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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 propused 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 countrol measures were found to cause the least disrup-
tion to existing developments. Programs and procedures tfur 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 by other community programs, Specifi-
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. FEstimated 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 an 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 STUDY AND REPORT

PURPOSE AND AUTHORITY

The central business district in the city of Leominster, Massachu-
setts, between Pond Street and Williams Strect, 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 wheie 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 studies of (looding associated water resources problems
in the Monousnoc Brook watershed topether with potentials for solving
such problems. Alternative plans to solve the areas water resources




problem have been investigated. Cost and corresponding benefit estimates
were made for each plan studied, Selection of the2 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,
ard 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, offlicers 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 watershed of Monoosnoc Brooli 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 informition 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 (EIS) is included as Attachment 1,

PRIOR STUDIES AND REPORTS

The Corps of Engineers has prepared a number of Congressionallv
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 te 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 Leominster is being
prepared by the Federal Insurance Administration (FIA). The cityv is
presently eligible for emergency flood insurance coverage and unce FIA
publishes rate maps and the city officially enters the program, addi-
tional coverage will be available.




RESOURCES AND ECONOMY
OF THE STUDY AREA

The Monoosnoc Brook watershed, a tributary to the North Nashua River
Basii .md the larger Merrimack River Basin, is located south and west
of State Route 2. It lies primaril - within lLeominster boundaries except
tor a portion in the adjacent city of Fitchburg, as shown on Plate 1.
From its limits in the hills west of the citv proper, the watershed extenas
castward approximately 5.2 miles. 1t has a maximum north-south width of
approximatelv 4.2 miles and covers a drainage areca of 11.2 square miles.

ENVIRONMENTAL SETTING AND
NATURAL RESOURCES

Leaominster and neighboring Fitchburg create the nucleus for one of

10 Standard Metropolitan Statistical Areas (SMSA) in Massachusetts. The ’
studv area is about 40 miles west of Boston, 25 miles northwest of )
Worcester, Massachusetts, and about 210 miles northwest of New York City. 1

The Meonoosnoc Brook watershed is comprised of two significantly
contrasting areas, the rural upper basin and an urbanized lower portion
which comprises the center of the city. The two areas are separated
physically 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 alse contains several reservoirs and ponds. Much of the
forested arca consists of virgin woods within the lecominster State
Forest. Although the area is rural, steep slopes make the upper basin
conducive to rapid runoff. Downstream of Rockwell Pond, the lower basin
is characterized by urbanization and channel encroachment which extends
bick to histeric times. Manufacturing, retail structures and multi-
family housing crowd the brook and have dictated over time the use of
conduits through parts of the city to conduct river flows.

The Monoosnoc Brook watershed is naturally steep with a total fall
of 550 feet alony 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
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meandering course through a heavily developed, congested urban area
of the city. Much of the stream between Pond and Water Streets has
been walled in. 1n 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 -izable 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
coes 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 1s 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 Moncosnoc Brook watershed is located along the western margin
of the New England upland in central Massachusetts. This is a rcgion
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 grav,
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 bave a total population of 97,237
(1970 U.S. Census) and make up the core of the Leominster-Fitchburg
Standard Metropolitan Statistical Area (SMSA). lLeominster 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 lLeominster to Worcester with a limited access
highwav. 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, lLeominster entered manufacturing
and developed into a city by 1915. Today, leominster can be characterized
as a small city whose primary economic activity is manufacturing. In 1975,




139 manufacturing firms emploved 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 193 retail firms! They had an annual payroll of $10,456,541.

Leominster is part of tte Fitchburg-lLeominster Laber 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 l4.7 percent.

Although housing and population have increased in the recent past,
employment and trade have grown more slowlv. Approximately half of
lLeominster'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. 1In addition, a concentrated effort was
being made to appoint sources of pollution through the EPA's permit program.




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 jolning 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 Menoosnoc
Brook.

Consequently, the loss of the Monoosnoc Dam and Reservolr 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
froperties can be assured.

At the public meeting of 27 January 1976, community leaders and
clitizens evidenced thelr 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 cleose 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,




7. To

8. To

9. To

correct local flooding problems,
fncrease the accessiblility of recreation,

preserve historic buildings and sites, and

10. To protect natural resources.

(A detalled analysis of these problems and needs are contained in

Appendix 1,

Section C.)

PLANNING OBJECTIVES

Planning objectives were tormulated largely on the basis o. infor-
mation contained in the Leominster Communitv Development Plan Summary.

These water

1. To
2. To
3. To
program,
4. To
5. To
6. To
properties,
7. To
8. To
9, To

resource related objectives follow:
plan, manage and improve leominster water resources,
provide adequate community development planning,

implement an adequate, well planned economic development

improve the downstream area,
conduct a housiny rehabilitation program,

encourage private restoration of potentially esthetic

adopt and enforce rigid land use controls,
adopt measures to protect natural and historic resources,

adopt a program to rehabilitate properties of historic

significance,

10. To provide adequate storm sewer facilities, and

11. To provide adequate recreational facilities.




Loag-term Objectives Include:
1. Adequate water supply,
2. Growth manapement capabiliry,
3. Adequate wastcewater disposal capabilicy,
4. A pleasing city appearance,
. Protection of natural and historic resources,
. Adequate disposal of surface water runoff, and
7. A balanced recreation program,

(A more detalled analvsis of both short and long range planning
objectives is contained in Appendix !, Section F, "Formulating a Plan.')

PREVIOUS WATER RESOURCE EVALUATIONS

There dre no existing Yiood contrel projects in the Monoosnoc Brook

watershoed.  Flood protection of the central business district of Leomin-
ster wias rvcommended by the Corps ot Engineers in a January 1965 report
entitled:  "North Nashua River Basin wWater Resource Development Plan.”

The improvements recommended for Monoosnoc Brook were comprised of:

an upstream maltipurpose dam and reservoir and channel {mprovements
through the (enter ot leominster, The proposed channe! improvements were
separated into four zones, with twe central zones to be improved by local
interests as part of an urban renewal plan.

Several probleas arnse which hindered implementation of the proposed
tiood control plan, When the Leominster Citv Council rejected urban
renewal in the central section of the city, the overall channel improve-
ment program was no longer cconomicallyv jusiitied. Consequently, in
1967 the leecal protection part of the project was deferred. Water supplv
w.as then eliminated as a project purpose when Leominster subscribed to
the Massachusetts Metropolitan District Commission's svstem. Beginning
in 1965, the site for the proposed dam and reservoir underwent signifi-
cant land use change from Jdevelopment of commercial recreation areas and




residentjal 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
Jroject 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 propousal, 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 clties of Fitchburg and Leominster accommodate
limited urban type recreatlon. 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
of fer recreational alternatives as adjuncts to flood control improvements
are unavailable.

¥




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 existing and most probable future
conditions was conducted. initially, an analysis was made to determine
wiaich resource 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
Commission 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 certaln areas. Economic,
social and environmental concerns were the primary inputs for the data
base. In the economic category, the primary information on existing 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 safety,
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 1in Appendix 2, "Pertinent Correspondence.')




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 lLand Resources, The beneficial
and adverse effects of the alternatives were outlined and compared and
where poyssible, 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.

1. 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.

¢. Existing water quality standards should be enforced and
future projections should Insure imprcvement.

d. Costs for future 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 Jownstream areas that result from
implementation of upstream flood control works should not cause addi-
tional flooding to those downstream zones.

2. FEconomic Criterfia

The economic criteria applied in formulating plans of water resource
improvements are summarized as follows:

a. Tangible benefits exceed project economic costs,

b. The scope of the project is such as to provide the maximum
net benefits. However, intanyible benefits are taken into consideration.




¢. 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,

¢. A determination of the existence of any irreversible or irre-
trievable commitment >f 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 x
the need for further studies, the following water resource objectives
fell out of the planning process for the reasons cited.

1 1. Water Supply

Existing and future needs have been met by the recent inclusion
of the city oi Leominster in the Metropolitan District Commission (MDC) |
system. Because this is the least expensive method for meeting future Py
needs, developing alternative supply sources is no longer necessary, ‘
In addition to the MDC supply, the existing water supply system includes '

I
|
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six impoundments in the 10.4 square mile drainage area upstream from
Rockwell 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 upstrear from Rockwell Pond and
their tributaries are presently classified by the State of Massaciil.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. 1If 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 uf 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 bullding code regulations,
floodproofing, land acquisition, permanent evacuation of floodplain areas
and purchase of subsidized flood 1insurance;

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

¢, A combination of structural and nonstructural measures. Findings
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 the 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. Construction 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 lLeominster,

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
¢ foot diameter 1200 cfs
10 foot Jdiameter 2100 cfs
12 foot diameter 3400 cfs

For a design discharge (SPF) of 4000 c¢fs, at Rockwell Pond the 12'
tunnel would accommnodate 3400 c¢fs and the flow on the Monoosnoc Brook
channel would be controlled at 600 c¢fs during f{lcood periods. Six hundred
cfs is considered the nondamaging cxisting channel capacity.

EFFECTS ON OBJECTIVES
1. National FEconomic bevelopment

First costs, annual charges and annual benefits for economic
assessments were estimated for each alternative. Federal first costs
include construction costs based on the June 1978 price levels, an
allowance tfor contingencies and 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
tabulation.

_.d




TABLE |

FIRST COSTS AND ANNUAL CHARGES

FOR ALTERNATIVE PLANS

(in $1000)

Plan First Costs Total  Annual Charges Total
Non- Non-
Federal Federatl Fedcral Federal

1. Dam & Channel 211,000 $1,850 $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
Bv-Pass

2. Quality of the FEnvironment

The Monovsnuce Brook watershed is divided into one upper mostly
undeve loped area bv Rockwell Pond, while the lower reach has a high
degree of residential, rommercial and industrial development. Pre-
dominant physical features 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 certainportions of the upland forest show signs of having been thinned.
Major flooding is confined to the lower portion of the watershed which is
substantlally developed.

