway fence will be placed across the outlet to prevent
a person froim unknowingly entering the outlet.

g. Effects of Bypass. The effects of the proposed bypass
tunnel on flows and stages as computed for the standard project and
March 1936 floods is summarized in Table 9.

Due to the shorter travel time of flows from Rockwell Pond there
will be minor increases in flows downstream of the tunnel outlet,
generally considered less than 5 percent. The increase in stage for
a standard project flood would be less than 5 inches. The tunnel will
not affect the total volume of runoff and due to the natural desyn-
chronization of flows on Monoosnoc Brook and the main stem of the North
Nashua River, it is considered the proposed diversion would not have
any measurable effect on stages on the North Nashua River below the
mouth of Monoosnoc Brook.
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SEC"I'ION E

REAL ESTATE STUDIES
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Locationt and Project Description

Thiis project consists of al 1 2-tooi. Iizimteter diiversion tunnel abouIt
3200 feet long, or i ,1nat lug in hockwcl I Pond in the form of a morning

lrytype spi I lwav, and (ILopp in to ,in el cav~tion approximately 1001fe
be low t he c ity o r -ner. The subsurface tiina l extends beneath residential
commercial and ius t r ia imp roved lanids, e rni nat ing, in industrial
land north of <F itney Street nr Monioosoc Brookl. The outlet works
wouild consist ,!a 200-foot long outlet st ructur(e with earth dikes,
graivitv wal Ls and grading be low the outl 1

Land and Improvements

INLET - S ection L

This section of the project would involv e an est trot ed 3'3 ownerships,
two of whiich are ci tv cwnied, around ''he perimeter of the 11-acre pond.
The water elevation of the pond is anproxiniotelv 416 feet above mean
sea level. A flowage easement comprised of aipproximately 185,281 square
feet 4.-25 acres) of permanent easement land %would be required to the
420-foot above meant sea lovelI elevation.

A temporary construction easemenit would be required on city owned
property leased to the Veterans oif FoIre ii 1 ars organ i. ation at the
corner of Pond and West Streets. About 17,600 square feet (.40 acre) of
paved parking and grass covered area on PondC Street would be required
for this purpose.

TUNNEL -Section 2

The subsurfaice 1 2-foot (ilame te r (onlduit wonuld ext end beneath -I high
density residlential area improved he large established older homes,
under aI business Zone, (ontaiining threpe inc serv ice stat ions and
ai La rg e apairtment bul 1(1ing. It cont inn e., eneith an industrial zoned
areai, surl acing, near Monoosnoc hrook. I a; an t I i pa ted thla t t he
ex 1st ing ;urf oie uises, wi I I not h~e ai [f ee r 1y the ronst rue t ion an(1 opera-
t ion o0 the stibsu rface tunnel . App roxi o~ t Iv twenty onec private owner -
ships arid f Ive r~tv ovrue. p ropert ies a rc jikvol wed in the tunnel a 1i gn-

6-



OUTLET -Section 3

The outle-t will surface :about.I 690 feet westerly of 1.7itnt,v Street[Bridge near Monoosnoc Brook in reair industrial lowland, 'This area is
1light ly wooded aind is subje' cc o 5< o~ inundation, A Cravity wall1
and an earthen dike will be located on privatle ownershir,,z in this area,
About 330,750 square fecet (G.59 acres) of permanent flow4age easement
will be reqUi red plus an add it ional 53', 500 square feet (l,.3 acres) c~f
temporary construction ea sements. Considerable grading will he necesasary
around industrial buildiings s:uth of Whi tney Street to control runloff.
A total of fotur private ownecrships are involved in this area.

HIGHEST AND) BEST USE'

The hicheist andi best use of tlhe requi red land is its present use,
that of residentiail , buisi ness and induistrial land.

ZONIlNG

The proj ect i s zoned res idet iai , bu siness and commecial. Resi-
dential zoning requires 12,500 square feeiL minimum area while business
and commerc ialI zones have no -nin i zim a rea.

Acquis ition costs

It is us t imated that real us ta'te interests willI he requ red in
abou t 57 private ownerships in the subject project. Based upon the
eXperience oif this, office in ac(1OiP ncg various interests in s'imil.Ir
properties in othekr Civil Works projects in the area, the acq-(uisition
costs for the Monoosnoc Brook and Lazke project are estinated ait $2,000
per tract, These costs ie] ode apig survey, legal dIescriptions,
tLit le evidence , a pp ra i-sal s , nt2go t I at ion,; , c lns ings aind aidmi nis t rat i ye
costs for possiblet ori"en1na t Loni . 'I1K' ownerships have b(en esqti ma ted
with the benrefit of inca I an'sssso s manis and projeuct ajre naps which
are cons idered to be rieaisonab l.% accuratel. Based on this ownership
su;Lrvey, the ICqjUiSit tol COSts for the' enTtire project arc-L estimated to be:

)7 Prvt00eshisS,((0 = SI 14,000
I Publi c Ownership- -0- -0)-

I ot a I F-t imit ed Ai quiis it ion cost s = (I It )
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Relocation Assistance Costs

Pubic Law 9l-0,6 , ('niform Rclocat lon Assis,'tance Act of 1970,
j'lovides for uniform ind equit able treatment of persons displaced from
their homes, btusinesss or farms b. F, ,lcral or Federally assisted programs.
In accordanct with this law, an estimate of l21,400 is included in this
report to cover relocation expenses for three improvements and payments
of expenses incidental to the transfer o)f real property.

Water Rights

Rockwell Pond was formed in the l1IFOO's hv the construction of a
stone dam qt what is now known as Pond Street. This dam, built in con-
junction with a woolen mill, p ives the owtr th, right to flow a pond as
high as the spillwav. The proposed mcdit ication of the dam and the con-
struction of the tunnel will in nn way interrupt these rights which are
not being exercised because of divers ifi cati on (f the ill.

Severance Damages

Whnce ,nly a portion ,f an own.t,rship is being acquired, the owner is
entitled to) the no , c val ue of the part taken plus any severance damage
t, the remaining portion. Severance damage is the loss in value of the
reminingl parc'l after the t.akin,, as compa red wi.th the whole. No severance
damaige is considered in the Rockwel 1 Pond area since the narrow strip of
rear slopiug land hordering the pont will 1,e taken as flowage easements
;nd will not materiallv affect their markot values. (Severance damages
will be estimated for the partial takin ,, an industrial building in
the outlet area.)

Appendix- 1
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Contingencies

A contingency allowance of .0 percent is considered to be reasonably
adequate to provide for possible appreciation of property values from
the time of this estimate to acquisition date, for possible property
line adjustments or for additionai hidden ownerships which may be developed
by refinement of taking lines, tor adverse condemnation awards, and to

allow for practical and realistic neotiations.

Government Owned Facilies

Section III ol the Act of Cong ress aprroved 3 July 1958 (PI. 5-500)
authorized the protection, realtur;ition, reconstruction, relocation or
replacement of muni.ipill]V owned -cilit ies. Although there are several
"ity owned properties in the tunnl alignment and one at Rockwell Pond,
none will be affected by this law.

Tax Loss

Based on information obtained from the local assessor, the tax
loss to the town is estimated at ipproximately 5,,1)00 ner year.

Tir'er and Crops

'here are no merchantable timber or Prowing crops wdithin the proiect

Aprund iz- 1
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Temporary Construction Easements

Two areas are required for temporary construction easements as
previously described in the project description: one contiguous to the

work area at the intake of the tunnel on city owned land and the other

contiguous to the outlet on rear, wooded industrial land. They consist
of 17,600 square feet and 53,500 square teet, respectively. Costs of

the temporary easements are predicated upon a fair return of capital

invested (fair market value).

The total estimated costs of the temporary easements are for a

projected two year construction period.

A summary of real estate costs for the entire project follows:

REAL ESTATE COSTS

RECAPITULATION OF VALUE

Land and Improvements (Fee and Permanent Easements) $140,500
remporary Construction Easement 11,700

Acquisition Costs 114,000

Severance Damages 20,000

Relocation Assistance 21,400

Contingencies (20k of above) - 61,500

Fotal Estimated Real Estate Costs $369,100

Rounded to $370,000

Append ix-I
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SECTION F

FORMULATING A PLAN

In the formulation portion of the study, a wide range of alterna-
tives was investigated to find the best method for resolving Leominster's
water resource problems and needs. Of the water resource needs studied,
only the flood control problem warranted the development of alternative
solutions. Various plans were then devised on the basis of technical
engineering expertise.

Once comparable levels of flood control were obtained, each plan
was evaluated for its costs aad its effects on Leominster's economic
development. Alternatives that survived the economic assessment were
further evaluated for their impacts on the quality of the environment
in accordance with the Principles and Standards of Water Resources
Planaing and Related Land Resources. 8oth beneficial and adverse effects
of the alternatives were outlined and compared. Where .)ossible, the
plans were modified to reduce adverse effects. On the basis of the final
comparisons, a single plan for flood control was selected and recommended.

Formulation and Evaluation
Criteria

Formulation and evaluation of the various p1 aTIS ot improvement
for Monoosnoc Brook were based on technicail, economic. soc al and
environmental standards. Such criteria permit the sel..ction (.f only
those plans that best respond to the problems and needs of the affected
a rea.

Technical Criteria

'he followi;n technical criteri a were adopted for list, in devel op-
ing ai plan of Improvements:

a. The sulcte(d water resourtte plans ;ir. consisteont witi local
and regional plans for land ust, and water related activitles.

Ap ,o f x- I
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b. Selected plns are flexible enough to accommodate projected
future development.

C. Existinc water quality standards should be enforced and future
standards should insure improvement of water quality.

d. Total costs of meeting future water supply demand should
include. those requirtd for distribution systems.

(. A Standard Project Flood (SPF) is considered to be the project
design flood.

I. IncreastJd discharges Into downstream areas that result from
implementation of upstream flood control works will not cause additional
flooding to those downstream zones.

Economic Criteria

Fhe economic criteria applied in formulating a plan of local
flood protection are summarized as follows:

a. Tangible benefits exceed proiect economic costs.

b. The scope of the project will provide the maximum net benefits.
Intangible benefits wiill be taken into consideration.

C'. There is no moro economical m.ans, ev;1]Iiat ed on a comparable

hasis, of- accomplishin p the same purpose.

d . Al I he el it-; and costs a ro expressed in comparable terms.

C. Annual c,,sts include those for maintenance and operation of
the project.

Environmental Criteria

The followin, environmental and social criteria were utilized
in formulatinp a plan:

a. A system t-irc interdisiplinarv approach is followed to insure
the integrated use of natural and social sciences and environmental
d es go n

b. An cvaluat i,n of the onvi r-r ntal impact of any proposed
au'ti on includes odv,,rse imp;ct.

Ap nn Iix- I
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A determination of any I rreverslbl e or Irretrievable commitment
of resources is made.

d. Detrimental environmental effects are avoided aInd feasible
mitigating measures are included, if' necessary.

e. Measures are taken to insure public health, safety and social
well-being.

Formulation of Alternative
Plans

Once the extent Of Water and rel ated land resources probl!ems
and needs for the city of Leominster had been determined, initial
planning objectives were formutlated. This process was aided by informa1-
t ion contained in the Community [Deve lopment Plan Summary which listed
both short-tern and long-term objectives. Short-term objectives relating
to water resource development and possible methods of implementation
are described as follows:

i . To pl1an , manage , aind improve I(cominster 's water resources.
To provie a or rationa Il uti I i-zation o-fland and other natural
resources, Leoninste.r must take steps to protect its watershc'd and
water supply. Tuierculac ion is aI problem whichi reduces water pressure
and Volume and reduces water puritv. It can be corrected by rel ining
or repl acing water pipes. Other steps to improve and protect drinking
water include reducing foliage deposits inI reservoirs, reducing, erosion
in watershed areas; and reduiciny development in watershed aanof Leo-
minster 's reservoirs. Water resuirce protection helps answer the need
to preclIude future dr ink ing waiter crises.

2. 'lo proviic ideoicate conmcun liv do velopment planning. The
establi Ishmenit Of al ComTprelieoI yeV cormmini ty development program re-
qu ires good commun ityv develIopmen t pl iann ing . Adequate plInning supports
most of the Commin it v Deve lopment needs described therein. I owe ve r,
it has special si )'. i f iIICaCe In ph anniiiig, , monfItori ug. and maaigthe
growth of Leominster 's polpulat ion1 and tie develo~pmnt of- it-, land area.

1. To -ipjcj;vit in deutweIIplanned econiomic devt-lcpTenlt

prorm "Expandli nv economi c pur t Il ITIc prcil1 rpros
(if low or mode-rate necimn ," is' it ()t the Jcrimarv ()I)!(, t ive (r the
Cnmmiu itv IDeve Iopmctnt lcclri1.Th shirt -tf-m obj~ect lvc ot economic
dlevelIocpment relIat cs to thie neved tic oxpnc o'inccmlc oppocrtunilties In
the commcinit y*
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4. To improve the downtown area. To achieve the long-term ob-

jective of a heil1thv doW0town, it is necessary to alleviate the conditions

which have impa ilred dwI(town inv.s moot in the past. Specific improve-
ments must be planned in a e'oordinated fimlner to) maximize long-term
behe tits and preclude interlacing problem;. This short-term objective
wi ' support the needls ''Io rcstore the f low o0 comerial activity to
the downtown area" and "TOt expand ectnomic opportunities."

5, To conduct a Y,'usin, reh.d it,,ti m program. Along with en-
forcement T-T-housing codes, the citv rhcu' proT[ incentive to property
owners to repair or reh1bilitate propertv which is blighted or deteriorating.
Conduct of a housing rehabilitation progrgnm will contribute toward the
elimin.ation of slums and hi ijht ridtowir, the elii!rination of conditions
which are detrimental to health, safety .''- public welfare. This objective
responds to the communit v (levelopimnnt ut. to upgrade the housing stock
and to arrest deterioraition in the community.

0. To encourage private restoration )I potent iaillv esthetic properties.
Private property restoiation is important. t affects a large part _o- .
the community and it utilizes private reources for a common good. The
city can take certain short-term measures to encourage citizens to
restore properties privately. This includes tax incentives, permit pro-
cesses and other local regulations which affect private property owners.
Improvement ot the communitv will evt-ntuallv reward private property
owners by increasing" the resale valueW of their property as well as
improving their living environment. These improvements will help
dovelop a viable urban community. This obective answers the community
development need to arrest deteriorat ion.

7. '1o adopt and enforce ri .id and use controls. To satisfy the

need to Improve land uise compatibi ity , Leuminster -- ould adopt and
eniorce rig'id land use controls. These will help eliminate and prevent
conditions detrimental to health, safety and public welfare that may
arise when, for instance, manufactorin g land use is mixed with residential.

H. lo adopt measures to protec(t natural and historic resources.
To s; isv the nted to preserve histori c prop-t i es and protect natural
resources, it is necessary to take specific measures. These could
inc lude purch ising conservation or histor:, preservation easements
or acquiring fee to, prope rties of histori, or natural resource value.
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9. To adopt aprg raam to rehabI)i I it atLe proflerties ol h istoric
significance. Kehiabilitating propc rties of historic significance
answers the need to preserve historic properties. Preservation of
Leominster's heritage and culture is an important par-t Of COPmmutnitV
revitalization and should not be iteglected. This short-term objective

help tomeeta mjor national objective of the Hlousing and Comm unitv
Development Act: the restoration and preservation of properties of
special value for historic, airchficctural or esthetic reasons.

10. To provide adequate stLorm,. sewer facilities for surlace runoff.
To meet the need to correct local flooding problems, it is a short-
term objective of the city of Leominster to provide adequiate facil i-
ties of this type. Storm sewer imptrovements will eliminate conditions
etrimental to health, safety and public welfare, especial l' (luring

winter months when freezing of flooded areas on streets makes travel
hazardous, both by foot and by nutomohile.

11 . To provide adequate r crca; tion facilities. Rer reit ion is an
important part of Leominster's Community Development Plan beause it
allows residents to enjoy themselves more fully by providi1ng a more
suitablec living env ironment . Recreation 1;aci lities will be halanced:
hey Will include both active ano passive modes. This shiort -term
objective will support the need to improve recreation facilities and
will help to attain the long-term objective of a balanced recreation
program.

Long-term objectives taken from the Leominster Community Development
Plan Summary follow:

I. AdlequAate C ae sp, Iv *iter (listriblition and i,-t er 1) od
prt e ct i onII. Mai Ota'ining ' an ade-quate water supply is a I lon -terml

ob)ject ive of the ci t v of Leominst er. Achi evement of this objective'
involves acq nisitIion of title or iute rest in watershed land, ,,he re
necessary; upgraidfin of theo water distribution system * where n- essary;
planning for ftutre needs and ot her act ions. Adequnat e Wter supply,
dist ribti on and waitershed p rot oct ion will Meet Leotminst er'', need to
protect the waiter supply.