3. Effects Assessment
Impacts of the possible alternative plans 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.

Fach of the alternative plans investigated had some similar impacts

on the environment social-well being and regional deveiopment of the

project area.
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The initial step of the assessment was delineating rhe Impacts
of "no action.'" The primary consequences of no action would be the
continued economic loss, inconvenlence and possible danger to human
life which exists because ol the inadequate channel capaclity of Monoosnoc
Brook in its course through the central business district of leominster.
The economic loss ''without the project" is estimated at $554,200 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 tloods 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 debric 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
sucn implementation:

a. The positive economic impacts would include a substantial
inc¢rease 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.

¢. No business, residential or industrial relocations would be
required for the tunnel bypass project. Tax revenues could be expected
to increase because of revitalization of those properties that were
formerly subject to flooding.

d. Due to the urban nature ol the arca, environmental effects
include few or no impacts on existing natural resources, as fish and
wildlife habitat is limited or nonexistent.
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¢.  For a tunnel project, the 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
streamf low nor aftect the normal pool level of Rockwell Pond, no adverse
effects on future warer quality are anticipated,

g. Construction of a flood control project would cause some inter-
ruption of traffic and some intervuption of normal operations in the
central business district of Leominster, but such inconveniences would
be temporary and not of a seriocus nature.

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

i. Decreasing the {flood threat woulsl serve to enhance future
potential for growti.

From the functional or flood control standpoint, each of the
alternative plans would solve the flood problem, However, the diversion
tunne! 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 2 plan of
flood control. Complementary channel improvements through the city would
also have been required to pravide complete flood protection, A channel
improvement project ro pass design flood discharges without upstream
retention would not be feasible because of extensive building relocations
and new bridge construction that would be requived.

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

TABLE 2

ECONOMICS OF FLOOD CONTROL PLANS

FIRST ANNUAL ANNUAL B/C
PLAN _COST COST BENEFIT RATIO
(51,00 (51,000) ($1,000)
1. Dam (Site 1) and
Channel Project 12,850 821 603 0.73
2. Dam (Site 2) and
Channel Project 13,600 869 ALO 0.70
3. Surface Diversion 9,600 6H14% 541 0.96
4. 12" Tunnel 7,640 09 617 1.21
20
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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 diversionwould 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 rises in the hills west of the city and flows in
an easterly direciion 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




one railroad and ninec 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,

Records 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 Secticn 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

T (fr.) (cfs)
March 1936 20.5 16,300
September 1738 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 c¢alls
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 stcuctures and appurtenant improvements.

The main feature of the plan are as follows:
1. Diversion of floodflows from Rockwell Pond through a 12-foot
diameter tunnel extending 3,200' lony beneath central Leominster to the

outlet of Monoosnoc Brook downstream of Water Street,

2. A morning plory type intake and splllway with a 46-~foot diameter
welr and a 107-foot vertical drop at Rockwell Pond,

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

4. btnlargement of the waterway under the Whitney Street Bridge
by removal of a suspended sanitary sewer pipc to accommodate the anti-

cipated peak floodflows,

5. Filling and regrading ot 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
1 theough 6 of this report.

PLAN ACCOMPLISHMENTS

The major benefits that will accrue from the planare reduction of
existing and future flood damages to about 70 acres of predominantly
commercial and industrial propertivs adjacent to Monoosnoc Brook in
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the central business area of Leominster. Average annual beneff{ts of $616,700
are estimated from the evaluation of fiood 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
woodlanas 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 areca is also expected to increase
public use of the ares for fishing, nature study and birdwatching. An
area frec from tlood 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, thea project itself does not provide
other major benefits. 7The specific effects of the project are discussed
in the following paragraphs,

EFFECT OF THE PLAN ON ENVIRONMENT

The primary effect of the proposed pian would be the {lood 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 sccondary 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 preconstruction 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 contalned in Appendix 2, '"Pertinent Correspondence."

The revised draft environmental impact statement is being submitted
as Attachment I to this report. The statement includes detailed coverage
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 ronstruction 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 prcject as the need for this work is minimal
and will be handled by the public work force 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
construdtion, with Iimited land acquisition and easements required,
resulting in negligible loss of local tax revenue. Intangible benefits
such as improved public health, reduced risk to hunan lives and improved
morale of the areas people have not been included in the project benefit
analysis.

'
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DESIGN

The proposed diversion 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 be discharged into the existing
Monoosnoc Brook watershed., A dike and wall would not be required at
the Leominster Tool Cempany, located downstream from the diversion tunnel
cutlet at Whitney Street, as the sill elevation ot this bufilding 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. Uxisting 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

Excavated material would be utilized {or project construction to
the maximum extent possible. Suitable embankment material,for instance,
would be available from conduit excavations. TIf requircd, 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 {nlet and
outlet sites. [t is estimated that the project could be constructed within
z vears. During the construction period, protective measures cited in
"Favironmental Guidelines for the Civil Works Program of the Corps of
tngineers" would be enforced to insure that proper methods of erosion
and dust  control and debris removal would be used.
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OPERATION AND MAINTENANCE

No significant problems are anticipated in connection with the cper-
ation and maintenance of the selected fmprovement., 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 §1,700
annually. Routine maintenance functions necessary to assure efficlent
operation of local storm drains entering the existing system would also
he essential to effective flood prevention. Maintenance and replacement
costs associated with the subterrancan conduit would be paid by the city
of Leominster in accordance with Federal regulations. In addition, the
city would be required to maintain the existing channel's capacitv to
pass a maximum Jdischarge of 600 cfs.

ECONOMICS OF SELECTED PLAN

METHODOLOGY

The tangible cconomic justitication of the selected plan can he
ascertained by comparing equivalent average annual costs (including in-
terest, amortization and maintenance) with an estimate ot the equivalent
average annual benefits that would result trom the project over a 100-
vear period.  This economic life is believed to be reasonable since the
project would provide a very hipgh degrece of protection and would tunction
Indefinitely, requiring little maintenance because ot the permanent nature
of its components. Values of costs and benefits that would acorue to
the plan were made comparable by conversion to an equivalent time hasig
usiny the current Federal interest rate. An interest rate ot 6-5/K
percent was used for all features of the selected plan found 1o he teastble.




COSTS

Cost estimates tor the diversion 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 arz based on
an interest rate of 6-5/8 percent. Annual expenses also include maintenance
costs. Interest during construction was not charesed 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

The primary benefit aceruing to the diversion conduit plan for the
Monoosnoe Brook study arca would be the reduction of ruture damages to
residential, commercial and industrial properties. The plan would provide
the residents with area redevelopment and intangible benefits such as
inproved pat 1ie health, reduced risk to human lives, potential recreation
and hivher morale. Future average annua! lood damages that would he
prevented represent the difference in averape annual flood damages that
would be expected without the works and residual averauge annual damages
that wouid exfist with the recommended plan. A determination has been made
ot tuture average annaal flood damages based on the existing level of
develeprent and on the exnected fncrease in development.

Benetits are based on a 1976 development with projections to 1990
conditions and o 100-vear period of analysis., Thev are estimated at
SO0 0700 annually (1978 price levels) tor the flood contrel tunction, and
000 tor area rodeveloprieat considerations, Beneficiaries ot the fleoed
centrel tunction ot the improvement pian are well distributed and are
madinly the owners ot residences and business establishments in the area
botween Rockwell Pond aond Williams Street.




TABLE 4

SUMMARY OF FIRST COSTS AND ANMUAL CHARGES

First Costs

Preparation of Site $ 20,000
Earth Excavation 45,000
Tunnel Rock Excavation 1,465,000
Open Rock Excavation 3,000
Shtafts, 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 1,700

TOTAL PROJECT ANNUAL COST $ 508,600




JUSTIFICATION

Comparisons of average annual benefits with averayge costs are
shown in the tabulation below for the plan of improvement. Although
futangible benefits, and possibly tangible secondary benefits may accrue

to the national economy, only tangible primary benefits are presented
in the tabulation.

TABLE 5

AVERAGE ANNUAL COSTS AND BENEFITS

Flood Area
Ttem Control Redevelopment Total
Annual - §508,600 - $508,600
Costs
Annuatl $540,700 76,000 $616,700
Benefits
Benefit- 1.06:1 - 1.21:1

_Costs Ratio

DIVISION OF PLAN
RESPONSIBILITIES

As previously discussed, althouph nonstructural measures such as

tlood 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
flood plain zoniny and related controls in preventing both encroachments
on wetland areas and accelerated

runoffs from loss of natural storage
cannot be overemphasized.

The division « £ responsibilities for the

proposed lecal protection plan in Leominster is discussed in the following
section,




COST APPORTIONMENT

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 consiruction 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 of
the proposed flood control project is $7,120,000. This includes the
totatl construction cost as well as engineering design supervision and
administration costs.

NON-FEDERAL RESPONSIBILITIES

Non-Federal interests would provide the following:

1. Provide without cost to the United States all lands, eascements,
rights-of-wav, utility relocation and alterations, and highway or
highway bridge construction and alterations where necessary for project
construction.
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2o Hold and save the United States free from damages due to the
construction works, except where such damapes are due to the fault of
the Urited State or its contractors.

3. Maintain and operate the project and existing channel without
cest to the United States in accordance with regulations prescribed
bv the Secretary of the Arny.

4. Prevent future encroachment which might interfere with proper
flood control functioning of the project.

(The City of Leominster would be required to obtain permanent easements
for propertics around the perimeter of Rockwell Pond and along the

vxisting channel from Pond Street to below Water Street.  The easements

U Recikwell Pond would prevent the owners [rom building structures in ]
the areas subject to inundation during the SPF although they could still

utilize the land for other purposes.  [ncroachment on the existing channel

would be prohibited by local enforcement of the zoninyg code that ?
estabiished the necessary casements.) Other peneral responsibilities are

set forth under "Recommendations.” The currently estimated non-Federal

share of the total first cost is $520,000 and the estimated average

annual cost to non-Federal interests for maintenance and operation is

$1,700.

VIEWS OF
NON-FEDERAL INTERESTS

The considered plans of dmprovement were coordinated with the
tollowing aprencies of the Commonwealth of Massachusetts: Division of
Water Resources, Department of Public Works, Division of Fisheries and
Wildlifte, Department of Favironmental tuality Enginecring, Historical
Commission, and the Department of Environmental Management. The lLeo-
nminster Department of Public Works, Mavor John B, Merauphling, the
Leominster City Council oand the Leominstor Historical Commission have
also roviewed the plan~ for the proposcd improvement. Statements or
resolut ions by these interests expressing views and recommendations are
contalned in Appendix 2 and are summarized as follows:
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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 review and the recent EIS review are quoted
or summarized below:

- Under the Mussachusetts General 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 indicr- .es nu conflict with any Department of Public Works projects
in the area.

Department of Environmental Quality Engineering

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

Massachusetts listorical Commission '.

The final report ot a Phasc 1 survey {rom the Institute for Con-
servation Archaeologv has bheen reviewed by the State archacologist, and <
he is satisfied with the field survev as conducted. The survev of the
proposed site did not reveal any known archaeological arcas, Therefore, :
the proposed project will not result in any archaeological impact. No i

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

CITY OF LEOMINSTER

+ Office of the Mayor

The mayor has expressed his concern about Leominster's designated
flood zone, its adverse economic impact on the city, and the effects of
the flood damage potential on residents and other downtown property

33




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 1-190 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 City Council

By a vote of 8 to 1, the city council has approved a continuation
of studies of the propcsed tunnel beneath downtown Leominster.

Leominster Department of Puf}ic 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
cffect. 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
AGENCIES

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
Fanvironmental Protecticn Agency

Fish and Wildlife Service

Department of Agriculture, Soil Conscrvation Service
Advisory Councit on Historic Preservation Service
Economic Development 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.

Department of Interior - Ceological 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 Agnecy

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 IMPLEMENTATION

Construction of the proposed improvement can begin after the
following procedure is completed:

* Higher Corps of Engineers authorities 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 interagencv 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 pruject 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 {s awarded. At this time, the necessary local actions are
required.

Following completion of 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
probl?ms 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 rcalized 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
ceniral 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.

Tmprovements 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
he 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 $508,600 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
plan of local flood control sugpests 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 wil!l be reguired to
prevent encroachments on existing channels and will maintain and operate
all project features. Operation and waintenance costs are currently
estimated at $1,700 annually.

STATEMENT OF FINDINGS

A1l plan isrmulation data concerning the proposed action and the
stated views of other interested agencies and 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-
fbility. During plan formulation the following points were considered
pertinent:

The project will prov.de 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 c¢itfects.

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, erriciency, certainty,
geographic scope, NED benefit cost ratlo, reversibility and stability.
The selected plan is consonant with national policy, statutes and admin-
{strative directives., and the total public interest would best be served
by implementation of the selected plan.




T ———————

RECOMMENDATIONS

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 modifications as the Chief of Engineexrs 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 Ac,uisition Policies Act of 1970."

John P. Chandler
Colonel, Corps of Engineers
Division Engineer
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SECTION 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. Fcono-
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
Fnginecers on the Merrimack River, New Hampshire and Massachusetts,
published 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."
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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). However, 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

This report includes a study of water resources problems
in the watershed of Monoosnoc Brook in lLeominster, Massachusetts.
Its purpose was determining the advisabilityv 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 studv. 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 procednres of P&S were utilized in the public involve-
ment and agency coordination programs, This is more fully detailed
in Appendix 1, Section C - Problems and Needs, Section F - Formu-
lating a 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 comments expressed by concerned agencies
and local interests. The studies were developed to the depth and
detail needed to determine the feasibilitw of the alternatives
and to permit plan selection. To ensurc !/ most useful information
base, information developed during prior it ongoing study programs
was utilized.
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Study Participants and Coordination

The Corps of Fngincers bas the principal responsibility for con-
ducting and coordinating the stuav and the plan formulation, consoli-
dating information trom studies ot other avenciles and preparing this
report.

All studies tor this report were coordinated with appropriate
Federal, state and local agencies including the U.sS. Fish and Wildlife
Servive, U.S. Department of Housing and Urban Development, U.s, Economic
Development Administration, UsSDA soil Conscrvation Service, .S, Environ-
mental Protect{ion Apency, New Pnpland River Basins Commission and
various resource .ceencies of the “ommonwealth of Massachusetts and
the city of leominster. The coordination was achicved thronpyh informal
meet ings to Jdiscuss the alternative plans, review of and comments on
the preliminarv dratt environmental statement for the sclected plan,
and participation in the formal public meetings.,

Duriny the investigpation, scveral intformal meetings were held
with various Fed-ral, State and lyeal interests, Correspondence with
interested citizens has also furtnered the progress of the studies,
Pertinent letters ot comment ind concurrence are contained in Appendix
. of this report.

A public meeting was held on 27 Januarv 1976 to present all
alternatives studicd during the investipation and to incorporate public
needs and desires ir the tinal plan tormulation and selection. The
plan of flood cortrel improvements selected at this meeting is the plan
recommended in this report.

Summary of Studies

.S, Geoloyical Sarvey, Massochusetts Dept. of Pablic Works,
acrial topopraphv, municipal and cther existing maps were utilized
to determine basin characteristics and land use.  Subsurface explora-
tions by means of drive sample bore holes and pecological reconnaissance
were accomplished atter the final plan of improvements was chosen
based on the needs and desires of the community.
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Survevs of flood damages were made following the floods of 1938
and 1955, and dJdetailed damage surveys were conducted in 1962 and
again in 1974. The survevs consisted of personal interviews with
municipal and State officials, officers of industrial concerns and
private individuals subject to flood losscs,

The Report

In the intcrest of clarity of preseatation and reference, this
report has been arrvanged into a main repor: and two appendices.

the main report is a nontechnical presentation of the studies
of flood and associated water resources problems in the watershed
of Monousnoc Brook. It is the basic document that presents a broad
view of the overall studv for the benefit of both general and technical
readers. Included in the main report is a desceription of the study
area, including existing loprovements: the problems being experienced
and the need for additional improvenments: a summarv of the project
cconomics viving the benetits, costs and jnstification: the division
of plan responsibilit.es between Foderal and non-Federal interests;
and recormmendations ter implenentine the selected plan.,

Appendix 1 is o techmical report tollowing the same general outline
as the tormulation and evalunation pirt o7 the main repert but presented
in creater detail for the techrical reviewer.  Descriptions of the

problems and solutions are prosented in the same order as in the maln

report. Appendix 2 oconrains pertineat coarespondence from loeal officials

as well as Federal qod State apens les, e Draft mvironmental Impact
Statement (FIS)Y is alse gnelnded as Attachment 1.

Prior Re:orts

Several reports boive hera prenared he corns of Enpineers
Coneerning, water toeRoarce b esement s “he Merrimack River and
its tributaries, in Diodins the Nerel Nooo River and Monoosnoc Breok.
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These earlier reports resulted in the construction of four reservoirs
i and five local flood protection projects at five locations in the
Merrimack River Basin. More recent'y authorized studies recommended
additional improvements for water resource development in the North
Nashua iver and Monoosnoc Broox watersheds, A summary of these
y reports follows.,

"308" Report

The Merrimack River in New Hampshire and Massachusetts was studied
by the Corps ot PFngineers under provisions of House Document Ne. 308,
69th Congress, Ist Session, which was enacted into law with modifica-
tions in Section 1 of the River and Harbor Act of 21 Januarv 1927.
“he reports that tollowed became known as ""INR" Reports, The Merrimack
‘ River 308" report was published as House Document No., 649, 71lst Cong-
ress, 3rd Session. It determined that navigation, flood contrel, power
% deve lopment and irrigation improvements were not warranted at that time.

Survey Reperts tor Fleood Control

Followin: the tiood of 1936, a report for the Merrimack River
: Basin Jated 1% Mav 1938 was submiited and published as House Document
689, 75th Congress.  The report recommended the construction of a svs-

tem of tlood control reservoirs aad related flood contrel works. The

i present svstem constructed under this authority included tour reservoirs
' ind local tlood protection projects at five locations. The reservoirs

! include Franklin Falls, bBlackwater, Hopkinton-Everctt and Fdward McDowell
; while the local vrotection projects are located at Nashua and Wilton,

: New Hampshire and Lowell, Saxonviile and Haverhill, Massachusctts.

NENYIAC Repoert

The report of the New ingland-New York Inter-Agency Comiittee
(NENYTAC) considered all aspects of the land and water resources of the
area.  The report was published as Senate Document No.o 19, &5th Congress,
Ist Session.  Chaprer XV of Part Iwo of the report covers the problem
of flood control in the Merrimack River Basin. It determined that
additional flood control measures were needed in che basin.,

Interim Report

In compliance with authoritv provided in a Resolutieon by the
House Committee on Public Vorks of the Inited States adeopted 9
Februarv 1961, o survey was made (o dotermine "the advisabilitv of
adopting turther improvements for flood control and allicd parposes
fn view of the heasv damages and loss o0 Tife caused by recent scevere
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storms in the Merrimack River Basin.'  An interim report dealing with
the Water Resources Development Plan, North Nashua River Basing, was
prepared in 19650 Based on the tindings ot the interim report, the
89th Congress (Public Law BY9-789) authorized the construction of the
Monoosnoce Brook Channel Improvement and Monoosnoc Dam and Lake.