'. r ot I _~a~~iLmn ttjl);i h)i it %v To avert ftture problc ms suc'h

;is overloading of the sewer trcaitnent ;ystcm (it resu lted in aI State'
imposed ban on sewer cie( t ior.s ) and! overcrow7i irig in t he school s1s ten
(this resulted in doublIe sessions' * out, of the long -te-rn oh i'ct ives
of the ci tv is the development of gI rowth Manage'ment auIild~ iitv . IIIis
rel ates to the need to plan, moulti or ;ind mlanag.e the growth 1-t leo71inster 's

popiil itio asl 15Wel .is other commuiv tlevelo(pmcint Peed , lii rowth
mana gceint 1blec't lye is A Si gulit iceant *' ement or i omstc omprehen-
sive Conmiin ity Dt'vel')pment Plan.
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3. Adequate wastewa ter disposal capahi I itv. A loopw-term obiect lye
that is corollary to growth management is wastewater disposal capability.
To expand the housing stoc-k and provide a decent home and suitable living
environment for persons ot l ow and moderate income , the ci ty must be
ablIe rratmnto provide adeqluaite sewage tra otservice funi new hiomes. [hlis
objective supports several needs includ ing provi sion of adequate city
services, expansion of ecoflOT-iC opportunities and public facilities, and
protect ion oif natural resources.

4. A heait hy dIowntown1. To become v t a] and viable,* Leomi nste r
mus"-t h1ve- a health,, downtown. Thc central business district is the
hub of act ivi tv around which the ent ire COnni tv revolves. An Unhealthy,
dete riorated downtown will encourage dec 1in-c in the cnti re community
while improvements to the downtowrn will hel p improve the ent ire coimmuni ty.
A heal thy downtown is one which serves as the central marketplace for the
c it vy. It is a live andi vi)gorouIs. For Leominster to develop into a viable
urbanl coPmmnity it must ([eve lop a1 coMMnie Ia section. At tainmnent of
the long-term objective will affect two community development needs:
enhancement of economic' opportunities and restoration of the flow of
conne reiai activity to tue downtown area.

5. A.\_1 casiI S city a oa rjanc e . Adi ki t ima-te goal of the Leominster
Commun itv DevelIopment Program is at esthet ica li p leasing mrinici pal itv.
Tire el iminat ion Of slums, blight ailt deteriorat ion should a]llOW Leominster

twork towa'rd thris long-term objective. A pleasing city appearance
helps meet the needs for arrestiny de torioarat ioun, encouraging sound
des iign and COTSt ruct ion Methods, preserv ing historic buildings and sites,
aind p rovid ing public fac iIi tles for noeighbo rhoods.

(1. Protect ioni of natural, and historic resources. Resource protec-
t LIn is a significant long-term object ive of the Communi t Dovel opm'ent
['rogra-m . Leorninster has many, natural and Ihistori c resources that could
be damaged by unw ise development. lb is long,-term objectivye helIps sat isfv
Leomn ster's need to protect its wate-r supplv, airres,-t deterioration,
t-ncoo rage sound design and p resoerye 1:istori, bu ild ing isnd sites.

/.AdepiatCe di.spo(sal _of sir face' wa t,: 'runof f . Tie ong-term
obhje "t ive ol aIdequalte disposal of sot face- waiter runoff from rainstrms
Arnd m It ing, snow is a ve~ry important element of Leominst er's Community
DevelIopmen t PlIan . Due to Icominster 's irregular terrain, local ized
floutingf, of basements and ya1rds 11as teen aI sorlus probl em during rain-

sts ind al ftecr sinrwfa II s. It is import ant to the residents that this
rnced be addressed by leomn nt er ' Communit;le Dv Iopmen t P1lan . The ohbjec-
tilye supp(,rt s the need to correct local din[rv, problems.
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'I~ -, a It in. I.Cater aistol ret c o , nteedtIts o ,l ha v, e e I I

let b, Lt, const rjl t Ionl ot .1timlt lpllosi L,;!P :1nd r s e rvo)i r ;Iioh as
as p rjLdL1 i n t lie 1 6 s t -Lid' inoe t hact time , hi;wev-r , p)r i vo to

deCveClopment (,I I md i n thIek2, i c ini i vi- Car t er lii i 1hats rodi(Ie I -in] t iik ing
f or re se rvo Irs 1,Iol h i t rive I v ~x i)t,, '.'o. i , ' there fo(re , t hetre wa s no Ilonger

e conom ic II js t i f i citt i On 10or L I Ic ,-; tri 1c tjol o. i, f mu II t 1puirpomse rese-,rvoirs

in thle vic init v ol Carter H~i! I an! cl e site-s werk nounexistenIt. De -
VCelopmen t by pri vate interests at (a jrter HillI has included, r(,creatian
facilit ies inl the form of s v s1opsc ,;.

(3) t kter lAi I i t -v . At l o! tht, iipoiniiiments u cte pst ream from

RockwellI Pond and thei r rrinltitrics iire prtesent iv o laIssif !,'l by the
State of Massachusetts as Claiss A wattor s. The main st el of :l,:-oosnoc
Brook below Rockwell Pond i s , I ass- i j(I as, C latss B wa t r. h(ce alse of
these re tot ivtl x h i ~h standards the ro is no neeud to adopt ad di t ioan
wa ter qua 11 ,v stinch rJ s for di fsxl:ros into Nonoosnot- lirook ;tthe pro Sent
t ime . I n acddi t I, tLhe (iI t V 01t I o minster hiaq ii imandate f rom, the Sltate
0of NilS SaC1111S e tt S t0-on eS t ruojt i! ila t r e Iaen t planimt. Fkt ajre imple-
III(01I1 ta t i on Io)f I Ii gh eor sIt t 1d a rd s wol at I b)e mi1t o r (d hv ho) c) 1rho st ate and
Fedora 1 Envi ronraon t a P rotect i o-I Io A o - I Los.

(4 anld iSo P1t1 iliI 011Il t ts' or nork areais I I o n a
reVitI Iiz 7 roo' hl0 oon 1, 11 11C ,i 10t irlnin sett inyg won1 o o1 con-

s ideraible vaie~ to t he c i~ ;'t0'-s Hit oilt, co-i r" pl, 0 to p-vd

mt LoUsU was, p rop 500 r th c i t ,o) I, 1'. i I s t o r in 6 1 9 . 14 o o--v r

the ulrban r, IleILl' '1~ 111 s rrI to (In it urcts o ltot
1  p0 inst er

1C1 i t o no V COI MCi hIf ( '>op Lerluer s( *ec l'lst of this I i If, "!- I) c in-
t L're t S L r *,I I e ty c t 1' 1) ,- -t c; it. Wsos in tile b o,,t et(ere ,fl of

the Federali l;ove-n-llon-t not to plirs Il tlits tter tllrth('0-

From tho ova 111L ion it hoorlo Lv lo hat flod 100 ont rI wa the
1l-imirv Ilood of 1110 comrlun itv and, theca i]v one, 00(11i r inc- fulr: nor SIwlY

a1t thin, ti-me. SevcrlI I altt TI-ut i y - al' to solve lPlC o
prolbloems Wit hiln the clt (0 li eo'ilSc ore ilIvet ipto They inCIIdcA1

nllnstrllltuil .struictural sin(] ii co-mlillito101f Ii bth.

hlllstrl ,irtlill 210 11- woo I, (t Oh r- o I i i n, I n I

p robI o10010;. 1 wv ir- it i~ , t , j~ t thet L'i L11 :1k' M 111 '\10 I '' Il t 0'

t 11e l 11 l d t I oi 10i , t I I 10 .1 V r, i 1i 111 t f , ' - 1 1 1j tI I ,he , . 1 1

t111 1010 [Ic I I '-' O ": ; I) ' I !l .,;-;I fI 'I to It; , 5p.0 i11'1;1 .II I hv Ilk

h1lll lll ltc (Illr '1 , i t ',:It 0 li0t il list 1 ta ik t lov-



NONSTRUCTURAL MEASURES AVAILABI. IN MASSACIItSI'TS

a. Iand A'quisit ion

I I.and ar, d Water (C nservat i(n , 1dmNi .1 t L( by t le IV. S . ena r t men t
Fund Act of 1965 (P. 99-578, 78 Stat. of Int t.rior 's Bureau of Outdoor
897) Rec r,,it i o, (IOR) the fund alocat(s

M ( IOV t , C, MMI I t i s and po I it iCa I
subd iv i siona for plaino ,, acquisit ion
znd v1mel pntt of pub] i c out (oor re-

crteatioI areas. Under the Act, local
aenlcies mv he reimbursed un to 50

percent of the costs ot purchasinp land.

2. Massachusetts Self- Adrinistere.1 by the Division nf Con-
Help Program (GI. Ch. I 32A, Sec 2) servation Services in the State's

Department of Natural Resources, (DNR)
This program offers towns and cities
with Conservation Commissions up to
50 percent reimbursement for the cost
of jand purchased or developed for con-
servation or passive outdoor recreation.
BOP's Land and Water Conservation Fund
and IINR's Self-lelp Program may be ap-
pl ieI together. In that case, a corM-
munity may receive up to, 75 percent
reimhursement for the cost of purchas-
i ng land.

3. National Register of Under this program, the National Park
Historic Places (National Histc-ic Servite can make funds available for
Prese.-vation Act of 1966, 80 Stat. the acquisition and development of
915, 16 U.S.C. 470) significant historical, archaeological,

architectural and cultural sites.

4. Revenue Sharing (P, 92- 0-pen ,pace lands can be purchased with

572, Acts of 1972) community funds received through the
Fcd, ral Government's revenue sharing
p ra :'Jtm.

Append ix-]
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b. Other Methods of Land
Acquisit ion

1. Gifts of land A community or the State may acquire
1 and through private donation. Such

properties as inland wetlands, nature
preserves, wildlife sanctuaries and
recreational lands are often donated

by private owners to the public.

2. Gifts of land in A well recognized device in Massachusetts
trust for preserving land in its natural state

is a charitable gift in trust. Land
gifted to a private land trust is insured

against being diverted for other municipal

purposes.

3. Eminent domain This is usually a means of last resort.
Taking land under eminent domain requires
a two-thirds vote of the town meeting or
city council. There must be reasonable
compensation to the landowner accompany-

ing the taking.

c. Local _Z-onin

1. Floodplain zoning [n Massachusetts, the Zoning Enabling
(Zoning Enabling Act, CL Ch. Act specificallv permits municipalities
40A, Sec 2) to safeguard lands "deemed subject to

seasonal or periodic flooding." The Act
further states that these iands "shall

not he used as to endanger the health
or safety of the occupants thereof."
loodplain zoning, although desIgned

primarily to prevent damage from floods,
can permit use of low-intensity recrea-
tion areas while restricting urban de-

vel opment . Consorvancy Zonin., a device
adoptCd in several assachusetts towns,
is essenti'lly a variation f floodplain

zoning.
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2. Cluster zoning The basic idea behind cluster zoning

is to create a more attractive environ-
ment by permirtin a developer to

erect houses on smaller lots than the
ordinance normally requires, provided
the remaining land is permanently

preserved for its natural beauty and

recreational value as neighborhood

open space.

d. Wetlands Regulat ion

l. Wetlands Protection Act This Act controls but does not ban

(GL Ch. 131, Sec 40) development on wetlands. Wetlands

are defined here, for the purpose

of brevity, as inland wetlands -
marshes, meadows, swamps bordering
on rivers, streams and ponds - just

about any land which is periodically
wet. The Act also covers coastal

wetlands. The law requires that ani
person or governmental agency intend-
in to remove, fill, dredge or alter
a wetland must insure, by following

various procedural and technical steps,
that the activity will have no adverse
effect on vater supplies, storm and

flood prevention, pollution preven-
tion or fisheries protection. In

effect, the owner must develop his
wetlands in !ccord with the public's
interest and safety.

2. Inland Wet lands Restriction Ihis lcg!islation is designed to sup-
Act (CL Ch. 131, Scc 40A) pl,m(,nt tho regitjlarive approach of

th, Wct lands Protection Act with a

p] i no app ronch not dependent upon
th( ,!,dfl (,v'ner comingt forward to apply
f', pe rtrif ir, T he Commissioner of DNR-
in i-,,r to prserye and promote public

s~i I, ; ,-, priv'ite, property, wildlife,
f i . , rics, wat,,r resources and flood-

plifi ar ,is .ind ;a rictilttjre-is directed
to i -0u, oirdor- restrictin t development
W . :!]l nd Wt Il s .

App'ni i x- I
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e . Tax Incentive--'

1. Classification and This law allows forest land to he
Taxation of Forest Lands valued at no more than $10 per acre
and Forest Products (GL Ch. 61 , if the owner of 10 or more tc rcs

Secs 1-7, as amended in 1969 (valuied at not over $400 per icre
by Ch. 873) at the time of application) practices

forest management to improve the quan-
t it y and qua] lity of a cont inuing forest
frop.

f. Conservation Restrictions

1.Conservation Restric- A Couservat ion restrnc ion -~r e~asement
tion Act (Ch. 666, Acts of is a writ ten agreement between a pro-
1969) PertV owner and a government or private

ogencv by which the landewnc r agrees
to specific development restrictions
on his land. As a result, the property
owner often qualifies for certain tax
ne(nefits under General Laws, G.79

Acts of 1972.

Other nonst ructural measures such as huilding code regulations
and en forcement , flIoodproo fing , Popizimnent evacuiation of f Ioodp lain
areas and purchase of flood insuirance were invest ig,,ted duiring) the ccurse
of this study. Floodplain zoning enforcement would he a requirement
of the city of Leominster under State regulations and also as part of
local cooperation agreements for a structural plan of flood control
improvements along Monoosnoc Brook.

Several structural solut ions for providing local flood protection
in L.eomnste r were invest igated~. These methods inclu tded u ' st ream dams
and reservoirs, channel excavat ion , surface diversions, willI and (likes

and tunnel diversions or bypass, condo iits, or combinations of these

plans dlepend ing on the degree of flood protect ion to be afforded.

Effects on Objectives

Natijonal E Iconomic Pt vc 0353

To (Vt ia to the ipn t of vai is i1 in., () pro t io I' atllna

teeth mli Pt DLV( 10p-1t projec'.t f -A rs ost S . n l 11l mn 1T~11

benefits were est imanted for oacht plani. Fedoral tiIr,;t topt a in(l hl
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(rOnst itact i on costs i j riced at dune 1971 pri ie- levelIs and an al lowance for
COn It inll c it emis as we I I as onnee i , do Si gr , su pervi si on andI ad -
minist rat filn costs. Non-Federal Costs Co11ld be shared by the city of
Loom insteor and thle State of Massach rise tt s or coul h( e 51l 1local costs
assoc iat ed with the oh t aning aof lands , easements and rights-of -way,
and uii lIty relocations. Property vailuat ions aire hased on information
from local interests and recent sales in the area. Interest charged
dlur ini const ruct ion was not inclucood in the estimate because of the
relatively short (less than 2 years) const ruct ion period.

AaiL ic-a roes , hothI Fede ral :mrid non -Federa)I, are based onl an
interest rajte of 6--5 /F percent 'jM(_r ti/i xd evr a I 10O-vear period.
Inmeluide 1 wi th ri-Fd aIannuail clia rveos are those for operati1.on and
maintenance of the comipleted works. The evalunation of annual benefits
i nclud ed these for flooed damag e prevent ion and the income of local
labor required for construct ion of the proj~ects. Those benefits are
di sc iissed it' Section 11 of' thle Te rhni -l c Append ix.

Sumtmarie~s of- 1.ede ra I and n on-Fkie rat fir st c0ost s, annual charges
and anulia I benefits With bieitr~i ratilos for invest igated flood

con trol ai t ernat ive s ire presented in Tab to F-2
, ''Foom.ic s and Local

ProteCt On Plains" of this Section. [he dlerivaition of nrolect benefits
Sor- tire' selected plan iS Ataliied h)i Sect ion 11, Eoniomies of Selected

Plan" Mf Appendix 1

From ;I Nat ior' 1I inClomlic D~evelIopmen t standpgoint the p roposed

p1asof improvements shen ild be si zedf at t hc opt imalI economic capac itYV
they shouild iprovide aI li o degree of floiod protect ion (SITF) which would(
prose rye and , in some areais, increase the not P rodicr iv i tv of good s
A nti sevce Phe rtco mmended pro joot shmut h inc rease land vaci nos and
st i "iIa to economi- pr owtlu inl the p riot tl-tarei Puiir tu the const ruc -
tin period the project would afford jobs fir Ioio citizens.

Envi ronrieita I inalzity

From its origin at Rocky Pond iin tire hilIts wes;t of the city of
Leomi in stetr , Monosioc Ibroook flIow s I n : ic es ter Iv d i roect t orn for about
8. 7 m i I (-: t o i t SCont I nIer L1 W I th lihe Nii r 11 I l sia Ri verI-. The brook
hans a t otal draiinag(-c area of I I ." ;sqiiarc- milfes. Its uipper 4, *7 square
i!ltoS 'ire Irea.vi iv I irettOd arIdl i-t tin evra water s-uprply lakes while

tille lower wit ershrt is ii hij lvleIU)1(' opel c uiraiz:ed . Tire intervenin)g
5.7 a;ijuart' miles betw(en Notown Reserve'l -nd the citv are very 11111 v
a ni!(,rido tn ( y e t o rap idk r i11it f
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Water quality in the upper w0 te rshc d is very ,cood id-i le ituwer
watershed quality is fair to poor dhie to dli. barges (if industrial
waste into thL stream. There is little or no fishing potential in the
lower stream. However, limited fishing is possible in Rockwel I Pond.

From an environmental Stand poin0t the proposed p1 anl (1 ipio v erion ts

should afford more beneficial th-in aidverse effect., to the enTvi ronnontal

account .