NAR Report

The North Attant c Repional Water R soarces Study was one of 20
regionwide comprehensive water and related land resources studies
conducted throughout the tnited States vodir guidelines cestablished
by the 1965 Flood Comtrol Act (Section ov, Public Law 89-298). The
studv's objective was the establishment @ 4 broad master plan or
framework to serve as a basis for futurc rosional water resources devel-
opment and management plans.  The requir.. ats of the residents were
considered in analyzing needs such as water quality control, flood
control, municipal and industrial water supplyv, irrigation and rural
wiater supply, naviyation, hvdroelectric power, recreation, fish and
wildlite and other environmental resources., These needs are projected
through the vear 2020, The study besan in 1966 and was completed in
June 1972,

Noctheastern United States Water Sapolv Study (NEWS)

The unprecedented drought thar started in 1960 over the north-
vastern scaboard ot the Nation led Congress to authorize the Secretary
of the Army, in October 1965, to cooperate with Federal, State and
local apencies in preparing plans to meet the long-range water re-
quirements of the northeastern United States. Congress anticipated
that such plans could include major rescervoirs, major convevance
facilities to transtfer water between river basins and major purifi-
cation facilities to be constructed under Federal auspices with appro-
priate non-Federal financial participation. The NEWS Study was ini-
tiated in 1966 and was completed in 1974,

Merr.mack River Basin Survey Report
A study of Survev Report scope was completed in August 1972,

the last in a series of reports authorized by the Congressional reso-

lutfons of 1938, 1961 and 1964. Although the 1972 report covered the

entire Merrimack River Basin, solutions to water resource problems

invetving the North Nashua and Sudbury  Rivers had been suggested in

the carlicr interim reporis. The final . - rt recommended no additional

flood control or navigation improvements :©  the Merrimack River Basin,
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Merrimach River Wostewater Manapoment Study

A wastewater management study of the Massachusetts portion of
the Merrimack River Basin was published in June 1975. The study was
4 joint effort by the Commonwcalth of Massachusetts and five regional
planning agencies in the Lnvironmental Protection Agency and the Nashua
River Program. The study investigated point and nonpoint sources of
pollution, including rmunicipal. industrial and stormwater wastes, and
proposed system alternatives that varied from decentralized to large
centralized or regivnal facilitics. The study team investipated the
possibility of utilizing land application methods as well as water-
oriented treutment plants to puritv wastewaters. The studv was con-
ducted to meet the criteria of the Federal Water Pollution Conrrnl
Act Amendment of 1972.

Floodplain Information Report

A Floodplain Information study report for the citv of leominster,
preparced by the New Engiand Tivision, was published in October 1976,
The city of leominster is now eligible for flood insurance under the
emergency flood insurance progran.

Studies in Progress

Flood Insurance Report

A flood insurance study report for the city of lLeominster is
being prepared by the Federal Insurance Administration (FIA). As
previously noted, the city of lLeominster is now eligiblce for flood
insurance under the emervency flood Insurance program. Residential
homes can obtain flood insurance coverage of up to $35,000 for $0.25
per 5100 (a subsidized rate). Additional subsidized covernve for
contents, up to 510,000, is also available. When rate maps are puh-~
lished bv FTA and the city officially enters the program, property
owners will be able to get additional coverage up to $185,000 for
structural damages, plus an additional $50,000 coverage for contents.
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SECTION B

RESOURCES AND ECONOMY
OF STUDY AREA

This section of the Technical Appendices presents an analysis
of natural and human resources for the lLeominster area, as well as
environmental, climatology and archacelogical data. Economic develop-
ment information also is furnished alonsg with tables 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 identifving the problems of the
area and in selecting appropriate solutions. The resources and ecrnomy
of the study area w.re analvzed on two levels, First, the cities of
Leominster and Fitchburg, which form the economic base studv area,
were analyzed to determine the broad economic setting of the nroject.
Secondly, the area immediately surrounding the project, referrved to
as the study area, was analyzed to determine the project’'s specific
impacts on the adjacent land.

TERRAIN AND LLAND USE

Monoosnoc Brook rises in Rocky Pond in the hills west of leominster
and tlows In an casterly dircction for 8.7 miles, throuph the commercial
center of Leominster to its confluence with the North Nashua River.
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The Monoosnoc Brook watershed totals 11,2 square miles and 1is
located along the eastern margin of the New England upland 1in central
Massachusetts. Tt 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, controlied largely by the underlying crystal-
line bedrocks that outcrop on the upper slopes and tops of many of the
hills,

Remnants of the glacial outwash occups the bottoms of many of the
major valleys. Variably thick deposits ol glacial till 1ie above the
outwash and along the upper slopes of the region.

Bedrock in the vicinity of the propos.-d improvement is a gray,
dense, hard, unweathered phyllite at the intake end and a similarlv 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 lLeominster State Forest. Although the area is rural,
stecp slopes make the upper basin conducive to rapid runoff.

Downstream of Rockwel] Pond, the lower basin is characterized by
urbanization and channelization. Manufacturing, retall structures and
multifamily housing have encroached on the brook resulting in channeliza-
tion, bridges and conduits through the citv., 1In the past central leo-
minster has had major tlooding problems, due to these restrictions.

HISTORICAL AND ARCHAFLOGICAL RESOURCES

In accordance with the Corps guidel’. s 33 CFR Part INS5.16 (a).
New Fngland Division engaged a professionat archaeologist to can'net
a cultural resource reconnafssance. Thi« preliminary stud rras nade tn
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identify, loca:e¢ and record any cultural resouvrces within the proposed
project area. The archaeologist's report Jdid not c¢fte any sisnificant
resources, either historical or archacological, which would be disturbed
by the proposed project. The report did state that areas adjacent to

the outlet structure are archaenlogically sensitive because similar sites
in New England have produced irchaeological fiads. Since no archacolo-
pical reconnaissance can be expected to lccate all possible sites, the
sensitive areas will he surveyed further during subsequent uthorized
studies. The Office of the Massachusetts !istorical Commisslon (State
Historic Preservation Officer) was contiacted to determinge whether any
State Historic Landmarks, State Points of Interest, sites on the National
Register of Historic Places, or sites in the process of being aominated
to the National Repister would be arfected by this project.  None were
listed.

CLIMATE

The Monoosnoc Hrook waters :ed,situated within the North Nashua
River watershed, has a variable climate. 1t frequent.v experiences
periods of heavy precinitation produced bv local thunderstorms and
larger weather systems of tropical and extra-tropical origin., The basin
lies in the path of the prevailing "westerlies' that traversece the country
in an easterly or northeasterly direction and produce frequent weather
changes. Temperature extremes within the basin range trom sammertime
highs of about 1009F to subzero temperatures in the minus teons occur-
ring for short periods in the wincter.

The mean annual temperature in the North Nashus River watershed is
about 48°F. Recorded temperature extremes at representative statfions
within or adjacent to the wotershed have varied trom g maximam of 1030F
at Fitehbure to a mininmm or =722YF ar Clinton, Massachuscetts. Freezing
temperatures may be expected tfrom the later part of September until late
in April.

The average annual precipitation over the North Noashog River Basin
is anproximateiv 45 inches, uniformly distributed throagyhoar the vear.,
The maximum and minimum annual precipitation at Fitchibary are 60,23
and 27.45 inches, respectively. Annual snowtall in the basin averagzes
about 60 inches at Fitchburg whico is located at about clevation 400

feet msl.

A more detailed description of climatoiogy, including tables of
temperature and precipitation, is included in Appendix 1, section D-
Hydrologic Analysis,

Appendix-]

B

BFa 2% 4% A Y s




NATURAL RESOURCES

The Monoosnoc Brook watershed {s an area of contrasts. In the
upper basin, the stream flows through a series of reservoirs and small
impoundments. This area 1s surrounded primarily by State or municipal
forests which are dominated by oaks, hickories, hemlocks and maples,
These forests are considered a transiticn.’ zone between the northern
plnes and hardwoods and the southern black birches, sweet gums, tulip
trees and dogwoods,

The upper basin is primarily a smal! ..nimal habitat. Animals
such as gray squirrels, chipmunks, raccocns, foxes and field mice are
present. Occasional deer can also be found in this area. A few specles

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 f.
familles are present. In the summer the pond has substantial growths
of alpae, indicating that the pond is in an advanced state of eutrophi-
cation.

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 1ining 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 similar to the upper basin, although less dense.

Human Resources

The approximately 70 acres subject ° flooding is located in
Leominster, Massachugetts, a small manuf - . aring city with an estimated
15,000 residents. Comprising 28.8 squar. ~iles, the citv 1ies in the
Nashua River Valley less than 3 miles fr v the center of its northern
Appendix-1
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neighbor, Fitchburg. These two cities make up the core of the Leominster-
Fitchburg Standard Metropolitan Statisticail Arca (SMSA) with a total
dopulation of 97,237 (1970 U.3, Census). Located approximately 40 miles
‘rom Boston and 200 miles from New York City, the area is accessible

via highway routes 2, 12 and 117.

With new construction and other tactors, the cityv's population has
grown at an accelerating rate in tie past 30 years., During the decade
of 1955 to 1965, the population increased bv 20.0 percent. Between
1965 and 1975 the population grew from 29,729 to 35,400 with a 7.5 per-—
cent increase in the last halt oif that period.

The city's share of the SMSA also increased from 33 percent in
1950 to 34 percent in 1970. The population density of Leominster in-
creased from 836 persons per square mile in 1950 to 1,143 persons per
square mile in 1970.

in 1970, 38.1 percent of the residents were either foreign born or
first generation Americ-ns. The largest number came fror Canada. The
migrations int. ceominster are reflected in the ethnic diversity of
the project area, nancly French, !talian, Polish and, most recently,
Spanish speraking persons, The Spanish speairing group numbered 634
in Leominster in the 1970 census as compared to 95 in Fitchburg.

In 1970 nearly 60 percent of Leominster familics Lad school age
children. in 27 percent of those tanilies, the children were nnder
the age of six. 1In the same yecar, 24 percent of the clementary school
children were in private schools, principally parochial,

In 1960, 2.7 percent of the %,099 housing units in lcominster

were vacant and available for occapanev, while in 1972, %.2 nercent of
the estimated 11,540 nousing units in leominster were vacant and avail-
able for ecccupancy.  For reasons which have not been ewplored, lLeomin-
ster experienced a sudden growth in housing construction bevinning in
1970. The growth was principally in apartment complexes outside of the
core area. Continued e¢xhansion is planred to attract a broad regional
market .