Effects Assessment

The imp~act s oi the possible ;11 ternait iVt. pan 1 On te ItII'
soc ial1 and economic environment ol I tli stuniv a rc,, werc ~se
must be recogo il , however , that the prinary goai o! c'0f hilfer ia-

t lye is to alIleviate or ci imi natte the unp lerasan tness and eccnoni c

losses caused by flooding . Fach ot t he a It e matlvt- p lan s i ove st i goted

had some similar impacts on the environment , socialI we i 1-he i rig and

regional development of the project area.

The first step of the aissessment, delfneat ing tile irlpa.Is of
no action,"' was made. The primarv consequences ()I Tit) ion-o10

the cont inued economic loss, inconvenience aind poss ible an' to hiti-ianl

life which exists because of the inaldequate chainel 01);it',' o0 Mor~oos-

noc Brook in its course through the ccliitrail buisinesis titr I- Leo(-

iinster. Ithe economic loss 'Withiout thet project" i5' ot ju0 i t
$541,000 annual I v under presen"t cond it iOnIS. A rtcnr relint 't t 111 1' 9 1

record f looti won I produti, an est i rted'( S I * '2 ,000 inl dino'(-; (.o 1f7 '

price levels) . 'Flie flood problem c;iui bec expc ted to0 ilt-llc i'. ! s r~jin'i

increases be cause of add it ionall doeV lopuntnt In the ri~per vat crr-Jit,.

leominster 's cont inunil viilne-ri iH1 t v to t-I Oosi, wo Ii Ic, , ;,ct-,!
ro resiul t in a COlt iot ;Iion o! (ielrtcsse,, npi prt v val lit- il, I1 I 1lt Iv Ilv

low tax assessment s in the f lood c-on,-. At present , S.)t 0 t~i Y -oT-rt%

in these areas Is, inl a1 dtcr iora t td c'lni t ion . i t hioot I mp I -initit in

o f f lood cont rol I mprovemejnt s t ht,- i- es ,-s I ncen t ivc onl t ftile prt o

owners to upgrade thteifr p)ropert Ies..

Env i ronmenta ttt lan es w i t houi L.t I ho] con t ro 1 p)ro c, t v(,11d be
min imalI . Fl ood i ng Will I d con t moelt( t o 'I Ivc SI se iru.ien t a ind er is wi t I Iiln

thle f lood zone , relulI r ig a C I ealnli alt tr ea- ~ch e-venit.

W ith1 t he imp]I emientait i on o II I ,old 'nit rolI i niprovomeitn I Y

Monoosnoi Brook most 0!o t he I '11101 ic, ocIawc II-be ittn" tIA c i r'ninent1 al

inpa ,t s wonl h( e I v ~bIe.The I levOi np irprpl i; S t he impact s

Of StithiipIene to



L. ol loili I ttiT 1c t

Ill :on it i ye c.I IIo ic ( I m .p1c t s %'o) I d i nc 1 tie ai suib-t antialI

lntv in enctt,!i m rit ti in my'. c ons t ruc ti i, resilIt ing i n in creased
spenld i 14 ) In Lmsotni;'''L s. i' te r-ia I S 0d SUPpI) ics t Or t he projiect
woni, Pc pry 1ic .idi it i '11. 1 ins,. iiwss lor I oca Iand reiionalI manufac turers

h. VIt- I~ ft 'lt, i~ H I p o J"in 'IL, view t het primary p)osit ive i mpact
wouldi t). thc 1iCut iou) -1I t lm)l (biies it relatively small I ost to

s'i th cIt iin it i tn oitf floodi iug , tite .,alIuc of proviousi y f lood
p eI a1,d WOn I I t eel~ to 0ci !it-

d . laix revenueks coul2d be expected to increase because of revi tali-

sat ion of those propert ios that were, forurly subject to flooding.

0 . Dec rcasinc, th fl Iood t Iirea t wonild serve to enhance future
potcntala I-r growth.

Evvirmonmtent al

SeVkraI basic onvi ronmental concerns wtere addressed dluring the
colirse of the studyv of vairtons altrclt-i ie plans for 1local flood pro-

cc t ion in LeomtiInstecr . i t was de t erli ned that dana ge to adjacent V
st ructuires due to use of explosives wouldi not he permit ted in any pl an
Of protection. Speitt cafCti ens WOLN1 requ ire the (outrac tor to utilize
blastiiiug nets aind net sat ety standard s that would preclu de such damage.

S oc ja I l~at

Int ;ily plan of I toed centreoI imrprovemnts, the majlor social well-
be in, , ctor wonuld be c lIinmar i g the an xi etv and fear of flood (]amage
felt byv citi zeus res idhiug with in the f lodoplain.

narr i it n ,;It rto t or,) I p1~ an f improvements wonl] ( result in
som teprivIir~ ~I tr fc it) 1)0 vic initv oif the project

,11l ,n rut n wur W) It; rtj ion matOrial~ In and equi-1pMent are being
broightI to01IW ti I r. Ai r pel 1,tt len . i t ialf tick d s riip t i on resut i ting
t ri- ot sotnt iinti~ I it ni Iw rit iuia IfI normalI precalit ens are taken such
;is n,-it er intg .!.t It v -;I reot aand tit i Ii 15.at ioni of atI termt e det-our routes .
Alt 1ot tion,t in, otv-n hen, e-, wouild be teriporary and nat of a serious nature.

A I'T) i I

F.



Mi nor no ise polI it ion WOil (I a I so resti It f ron thle conist ru(t ion.
However, it Would be(. within tile St alt L' 'S Aticeptab1 1 Jle ' lev l ad its
social impact could be mini mized hv to I loawing normal construction
practices such as beginning., work ;,t tr 7 :00 j.m. and muf flIing" heav,
equipment engines. After complet ion thec pro ject- would riot af fect noise

levels in thle area.

Negative social impacts won 1 d Ibe mot evident for tilh, con sLt rtie -
t ion of a dam and reservoir than theY would for a tu'nnelI diversion
due to the general ohbjectioni to los o wild] ife hahitat and clange of
land uise which could1( lower tax revilles

Recoonal Devel liomet

Al a 1 aterimat ive pl1ans; for locail tflood protect ion were des igned
to a I leviate the inconvenience, danger and economic hiss resai~ti ng from
flo od ing. When cons ide ring t he positive soc ini and env'i ronmen tal1

effleets of flood control imp rovernOnt s it becomes evidient that improvements
WOU 1( make the t Iood -prone areais of Leon ins to r more de si rub It for lusi -

ness and induistria-l act ivities. Because of past flooding, condlitions,
Ilitt Iftture development coul1( be anti cipat ed to expand the economv
of the community if no flood protL-ctionl is providjed. Decreasing thle
flood threat wonld Linot only e uhan ( the local economyi, byv reducing propertv
damage and lost bus iiess davs,* it would also s2rve to enhain e IL u re
potential for growth.

A positive short.-term I Otk't ' onlld be Lte aIdli tioll j ob" cieat ed
dunring the const r11Lct ionl por ioi over the Ingterm ther-4 wonil It e rio
signif icant effect on LIIrect cniphIi vent. as new employees won ~d not he
needed for operaition. Stiidi - iirtt rntives wo ild also teit! to Increase
real estate va hue -,I i poprt ic,, in the im!.tdiite sridv r, if
assessed propertv t r:-as rise tilt, omriui t would receilve iddiit ional t-'.

revenute.

Flood Control Alternatives
Considered Further

As the st itiu enor p roy tiiup la ! thItnIp t tIi n It twMnts

nok.!brook hoilt intied the lo lowing ithswl ti edi ivt her but
,.ere eventuali I IV (,I I mn i t tl fIor tit it el rea'ITson . o n! I t It l 1.I rl to

01151 nhl t ;l t 111)1W I I (I ye r-- I on fron Ntt Ikwe I I Poni! to ic Io-w 1,'i t (,r St roil

lilp i ired t o initt t lie( t eqiii redi c(nor' i l c iio vi rtirlrirt aI I evIl I 1It iou

r i t tr i a



Flood Pla in Relocat ion - A relocatiton rlan was found to be highly
imp ract ical for this study area. It is too expensive to buy properties
ard too disr-iptive to remove people, industry and businesses from the
c ity ,enter.

lood P'liin {eiu-Zoninig aind builing roegulations should be
imip 1oriented and enforCed by' the cit V of IAenm-ins'_tir to effect ively
redlice the flood damnage potential oif t he studyi area. Plainned future
di-ve lopment and land usc programs would alleviate present encroachment
and e Ie sihb fat u ie encr mathme~kn t On floodplain l and s. As a
part ao I oca I[ coope ration aIsSurances tI liec1t V WOnI h( e requnired to)
p'leCV0n t anYI ene roaIChne a't on thek, C'X ItnI hanne 1 below Rockwell Pond
that would impair its caipaci tv to dischairi'o 600 cubhic feet per second.

llam an Chnne I myovmens -Seve r Il dam Inca tions were in,-
Vi at i ed on Monoosnoc Brook and its t r i tair ies . Because these
Sit-'s vere I oca toi too far upstreamn, their limi ted storage capaci ties
p rocl1uded cant ro I of a 11 f ioodwa tors to Leominster . Therefore,* channel
irpilit-vement s WOo I be required to supplement any flood coot rolI scheme
oi up.st reami storage. No int egra) J am and channel improvement scheme
couil sa-tif - .orpil criteria and still1. carry aI favorable B/C ratio.
ITT aiddit ion, dami cons truction an,' I ist;upt ion associated with channel
project,,- irc eue~l opposedl by local officials and cit izens of

11 'v r ii iane 1 nd ar - A diversion channel was proposed
ini conjunct ion wit b an iipst reari Jarn. iOndf lows would he conducted
I rtin iorc.L P'1(1 1 nraucl an openi hnnni di frect lv to the North Nashua

ri . lb is, p1.1 ui lound to ht, ectonomically inleasible since
onlari1)i ams 1 I' bll e n flt nilk t el aoI so ' -,grwnt s of the antic ipated

R- kw-L I I ! o l, _'I i i ,I ,i t i a - A pIii n to a 1 (1 r Rockwel I I Pond to
i TI ru it H- I and] t prol (cet it'l was investipated.

an((st.ith. jl 21 lood Sit LIT apjri rovidjed by thle pond, this

Pn inda !o r In - i r i rio, I 9fK' --~ 1 W,) a watetr resou rce devel opment
11 1, c , Ii I ho 1: r i h 11 Fh i ver IN !i t; i it ri- commended anitt her izat inon of

p I )l i lt i hai i aled nIt cI rm i I n I1711 ipiirpo -e flIood cont rolI,
w1i t o r slipl I a, n i I ',I t io(n dam aind 1ik to he( loca ted about 1 .5
ri I ip~lt r fn r"71i ''mlilS it-c' er ;,on t ra bits inlss, d ist r ic t. Trhis dam

11,li hve proix idio 800( a, re-A et oK: f laud 'o~tnto sto-rage, eqiuiva-
lent to () In ht-- aif rznoiiu , ;it a totii t irst cost of $2,61(),0 0.

!"Al ;k l adIIInnlj I51 as-t 31(12n,00(1 C ]96/ pri(i. levels) and ainnual beniefits
1 9 , il I) lie pro, i-ct a t tht ti me I uI,!Ia I . 1 t o 1 .0 B/ C ratio.



Subsequte nt to submilisi it)n of ior re.pirL , however , it ( t iona I urb an
deve lopmnent took p lace at the site oI the proposed spi 1 Iwov , located
on the north side of Cart er H!il . Rf iormu loat ion of this.' plaon , wit h
the spillwaY relocated to the south 1 side 0! Carter IliI I1 in order to
negate the high cost-; oif prop rtv -icquisi ion, resiil ted in ai -,tructure
with an est imated first cost of $ 12?850,000 (l~~price levels).
Compared with flood cont rol beniefits token onl on InnlUal basis , the'
resulting B/C ratio was 0.5 to 1.0.

Al terna lie sites for the proposed dam were investipated to

die termine whe ther a vi. b to, cuonr l c o 1lv just if ied n I an for lotcal1
fl1oo( pro tectio [0 f downst reamt ai-ros could be deve loped . A second
dam const ruc t ion pl an was stutdied for the sa.me? loca t ion as that de -
sc rihed above but wit i a 51 dc. c hannel s p il way instead o F .1 !Spill way

located in the earth fillI strectiro . This plan had an estimat-d
first Cost Of S11,190,000 and a simila r 0.7 to 1 .0 B/C ratio.

A third danm ( onst ruotion plani involved three separate s-maller
st ric tutres. 'ihe ria in dim woul d hitve been located uips tream (If those
in t lie prey jouslv k escribed plans bitt wonuld not have intlmled control
if disc ha rgu I roli the t r ihut av st ream thit is the out flow,, fromc the-

"Dis t r ibut in,, Resecvii r . A see ondiii-v st riteture WonuId ((tnt rol this
out f 1oX- while the thi rd strutu i-c WOtii d be2 a suib ipoinili t lam

loicatedl abtitit 2,500 feet u1pot ream from the primair dvtam. '!This plan had
an estimated tinst east of SI 3,208,000 aind a B/C ratio) of (). r to I nP.

Because, oif to io raplIi i c oind dle v( i o ipic, nt tons t ra i nt s, pottu-t i alI
dam sites inl :t I Lte p1AI 11C lesrihtel above i nclu tded tlownit coa"?-
chlannelI improevemen ts in o rdler tl pass, a s1 an (10rd p roi OCt Ioml wij tboiot
daimage to adj o n t f Lood-prone- i eect's . At al I th ceo i tos a
single. purpose f lood Co.nt ro tlom '1.'i titt downst ream iMnrtiVect'1ts was',
foutnd to be ei tho-r iifeaiqble or didt not have, octintic 1ttsti i cation.

Th1.e MOot irmnortoiit enviritntt :1t uo')oitlcc-t ion t or lam ind reso-r-

voir Ctost root ion wooild he, th- tr c, ei cc t on f ish ol w! )dh1 11e h;hitnt
and1 th It(,canige in l;ioid to :'or th ro-w re voir area. iloevi r.
til thme rel ot ively, smallI size tif t~l' 1otc Bt'i,k w t e rsh ' I . inr thitIs
elIsC tIL- e f fett ,t f jolt and Wi lil i ft,'' hc sivn iFleant.

Af looti cont rol or miiit ipit1 r( * tl ervotir w. IT, 'a( environ-

mentally (1naeteptalel but'aimse (Jit t.t'itp in I iu,! ts,. ti he rt-t'rvoi r
in,: siirromndl tug lantls. Areas,, wi It irf ,rt trftnt l". wittil- wmlhl Itbe solb-
ject tot periotii intindtltioti that wittill loatl to 4'vct'tiutl tI I'll I -Ind(
es3thet ic disrupt ion.



'-;-i -anniv I I mpr rov-e meri - I 1he' ustiat i I aI deve lopint i n t he Leo'ninst er
cent rA Id Iis trict proh ibhits economi al aeI ud pract icalII il)prvemnt 1 t (
t he ex is ting , channelI. Removal aind/er r-pl lace-rient of eXiSting st rurt;reS
and const rutton of d ike s nd wall s to s'liely pass SI'F level,, woulId he
hiIll disruptive ind cest lv.

Du ring the 1 964-I1965 ~St udV, it IplMI was invest igatelI that iwould
mp rove thle clhanne 1 aI. ong, the cxi atlil h rcok in the cit V cerit or to

suppl ement ups;-ream d !in construction. At that time the plan was just 1-
tijed as it was predo-rat ed onl tw'o ptirt ions oI the (hannel0 being, recon-
st ructed under anl urban ronew il plan prior to --ho( conit ruction (if another
two Fede ri 1 v fuinded section s. Thle chane l would have !een widened and
deepenled inl monst areas , aind rock slope~ prOotci on , on -, 1 .2 slope , wouldc
have heeii placed L inl areas that wer- not ad jacerit to exist ing stabl e
wil Is. The wal1ls c ould( have been caipped to pro vi de add it lenal fihe I h h
!'he two zone channel i no rovomnt hald an c'S i i a ted f irst c ost of S2 VI),00
(1964 price. lovelsi and a bonet it /cost I :it io (it 2. 1 to 1 .0. However ,

the u rban renewal projo c was d rapped ano tile re foimu l.a tIion of a pll n
ot chanl1 imnprovements- wi theout tips tream reserveoirs wa s found not feasible.
I'hj s was pr ia r ilIy becauise thle ref irmulIat ion would have turn ed in to a

we ratlaplan since thet vidth o! thle chanre I requ ired to pass an SPF
diisc ha r~e Weould have forced tile re nova 1 several build ings adjacent
to thet streaIm.

Pi' te re P Io)nd SurfaIc e D)i version - Pierce lend! i s located (in Mecnoesnoc
ibrook about 2 mil1-, ustreamn fromP~ Rockwell Po'nd. A plan to d'vert
ct*,C* fs I ed!F I ass Irom thle pend di [cc t 1% to t he Nor tli Nashua River bv
Illealus of aI 'o,100-leet surf ace d it ch was i nves tigpat ed. Bercause this
area is lii ti urbianii;', the divers ion would be quite disruptive to
tie le'a 1 colmIti it v.In add it ion, it did not meet thet acceptahOi lit v
crit cri1, and had a mnarc lufal henefir/'st raitio. The plan was not
rec onnced for fuirthe r s tudv.

'TunnelI Diver si on - A p [tn to li asFIlod flows oen 1Monotisnoc Krook
I rtr Ro c kwe I 1 len -Id t o an aIrea downst rea' of : tt er S;t roo et Was inlve St-

yra LttI . III i S p1I ;!Tnl tIIed f-or a1 deep 1-ock sliI t and a ''merni up glory''
v I,, i ntakeI si riotiire, at Re kwell Pooli, 3,21( lineajr feet oif deep reck
unineI !111thr the cooit r (0 i'on ill ste .u an ;~ I tO rte Otkt let strut' ttire

wit[, CTIerg"V dil seltaItor 1'ltee ecanis, oIi gb" I lows inl the chliannel
downitrea from tit IwouthI t works, it wio!: i.'css.,!rv to plan for alppurt enant

,;triictutrs. These, oeitl incr led f 1 low aiI roepratliur of lowland il jai'rnt
LO thel' vrei ax tiorp. hitil ding ait hlai : troot anid [n-oval ;Iad reo-
cati till it two, suer mel or~ whicht silait Mo--, i Brook at tilie end )t

Wll Iiill am ,id at 1, iqI rtn'V Str[Ot . I n id i ! c. ti ( :1 12 -f t oI di *ime t orI t tinne I
a 1 4- f:tit d tapirtor , a 10-feet ti1nmet or n. en --fe t -ii lteter' tunnle1 wele
ittv(st igatftl in orrder to dove Iop ;I plan u 11 maxilizero pro 'ect belief ft it
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ECIN Ci [CS 1)F LOCAL PROTKCI I N PLANS

F Irsi AnnialI Annunl 1,/ C
Pla Cott(:ot ene f its Ra ti o

1am (Sitte a)nd
(htnel Pro ecrt 1i 850 n8 I (43 0 . /71

2. Dm(SI te 2)inmd
finite~~~F M r ot I,60 S960r 7()

3.S nrco Oiversion ,60)0 6 14 591 0.96

1 inl I' Sune 82 50 5/,1 620 1 .1/4

5. I' Tunnel [i6/40 C09 6 17 1 .21

6.U11 101unl .1 5 50.1.1

7. 80 Tune 11I,1IA00 40 8 4 16 1 *07

Selecting A Plan

&leot f 1n lie l st plimt :1 p 'o t fr till' stuidv areal
,l eo t r dj -;on ) f thIi .,i r in w i,-, ye thatl slt. i sf i ,d t he

Iormu I :utL I on Zlnij0V ivt o t i0!) Cr i t ('I i 1 ,r Thn i n , p10)i&,;s w;1s Si lip1

ledl when th0 (miCIa lenI ( it eri , hs oht'Iives , o] imnOnatodi the
t I~' ng' ;I!t~tl ive'S ihll In Li .I .

Aj1 i I



(i ce it w as L:tk. tr Ii I w d tha : t c-tt ira] p i ims othItc-r thati It ie J een

ro ck1 tunnelI did not have eciiii lit i car ion f ,r Co rp)s i riuplIe Tnnt at ma;

f our t unnelI alIt o-rno ri v- .,ee o tuJ' m ii it rt. detai 1. A (compa ri Son of
cost s and bene f it-,t for t ho fou )i iLno It I t eri ma i yes slim, ed th;1t t- ht.

I 2-foot diamre ter t innelI max.im rli ,i icot L biief i ts (benci i s over cost s)I

See Appendix I, Sect ion HI ''lconor!,ic'S Of Selected21 Plan, Plate 11-I.

I I asse ss ing t Ihte so 10 ioC cnoic i:- v ronrmt ti]I i npac ts I f
the studied airernait ives it was Ifundm that. tieu tunniel pro ekts b5est
mert the cri terna !-or the L Soc ial PI 'l1 -lEcuing .ud 1 nvi reonment a I IlaI itv
accouints . T1 eC t unnel p ro ,ec t won]]! i I I I-'la ;te t he p)roper tyOI '~rs f t ar

o f future flIoods, ii I ( tht.n~r round cost ri, in 11 , III Id nt1b n' s
no isyv as s ur t, c e ea Is t ru( Ct i 0 n. at!,!i e. o f wa ti k r ua]m i t I-,_ Fo pr oT f)Sed

tunnel indicate that i t woi i.w aot rei- 11i re rampTI)i ng P C t hit d i S"I Olvd
oxygen would not be reduced be IW :W t' '1)t, hI) e 21VV I eIe s Au I a I Vn 0 1f
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Altternatives Display ed. Fhe teilowing :alternatives aire displayed
in the System, of Accounts:

aI. Dam and Channel1 Rest orait o~i

h. Pierce Pondt Surl ace i version

C. Rockwell P,,nd Tunnel P Lee rslon

Planning Ohl~ ect ives .The primnary 1ani t hcc e arc to
provide ad dit ional flo od prc tct ion t o L image centers at ong icenoosnoc

Brook, Leominster , ltissachuset ts , to inc cease the tax base. of the
community and to satisfy environmental considerations.

National Object ives. Principl es andi Standards require that
alternative plans carried throiwh the final planning staige must ho
evaluated against thlt feair nationa l aiC eUnt s Those are Nationl
Economic Devci opmant , Einv i ranmenI21tl l ity, SclU el-ein andIRegional Deco lopment .Sct ion I7of the River and Harbor and IFlood
Control Act of 1970O farthe:- requ ires that , at a mi ni-~tn, the folowin2
effects must be j(Iden ifO, i d nd asc--ssto-i

,) isp aemnn )I Pct ) Oe

COTTIlni tv Ceis ion
('OMnoit v (:roytfi

ECON(PI C FFITCTS

Tax1 Ii ven IIe S
PropertyvalIl
P11h) I ic Fac l Iit i s
Pub] I i . - r V (- S

Regyional drwtfh
1:,mpI Ovrmnt/''l aler Forec
Busines5 nd l ndustrial Act ivity

'1In - !.;I hde P

A ) ( IIi Y - I



Beg iJons IDi Spi aed . Pr inciples and St ardards requ ire that all

rt ~uocs in whic-h a signi lnat ipat occurs he dlisplayed. Of the

rpo SuIggested fcr in-I nsin, )-'vtt planning area and the remainder
of the 'Nat ion aire sho;., since flo signifi carit impacts oct ur in other areas.
The f oeloiOW1O parag raph. let -,)e tnc aireas inctli-ledz

Z1. Pl anning Area. !he r tning or st udy a-rea that encomfpasses
commuinities that so Id fw d eec t v aIFfect (-( by ?Xonnosnoc Brook discharges.

1,. Renai ntier (1: t 1- Nat i-. lin T-k-~ tidy, the "Remainder of the
Nat ion" treers to the ciraonts Ide the stiiK' area. Display of this
repiitti is a reqjuiremtent Of P ri cip)0F 3m esn Landards.

-Ax11iaties Cr itt0rit . Principle'; and 'Standards require that specified
e% ailiiat io criteriai i~ pj L ied to alternative plans and their impacts to
tost the,:ir responsiveness. These -riteria and the coding used in the

avtv I- Actont s di sp Iavs are litE-d below.

C-oG t

lr impct is expected to occur prior to or during, plan

implie-mrntat ion.

2 Impact is expect ed to occur within 15 years following
p lan imp I omen ta t ion.

f rip;ac t is exetdto occur later than .15 years following

l) I im IPsmtn ta t ie(II

1 Impac 't 'cu-irs at indicated period and continues for an
i-Ic! ( ill ,,to- ft "re ne rtonl

h.m ]'r t Ii::Z t

a i-vol 1111tin 1-tainit ' ao ed with the impact is
grt Ic rt ha n 5 0 :)O e Pn

1,S ( 1iv (0 lllf(t t.1 a ttV is i- -en 10 and 50 percent.

Ft Lve 1 )f in-erraint v is FK 1-en 0 and 10 percent.



c. Exclusivity

Code

7 Overlappin; entry; fully monetized in NED account.

8 Overlapping entry; auot fully monetized it. NED account.

d. Actuality

Code

9 Impact will occur with implementation.

10 Impact vill occ-ur only when specific additional actions
are carrieJ out during implementation.

ii Impact will not occur because necessary additional
actions are lacking.

The following ,ystem of Accounts Table shows three aiternaitve
2iethods for providing flood control. Because Alternative 3 (Rockwell
Pond Tunnel Diversion) x-uas the only plan to have economic justification
it was chosen as the 'Natioral Lcoiiomic Development (NED) Plan. Excess
benefits were nmiximized for the 12-foot diameter tunnel, therefore this
size was recommenoeui. Bhcause is plan provides the greatest positive
input to the Environmental Quality (EQ) account, it was selected as the
NED oriented EQ Plin.

AppeOii x-



-Y

A, /. -

~l 2i
~ I

-I Z..j ~2 U-
r A -

4 C

Cf tfl .4' ".4.., 1'

'1



0
to-

C
-- S
0 a,-

-9 .~

~
z a,-

-, ~ ... Q -

2 r

2
La1

La C - - --

7<

7 I
K' -

-I-I

*1.



0

'4

-1
.2 Q C

4- '4 C

H 4; -cc.

'4 :4.

0 'p

-1~ -~

cc A

C
C
4'- ~

: j
/1



1~

C

-c3;
'I *t t

-. S -~

~ V..

.3
2L -

CL

-J-.~ --- -0

9 2~

2~~ .-

r - -.



zi

cn



I

- - I

v-I

- - 4';..g.- ~



SECTION G

THE SELECTED PLAN



,'1

THE SELECTED PLAN

TABLE OF CONIENTS

Item Pe

PLAN DESCRIPTION G-I

PLAN ACCOM4PLISIWENTS C-2

EFFECTS OF ?LAN ON ENVIRONMENT G-4

IUMAN AND l;CONOM'IC RESOURCES GC-4

BEAUTI FICATION G-4

NATURAL RESOURCES G-5

WATER QUALITY C-5

OTHER EFFECTS C-7

GFOTECHN ICAL INFORMATION G-10

FOUNDATION EXPLORATIONS -10

FOUNDATION COND1 iI 0N2

INTAKE STRUCTU',S c-!0

INTAKE SHAFT ;-11

Sir-AEI' SHA:T (-1 1

I UNNF, ;-1 1

DIS I GN C-I I

C)ONSTRI.(:T IO)N (-1 2

OPI:RA I O(N ,;I) MA: ;':NANp F x 1 3

Append Ix-I
(,- t



TABLE OF CONTLNTS (CONT'D)

LIST OF TABLES

No. Title P _Le

G-I. ESTIMATED FIRST COST OF SELECTED PLAN C-3

G-2 WATER QUALITY, ROCKWELL PONI) G-8

G- 3 DISSOIVEI) OXY(;EN/STORAG" PERIOD G-D

L!ST OF PLATES

Plate No. Title

C-i BASIN MAP

G-2 GENERAL PLAN AND PROTFLE

C-3 !NTAKE PLAN

G--4 OUTLET PLAN

(-5 RECRADIN(; PLAN

(;-6 SECT I NS AND iHAlIS

.\p['('nI i I
( -i i



S EC I7'1ON G'

THE SELECTED PLAN

-111h frc- L'd i n se-- -t i olt:i s l:- .: , : ' in ~I -I I :,!, ' 11 i 1 1 I

t hot, 1 p l I., wi ti 11 L Iw Ilkt po't0 1Ilt j I: t (,r 55 : I- , 1w p r r !It ' I

n1cI ' tho st~ld%' jr * ill,* fo1 :i i. do's I q rib Th~k Cs-st '1 o

con tro I p Lin and i t 1ish t'ev' ssa'> anI v 1 ~ sft as- :15 l 1 as its sinfl

c ant 11 0sign1 , c k 1 t wUIC n ) I-er 1 I .!Id I p;i' I L ,'.13, 1( t t

Plan Description

Ilk 1iI t nlI C~r~l t.: rI''C' l t, o~C irts the

N0C1101,11-I INrk i;CC-C ~ sC r nCI-. 1 I SI t ~TtI' C ? Or S I,

I\' ls tCno)i frri I ikw' 1 1 P-I: 1'' a1! C'II< 1 tw(k~ :,!A MSli :n
s't ri-it. N InL ri ct ral m C-I r:-. -(pIlts t o :L:ur(,t I ) it - t\ v

Ct i- Il "k. tCC!r' t'C i LV c 1~* 1: ICC III :C1CIIC e . c~ r

i, re C s L It k I I- 1. Il I ( 11 1. .'x' 1 tw>s ltn' is C I tCCI

Il n t'l S .t r sl i 'I Il i I t t 11 i

rI I 1 1" l Il i I )1 r , .l l, 1 t l(

I>l: I 1 i pa I ' ' t (I I I- 'IS r S I '11

12 -oo I I - )n111 ,



7 ADA099 249 CORPS OF ENGINEERS WALTHAM MA NEW ENGLAND DIV F/6 13/2-

AUG 7MERRIMACK RIVER BASIN, LEOMINSTER LOCAL PROTECTION, 
M0ON0OSNOC B--ETC(U)

UNCLASSIFIED N

E:_ mhhhhhhmi
mBhEIhhIhIhEil
IIIIIIIIIIIIIIm
hhhE||hhEEEi-
EmIEEE..IIID
.- EEEEEEEI



From Whitney Street to Williams Street approximately 3 acres of
bank regrading to provide for drainage away from existing buildings of
the Pyrotex Company.

Relocation of the sewer pipes located under the Whitney Street
Bridge and at the end of Williams Street. These pipes are hydraulic
obstructions to present brook flow.

All land disturbed by the proposed construction would be restored
to its natural condition by planting and seeding.

These flood control measures are shown on Plates 1 through 6 of
this section, while estimated Federal and non-Federal first costs
are presented in Table G-1.

Plan Accomplishments

The major benefit to be accrued from the plan is reduction of
future flood damages to about 70 acres of residential, industrial and
commercial property that are currently susceptible to flooding. The
diversion tunnel would produce substantial benefits from potential
urban development aid an incentive to restore areas of the city which
are now subject to varying degrees of urban decay.

Average annual flood control benefits of $540,700 are estimated
for the proposed project. Annual redevelopment benefits attributable
to the proposed construction amount to $76,000.

Existing and future developments would be assured of protection
against flood damages by the proposed selected plan. Flood protection
is crucial to any revitalization program in the Leominster core area.
The threat of flooding is now a contributing factor to the deterioration
of the core business area in Leominster.

Appendix-I
G-2

• .1



IABLE (;-i
ESTIMATED FIRST COST OF SELECTED PLAN

(June 1977 Price Level)

FEDERAL COST

Item Quantity Unit Unit Price Amount

Preparation of Site 1 JOB L.S. $ 20,000
Gen. Earth Excavation 6,400 C.Y 7.00 45,000
Tunnel Rock Excavation 20,500 C.Y 71.50 1,465,000
Shafts, Complete 161 V.F. 8,161.50 1,314,000
Open Rock Excavation 110 C.Y. 27.25 3,000
Gravel Fill 1,500 C.Y. 6.40 9,600
Dumped Gravel Fill 1,100 C.Y. 5.40 5,940
Gravel Bedding 800 C.Y. 6.40 5,120
Concrete:

Intake Structure 430 C.Y. 130.00 55,900
Tunnel 7,400 C:Y. 149.05 1,103,000
Outlet Structure 450 C.Y. 120.00 54,000
M&ass 500 C.Y. 60.00 30,000

Portland Cement 60,800 CWT 2.80 170,240
Tunnel Grout 10,00 C.F. 14.00 140,000
Steel Reinforcing 549,000 LB 0.40 219,600
Rock Bolts 2,500 EA 54.00 135,000
Steel Bents 150 EA 450.00 67,500
Drains 210 EA 80.00 16,800
Waterstop 13,600 LF 9.20 125,120
Stone Protection 720 C.Y. 25.00 18,000
Topsoil 2,700 C.Y. 7.50 20,250
Seeding 3.25 Acre 2,500.00 8,125
Dewatering (tunnel) 1 JOB L.S. 326,000
6' Security Chain

Link Fence 170 L.F. 13.00 2,210
Miscellaneous Metals:

Struct. Steel, Standard 6,400 L.B. 0.40 2,560
Struct. Steel, Curved 2,300 L.B. 0.60 1,380
Galv. Steel Floor Grate 1,820 S.F. 8.00 14,560
Galv. Steel Safety Grate 8,400 L.B. 0.75 6,300

2'x2' Sluice Gate I E.A. 300.00 300

SUBTOTAL $ 5,384,505
CONTINGENCY 815,495

TOTAL CONSTRUCTION COST $ 6,200,000

Engineering & Design 400,000*
Supervision & Administration 520,000

TOTAL ESTIMATED FEDERAL FIRST COST $ 7,120,00C

NON-FEDERAL COST
Lands & Damages 370,000
Utility Relocations 15000

TOTAL ESTIMATED NON-FEDERAL FIRST COST $ 520,000
TOTAL ESTIMATED PROJECT FIRST COST $ 7,640,000

*Does not include preauthorization cost of $210,000.
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Effects of Plan on Environment

The primary effect of the plan would be the flood protection
provided to approximately 70 acres of urban area or mixed land use.

Secondary effects include the potential increase in economic
activities for the project area as well as more intense and higher
development of the protected area. Other effects include increased
real estate values in the urban area and a resulting increased tax
base.

Removal of the flood threat would enhance the quality of the human
environment and improve the local economy as well.

Human and Economic Resources

The plan would have no significant long-term impact on employment,
but it would provide temporary employment during the construction period.
In addition, the project would provide a market for local suppliers
of gravel, steel and concrete materials.

Long-term impacts are associated with changing real estate values.
Area property value would increase because there would be a flood
free area, retained open space and improved visual impacts. Residential
property values would also be expected to rise. A potential improvement
in social and economic well-being could be realized with the implementa-
tion of the project.