The continuing groweh in population has resulted in aew demands

1

on city resources, schoeo's and sowectase in particular.  After arban
blight was Identificd as a problem in downtown areas, civice improvement
activities Increased and the sear b lor new investment - oontinoned.  The
increasinge numbers of qutonchijfes nd trattiic in core reas ani the high
Hries in town are alse pro-
blems mentioned in local official reports.  New hivhwas constrmetion is

daecident rate and lack o recreationatl faci

udderway that wil! fink Teominsiter to Worcester by o Timited avcoss
hivhwave Pader these pressares the city is updating it< master pian,
but protection arainet frooding in the core city is a continuiny con-
straint to the revitalization progran.,
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POPULATION
LEOMINSTER % OF SMSA
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Economic Development

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

Today, Leominster can bhe characteri i as a small city whose
primary economic activity is manufacturing. 1In 1970, 650 Leominster
firms reported to the Massachusetts Division of Employment Security.
These firms employed 62.5 percent of the working population, or 11,455
persons for an annual pavroll 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 ovder of importance as employers, were plastic pro-
ducts, apparel and other finished goods, machinerv (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
plastic products, sun plasses, combs, etc. to be emploving more than
1,500 persons.

wholesale and retail trade is the city's largest nonmanufacturing
employer. In 1970, 20 wholesale firms emploved 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 emploved 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 1960 Census of Population, which reported information on the
basis of residence rather than place of empioyment, listed 9,52
private wage and salary workers, 916 Government workers, R69 self-
employed and 36 unpaid familv workers living in Leominster. By :970
census, these categories had increased to 11,527 private wage ang

salary workers, 1,397 Governunent workers, 787 self-emploved and 52

unpaid family workers.

Leominster is part of the Fitchburg-Leominster Laber Area., This
Labor Area had a labor force of 51,260 in August 1975, o gain of 1,10%
in one ycar. The tabor Area's total employment figure of 43,720 in
August 1975 was down trom the 46,217 of August 1974, a decrease of
3,938,  The unemployment rate (seasonally unadjusted) in this one vear
increased from 7.9 percent to 14.7 percent. The unadjusted State

unemployment rate was 13 percent in August 1975,
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TABLF. 2

INCOME AND EMPLOYMENT

INCOME (1970)

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

EMPLOYMENT (1970)

State

510,835
3,425

Fitchburg-Leominster

Leominster SMSA
Total employed 16 yrs. and over 13,578 39,210
Percent of population employed
(16 yrs. and older) 41% 407
Fitchburg-Leominster Labor Area
August 1975 August 1974
Labor Force ’ 51,260 50,155
Total Employment 43,720 46,217
% of Labor Force Employed 867 927%
Total Unemployment 7,540 3,938
Unemployment Rate
(Unadjusted) 14,7 7.9
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TABLD 3

FMPLOYMENT AND_PAYROLLS
(Prepared by Mass. Dept. of Commerce and Development)

ALL INDUSTRY

No. of Annual Pay- Employees Distribution
Industry _ Firms ___roll, 1970 _  Aug. 1970 by Faplovees
1. Agriculture &

Mining 4 $ 29,209 12 0.1%
2. Construction 105 3,930,439 4473 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 35 1,217,726 168 1.5
7. Service Ind. 140 2,527,132 640 5.6

TOTALS 640 $74,515,041 11,455 10¢.0

NOTE: The 1970 figures are based on the revised Standard Industrial
Classificaticn Code=1957. These fipgures are not comparable
to tabulations of years prior to 1958.

MANUFACTURING  (02.57 of the Averayce Employved Population)

NOo. of Annual Pav- Emnlovees

Group . Firmag roll, 1970  Auy. 1970
. Ordnance and Accessories
o, Food & Kindred Prod. 6 S 559,],98 104
1. Tobacce M.
4., Textile Mill Prod. 1) 3,281,62%) 689)
5. Apyarel & Other Fin. Gucds 3) ) )
6. Lumber & Wood Prod. 3 55,050 13
7. Furniture & Fixtures & 2,596,974 314
8. Paper & Allied Prod. 3 1,892,213 273
9. Printing, Publishing

& Allied 8 1,161,064 150
10. Chemicals & Allied 7 6,284,89% 735
11. Prod. ot Petrolcur & Coal
12. Rubber Products 49 26,372,576 3746
13. Leather & lenthor Prod.
14, Stor Clavy & Giass Prod. 3 168,946 35
15, Pri “wral Industrieos 1) 12,171,134) i61)
16. ¥abr. tal Procucts 5) ) )
17. Machinery (Fx. Plectrical) 30 5,765,662 577

8. Flectrical Machinery

19, Transportation bquipment

200 Prof., Scient. & Controlling
lust. Photo. & Optical Goods

Wiatches & Clocks I firm included in Misc., Miy, Ind.
She Vdscellancons Mfg. Ind. 13 2,279,518 0 367
TOTALS 140 51,594,814 7,160
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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 apprbximately half of Leominster residents
are now employed outside the city and that the demand for municipal
services due to population growth will cont inue,
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SECTION (C

PROBLEMS AND NEEDS

The problems and needs of the cityv of Teominster and the region,
concerning water and land related resources, are considerable, but
they are not totally different from those of many similar urban arcas
of the United States. During 1963-6% a plan for flood control im-
provements along Monoosnoc Brook was developed as part of the author-
ized North Nashua River Basin Water Resources Development Plan. It
is noted that, although the 1965 study did address water resources
needs other than flood control (i.e., proposed multipurpose reservoir
construction) a larger investment of funds would have been necessary
at that time to ascertain the magnitude of ali other problems and needs.

Meetings with cityv officials and concerned citizens were held
at least annually from 1963 to 1971 to detoermine the extent of chang-
ing water resource needs and problems.,  The entire Monoosnoe brook and
Lake project was placed in a deferred status in 1971 when it was as-
certained that additional water supply was noe longer o need of the
community and that a proposed urban renewal project had been rejected
by the Leominster City Council.

A typical meeting was held with local officials on 11 September
1967. At this mecting the need for funds to construct hannel improve-
ments along Monoosnoce Brook in the vicinity of a proposed minicipal
parking lot was discussed. City officials had been under the impres-
sion that partial funding would be transtferred from desiygn monies for
the proposed Whitmanvilie Rescervoir. This need was not met as such
a transfer was not within the pruview of existing corps aathorizations.

A public meetiny to determine the problems and needs of the com-
munity was held on 27 danuarv 19749, Although a feasible prepesal to
prevent flooding on Monoosnoce Brook was presented, the meeting was
held as an open forun for the poblic  to express their problems and
needs on any aspect of water resoarce development,  The following
views and questions were discussel:

1. Construction of flood coatrol improvements would have 2

beneficial fmpact on the Leominst r o tax rate.
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2. The Leominster Historical Commission 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 0ld 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?

10. Citizens were concerned that continued development in the
watershed 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 malntenance of o' juate watersheds, an adequate
distribution system and adequate emerge:.. v supplies.
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2o do plin, monitor and manage the gprowth of leominste-'s popula-
tion and the development of its land arcas so the population will not
exceed Leominster's capability to provide vital city services. Between
1972 and 1974 a large number of apartment units were constructed in
lLeominster. This, combined with rhe develepment of single tamily homes,
resulted in population growth which excecded the city's ability to pro-
vide services. Twe ramifications of this problem are overloading of
the sewer: "¢ treatment plant and overcrowding in the schools.

3. To expand cconomic opportunitics in the community in a well
planned manner to maximize lonp-ranpe benefits to the people of Leominstoer
and minimize associated problems. Manv of the residents are unemploved.
It is important thuat cconomic opportunities be provided for these people.
This can be accomplished by implementing a well planned cconomic develop-
ment program.

4. To restore the flow of commercial activity into the downtown
arca.  New shopping malls have been built in the past 5 years in out-
tving parts of the community. Be-ause of easy access, unlimited parking,
new constraction and other factors, they have attracrted o considerable
volume of commerce trom the downtown arcva. Retail estal:iishments have
moved fror downtown to the sbhopp.ay, centers and commerce has flowed away
from the older downtown buildings. Congestion and inadequate parking
have also resulted in a1 relative Jdecline in vitality of the downtown.

An important nced ot the city of Leominster is to restore the flow of
commercial activity into the downtown and to restore the downtown as

the central marketplace of the citv.

5. Ta provide public faciliiies Tor neighborhoods which would
result in a better living environment for low income persons.  TPart
ot the crime and vandalism probles results from the lack of adequate
public facilitivs, especially in the more derselv settled parts of the
community.  Manv of the low and moderate inconme people live in these
areas, and manv urban problems are located there,  Providing public
tacilities will oiten give vounrer people out cts tor their enerpies
and should heip vodeee crime and vandalism.  Thev will also improve the
living envirennent.

H. To arrest deterioration of arcas in the conmunity. fart of
the deterioration »reblerr foo related to housinge., Part is duae o the
number ot older tactary bmildines dispersed throapghout the community,
many of which are inadeqgunate tor modern industrial needs.  Parking
tacilitics are inadequate.  Deterioration ¢ouoes heaith, safety and
blight problems in the city,
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7. To correct local flooding problems caused by surface runoff.
Poor storm sewer systems or, in some cases, no storm sewar 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 have been affected by flooding include basements,
yards, sidewalks and streets.

8. To_increase the accessibility of recreation to elderlvy 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 intc a viable urban community with a suitable
living environment for low and moderate income people, it 1s 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 floou control measures.

2. Restoration of the central business district.

3. Maintenance of adequate water s.rnoly,
4. Preservation of historical and ...iural resources.
5. Provision of areas for public 1« rcation.
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Because tlooding is the primery concern of the community this
section of the technicai report includes data on storm charactsris-
tics, streamtflows, hydrologic analysis, areas subject to flooding,
floods of record, and flood damages as they relate to the Monoosnoc
Rrook study area. lMore detailed itaformation concerning basin hyvdrology
ol specitic solutions to flood problens s covered

and the coverape
are the needs Tor conser-

in subscequent sections.  Also diccussed here
vation, recreation, tish and vildlife preservation and water quality
improvement ; the status of existiny nlans and improvem(‘nts’ and Improve-

ments desired, as expressed by local interests.

Status of Existing Improvements

The existing Monoosuoc  Broos consists ot a system of open channels,
bridyes and conduits under buildiags and railroad tracks. These
structures extend a distance ot 2.3 miles from Rockwell Poad through
lL.eeminster center to an industrial site on the ecastern side of the
city at Witiiams Street.  The streambed is cluttered with debris and
overgrown vegetation which severely hampers the capabilitvy of the
stream to carrvyv floodilows.  Theroachment on the strema by industrial,
commercial and residential buildiases is tvpical throughout jts lenpgth
proteciion is afforded to these balidinge

in he citv., Little or no
During periads of heave rainfall, runoff

arainst floodine conditions,
from the Monoosnoe trook watershed results in periodic flooding in the
conyested core business district of lLeominster.  This tleoding oceurs
because ot insufticient flood storope upstream, Increased rono'f from
avevlerated arban development, filling and eneroachment on natural

tloadplain storapee area and insafficient channel capacities.