Beautification

Beautification measures would receive careful consideration
throughout the advance planning and construction of the project.
Borrow and spoil disposal areas would be chosen to minimize the problem
of restoration and would be designed to avoid any water pollution.

In general, visibly disturbed elemcnt:; surrounding the project
-rea would be landscaped to restore the ii oral scenic beauty and to
provide an att ractive appearance for recro.;it ional enjoyment.

Items of beautification and esthetics would be coordinated with
all elements of the publtc and the local ),,ivernment.

Appendix-t
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Natural Resources

The selected plan is designed to minimize disturbance to natural
waterways and stream life vegetation and any such disturbance would be
temporary. Further erosion would be prevented by restoring banking
ou Monoosnoc Brook and regrading for natural drainage.

The proposed diversion tunnel would not upset the natural flow in
Monoosnoc Brook as it passes through town, but it would prevent overbank
flooding by diverting excess flow through the tunnel, thus giving flood
protection to property along this section of the brook.

Some temporary adverse environmental effects would be experienced
at Rockwell Pond. To facilitate construction of the intake structure.
The surrounding area would need to be filled temporarily. Any vegeta-
tion that is damaged should recover normally after the fill is removed.
Overflow is drawn from the top layer of the pond so the danger of fish
being drawn into the tunnel is unlikely as most fish are bottom dwellers.

The regrading area at the Pyrotex Company would mean some loss
of trees and shrubs and the habitat associated with them. After
construction, reseeding should restore the area to its former natural
conditions. Any environmental loss resulting from the project is con-
sidered minimal and temporary compared to benefits attributed to the
selected plan.

Water Quality

Water stored in the proposed Monoosnoc Brook Diversion Tunnel
between flooding events is not anticipated to be depleted of dissolved
oxygen. Based upon preliminary studies concerning the effects of water
storage on dissolved oxygen concentrations, it is expected that a mini-
mal value of approximately 7 mg/l will always remain in the Lunnel. A
more detailed sampling program will be required during the design phase
to verify these results.

The estimated minimal storage value is due to the good quality
of the water in Monoosnoc Brook. There are six water supply impound-
ments in the 10.4 square mile drainage area contributing to the outlet
of Rockwell Pond, the intake site of the proposed diversion. These
are Notown, Haynes, Morse and Distributing Reservoirs and Goodfellow
and Sumond Ponds. All of these impoundments and their tributaries
are presently classified by Massachusetts as Class A waters. Under the
atandards of the classification system, the dissolved oxygen percent
saturation is always equal to or greater than 75 percent for at least
16 hours per 24-hour period. The oxygen concentration in associated
tributaries is always equal to or greater than 5 mg/l. Total coliform
bacteria per 100 ml do not exceed an average value of 50 counts during
any monthly sampling period. Color, turbidity, pH, odor and taste are
all of natural origin.

Appendix-1
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The main stem of Monoosnoc Brook is classified as Class B water,
Under this classification dissolved oxygen in the stream should be at
levels above 75 percent of saturation during at least 16 hours of any
24-hour period, and at a concentration of not less than 5 mg/l at any
time. Total coliform bacteria counts should not exceed an average value
of 1,000/100 ml nor more than 1,000 in 20 percent of the samples. Color,
turbidity and chemical constituents should be present in such concentrations
that no inpairment of Class B uses will occur and no harm will be caused
to humans and aquatic life.

The water quality study concerning the effects of storage on dis-
solved oxygen concentrations is based upon results from Rockwell Pond
water collected on 18 May 1976. Table 1 lists the values of the para-
meters measured and the calculated ultimate biochemical oxygen demand
(BOD).

To determine the effects of storage on dissolved oxygen concentra-
tions in the proposed tunnel, four assumptions were made:

(1) It was assumed that the data from the later phase of the storage
experiment was incorrect because the dissolved oxygen values increastd
after 4 June 1976 (Table 2). The manufacturer of the dissolved oxygen
meter was contacted to discuss the possibility that oxygen was introduced
into the test bottles when measurements were being obtained. The manu-
facturer indicated that only an insignificant amount of oxygen would be
normally introduced. However, similar studies performed by Dr. F.
DiGiano of the University of Massachusetts for the Corps proposed Beaver
Brook Lake Project also experienced increasing dissolved oxygen concentra-
tions in his storage studies. He attributed the increase to dissolved
oxygen introduction during sampling even though precautions were taken
during the experiment to exclude this occurrence.

(2) Based upon engineering judgment, it was assumed that the
portion of the data reflecting oxygen consumption during the initial
phase of the study is representative of the type of consumption for the
entire test period.

(3) It was also assumed that the water stored in the Monoosnoc
Brook diversion tunnel between flood events will have a low BOD because
it is water retained during the recessional side of the hydrograph.
Studies done elsewhere disclose that orgnic matter and other pollu-
tants are usually washed from the watershed during the first hours of
a storm event. The low BOD during sample. rollection is considered
representative of values in the tunnel after diversion has ceased,

Appendix-i
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(4) An asymptotic decay curve was assumed because bacteria in
the stored water will consume oxygen and organic matter. When all the

nutrieats are utilized, dissolved oxygen depletion will stop. Since

the ultimate BOD is low, not all the oxygen will be consumed. The

calculated lower limit of dissolved oxygen (k) can be considered the
approachable asymptotic value. Therefore, the equation for the dis-
solved oxygen depletion will take the generalized form:

Y = k + abx
c

Based upon these assumptions, the following equation for dis-

solved oxygen prediction in the proposed tunnel is:

CDO = 6.58 + 3.8 (0.79 )x

CDO = dissolved oxygen concentration in mg/1

x = days of storage

According to Figure 1, it will take approximately 22 days to reach
the minimum dissolved oxygen concentration of 6.58 mg/l in the tunnel.

The maximum dissolved oxygen concentration in the test bottle was
10.0 mg/l while the ultimate BOD concentration of the water was 2.6
mg/i, leaving 7.4 mg/l. The difference between 7.4 mg/I and the mini-
mum value of approximately 6.6 mg/1 is the amount of oxygen that will
react with ferric Ions in the water to produce a ferric hydroxide

precipitate.

As previously stated, a more detailed analysis of water quality
would be initiated during subsequent studies.

Other Effects

Area redevelopment benefits include employment during the construc-
tion period and an improved economic climate. Risk to human life will
be greatly reduced by a flood-free zone. Intangible benefits of a
flood-free zone are improved public health and well-being and increased
morale to residents. In addition,project lands required for an under-
ground tunnel would not decrease the city's tax revenues but would
potentially increase land values and encourage economic stability.
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TABLE G-2

MONOOSNOC BROOK DIVERSION PROJECT

LEOMINSTER, MASSACHUSETTS

WATER QUALITY
ROCKIIELL POND

Parameter Value

Date 18 May 1976

Time 0935

Air Temperature 18.80 C

Water Temperature 20.00 C

Dissolved Oxygen 8.5 mg/l

pH 6.4

Specific Electrical 13 umhos
Conductance

Ultimate BOD 2.6 mg/l

Appendtx-I
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TABLE C-3

MONOOSNOC BROOK DIVERSION PROJECT
LEOMINSTER, MASSACHUSETTS

DISSOLVED OXYGEN/STORAGE PERIOD

LABORATORY STUD7*

Date Dissolved Oxygen
(1976) (mg/i)

18 May 9.3
20 May 9.3
24 May 10.0
26 May 10.0
28 May 9.4

I Jun 8.0
2 Jun 7.9
4 Jun 7.9
7 Jun 8.4
9 Jun 9.0

11 Jun 8.8
14 Jun 9.6
16 Jun 9,2
21 Jun 9.6

*Test conditions were performed at the expected tunnel temperature
range of 50-550 F.

Appendlx-I
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Geotechnical Information

Foundation Explorations. Three borings (Stations 1+30, 20+75, 31+90)

and three seismic lines (Station 28+00) were accomplished along
the alinement of the proposed tunnel. The locations of the explorations
are shown on the general plan (Plate 2). All bore holes were pressure

tested in rock. Seismic investigations were made to determine the depth
to bedrock beneath the terrace feature.

Boring FD-2 at Station 1+30 near the inlet indicates about 15 feet
of overburder, consisting of silty gravelly sand, sandy gravel and gravelly
silty sand. Boring FD-3 at Station 20+75 showed 19 feet of overburden
which is comprised of silty and gravelly sands, silty sandy gravel and
some till overlying rock. At the outlet site, boring FD-l at about
Station 31+90 showed bedrock at a depth of 28 feet. The overburden is
sitty sandy gravel and silty sands.

Rock at the intake (boring FD-2) is a gray, dense, hard, slightly

calcareous, unweathered phyllite. It is massive with occasional joints
that are usually tight. There are occasional hairline healed joints and
fractures. Foliation is generally dipping about 35o . Core recovery
for the entire boring was 98 percent. At Station 20+75, boring FD-3
showed a phyllite foliated and slightly calcareous. There are occasional

joints and local weathered zones. The rock has numerous hairline steeply
dipping healed joints and fractures. Many have calcareous fillings and
many are stained. Core recovery was 97 percent. At Station 31+90
near the outlet, rock is at elevation 302. The rock is primarily a gray,

hard schist with zoner. Healed high angle fractures are common. Weathering

is along joints and localized zones. Core recovery was 88 percent.

Foundation Conditions

The inlet will be founded in Rockwell Pond. The tunnel invert

is at elevation 308 at the intake and elevation 264 feet at the outlet.
From preliminary data, the tunnel will be in rock with at least two

diameters of rock cover.

Intake Structures. The intake structure is founded on phyllite in Rock-
well Pond (Plates 2 and 3). About 10 feet of bottom sediments are anti-
cipated in the pond. Rock is assumed to be near elevation 400. The
rock is competent and appears adequate for the structure. DewaterIng
will be required for construction.

Appendix-
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Intake Shaf t . The 12-foot finished diameter intake shaft wil I he in
phyllite to thie invert elevation of 308. The rock is competent but
may Iiave some localized weathered or fractured zones because of the
shallow depth. A permanent lining is required.

Outlet Shaft. The outlet shaft will be in rock between the invert
elevation of 264 and the rock surface at elevation 305. The schist and
phyllite encountered are generally hard and competent although some

fractured and weathered zones will be found. There is about 15 feet
of overburden consisting of 5 feet of silty gravelly sand overlying
6 feet of silty sandy gravel followed by 4 feet of till. The materials

are adequate for shaft construction.

Tunnel. The 12 foot finish diameter tunnel will be in rock. The rock
near the intake will be primarily phyllite. Downstream of the intake
zones of schist will be encountered. Maximum rock cover will be about
80 feet. Weathered and fractured zones will be encountered within
shallow depths closer to the outlet. From the limited data, tunneling
of rock is not expected to he difficult. The permanent lining is con-

sidered necessary for tunnel support.

Design

The proposed Rockwell Pond bypass tunnel would divert anticipated
floodflows above the densely populated commercial and residential area
via a 3,200 foot long deep rock tunnel to a point approximately 900

feet downstream of the Rochdale Dam below Water Street. With a design

discharge of 3,400 cfs, flow velocity in the tunnel is estimated to be
28 feet per second. The diversion project would, in effect, reduce the
flow in Monoosnoc Brook as it passes through the center of Ieominster,

thus giving this section of town adequate flood protection. Monoosnoc
Brook would be flowing at a nondamaging channel capacity of from 600 cfs
at Rockwell Pond to 800 cfs below Water Street.

The proposed sp I lway Inlet would be located in Rockwell Pond

just upstream of the existing dam. The circular intake structure
would have a diameter ot 46.64 feet, at a weir crest elevation of 416.7
msl. A galvanized steel ;,rating would be placed over the intake
as a safety measure and to prevent trash from entering the tunnel.
The shaft would drop 90 feet below the assumed bedrock surface of

elevation 398 feet msl to the tunnel invert of 308 feet msl. The
shaft diameter wo ild he 1/4 feet to elevation 348 feet msl with a
transition to 12 feet in the neck between elevations, 348 and 138
feet msl. The 3,200 foot long tunnel would be drilled and/or blasted

through rock and would have a permanent concrete liner to prevent any
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lot rus ion of groundwater. The invert of tIie tunnel would slope to elevat ion
264ms I at the out Iet shaft. The 12 foot diameter outlet shaft would rise
50 feet to the out let st rootu o invert . The concrete outlet structure
would widen to 32 feet at on invert elcvation of 320 feet msl (See Plate
(;-6 ) . A discharge channel would be e xca;r ted from this area for a distance
of about 250 feet to the existing channel. Although discharge velocities
would not cause erosion in the channel, either concrete blocks or large
rocks would be placed in the channel to provide sheltered areas for fish
habitat.

The present dam maintains the i-vel at Rockwel l Pond by a weir
about 13 feet high with a crest elevation at 415.7 feet msl and an
effectivfe length of 68 feet. The proposed improvement would modify
the existing (lam by redueing the effective length of the weir to 22.5
feet while maintaining the same crest elevation. This elevation is one
foot less than the propoqed diversion crest and would, therefore, allow
normal flow passage of tp to 70 efs downstream through Leominster in
the MOlOOSn1OC Brook channel before, the diversior. goes into automatic
operation.

Additlenal construction would includ regra din, of about 3.5 acres
of flo d-prone property at the Pvryt-ox Companyv , located about 300 feet
downst ream fron Whitney Street. Existing ground which is as low as
elevat ion 109 msl would be sloped fr.,m the riverbank to an elevation of
317 ms! near the building. A plan of the proposed regrading is shown
on Plate 5.

Two existing sewer lines which cross the river under the Whitney
Street Bridge and at the end of Williams qtreet would be relocated
do,(4stream or replaced as a syphon under the brook at these locations.

In general, this planned improvement is intended to divert excess
flow from Monoosnoc Brook and would not take normal flow away from the
brook. The design capacities are such that existirg conditions would
be maintained above and below the diversion.

Construction

Assuming the autheroriza tion and ;vnila;ilitv (f construction funds,
It is estimated that the project could be designed and constructed in
abort three years. 1he actual construct ion period Is estimated to be
less than two years.

pp u, tx-I
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During the construct ion phase, eart hf II wou Id be rLqu ired for the
temporary worksite at Rockwell Pond in order to construct the proposed

spillway. Estimated rock excavation for a 3,200 foot length of tunnel
would be 20,500 cubic yards. Excess excavation materials would be

disposed of by the contractor at 'Government apprc,,?d disposal sites.

Concrete required for the intake and outlet s~ructures and the tunnel
itself is estimated at 8,780 cubic yards.

All necessary easement lands, temporary and permanent, would be
restored to their natural env-ronmental setting after construction.

Operation and Maintenance

Assurances would be obtained trom the Comnionwealth of Nassitchusetts
of acceptance of the' tunnel and appurtenant structures after completion
and the assurance of maintenance and operation in accordanc< vitk Federal
regulations.

No significant problems ire anticipated in conneccion with th,
operation and maintenance of the selected plan after its coropletion.
As designed, the diversion will aiutomatically take any excess flow from
Rockwell Pond and Monoosnoc Brook wi]l flow at nondamaging channel capa-

cities without overtopping its banks. Therefore, operational cost is
zero. Initially, Federal standards are established for the structures

themselves with the cooperation of the city. Its maintenancc of those
3tandards is then a local responsibil ity. In addition, local interests
would be required to maintain the existing channel to pass the maximum
nondannaging flood flow of 600 cfs to 800 cfs. The projected cost of

maintenance is estimated at $1,700 dollars a year.
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SECTION H

ECONOMICS OF THE
SELECTED PLAN

The purpose of this section is to centralize economic material,
including both cost and benefit data. The material presented in the
following pages concerns only those facets of the proposed improvement
which can be readily quantified in dollar values.

Methodolgy

The tangible economic justification of the proposed improvements,
which provide essentially complete flood protection against a Standard
Project Flood in the urban center of leominster, can be ascertained by com-
paring the equivalent average annaal charges (i.e., interest, amortization
and operation and maintenance) with an estimate of the equivalent average
annual benefits which probably woald be realized over the 100-year period
of analysis selected. The average annual benefits preferably should
equal or exceed the annual costs if the Federal Government is to contri-
bute toward the project.

The values given to benefits and costs at their time of accrual are
made comparable by conversion to an equ'valent time basis using an appro-
priate interest rate. An interest rate of 6-5/8 percent applicable to
public works projects was used in this report. The net effect of converting
benefits and costs in this manner is to develop equivalent average annual
values.

Because of the high degree of protection afforded and thc high
quality of maintenance that would be required for flood control works
in an established urban area, the physical life of the works would exceed
100 years. Bas-' on these factors, a 100-year period of analysis was
selected.

Appendi x-1
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The development of costs and benefits follows standard Corps of
Engineers practice. The value of all goods and services used in the project
is estimated on the cost side. On the benefit side, damages prevented and
area redevelopment benefits created are estimated. The assessment of damages
prevented is based on damage surveys which provide damage information related
to stages or elevations of such damage. This material is then related to
frequency data to convert it to average annual values. Annual benefits
are then computed by changing the average annual values to reflect the
impacts the project will have on the study area. Graphic development
of stage-damage and damage-frequency relationships are shown on Plates
H-4 through H-13. Stage-frequency curves developed for three index stations
are presented on Plates H-i through H-3.

Another consideration is maximizing net quantifiable benefits. This
is an economic concept aimed at sizing a project or investment to the point
where the greatest excess of benefits over costs occurs. In effect, this
is the point where the last increment in project size has an incremental
cost equal to incremental benefits, and any further increase in size
would not be economically justified. Maximization does not, however,
reflect qualitative values. Plate H-14 depicts the results of maximi-
zation studies with an Excess Benefits Curve.

Costs

First Costs

The estimates of first costs provide for a relief tunnel project
as described in Section G and shown on Plate G-2. The estimates provide
for the construction of the 12-foot diameter tunnel inlet and outlet
structures and other appurtenant items. Quantities of the principal
construction items were estimated on the basis of a preliminary design
which would provide safe structures for given conditions. The estimates
for first costs were based on June 1977 prices. A contingency allowance
of 15 percent is included. Engineering and design and supervision and
administration are estimated in lump sum items based on the cost of similar
projects throughout the Boston area and amount to about 6 percent and
8 percent, respectively.

Table H-1 summarizes the estimated cost of the plan of improvement.
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-TABLE H-i

SUMMARY OF FIRST COSTS

First Costs

Preparation of Site $ 20,000

Earth Excavation !,5,000
Tunnel Rock Excava ion 1,465,000
Open Rock Excavation 3,000
Shafts, Complete 1,314,000
Gravel Fills 20,660
Topsoil and Seeding 28,375

Concrete I,553,140
Steel Reinforcing and Misc. Metals 444,410
Drains (6,800
Waterstops 125.120
Stone Protection 18,000

Dewatering (tunnel) 326,000

Subt ot al 5, 384,505
Contingency 815.495

Total Estimated Construction Cost 6,?00,000
!Fnginiwering ind Design 400,000*
Supervision and Administration 52),000
Iind.; ,nd Damages 370,000
t'tili tv R, loca ions 1 5

1 000

TOTAl. PROJIFJ"T COST 57,040,000

*Does not include $210,000 for pre-authorization studies
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Annual 'osts

Estimates of annual costs are based on a 100-year period of analysis.

Interest during construction is not included since the construction period
is estimated as being oniy two years. The invwstment cost thus eqt als
the first cost. Interest and amortization charges are based on an interest
rate of 6-5/8 percent. The estimazed cost of operation and maintenance
is also included. Table 11-2 summarizes the annual costs.

TABL.E F1-2

SU ARY OF ESIMAThD ANNUAl. COSTS

Item Cost

Federal

Interest and Amortization (.06635 x $7,120,000) $ 472,400

Non-Federal

interest and Amortization (.06635 x $520,000) 34,500
Operation anO Maintenance 1 700

TOTAL ANNUAL COST , 508,600
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Floods Losses

Extent and Character of the Flood Area

Approximately 70 acres used principally for business and industry
are subject to flooding when Monoosnoc Brook overflows its banks. The
flood-prone section of Leominster, for the purpose of this study, des-
cribes an irregular pattern in the city's core area and includes the
southwestern half of Monument Square, its civic and business center.
It extends from Rockwell Pond on Pond Street downstream along Monoosnoc
Brook to the Williams Street sewer crossing, a distance of 1.4 miles.
his area is hereafter referred to as the Project Area.

The project areia is characterized by low-to-middle income residential
neighborhoods closely mixed with manufacturing and business struc:ures,
some few of which are now vacant or partially used, and a tight network
of paved roads. There are 64 residential structures here, predominantly
multifamil) housing with some single-family homes. The quality of
housing varies; spot demolition of deteriorated structures is occurring
and extensive improvements are planned. However, even with problems
of upkeep, the overall appearance of the area is good with ample informal
green space and tidy streets.

The current 1975 Leominster land use map shows the following urban
functional activities in the project area: residences, heavy manufac-
turing, vacant lots, commercial and retail sales, auto and marine
services, a few semiprivate or public service institutions and minimal
formal green space. In addition to the 64 residential structures
mentioned above, there are 10 factories and 94 small businesses.

Damage Suirvevs

A detailed damage survey was conducted by damage analysts of the
NE) in 1974. The survey consisted of a property-by-property canvas
of all structures in the floodplain as defined by the highwater lines
and all adjacent properties up to elevations of three feet higher than
the record flood level. The damage analysts made their own assessment
of potential flood losses and verified them with some of the property
owners. Knowledgeable property owners were consulted when available.
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The damage stirvey evaluat od physical damages to buildings and
contents as well as nonplivsical losses, uti lities Jor instance, and
the emergency costs associated with a flood, including the costs of
temporary shelter and subsistence. Estimates were also made for stages
below the record flood level as well as the stage at which damage
would begin.

Recurring and Annual Losses

Losses by stages referenced to the record flood level were tabulated
for the flood-prone area as delineated by hydrologists. Recurring
losses are estimated at $3,952,500 (1977 price levels) in the event of
a flood of the proportions of the 1936 record flood. It was determined
that the losses would be 13.5 percent residential, 38.4 percent industrial.
45.0 percent commercial and 3.0 percent public. Recurring losses were
combined with stage-frequency data to derive annual losses. Annual
losses so obtained amount to $554,300 at 1977 price levels.

Trends of Development

The potentially floodahle area is primarily commercial and industrial
in character and it is substantLally developed. This concentrated
development consists of 94 business establishments, 10 factories and 64
residential structures. A small number of public facilities are affected.
From a social point of view tioe project area appears to be valuable
because it provides both low income housing and opportunities to foreign
immigrants for work and acculturation in a small, stable city.

Benefits

Flood Damage Prevention Benefits

Tangible flood damage prevention benefits are determined by the
following method: The difference is taken between annual losses under
the without-project conditions and residual annual losses to be antici-
pated with the proposed project. In the present case, such benefits
so obtained amount to $540,700 (1977 price levels). Residual annual
losses with the project amount to I 3,600 (1977 price levels). The
distribution of annual benefits by geographical areas and related
hydrologic index stations is shown in Table H-3.
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IA.\lI.I' II-

AV]-RA(;- ANN'AI iE'NI'" I'S
(1977 Price leVls)

12' Tunnel

AREA I - Index 3
(Cotton Street to Pond Stroot ) 88,300

AREA 2 - Index 3

(Central Street toa Cot ton Strcot) ?55,400

AREA 3 - Index 2
(Railroad Briue to Centrj] Street) 108,900

AREA 4 - Index I
(Whitney Strett t Eailr ad Bridg.) ,000

AREA 5 - Indcx I

(rownstitam k.1 lij, n', 'It, ,t) 100 .

TOTAL AVI.IEACI* ANNUAL. I1 N I V S 1 5,.O,700

Signitic/int int angible hcnctit'; would , , ,nsue from the. proposed

pro voot. Those illn I tIde a robhotiii in h.ilth h.:t?ardls ,.just' bv pllutt'i

floodwaters, a potential imprvem,'nt of tOw sc Ial aind eonoo it wt]I -
being of both residents and t,m)nic act ivitfcs in thetroa , ilnd .I
cutback in the demand for imul ipal .I ervlits (pl ,ice, Iirt', public works
departments) during flood it'mrgun, its.
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Area Redevelopment Benefits

In labor market areas which have been designated as Redevelopment
Areas, Senate Document No. 97 of the 87th Congress directs that the
project benefits shall be considered to be increased by the value of
the labor and other resources required for the project construction
and expected to be used in project operation, project maintenance and
additional area employment du-ing the life of the project. Otherwise,
such labor and resources would not he utilized or would be underutiitzed.
Leominster lies in the Leominster-Fitchburg SMSA, which has been designated
by the Economic Development Administration as a Title IV Redevelopment
Area under P.L. 89-136. In July 1976, the unemployment rate was 8.7
percent and in August 1975 it was 13.6 percent.

The records of this office indicate that in the average civil works
project, the labor cost approximates 27 percent of total construction
costs. The construction cost of this project is currently (,June 1977)
estimated at $6,200,000. Lahnr's share amounts to $1,674,000.

It is regular practice for a contractor to maintain a skilled
skeleton crew and fill tho rest of his requirements from the local labor
pool. For this project it is etimated that 75 percent of the laborers
will be locally hired. Thlile not all of this labor will come from the
rois of the unemployed, the jobs that they leave will be filled by
either the unemployed or the underemployed; thus, 75 percent will he
used. It is estimated that the work will take two years to complete.

No benct it is conside red f:or ;ihor engaged in maintenanc( and opera-
tion of the. project after construction; the work will be handled by
the communitv's regular public work force.

With intk rest at f-5/8 pi.rent, the derivation of the annual
redevelopmnt benefits is as follows:

$S1200,000 x 0.27 S1 ,074,000 TOTAI. LABOR COST

S1 ,674,000 x 0.75 1= S ,?55,50O ILOCAl, LABOR

5627,7U : 0.9() i ' N S8 , 3n

56 ,) , ,0 0.88 5 ') "'aO

$ 141 , ?'0

SI, 1,41 -l'0 x .()(,1, (CRF 10V 1 ,-5/U. 8 75,72.' or S/ ,000

rt.hve Ie ,pmr n/ bteiet It s
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Fut tire iReet its

The purpose here is to determine the extent of possible future
beniefits due to growth and to oval uate thc piracticality of computirg,
such benefits in each of the three bone fit cate)gor los. These benefit
categories are inundat ion reduction, intensification and locati on. Theyv
are differentiated as follows:

L . The fut Lre i nunda t ion rod'it' t ion bone fit is the value of
relucing flood losses to activities which will use the floodpla--n
without a project. The benf it consists of the reduct ion of the amount
Of future damages and related costs, flood fighting for example. Future
damages are discounted to the base year of the project.

2. The intensi ficat ion benefit actcrues to commerci;,l , industrial
an gricultural sectors. The bone fit istevaIco ap i to attivi ties

which, with protection, 'ire enabled to utilize their land more intensively.

i. 1 he locattionl bone fit is theL vA I no of mak ing the t Ioodp lain
alvatiable for new uses by redu cing tlood hazards to actilvi ties that would
1150 the floodplain only with prote:t ion.

F! e I d- Work

F ielId work consisted of inspect icis and surveys of the sito Ii
I eon ins to r. A nap 0 1 the f I oodp li in wi)s utilized in conj unction wi'th a
zoo tog, mall and a land use map . The 10 7/4 Damage St iidv oif the >tonoosooc
lirook * referenced to thle 1936 flood , wais emp l oved . All vacant land
in tlie f I cod p)la in was; noted , zoning for such land was dot ermi nod and

t u cce p rob~ablte hypotheosi zed . The Loominster Plann ing Board wais
consul ted about poss i ble zoning changes and present and fuituire demol it ions.
CitiZenIs with a practical knowledge of the community's affairs wore also
conuLlted. Owners and managers of industrial plants and commercial opera-

t ionis w ithbin the llo od p1 a in were surveyed and i nqu iry was ma-de as to
whethle r space with in thliIr opt rat ions Is p resently unde rut ili zed due
to the threat of possible flooding.

il1iC purpose of theL t iel d work was, to ascertain which fuitur nrcnef It
cit eg'r i es have app I i i lit v Ii the Monoostloc 1,rotok floodplain.

Flte tolIlowing resiil ts ini each oIthle thbree beriefi, caitegories wore
o t I i Iled

lut t-iircmiuid, o eictiu fi~t i. tI

i r -I'(Ide i it I .i c (ct o r ( .'vers t litI lir,'It's t p)Ort io o1 fti 1 ot l) ,Iiu 1' ln d s.
llito,' 'r.owth Ii t rtsi.huulti.I hind titn is >il to o iui out sit.- the

lieplin tow,'~b,'lic il'i tct i r. iii th. lo',dplaiiu is

v I i P). 1 11 ik' i 1 t h I lt i r k-



there is no way to predict at this time its possible extent. The city
of Leominster has no floodplain demolition plans for the immeliate future.
Existing residential damages account for 13.5 percent of all ramages.
A growth in affluence is expected so some urban inundation r.duction
benefits are obtainable for future losses.

In the commercial and industrial sectors, little growth is possible.
Current land use is not susceptible to substantial changes in the flood-
plain, and no significant zoning changes in the floodplain are foreseen
by the City Planning Board. Vacant lands consist of four lots amounting
to less than two acres. They are discussed later in this section. Most of
the activities that would locate in the floodplain if no land use plan is
adopted would be replacing vacated structures. Since urban renewal and
the revised master plan are not available in any detail, replacements
are assumed to sustain losses similar to those of the present occupants.

2. Intensification

During the field work a survey was conducted to determine how much
industrial and commercial space is now underutilized in the floodplain.
None of the manufacturers surveyed reported any such underutilized space
due to possible flooding. Commercial establishments gave substantially
the same answers. Those that reported dry cellars utilize every possible
space under appropriate economic circumstances. Those shopkeepers with
wet cellars utilize skids, pallets, shelving and tables; and they raise
their goods 4 to 6 inches from the floor. The lost space is a negligible
amount and these costs were already accounted for in the 1974 Damage
Study. Since few are aware of the 1936 flood proportions, they have not
taken precautions that might be expected.

3. Location

This third type of benefit results from making the floodplain
available to those who would locate there only with a land use plan.
In Leominster, however, flooding does not appear to be a factor in
site preference. Businesses are currently locating in its floodplain.
As noted earlier, the flood potential is unknown to most concerned.
The new businesses would have damages comparable to those occupying the
properties at the time of the 1974 study. Businesses currently locating
in Leominster are moving into existing structures.

Vacant Lands

Four parcels of floodplain land are vacant.

1. An industrially zoned corner lot at Water St. and Whitney.
Property is for sale and is currently serving as a parking lot for
R & M Manufacturin, Co.

Append ix-I
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2. A commerciallv zoned 10,638 sq. ft. lot en Adams St, Property
is for sale.

3. A business B zoned 34,000 sq. ft. lot on Pleasant St. with
brick bldgs. and garages. This is the former city water works and is
city owned. The approval of the City Council is necessary for its

sale.

4. A commercially zoned small lot on "lain St.

Tle available vacant land has a total area of less than two acres.
'The industrially zoned corner lot is at !east partially in the floodway.

The commercial lot is small with footage on a busy two way street.
The business B zoned lot can only be sold if the Leominster City Council
approves. A bid was recently rejected, and there is a possible zoning
dispute. It had been suggested that the property become a "tgreen belt."
The Main St. lot could be developed into a commercial operation. It
is not for sale at this time.

Conclusion

Future benefits from economic growth are limited by the lack of

vacant and buildable land, and resideiltial -rowth in the floodtplain is

not expected. There is a small urb)an inundation reduction benefit due

to affluence which would accrue to residences. The intensification

benefit is virtually nil in the Monoosnoc Brook floodplain.

The awareness of the( possibility of severe flooding is quite

limited. Economic activities do not consider possible flooding as a

factor in locating in the floodplain of Monoosloc Brook. There are

businesses replacing vacated structures at the present time. These new

occupants are economically comparable to the previous occupants.

Future benefits due to the projct areas economic growth are

primarily inundation reduction benefits to cOTMierial and industrial

activities as well as affluence benefits to the residential areas.

Such benefits are negligible and would not result in a significant change

in the B/C Ratio.

Appendix-i

H-l I



Summa ry of _Benei t s

Evaluated flood damage prevention and area redevelopmnent bene7it

, re sumrmrirized in Table H-4.

TABLE H-4

SUNARY OF ESTIMATED NNUAL BENEFITS
(June 1977 Price Levels)

Annual
pBenefit

Flood Damage Prevention $ 540,700

Area Redevelopment 76 ,000

TOTAlo e 616,700

Justification

The estimated annual costs, annual benefits and the ratio of benefits
to costs for the selected plan are summarized in Table H-5. This analysis
indicates that the plan of improvements to provide flood protection along
Monoosnoc Brook is economicaliy justified.

TABLE 1t-5

SUMARY OF ECONOMIC ANALYSIS

Average Annual Benef tt,

Flood Damage Prevention _ 540',700
Area Redeve lopment ... 0000-

TO'TAL. S 616,700

Avera1t, An-nim i I -Cos t s. 508,6n()

Econ(,mic" Rct lo

n it /. os;r (I ithlit ,re, rdev(,lopmout " .06
Bnet it / ost (with ;Irf' ; r,', evelopmeut) 1.21

Ap1 ,',d i >- I
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Maximization

Maximizing net tangible benefits is an economic concept utilized
to size a project or investment to the point where the greatest excess
of benefits over costs occurs.

Once it was determined, during the plan formulation phase of the study,

that only a tunnel bypass project 'hiad vc-onomic justification, it was neces-
sary only to determine what size tunnel would result in the greatest

excess of benefits over cost. Excess benefits are shown in Table H-6.
The e~xcess benefits curve shown on Plate 11-4 indicates that maximization
occurs for the L2 foot diameter ,-onduiL. This size tunnel will safely
convey the standard project flood discharge of 4,000 cfs (less 600 cfs
in the existing channel) under the comercial center of Leominster.

TAB Ii: -6

EXCESS BENEFITS

Annual Excess
TunneI Cost Benefits Benefit s

($1,00o) ($1,000) (S1,000)

810 408 436 28

10'10 452 502 50

12'0 509 617 108

14' 541 620 79

Apnd i x- 1
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The Federal Government would design and prepare detailed plans and
construct the project tollowing Congressional authorization and funding
and after receipt of the non-Federal share of the cost.

Non-Federal Responsibilities

The currently estimated non-Federal share of the total first costs
of the diversion tunnel project is S520,000. In addition, the non-Federal
interests would maintain the project at an estimated average annual cost
of $1,700.