An cxisting pranite block dam ar Rochwell Pond withatoo! the
record tlood of 19360 However, scoveral properties arourd th pond
evipericnced tlooding.  After compliction of the proposed ! lood control
improvenent the desiyn tlood stay e would be 3 feot lower than the
1936 flond stage at Rockwell Pond.  Althouph o =stability analvsis was
not pertarmed, Yicld investivations indicate that the dam is stroe-

turally scund.  The normal pool Tovel of Rochwell Poad is abiont

. 416 mat.
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Flood Problems

In Leominster about 580 acres are susceptible to floodiang from
the standard project flood. About 70 acres of this land is along
Mcnoosnoc Brook in the urban center of lcominster, while the remainder
is the floodplain at the confluence of the N. Nashua River and Monoosnoc
Brook. Much of the existing stream throuch the commercial center of
Leominster has beern 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-
viable storm, the limited surcharge storage capacity of Rockwell Pond
cannot significantly reduce peak rates of runoff through the pond.
Since the maximum nondamaging channel capacity of the Monoosnoc Brook
channel and conduit system through the center of the city is only
600 ¢fs, storm discharge rates of up to 4,000 cfs cannot be accommo-
dated and discharged. Backup occurs and subsequent flooding of the
leominster core business area takes place. The problem is compounded
by seasonal storms and by runoff contributions from urban expansion
fn teominster. Runoff from undeveloped areas would cause further
tloodtng it they are built on in the future.

STORM CHARACTERISTICS

The Monoosnoc Brook watershed located within the North Nashua
River watershed has a variable climate. Major storms producing flood-
ing on Monoosnoc Brook have generally heen assocliated with local
thunderstorms and larger weather systems of tropical and extratropical
oripin. Four general types of these stoims occur in the North Nashua
River Basin.
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1. Extratropical continent:o i storms which movee aoross the basia

under the influence of the prevatlian "westerlies',

2. Extratropical maritime (coastal) storms which oripinate
and move northward, often calicd "northeasters',

3.0 Storms of fropical oricia, some of which attain hurricane
marnitude.
4. Thunderstorms produced by tocal convective activity or more
coneral trontal action.,

FLOOD HISTORY

The four most significant fleads in Leominster occurred on 149
March 193A, 21 September 19380 205 une 1944 and 15 October 1955,
The 1936 event was the fiood of record atonyg Mounoosnoc Droov. A de-
seription of rainfall and rfunot? associated with these storms is
contained in Secrion A (hiviralosic Analvsis) o!f the Technical Aprendices.

Damage records »t the tour {loods indicare the primary §1-00-
prone arca in leominster is alon Monocspoce Brocok which runs through
the center of Teominster.  The Monoosnoe PBroos watershed o 11,02
squar © miles way be divided inte two subarcas for flood analvsis:
the 507 square miles o headwator controdtled By Notown Dar and Reser-—
voir cmmd the 6.5 sgonare miles beiow the das, The surcharye storace
in the reservoir of cetively reduces and delavs peak tiows trom the
upper hasino.

Runott tron the arca below the rescrvedr s ancontroy oo dthe
hille topovraphy and steop pradiconr o the hroek o hiphly ondducive

3 e roent of the flood peaks affect-

L the fleod=prone section of Teomincter oricinate from the ineffoec-

to rapid oot Anproximately

tive drainaye area below the Nojown Reserveir,

Mhe Timits of SPF Tlooainy in the Monoosnos Srook w teorshed are
shown on Plate 7 o0 Section Dot Appenarx 1. The flood Jisits cover
appr v imatels Y0 Geves exteadineg cron Rockwel] ifond thr waehe the Leo=

0

minster core busine.s area to the incustirial comples at Pl iams Street.

At vendix-|
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stage-frequency curves depicting flood stages of Monoosnoc Brook
under precent condi:zions of development, without additional improvements
on the brook, are shown in Section H of Appendix 1.

EXTENT AND CHARACTER OF FLOODED ARFEA

the flood problem area as indicated on Plate 9 - Section D, Apvendix

1, 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
closely mixed with manufacturing industries from Whitney Street to
Water Street. Based on damage surveys conducted in 1974 and selected
field checks in 1976, it is estimated that a flood with a recurrence
interval ot 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.

Recnrring losses at various stages of flooding were combined
with stage-frequency data to determine annual losses amounting to
$541,000, taken at 1977 price levels.

Trends of Development

Hydrologic: Continuing urbanizatior of a small watershed increases
the frequencv and damage of each flood. ‘..ction D (Hydrolopic Analysis)
of Appendix 1 discusses this effect in dot ({1,
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wors . Uresent conditions are such that Fish g wildlite habitat s
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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.

i

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 ?i
explained to Mayor McLaughlin of Leominster and others in attendance ;
the items of local cooperation required, including the acquisition '
of lands and easements and thz local cost-share, The mayor and City F
Council endorsed a plan for alleviating future flooding in the urban t’

L
}
'

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 4
and hydrolonic features of the proposed improvements,

Monoosnor 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 nrban renewal |
prcivet. This plan was subsequently authorized by Congress, However, 1
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 was funded by the Public Werks Appro- i
priation Act of 1975 (Public Law 93-393, dated 28 August 1974) under '
the general investigations provisions.

The 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 Lecminster is a practical alternmative. 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 at Rocky Pond in the hills west of
the city of Leominster and flows in an easterlv direction for 8.7
miles through the business center of leominster to fts 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-
noc 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 ty surcharge storage in Notown Reservoir, a large
domestic water supply lake. The intervening 5.7 square miles between
Notown Reservoir an. the city of Leominster is very hilly and conducive
to rapid runoff. The remaining 0.8 squarc 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 Monoosnoc 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 Monocosnoc Brook watershed has a variable climate
and frequently experiences perilods of heavy precipitation produced
by local thunderstorms and larger weather systems of tropical and
extratropical origin. The basin lies in tne 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 100° F to subzero
temperatures in the minus teens occurring for short periods in the winter.

b. Temperature. The mean annual temperature in the North Nashua
River watershed is about 48° F. Recorded temperature extremes at
representative stations within or adjacent to the watershed have
varied from a maximum of 105° F at Fitchburg to a minimum of -220 F at
Clinton, Massachusetts. Freezing temperatures may be expected from the
latter part of September until late in April. Table 1 shows the mean,
maximum and minimum monthly and annual tenmp.ratures at Fitchburg for
89 years of record through 1975.
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1ABLE 1

MONTHLY TEMPERATURES AT
FITCHBURG, MASSACHUSETTS
(Degrees Fahrenheit)

Month Averagé 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 111 years of record through 1975.
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TABLE 2

MONTHLY PRECIPITATION AT
FITCHBURG, MASSACHUSETTS
(In Inches)

Month Mean Max: mum Minimum
January 3.44 7.78 0.84
February 3.28 8.33 0.34
March 3.67 12.15 Trace i
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 25

May Trace ‘
June - ‘
July -

August -

September B

October Trace

November

December

Annual
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e. Snow Cover. Snow surveys have been taken by the Corps of
Engineers in or adjacent to tae North 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 measured in the nearby Millers River
watershed for 27 years of record through 1976 is shown in Table 4.

TABLE 4

WATER EQUIVALENT IN SNOW COVER
MILLERS RIVER WATERSHED
1950-1976
(Inches)

Mean Maximum Minimum
1 February L 4.2 0.3
15 February 2.7 5.6 0.0
1 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 Monocsnoc Brook; however,
average annual flow is believed to be about 15 cfs based on vecords
of other streams in the region. Minimum flows approudch zere quite
frequently during the summer menths, 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.S5. Geological Sarvev (US6GS) papiny station is located on the
North Nashua River at Leominster. Drainage area above this vape is
107 square milces and includes Monoosnoe Brook. Average annual runoff
for 39 vears of record through water vear 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 Nort!i Nashua River. The longest and most severe drought, 1961-
1966, resulted in a cumulative runbff deficiency of 31.75 inches, which
is 135 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 data for the five largest events
of recerd at the gage, while Table 6 summarizes the mean, maximum and
minimum monthly and annual runoff in ctfs and inches for the period of
record at the Leominster USGS garge.

TABLE 5

PEAK )1SCHARGE

USGS GAGE, NORTH NASHUA RIVER
LEOMINSTER, MASSACHUSETTS

Average Peak
Dbate Rainfall _____Discharge Runof f
(Inches) (cfs) (csm) (Inches)
18 Mar 1936 5.5 16,300 152 4.0
21 Sep 1938 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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Month

January
February
March

April
May
June

July
August
September

October
November

December

Water Year

NORTH NASHUA RIVER
DA = 107 Square Miles
Oct 1935 - Sep 1974

___Average _Maximum. _ Minimum
CFS Inches CFS Inches CFS Inches
205.2 2.2 465 5.1 50.9 0.6
215.7 2.1 534 5.2 88.8 0.9
372.7 4.0 1289 14.0 140.0 1.5
422.5 [ 868 9.1 154,0 1.6
292.7 2.6 450 4.9 85.4 0.9
155.5 1.6 393 4.3 64.3 0.7
91.1 1.0 392 4.3 42.9 0.5
75.1 0.8 286 3.1 38.1 0,4
90.6 0.9 595 6.3 38.9 0.4
95.8 1.0 606 6.6 39.4 0.4
155.6 1.6 485 5.1 44.4 0.5
190.8 2.0 429 4.6 58.6 0.6
192.8 24.6 307*%  39.4 81,2%* 10.4
*1950
*%1965

Flood Development

a. General.
be divided into two subareas with respect to flood development: (1)
the 4.7 squarc mile headwater area controlled by Notown Reservoir,

and (2) the 6.5 square mile area below Notown Dam. The reservoir

The 11.2 squars mile Monoosnoc Broolk watershed may
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s normally filled to spillway crest, forming a 250-acre pool; however,

the sarcharge storage above spillway crest effectively reduces and delays

peak flows oripinating in the upper watershed, Runoff from the area
below the reserveoir is uncontrolled, and its hilly torographv is condu-
cive to rapid raintall runeftf. Runoff from the portion of the watershed

downstream of the reservoir is the main producer of floods in Leominster,

b.  March 1936 Flood. the ereatest known flood on Monoosnoc
Brook occurred as the result of the second storm of March 1936, In-
termittent perfods of moderate to heavv rainfall doripg the month
combined with considerable snowmeit to produce two floods The first
risc, occurring on the 12th, resulted largely from runoff from melting
snow with some contribution from moderate rainfall that averaged about
three inches over the basin during the period from 9 to 13 March., A
second storm period, lasting from the 16th to the 19th produced the
brook's record tloed of the 18th., This second flood peak resulted from
intense rainfall that averaged about 5.9 inches with only minor contri-
bution from spowmelt. The resulting peak flow on Monoosnoc Brook was
about 2,000 c¢ts and Plate 2 graphically illustrates the development

of the computed 1936 flood hvdrograph and its contribution to the YNorth
Nashua River at lwominster. The estimated plan and flood profile,
hased on limited high water marks and the developed rating curves are
shown on Plates 9 and 8 respectively. A comparison of associated

1936 rainfall amounts are listed in Table 7.