Letters of assurance have been received from the Commonwealth of
Massachusetts and the city of Leominster indicating their willingness
.ind ability to participate in the project and to fulfill the conditions
of local cooperation.

The requirements of local cooperation follow:

a. Provide without cost to the United States all land, easements
and rights-of-way necessary for the construction and maintenance of the
project.

b. Hold and save the United States free from damages due to con-
struction works except damages due to the fault or negligence of the
United StaLes or its contractors.

c. Maintain and operate all works after completion in accordance
with regulations prescribed by the Secretary of the Army.

d. Provide without cost to the United States all alterations
and replacements of existLng utilities.

e. Prescribe and enforce regulations to prevent encroachment on
both the improved and unimproved channels, and manage all project-related
channels to preserve capacities for local drainage as well as for project
funct ions.

f. Comply with the provisions under Sections 210 and 305 of Public
Law 91-646, 91st Congress, approved 2 January 1971, entitled: "Uniform
elocation Assistance and Real Property Acquisition Policies Act of 1970.'

Item "e" above covers not only the taking of easements around Rockwell
Pond, as described in Appendix 1, Section F-, "Real Estate Studies,"
but also the enforcement of codes which will insure that the existing channel,
downstream from Rockwell Pond, passes a design f lood discharge of between
600 and 800 cfs without restrict ion.

Append Ix- I
1-2
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EXCUTIVE O-FFICE OF ENVIRONMENTAL AFFAIR
-,DEPARTMENT OF ENVIRMENTAL QUALITY ENGR.

DIVISION OF WATERWAYS

&. K , X .

January 13, 1976

I ohn H. Mson, Colonel
Division i! fineer
Department of the Amnr.,
'Iew England Division, Corps of rigineers

142. Trapelo Ad.
aaltham, k-assachusetts 0214

Dear ,olonel .ason:

I am in receipt of your correspondence dated DecemCer 22, 197;3
addressed to Governor Xichael S. D.kakis informing him cf the favorable
results progressin,: from the investig~tion for local flood prutection
along TMonoosnoc Brook in ieominster, Eassachusetts.

'4e have reviewed the scope of the proposed construction activity
axid concur with the :tnept.

Please be adv)7eI thit we desire to Oe recorded in favor of the
pr,,ect at the muviic .eeting on Januarv 27, 197', and additionally offer
whatever assistanL:e I3 necessary to provide State assistance.

, ihould I bc of further assLstnce, please c-3l me in Boston at
72'-2 i)0.

7ery truly yours,

/

.l ( - -" ,6-/

,J1JJi D JTA..DL Y

:j,',p Iommissioner
cc: kovernor 'icha,!i S. .Xkakis

[ .xhiot. .'\''

" " " ,..,. i + _ , : • . ,- .,' , l , ... . .



EVELYN F. MURPHY

SECRETARY

April 15, 1977

Mr. Joseph L. lgnazio

Chief, Planning Division
U.S. Armv Corps of Engineer,-

424 Trapelo Road
Wa I t ham
Mas s. 02154

Dea r Mr. Ignaz in

rhank you fo r sending th is offi ce a colpy of the Draft Environmentail Statement for
the Leominster LocalI Protect ion Proj ec't. The following comments refer to that
report.

1. On 1).2--'., the p resent channel capaci tv of the brook is given as 800c fs . There
is no indication of whait the Channel capacity was at the time (f the 1936 flood.
More to the. point, there, is no nd ica tion a., to whether the BO0r fs capacity refers
vo th1> channel in its present debris-choked state, or in its proposed clear ed-out
s- tat c. I f the 90

0
('f-- re fers; to the' former condi tion, hlow wonuld a rook clecaning

alftect th Ie ohannel capaicity?

2It is sta1e onp.4- 1 thiat uip to 75, (,f thc labor forceL emlplo~ed Onl the project
inigh t 1-' drawn from the loc-al area. Given that most oif the project will involve
shaf t -intl tunnel constructionl requiring relat ivelv specialized skilis, is this aI
reas)nabl Ie f igure?1

3. Thc FfS shiouil dt'scr ite in more dtL toj I the plans fo ;onstioit i -ii de-bris, dis-

posalI (p).4-2). It shoul d discuss how and wihere both clIea-red dvhr i and excavated
rock w1ill he di spose'd of in an envi ro omen to 1 1 sens'itive manner.

4. The tli scusa ion of the DO rho rot ter ist it-s, of WateLr trajped in) tithe t(Inne I bet w.-C

divers ions (p -)is cursitry ind Veol: ulsatti.istat rv. Aside fro", its, apparent
experimental errors,' the- ;ipn-roach des-cr bed inl the appendix ' is ovt-rsit Ii fled and
does not t ons i dor such -enFd it ions, as t lie high 1111 aind CDI1) of urban runoff; t he'
oxvgen demnud of dtetovi ug organic motteci, au0'1-hn as ;leave, Wb ih ma%1% he left inl the
tunnel bet ween stormsl'; And a at ri-s of a Iorma; iargt' enough to prodiute flow in to thew
tunnel, hot not large entlugli to f lush stit the( tunne10 complotk-].- M-in1v town'; in

Mao.;utiut'tt hve, oxpsri ejceti polIluth fnlpOln-Irom unma into intOd tat tb his ins,
And tiit- propo!sed tunnel rt-llresen ts thle samie problIem magif Ii ed 'norT-;tti!s lv. Milo-b
tort- t nahtindl s-t nay s houl bd e gi vtn t to the bio lop i cal and -liemi il impul-ta itto

ie( tutn nel in downs t reim wa tcr!;.

5. Tbhis ttt i I - i' -q. e-at lg to revie'w ;t pl~ii for th liftisd-'pi'in- tin
-tirsucoilttpplii)' i-tr in the( neir hiitre;, this 1tI;ll inlcltid-'s the' rt-Itt-ati in

I-,x 1 i I "t (

13i ' Iof 2



Mr. O'lpn i. liiLda. LU

April 15, 1977

Page 2

and diking of the lower end of Monoosnoc Brook. Would this activity, in con-

junction with the Corps' proposed project, lead to more serious downstream

flooding problems than described on p.4-3?

6. "Safety factors" are listed as a long-term impact on p.5-2. What kinds of

safety precautions will be taken to prevent injuries related to the intake and

discharge structures?

7. According to the February 1977 Nashua River Watershed Association newsletter,

there are firm plans for a city mini-park along Monoosnoc Brook. Any impacts the

proposed project would have on this site should be described in the FIS.

8. The benefit/cost ratio of this project should be stated and explained in the

EIS.

9. Finally, a minor point: carbon monoxide is not the same as TSP (total suspended

particulates) as implied on p.2-3.

Yours truly,

Evelyn F. Murphy

Secretary

EFM/IF

.xhbitil N() 2
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Commonwealth of Massachusetts Office of the Secretary

Massachusetts Historical Commission
al JA 294 Washington St, Boston, Massachusetts 02108 (617) 727-8470

December ii, 1975

Mr. Joseph L.Ignazio
Chief, Planning Division
N.E.Div. Corpz of Engineers
424 Trapelo Road
Waltham, Ma. 02154

Dear Mr. Ignazio :-

I have your letter of December 8 in regard to the
Monoosnoc Brook project. I have compared the map with the archaeological
survey and find that there are no known archaeological sites in the area.

As the tunnel route lies through previously disturbed areas I would also
have the opinion that any sites which may have been in the project area
have lomg ago been destroyed by construction.

It follows that the projected work will not result in an 4chaeological
impact.

M/lrS truly yo s
urme oons

MR/clr State Archaeo logist
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April 12, 1977

-1r. Joseph L. Ignazio, Chief Planner
Planning Division
Department of the Arr.y Corps of EngIneers
L24 Trapelo Road
, *,iltliam, %'1A 02154

Subject: Review of Draft ;IS for Jonoosnoc
Broo,- eominster Local Protection Project

D)ea-Tx .n -IQ;

The Draft L vronment~lu Stateraent for the
"Leoruinster Local Protection Project, 74onoosnoc
br-ook, Leoininstek, iassachu;etts, 4hich acco::panied
dour letter of bruary 22, 1977 ha3 been received

by tne Jepartme t of Public Works for review and
cormen t.

The Statement has been reviewed by the
Departments Environmental Section in Loston and
District #) Projects anu rnvironmental Engineer in
4orcester and there appears to be no conflict witn
any Department projects in t'e area.

Thank you for providin; the opportunity ;o
review this statement.

Ver truly yours,

n . Carroll
Comm ssloner

/
/



JOHN B. MCLAUGHLIN -e i'4Aio
MA YOR

January 27, 19t,

Department of' thec Army
New England Division, Corps of Engineers

424 Trapelo Road
Waltham, Massachusetts 0 21 J1

SUB3JEC1 PROPOSED TUNNEL UNDER LlE-OMINSTER TrO

CUR1B FLOODING ON MONOOSNO(-J BROkoK

Geri t I emen:

Since the 1936 flood, Monoosnoc Brook has been at piubi cm to the
down town area. Because of the nature of this at ream "which ori~l-
inates at Rockwell Pond on Pond Street, it takes a mnezindeIring
course through the downtown area of' Leominster. At the present
time due to fedlerali regulations, we have 70 acres of resident Ial,
indust rial and commerc-ial properties which are in the designa-tedi
tilood zone.

By' jqeiig desijrIlated as a flood Zjlle, this i1VI~Vol. ye1s ( tIme jTChai5'(2

o I Federal Flood Insurance, and restrict ions onl mi new, con.s tru 5-
L ion o1 addi tions to buildings in such an area. So L). its r'
iniception, such a by-pass ats a tunnel to divert tan\ possibi i it i -s
o it fltiod iii this area cer-tainly would be to the udv,. t agec o 4 fl nt

oilly all the owners ot this propeltty, but to all or our ci tizems,
bca~use ot the impact it has onl our tax rate.

Ienthbough t rum all i od ication a thie idea, is ver v I eas:ib e , I
wcOuld ho~ld ot I final judg~ment untIil all thme inf'ormrat-iomi is inl,
'Ind mlole s pec i icjlly, what the cost wculd 11) to timle (.ity Qf
Lcorm i ns teul,. Jiom myv uiders tandii ug this would involI y the mniovin'o
,)I util ities and ;inx land acquisi tion costs.

At t le (, r cs en t t ime, tim Is S em; m(s "A s t hough I t won 1 d be v c r \ rT 1iniirna
I'l unIittil tc tualI cos t S a r ( L otaj i id, I w'oulId r-e srv c iu--jldgniI t uui t. I
At 1 jimaI dec is ion as ta1,r as himc city i s con cerined.

Lookingv iliead as tati (is tile dlow.,mtowjm area ii conicezrned, we ate amll

wo.l I-,--11rc that ottce I-11W is col11)1 ted(, whdlich s-hould 1w' 1)\ Ih('
Oil I ,thalt Iralt ic whlich) 11)w ploves throug dmtw lmjse

o)n jiltf 12 "willd he di" vol dI') tim ael i' Ileniso
1) III 111*111, Wlth i cipio ill It (01 jl11 I osd

time Air,' Coumps- ot Lnfiginoers a'Id tho( co-iijletiom (it -1',il cillld
aid -;hmoii1 d have i (i r mendous ijnact I ii the hlwim town arcea.

Lxhi lii No

I(s 2C f Z



)ept I t [TIC'rl t 0t the Ai vi

January 27, 1970

I WuLid hope that all ot the ilput tit is received by all CA our
citizens is carefully evaluated belore a decision is reached per-
taining to 'his p-oject and I would like to take this opportunit
to thank you and the Corps tor your outstanding work on this pro-
.j ec t.

Very truly yours,

John B. McLaughlin

Mayo r

.J BNCL/I,

PaE 2 It
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%k DR|"Y J JIO NSON

April 1, 1976

Department of the Army
New England Division, Corps of F~igineers
4214 Trapelo Road
Waltham, Massachusetts 02154

Attention: Mr. Ciriello

Dear Mr. Ciriello:

By a vote of 8 - 1 by the Leominster City Council,

it is the intent of the city to move forward to go along

with the tunnel proposal from Rockwell Pond for a distance

of 3,400 feet to an area near Whitney Street, and this also

has been endorsed by Mayor John B. McLaughlin.

Sincerely,

Audrey J. Johnson

City Clerk and Clerk of the City Council



F)PAIfTMENT 0' .'UBLIC. V.ORKS

3o1 CPA,-iAM ,rRE r

Aqc. Cq, \6?1, 537-8388

ZAYM0NU J SENOIT
L'IRF TOP

February 12, 1976

Mr. John H. Mason
Cononel Corps of Engineers
-124 Troeto Road
Waltham, Massaohusetts 021--,4

Ret Review of Proposed Overflow Tunnel, Leominster, Mass.

Dear Six's

The proposed tmnnel is expected to be a significant
improvement 'o the possible flooding conditions in the down-
town area. This department is in full support of the project.

However, we are fearful of the structural stability of

the two above ground sewer lines orclings that occur down-
stream of the proposed outlet to the tunnel. 'e hope that a
relocation (,ossitly by raans of an inverted siphon) be
included In your final pruposa2.

The City present'y n&s three below ground sewage pumping
stations. They are all t.l& Smith and Loveless package

station. Tf, in order to empty the tunnel, a pumping station
is required, the City will request the same type below ground
station.

Very truly yours

Malcolm R. Fortune, Jr. V'
Engineering Department

M.F.\



_ UNITED STATES
- DEPARTMENT OF THL !NTER1COR

FISH AND WILDLlc*E SERVICE
New rigiand Field Grfic

k' .Box158

Division Enginecr
New Lngiand Division
Corps of Engineers
42'4 'frapelo RoacL
Waltham, MAI 02154

Dear Sir:

; his is our revised Conservation and IXuveleemnen, Re) crt on your flood
control local prcteition project on i tonuosnoc7 brook at Leui-nmter,
W orcester Couaity, Mass;achusetts. iir project was pianned under auth-
Ority contained in the February 9, ill( I R\esolutioni of thl,e iate cocuit-
Lce on Public 'Works, a-uthorized by the F'lood- control Act of 1966, P.L.
69-789, and restudiedi at the requezt of locai. officials.

ILliS report- is subiitted ii, accordance- withi :r(1,',isions t,1 t Fz~sn and
"4iidliire Coordination Act (48 Stat. 401, as aiaended; 16 1)i> 1h ~t
seq.), and supercu es our Conservation and Love lopment Report ot Octo-
ber 2, 1964.

1We understand the proposed project calis for a subsurt acc divcrsion ca'n-
nol. '3,400 feet long by 12 feet in diameter, frcvt Dockwell 1-and to just
"ownstruam of the 1%ater Street Dam, In the (iv of Leominster. Ccher
project features wo'ruld consist of Lin inilet structure- in the eas;tern cor-
ner of Rockweli Pond, and an outlet structure in a wojodol lot adja'cnt
to 1enonu) Lc bro . several hundred feet dowtiatrcz:. of tao Water St rot
Damn. kater ,,ill enter tne tunnel inlet when tlows out o' o-;well PLend
exceed 70 cubic feet ocer seco~id, wi Lh the tunnel rapacity being 3', 1() cu-
b ic feet pei second. Tunnel use fi 2xpectced to occur tL roe( t, our tines
per ye.ar, ai112 witer rzmairning iii ftc tunnel will. not !,P panmpet out, but
flushed out with the next uqe.

,I0 lon; tern at verseof JfcLS ;It Votckweii *,001, art expect A - to cc cur as at
reuI Itiat roilstruCeio:1 and operation of the e Mc ec hoki
at ressed by pollt uant,; from ixdsr sin tlic- pro ect a rol , t Sampling
,y the ~1s~hatt vsinof Fisheuriest and 411211 felD itt ' 3

tatir i. d ivere i t led J!1pUlat ionOT of warmwonter fish specieJs, inclid ing the

-6'
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oiliLC auker, tall tl. e, puankinseed , Lotamuon shiner, yel]ow bullhead,
blacknose dace, and iargemouth bass. Benthic fooJ organisms are also
p 1 esent.

Lh2 project as presently proposed seems to be z, good solution to the
floociag probim from a biological perspective, since no stream channeli-
zation is Involved and other perturbatiens are minor. One concern we do
raise is the qtalJty of the water, stoied in the tunnel between use, and
its effects un M|onuosnoc Brook after Lt is flushed out. Although prelim-
inary studies on effects of water storage on dissolved oxygen (DO) con-
centrations have shown a minimum of 7 mg/l will remain in the water,
these studies depend on several assumptions which may not always be true.
Specifically, the assumption that water stored in the tunnel will have a
low biological oxygen demand (BOD may not always occur. It is possible
that organic matter, sewage or other pollutants could enter the tunnel at
the end of the higi, water event., thus adding to the BOD observed during
the test, and lowering the DO io el below minimum standards.

,:ince Monoosnoc Brook will be stressed in any event during flood flows,
we do not feel tunnel pumpout devices are necessary. However, we do
ruconutend that the tunnel outlet be designed to aerate the water as it
is flushed out. This should p;'ovide reasonable assurance that oxygen
deficient water is not returned to Monoosnoc Brook,

Sincerely yours,

Melvin R. Evans
Field Supervisor, NEA

.,' S/bmk: MRE

tcR: k, AV

.i'aa' 2 o'f 2



{[ iltedt St;als 1)Dcpirltnci of thc hiterior

BUREAU OF MINES

P 1 I L I I !, 10 A ( N.1 , \V..%.HIN \ AI I

LR 771203 March 15, 1977

' istrict Enyine-er
iew England Division, Corps of Engineers
424 Trapelo Roani
Wa'tham, Massachusetts 02154

1Oear Sir:

Re: keviewv, of DrafL Lnvironmental Statement for
Leonminter Local Protection Project, Monoosnoc
Brook, ',orcester Co.nty, Massachusetts

The proooseu atior is the cons,-ruction of a tunnel 3,200 feet long
und 12 feat in dijimeter to ty-pass Flood waters around 70 acres of
downtown Leoinstr. The 'lonoosnoc: Brook channel would also be some-
wnat modified.