¢. September 1938 Flood. Another {lood producing event oc-arred
as a result of rainfall associated with the September 1938 hurricane
that passed up the Connecticut River Vallev. The Monoosnoc Brook
watershed just narrowly missed the brunt of this storm with 14 inches
of rain falling a short distance to the west. However, basin rainfall
averaged about 7 inches during 18 te 21 September, with about 4 inches
falling in a 24-hour period on the 20th. The peak resulting flow on
Monoosnoc Brook has been estimated at about 1,400 ¢fs based on rainfall
runof f computations. September 1938 rainfall amounts recorded at
Worcester, Massachusetts, compared with other storms, are listed in

Table 7.

d. October 1955 Flood. The Monoosnoc Brook watershed escaped
the widespread torrvential hurricane ~ainfalls of August 1955 but
did experience flood producing raintall in Octeber 1955, The October
storm resulted from the interaction of a - sr to east frontal weather
system with o coastal low pressure system roving northward. Rainfall
in the watershed amounted to about 5 incler din 24 hours on the 15th,
based on rainfall records at Sterling, Misichusetts.,
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TABLE 7

MAXIMUM RAINFALL - DURATION DATA
(In Inches)

Storm 1 Hr. 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, (¢) 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-
tions on ungaged streams. Studies have also shown that within a given
wiatershed 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 Monoosnoc Brook this relationship
was used and an exponent of 0.7 was adopted. The computed mean
log, standard deviation and adopted skew for the North Nashua River
at Leominster, with a drainage area of 107 square miles was 3.3634,
0.3033 and 0.8, respectively. The adopted parameters for Monoosnoc
Brook with a drailnage 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
developed 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 incrcased 19 percent for the 11.2 square mile Monoosnoc

watershed, resulting in an adjusted inde . iainfall of 11.9 inches.
Losses were assumed to be 0.1 inch per h:+r and the resulting 24-hour
rainfall excess was 9.5 inches. Hourly rainfall amounts are listed
in Table 8.
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¢. Unit Hydrographs. A synthetic l-hour unit hvdrograph shown
on Plate 4 was developed for the 6.5 square mile Monoosnoc Brook watershed
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 thrcugh 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 stcrage,
(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, respoectively. The component hvdrographs 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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Flood Profiles

Monoosnoce Brook tlood protiles were computed utilizing the computer
program, NFC~2, \Jeveloped by the Hydrolopic Englneering Center in Davis,
Calitornia. Cross section data was taken from recent Corps of Engineers
surveyvs from the mouth upstream to Wate - Street dam. From the dam up-
stream to Rockwell Pond, cross section nformation was taken from a flood
control plan completed for the city of Leominster by Mr. William P,

Rav, C.Il., in 1934, The 19738 Jdata was verified by field investigation,
Backwater computations were made tor both patural and modified conditions
"n" 0.035 for the channel and 0,06 for cverbank

using a Manning's "n" ot
areas.  Assumed contraction and cxpansion loss coefficients for all
The computed standard project

bridges were 0.3 and 0.5, respectively.
tlood profile, both natural and as modified by the proposed bypass tunnel,

i3 shown on Plate 8. fimits of flooding are¢ shown on Plate 9.

Monoosnoc Brook Bypass

1. General. he proposed deep rock tunnel will serve to bypass
tloodflows from the existine Rockwell Pond, located just upstream of
the Leominster business district, to a point approximatelv 90N feet
downstream of the Water Street dam, a distance of 3,200 feet,

Hvidrolopgic engineering teatures of the various components of the
proposed diversion are shown on Plates 10 throuph I3 and discussed in
the followiny parapraphs. Hvdraulic analyses made during plan formu-
lation were weneral in scope.  More detailed analvsis, probablv including
moedel studies of some ol the more complex hvdraulic structures, will be

required in tinal design.
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b. Design Capacity. 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 00 cfs will be dis-
charged into the existing channel. Designing to the level of the SPF
was found feasible in project formulation studicvs 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.

v. Required Assurances. The abilitv of the propnsed improvements
to safely convey the SPF will be dependent on the maintenance of both
the integrity of the existing Rockwell Posi! dam and the existing safe
channel capacity through Leominster. Therfore, as part of local assur-
ances it will be necessarv to stipulate ittt the dam and channel be
appropriately maintained.

Jd. o Bypass Tunnel. The 12-toot diameter tunnel will be concrete-
Tned and approximately 3,200 feet in length.  The invert of the tunnel
at the upstrean end will be 308 feet msl and will slope at 0,.0137
ft/ft to clevation 264 feet msl at the outlet. With the design discharge '
of 3,400 c¢ts, the velocity of the flow in the tunnel will be about 30
fect per second.  The hydraulie 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.

¢.  Bypass Inlet. The inlet to the tunnel, shown on Plate 11,
is of the "morning glory" type atop a l4-foot diameter vertical shaft,
The l4-foot diameter transitions to a 12-foot diameter before entering
the tunnel, ‘1he transition starts at elevatfon 343 feet msl, which is
the hydraulic pradient of the tunnel for a tlow of only about 1,400 cfs.
The larger l14-foot shatt was selected to insure free acration of the flow,
thereby minimizing the possibilitv of "burping'” or "pulping' as has been
experienced with mlnimum sized morning plory spillwavs. The inlet will
also be equipped with "splitter walls” to minimize potential vortex

actfon.  Trash racks are provided for the collection of debris and personal
satety.  The inlet crest was shaped tor » fesipn s of 4.8 feet,

thereby insuring complete support ot the onpe up to the actual design

head of 3.5 feet. Crest shape data was @ ooon from: "Design of Small
Pfams,"” U.S. Department of Interior, Bure.u - Reclamation, 1960 edition.
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Operation of the bypass for tlood 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 l.eominster
in the old Monoosnoc Brook channel. During flood periods the lip of
the morning glory inlet will be the hydraulic control for bvpass 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 ncar the
right abutment of the dam. Pond Street with a low roadway elevation
of about 421.5+ teet msl provides slightly in excess of 1-foot of
freeboard above the adopted maximum water surface elevation. With
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 3,400 going
through the bypass and 600 oeing discharged into the existing Moncosnoc
channel. The 600 cfs corresponds to the muximum nondamaging channel
capacity of Rockwell Pond. The channel capacity increcases to 800 cfs
at the Water Street Dam. Outlet rating curves for Rockwell Pond are
shown on Plate 14.

t. Bypass Qutlet. 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 clevation at elevation 320 feet msl.
A plan and profile of the outlet is shown on Plate 13.

An apron of riprap will bhe placed at the outlet evit to
prevent excessive scour. With a design flow of 3,470 ¢fs in the bypass,
the velocity in the vertical shaft will be approximately 30 feet per
second. Water level at the top of the shaft would rise to near the
energy gradient of 334 feet msl and then drop to about 337 teet msl
as it passes over the apron end sill. Velacities of flows exiting the
outlet structure will be about 8 feet per second. Desiygn tailwater
at the outlet structure is elevation 333 feet msl based on backwater
computations.

Appendix-|i
h-15

¥

-




A breakaway fence will be placed across the outlet to prevent
a person from 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 1is 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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SECTION E

REAL ESTATE STUDIES

e purpose ot this repert is to estimate the real estate costs
tor the proposed Monoosnoc Brook and Lake Local Protection Project in
Teominster, Massachusetts, local interests are required to provide
all lands, casements and rivhts-ot-wav necessary tor project construction.

Location and Area Data

Ihis project is located Senerally in the center of the town of
eomiinster in Worcester Countv, Messacohusetts.,

leominster s tounded by Fitchiary on the north, Yestminster and
Princcton on the west, Sterdtias on the south and lancaster and Lunenburg

ciro the et s 20 mides north of Vorcester, 45 miles west of Boston
and 19 mrles trom MNew York citw,

Levminster is oan indoast:ial S ommanioy whose principal mannfactured
coods dre plastie prodoac te, appernc by tinished goods, chemicals and allied

products, e blers and tarnidtae

[ts population io 9,0 wa . 30,939, an increase of 5,000 since 1960,

e it W railtead trea o wervice while Piegv-Back service is
o bah e 1 e b er i bitonbhare. Several interstate bus lines serve
this  ormmanaty o cver Hoates om0, the principal highwavs,

oot darte, s g telephone are o available trom local distributors
Wil b water sorvioe s osnoplned o rae City by o surface and gproandwater

BT s oW e b previded v the vty

i W e D e it e e i TYRT e mater part
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Location and Project Description

This project consists of a 12-foot diameter diversion tunnel about
3200 feet long, coriginatring in Rockwell Pond in the form of a morning
elorv type spillwav and dropping to an elevation approximately 100 feet
below the city preoner. The subsurface tunnel extends beneath residential
commercial and © sustrial improved lands, terminating in industrial
land neorth of 4. ittney Street near Monoosnoc Brook. The outlet works
wonld consist ! a 200-foot long outlet structure with earth dikes,
gravity walls and grading below the outler.