Crst,'uctior, of a tuniel of tne dirensions proposed would produce
aoout 20,000 cubic yar-ds of -mavated material taking intc account
too swell factor. ibout 10 percent of this material could be used
for qradinc, the tlonoc;noc stream -amnel as part o the overall
,rotec tion project. i'lans for disposai -' the rest of the material
is left up to i"ne cc-ntractor (p. 4-2).

Inadequate ccnsideratioi, is giveii to Lhe disposal of this quantity
of material and ow i miptr effect local crushed stone producers.
The Froposed action will have no impact on other mineral resources.

Sincerely yours,

,/, rkbert D. Thomson, Cnief
Eastern Field Operations Center

, , t T , '



I n wci States V)cparrrnent of the Interior

Reply Refer Jo: FR 1: V7
EGS-ER- 77/20
Mail Stop 7('

Mr. Joseph L. 1gnazio
Chief, Planning Division
New England Division
Corp of Engineers
rJ-<ar- ment of the Armiy
4,i5 Trapelo Road
Waltham, Massachusetts 02154

Dear Mr. ignazio:

We have reviewed tne draft environmental state,,ent for the Leominster
project on Monoosnoc Brook, Worcester County, Massachusetts,as requested
n your letter of February 22 to the Department of the Interior.

" ould be useful if the statement would show the location of the wells
(&c to su~pp the ciLy in relation to the alignment of the tunne. The

d,-i ier(s) tapped by the wells should be indicated, especially if they
penetyate bedrock. If the wells are in the vicinity of the tunnel site,
evailit!on of the poLertiali for seepage from the tunnel, and/or perhaps
tP'e degree of treatment of the ground water would be appropriate.

Thank you 7or the opportunity to coimient on the draft statement.

Sincerely yours,

-- ' , 2 ',_" .- /- C

qtij Director

Mor NF-',,

Save Energy and You Serve America!
I xlhi hit 'o 10



1'nirEC Statts l)D partmenr of the Interior

NATION .M. TANK, TEVICEH
A OkTI A I .1 T 1 AAYhO.

150 CAUSE'WAY STREET
B()STON. M",A. )2114

L -7 t, 1-NAP- (PE)
ER-7 ,/J 3 April 14, 1977

Colon 1 john P. Challer
Division Engineer
,Department of the Prmy
.New Era- ,:-d Divisi-n
Corps of Enginec rs

424 '[rapelo iRoad
,qathria, Mssacnusett3 02154

Dea r ('olen:.1 CL O~i-' r:

;ur £(,Ja1tmetaL OftL:,e of EnvLrr-mimental Project Review has asked
r3 t) rOlnt di. >c tly to you arpon our review of your draft environ-

meri-al -;tto,e*,': (february 1977) for a flood control project of

>1oreoosnoc Brock in Leomiinster, Massachusetts.

W, o.:s on Iig -- 5 the commitiment to a more in-depth archeological
ur'.<- shoud the projcct be authorized. As our Department has

re-erv, rc right to comment upon review of the proposal by the
Cr: ef of Enirn_,rs at a later date, we suggest the commitment to
further sur,¢" be s;ustained in tae Chief's proposal or an alequate
-i ciussion of the outcome of the survey should it be accomplished

!-:r any r rin prior to finalization of the Chief's proposal.

Sincerely yours,

2. J. Hovig
Acting Regional Director

;xhihit No I



United States Department of the Interior
BUREAU OF OUTDOOk RECREATION

NORTHEAST REGIONAL OkFFIE

Federal Building - Room 931O
IN 3RFLY SrM TO: 600 ARCH STREET

4120 Philadelphta, ?Penaylvania 19106

March 22, l)77

Mr. Joseph. L. {,nazio
Chief, ilanning Division
New Eni;land Division
Corps of Engineers
424 Trapelo Road

Waltham, Massachusetts 02154

Dear Ir. Ignazio:

fhis is in response to a February 2?, 1977 letter to the Department

of the Interior, Office of Environmental Project Review, reques-'ing

conments on t~i( draft environmertal stateinen- for the Leominster

Local froteetifn Ploject, Monoosnoc Brook, Leominster, Massaenisetts.

At this time, we ajre unable to provide cobrnents becauze our manptower

and fun is are comritted t,-) other ongciro activities.

1incerely your-,

' AE~m / " ONOW-IUE

Assotaint hegi nal Director

,NO) 1.



UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

29 Cottage Street, Amherst, Massach,isetts 01002

March 24, I'2

tir. Joseph L. Luazi
Chief, Planning Divisicn
Department of the Army
New England Division,

Corps of Engine-rs
Attention: NEDPL-P
4 2 4 Trapelo Road

Walthmn, Massachusetts 02154

Dear Mr. Ignazic:

We appreciate the information you h;ov e prvidd on the 1r'r,)osed diver-
sion tunnel project on Monoosnoc Lrok in L(-oinster, Mar:sfchu)setts.
Or only comment is to advise you t trt !here is no exintink or olanned
Soil Conservation Service - assisted project that would be affected by

this proposed action.

Sincer iy,

Dr. Bnmin Iur
State Conservqtionis .

Ex4il'it N)



CEPAR-iMEtN r OF HOCUSING Ar.P URHBAN DEVELOPPMF iT

0, B[0 LFINCH B~IJLDING, 5 NEW CHARDON STREET

RFGION I BOSTON, MASSA( HUSE TTS 02114
R:,o 800

J,,h. F. Kenne, F~d-rI B.Iding " A
Uo~N, ssachusetts 02203 11u k R l F-Ll l T0 !:

Jr~*h L. imz;,Chii'f
Plrrin;c PivL: ioni
.J.-w ' ncl n1 T iil.on rlpz f - inceorl

find noo con,"' lo .;ih it. a vex.

"hank~ '~' fo cffi ~th. -,CL 5oootflt to I.-vi r;; r

coor.'~ on~ th,')ov n'V ~a'22.

i':xh ;Ii No 1
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0 UNITED STATES ENVIRONMENTAL_ PROTECTION ACENCY
REGION I

J F KENNEDY FEDERAL 8UILDIN(,, E3USTON MA,SACHUSET IS(,Y.,;

March 31, 1977

Mr. Joseph 1. lgriazio
Chief, Planning Division
U. S. Departrent of the Army
New Enqland Division
Corps of Enqiners
424 Trapelo Road
Waltham, MA 02154

Dear Mr. Tgnazio:

We have reviewed the Draft Environmental Impact ctatemert (!IS)
for Monoosnoc Brook Local Protection project in Leominster,
Massachusetts and have the following comments tc. offer for
your consideration in preTnarinq the Final FIS.

As in all proects which use inverted syphons, th(.re is i.
possibility that water stored in the syphon can becone anoxic.
This could result in objectionable anaerobic ;as tcymation
and eventual discharge of ox',cen poor water t(, thc, receiving!
stream. This possibility was rccocnized in the Draft FIS.
Comments of this same nature were made with rogard to the
Pawtuxet River and Furnace Brook Flood Control nroj(cts.
It is agreed that, lue to tl'e relatively hich quality of
Rockwell Pond water, organic naterial is probably not present
in high enough concentrations to cause sufficient oxqg.F:n
depletion so as to result in an anoxic condition. Hlowever,
in view of the erratic test results presented in the draft,
it is felt that the EIS's conclusion that "the dissolved
oxygen content in the tunnel's water should not diop below
6.6 mg/I" is not warranted. As with the other inverted
syphon projects w'e iecommend that somc method of tunnel
dewatering br' provided for and that the tunnel either be
lewatere(I reruularlh. or the water be monitored for D.O. and
dpwatered as necessary.

Based on FA's n-tional ratinc .;ystcm for F:S's, we have
classifie] this- draft as R-], a copy of whicl 1s ,nclosed.

i 'd- '
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Thank you for the opportunity to review the Draft EIS and
we look forward to recei'ring a cagy' of the Final when it
becomes available.

sincrely

Wallace E. Stickney, P.F., Director
Fnvironxnental Policy Coordination Office

enclosure
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Advisor" (ouncil on
H listoric PrcservatiOn
1522 K Street NW
Washington, D.C. 20005 Iarch 3, I')77

.1r. JosephI L. Ignazio
ctiief, Plannim Division
New England Division
Corps of Engineers
U.S. Department ot the Army
424 Trapelo !ead
*,valtham, :.IassacihusetLs o2154

dear Mr. Ignazlo:

I:nank you for your reuest of Februarv 22, 177, for commints on the
environmental statement for t,,: provo,;d [.eominster Local Protection
Project, iMonoosnoc nrook, Leominster, Massachusetts.

Pursuant to our rusponsibilitics inder Section 102(2)(C) of tlhe itional
Environmental Policy \ct of 1i69 and tiie Council's "Procedurcs for
the Protectton of Historic and Cultural Properties" (36 C.F.P., Part
3t), we have determined taat your kiraft environmental statement appears
procedurally adequate; however, we have the foliowln, suDstantive corments
to make:

To ensure a comprehensive review ot cultural and historical resources,
the Council recommends that tie final environmental statement contain
evidence of contact with thP appropriate ' tate historic Preservation
officer and a copy of her comments concerning the effects of the
undertaking upon these resources.

The Council appreciates the opport nitv to review your draft environmental
statement.

:Incerely yours,

-'-hn i% !ciermott
oirector, u!fice of 'dtview

and kompliance

P , X- ' t,' ]



LOCAL. i LOOD PROTtCTION

MONO(SNOC BROOK

!. OMiNSTt-i>, .ASSACfl tSfI. TTS

STATIEI ZN'I OF FINDINGS

1. As Division L;tnginet-r of th' Ntw England Division of the Corps

of E ngineers, I have completed the Monoosnoc Brook Feasibility
Report for local flood protection improvements in Leominster,
Massachusetts. Th, study was undertaken in compliance with the
resolution adopted or 9 Veb'rii ry 1961, by the committee on Public

Works of the House of Representatives. These findings comply
with the National Environme..ntal Policy Act of 1969, and will be

attached to the 'inal Environmental Impact Statement of the report.

2. 1 have reviewed and evaluated, in light of the overall public in-
terest, all pertinent data and documents concerning the proposed
plan of in-,provemr nt, as well as the stated views of other interested
agencies and the. concerned public , relative to the various practicable

alternatives in actomplishing local flood protection along Monoosnoc
B.rook in the city of Leormnister, Massachusetts.

3. le possidle consequcn cs of thesc allernatves have been

studi ed lor environmental, so( itl well-beinig, and economic effects,

in(luiding retlonal and national ( onomic development and engineer-
ing feasibility. Ot.,er tat tors bearing on my review include the need

for a general upgrading oi the watershed and the preservation of
existing open space for publh, benefit in the midst of a highly urban-
ized area.

4. In evaltiation of the selected and other vialjle alternatives, the
followin points were onsidered pertinent:

a. Invironriwntal (eusidecrations. t'roi an environ'., ental

standpoint, I have selected tuw optimum plan wlhi h will afford more
tniancfnent tbae advers,, e fleets. Fhe re( otnended protect will
have ben Ii( ial elfe(ts on flood ,, trol, aestlictd s, land traffic,

'-.~',mom



rec re a I.ioi A td u r-ban dc- tIopiit it, Only ii ti nna I. est i1 2e of

a naio rat eri. ironziie'!t rt-main anid to pnssibilit exists tor a
L.reversal I ii' -rianiiznt ion pr() ess a:-.d re rion ofI tie

nat )ra I en tiv i nini r i t it. I) pl)i, k wenfdIl Iinii e 111 iar *1(

danger ot fIoodi-2 in '70 a, r developed(I I.,id in the lower

reaches ot tir cro in L~nns-r ~d inof haza rds
assoc iated wvi ill. iing ) t res 11Il in 11n 41'rding in aesthetics
and kirban onx ronnL,-ii. Thn- aeteiS of tIre- are a will be cy-

hanced not wilx ' b\-v insttiin tii of a deep rk o flood by -pass
timnet. but also(I,, prks ext ona tlic t-xtstmii2 urook< through the

urban cetecr ot1 .0011Ixsttr. (,i adver-ise e-nvironnmental effects
are anticipated i: hew pr oaw i ittipieniented. Hlovever, sonic
incrieasedl siltationt and Inor tutr bidity is expected during
cotisIriict 100 o! the tainnel iiitA structure. Measuires will be
taken to hold.' thbes( [eel s to ak n ii nium. I-n addition, s onic

vegeta V111 hOI 111 detrye in tr are Of the Channel improve -

muent, biut tIxils o od~ition \vl !)c a-ipoia ry , unitil rev cge tation
i5 at-k 0111pli~l Ui.

_ti 4 ' l~i~ .~sdrtrs I find that the Over-
rid in g socixal vn 11 -lwii ,n (O oide ~lrationi in hec Leomuin ste r area is
he redackt xor o i the flood danma gis and ha zards thfat I: as c-aused

hiurna n sL fte ring and ccOtioi, ilos s. J lie r-e ornniended p roije c
will provide, a igh degree o! proitect ion res Lilt in,, in greater
k tortimrilty kOlesion and tinsiirtng availability of public facilities
dutiirng txxIies (A floodingL. ( onstri-ii lon o!t it iodcnrl -
provenicilts will make: pobsiate( hj~i.cr utilizat ion of the area for
rec.reation oppori ainities, openl Sp)icy", andl ,isiual impacts, as well
its proviit- st,. urity for lbusiticss a, tn ity, whio h wotild improve
the physB Al and soc.ial. cn% 11-oiliixent. No displaernerit of residen-
tial or oinnie rk :al propertit s is reyiired fir c onstruc-tion of the
p rojeCct

(..rng(oisi -i os I~ri i-tti ecinreerin'4 stand-

point, i have(. (it siLried the pro ir I that would pr1ovide a high prac -

icablc dc-re' ()I flood pl-otet, !on, iecaklSe ol the highly urbanized
iatiure of [1ie I)ro!i-ci I-a Starhli"A hac also beecn niade of in-
rceasing or kile retsing the dig - ce of protection and the scope. of

the poo tL t, br iziaxxrijizitig I ood k lit ol excess bent-fits and for
deft- irining I be ii,si k-' onotmlita ari teasible plan of' iniprovement s.
I have- SelIx. tedI be plan havineL 'in' lea Ist SOcil c~onomi at arid

environntitntl iruja. t n li f-n I~r- t trc-a, fin- reconmrietidid prow( t



was toa.,id to ) e m nost a! tn-Ieori of ineeting the
flood _ ozitrol ie eds in he. .t-'. Oity r on sidered py-o -

jc(it alternmat vc.i, inc. din, ! ;it (-v nion - strud tural measures,
did not rneet tiec -~eic : ld rt- iirclll nts tor varlious econo-
flic, so( iml ari;c~ rivirwari~ ~

di. Ea orlot, I- r'sa ains m 10i e c onomfic stand -

point, I Lave. sele cd *I. ;k on- h providing a high
degreo ot floodI protei lon~ wc luh \jl be 'oncluc ive to the:
enhancemeni of so( ial t;-l'n ' .d ecoiiniic Vrowth. The
recornfi1letid1C( proic, a vill li'. . a to-t cltect of increasing
emnploymnt, tctx ret, ne is prope rty~ -,j .toes and will p re -

serve thie o rhan cl~a ra cte r ,t O.- f lood prone areas.

0th r lluhlic lot. -me s (00sidlerations. I find that flood
protcc tiofi for the( i it\ (,I tiliSt r, lAong Monoosnoc Brook,
is tea s lbCid cofojicll% ivus tified based on tangible benefits
alone. T ihe flood con! rol imp jrororent will also provide sub-
stantial intaoule cmiv ironnie ntal, soc:ial aiid other benefits.
I c oncuor wijt the repotL1 FLS and dicsime s of local, in tere sts and
Massachusetts state tnfic jots iidn,. ating, strong Support for the
flood control proi(e: t aid en nrv imnplementat ion of the c onstruc -
tion works, as expressed ait Ch, 27 January 1970 Public Meeting.

_1I find tiiat th oop e minpr..venents, as developed in the
find ingq anid rc. or-,'no'' iA ions of the report, are ba sed on
thoroLI a"dlSj aii ~1.. of various practicable alterna-
t ice or sof a(t lion t or ;it .h ,ving the statedc objcztives; that
wherce e m adv . citie, t s ark_ t oaod to 6e involvced they cannot
1w avoidedi 6v follow.inii reasonable aLternative courses of action
which .vot:I(1a itc toe. o(t w!r(ssionally spcified purposes;
that wit e me U e proposed act iuf has ani adverse effect, this effect
is (tithe i a -,te It ma e or sobs tattial11y out-weighed by other con-
sideratiotis of otilional polic y; that the reeominendedi action is

(, onsona.! %k itli the n1attonal 1polu, y, Statutes, and administrative

directi . ecs; ilnt tha! on haln , !1w total pttblic interest would
lbes5t be t 'I. the ilcrnon tt'0tat iofl 0 my me commrendations.
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