Land and Improvements

INLET - Section 1

This section of the project would involve an estimated 33 ownerships,
two of which are city cwned, around the perimeter of the ll-acre pond.
The water elevation of the pond is approximately 416 feet above mean
sea level. A flowage easement comprised of approximately 185,281 square
feet [4.25 acres) of permanent easement land would be required to the
420-foot above mean sca level elevation,

A temporary construction easement would be required on city owned
property leased to the Veterans of Foreiygn Wars organization at the
corner of Pond and West Streets. About 17,600 square fect (.40 acre) of
paved parking and grass covered arca on Pend Street would be required
foer this purpose.

TUNNEL - Section 2

The subsurface 12-foot diameter conduit would extend beneath a high
density residential arca improved by larpge established older homes,
under a business zone containing three gasoline service stations and
4 larpe apartment building. Tt continues Leneath an industrial zoned
area, surfacing near Monoosnoc Brook., e 4 anticipated that the
existing surface uses will not be affect. o bv the construction and opera-
tion of the subsurface tunnel. Approxim:t<ly twenty one private owner-
ships and five citv owneld properties are involved in the tunnel align-
ment .

[
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! OUTLET - Section 3

. The outlet will surface z2bout 600 feet westerly of VWhitnev Street
¥ Bridge near Monuvosnoc Brook in rear industrial lowland., “his area is

. lightly wooded and is subject to scasonal inundation, A gravity wall

! and an earthen dike will be located on private ownershins in tnis area,

About 330,750 square feet (7.59 acres) of permanent flowage casement

will be required plus an additional 53,500 square feet (1,23 acres) cof
temporary construction easements. Considerable prading will be necessary
around industrial bull-dings south of Whitney Street to control runoff,

A total o! four private ownerships are involved in this area.

HIGHEST AND BEST USF

The highest and best use of the required land is its present use,
that of residential, business and industrial land.

ZONING

The project 13 zoned residential, business and commercial, Resi-
dential zoning requires 12,500 square feet minimum area while business
and commercial zones have no nininum area.

Acquisition Costs

It is estimated that real estate interests will be required in
about 57 private ownerships in the subject project. Based upon the
experience of this office in acquiring various interests in similar
properties in other Civil Works projects in the area, the acquisition
costs tor the Monoosnoc Brook and Lake project are estimated at $2,000
per tract. These costs incluade mapping, survev, legal descriptions,
title evidence, appraisals, negotiations, closings and administrative
costs for possible condemnation.  The ownerships have been estimatced
with the benefit o local assesso 's maps and project area maps which
are considered to be reasonably aceurate.  Based on this ownership
survey, the acquisition costs for the entire project arce estimated to be:

57 Private wmerships A4 82,000 = S114,000
1 Public Ownership o -0~ = o ~0-
Total Eetimated Avquisition Costs = 114,000

Appindis=1
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Relocation Assistance Costs

Public Law 91-646, (niform Relocation Assistance Act of 1970,
provides for uniform and equitable treatment of persons displaced from
their homes, businesss or farms bv Folderal or Federally assisted programs.
In accordance with this law, an estimate of £21,400 is included in this
report to cover relocation expenses for three improvements and payments
of expenses incidental to the transfer of real propertyv.

Water Rights

Rockwell Pond was formed in the 1800's by the construction of a
stonce dam at what s now known as PPoad Street. This dam, built in con-
junction with a woolen mill, gives the owner the right to flow a pond as
high as the spillwav. The proposcd medification of the dam and the con-
struction of the tunnel will in na way interrupt these rights which are
not being exercised because of diversification of the mill.

Severance Damages

Where only a portion of an ownership is beinpg acquired, the owner is
entitied to the marnel value of the part taken plus any severance damage
to the remaining portion. Severance damage is the loss in value of the
reniining parcel after the taking as compared with the whole. No severance
damaye is considered in the Rockwell Pond area since the narrow strip of
rear sloping land bordering the pond will be taken as flowage easements
and will not materially affect their market values. (Severance damages
will be estimated for the partial taking ' an industrial building in
the outlet area.)

Appendix-i
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Contingencies

A contingency allowance of 20 percent is considered to be readsonably

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 nepotiations.

Government OQwned Facilies

Section II1 of the Act of Conpyress aprroved 3 July 1958 (PL 85-50N)
authorized the protection, realteration, reconstruction, relocation or
replacement of municipally owned tfacilities. Although there are several

ity owned properties in the tunnel 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 approximately 527,000 per vear.

Timoer and Crops

There dare no merchantable timber or growing crops within the project
area.

Appendix-}
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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 fcet, 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 vear construction period.

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

REAL ESTATE COSTS
RECAPITULATION OF VALUE

f.and and Improvements {(Fee and Permanent Easements) $140,500
lemporary Construction Easement 11,700
Acquisition Costs 114,000
Severance Damages 20,000
Relocation Assistance 21,400
Contingencies (207 of above) ___ 61,500
Total Fstimated Real Fstate Costs $369,100

Rounded to $370,000

Append ix-1

E-6




SECTION F

FORMULATING A PLAN




FORMULATING A PLAN

TABLE OF CONTENTS

Item Page
FORMULATION AND EVALUAT10ON CRITERIA F-1

TECHNICAL CRITERIA F-1
LECONOMIC CRITERIA F-2
.

ENVIRONMENTAI CRTITERTA -2
FORMULATION OF ALTERNATIVE PLANS F-3
EFFECTS ON OBJECTIVES - F-17

NATTONAL ECONOMIC DEVELOPMENT F-11

ENVIRONMENTAL QUALTTY r-i4

EFFECTS ASSESSMENT F-15

ECONOMIC IMPACTS F-16A

ENVIRONMENTAI, TMPACTS r-16

SOCTAL IMPACTS F-16

REGIONAL DEVELOPMENT ¥-17
F1.OOD CONTROL ALTERNATIVES CONSIDERED FURTHER F-17

FLOOD PLAIN RELOCATTON I'-18

FL.OOD PLAIN ZONING F-18

DAMS AND CHANNELD (MPROVEMENTS F-18

DIVERSTON CHANNVI. AND DAM -8R

ROCKWELL POND MODIF{ICATION '-18

DAM AND RESERVOIR I'~372

CHANNEL TMPROVIMENTS }-20

PIERCE POND SURTFACE DIVERSION =20

TUNNEL DIVERSION F-20

ECONOMICS OF LOCA! PROTECTION PILANS F-22
SFLECTING A PLAN ¥-22
DISPLAY OF ALTERNATIVE PLAN EFFECTS F-23

TARLES
-1 Proposcd Manarement Measure. F-8
F-2 Feonomics of facal Protect ion Pians F-22
F-24

- Formalation and Evaluation (orteria
i




SECTION F

FORMULATING A PLAN

In the formulation portion of the study, a wide range of alterna-
tives was investipated to find the best method for resolving lLeominster's
water resource problems and needs. Of the water re¢source 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 auad 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. Both beneficial and adverse effects
of the alternatives were outlined and compared. Where nsossible, 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 plans of improvement
for Monoosnoc Brook were based on technical, economic, social and
environmental standards. Such criteria permit the sel.oction of orly
those plans that best respond to the problems and needs of the affected
area.

Technical Criteria

The following technical criteria were adopted for use in develop-
ing a plan of Improvements:

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

Appendix~1
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b. Selected plans are flexible enough to accommodate projected
future development.

¢. Existing water quality standards should be enforced and future
standards should insure improvement of water quality.

d. Totai costs of meeting futurc water supply demand should
include those required for distribution systems.

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

t. Increased discharyges Into downstream areas that result from
implementation of upstream tlood control works will not cause additional
flooding to those downstream zones,

Economic Criteria

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

a. Tangible benefits exceed project economic costs,

b.  The scope ol the project will provide the maximun net benefits.
Intangible benefits will be taken into consideration.

¢.  There is no more econorical means, evaluated on a comparable
basis, of accomplishing the same purpose.

Jd. AlL benetits and costs are expressed in comparable terms.

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

knvironmental Criteria

The following, environmental and social criteria were utilized
in formulating a plan:

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

bh. An cvaluation of the cenviror ntal impact of any proposed
action includes adverse impacts,

Appendix-1
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¢, A determination of any irreversible or irretricevable commitment
of resources is made.

d. Detrimental environmental ecffects are avoided and teasible
mitigating measures are included, if necessary.

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

Formulation of Alternative
Plans

Once the extent of water and related land resources problems
and needs for the city of Leominster had been determined, initial
planning objectives were formulated. This process was aided by informa-
tion contained in the Community Development Plan Summarv which listed
both short-term and long-term cbjcctives. Short-term objectives relating
to water resource development and possible methods of implementation
are described as follows:

L. To plan, manage, and improve Leominster's water resonrces.

To provide a mor¢ rational utilization of land and other natural
resources, leominster must take steps to protect its watershoed and

water supply. Tuberculation is a problem which reduces water pressure
and volume and reduces water puritv. It can be corrected by relining

or replacing water plpes. Other steps to improve and protect drinking
water include reducing foliape deposgits in reservoirs, reducing erosion
in watershed areas and reducing development in watershed areas of Leo-
minster's reservoirs. Water resource protection helps answer the need
to preclude future drinking water crises.

2. To provide adequate community development planning. The
establishment of a vomprvhuﬁ%in cnmmuniiy déQeldﬁmLﬁgqpragrnm re-
quires pood community development planning. Adequate planning supports
most of the Communitv Development needs described therein.  However,
it has special siynificance {n planning, monitoring and manaying the
growth of Leominster's population and the development of its land area.

3.0 To implement an adequate, welleplanned cconomic development
nrogram. "Lxpanding economic apportunitices, principallv for persons
of low or moderate income,'” s nart ot the primarv ohjective of the

Community Development Propram.  The short=term objective of ceonomic
development relates to the need to cexpand ecconomfe opportunities in
the communitv.

Appendix-|
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4. lo improve the downtoewn area. To achieve the long-term ob-
jective of a healthy downtown, it is uecessary to alleviate the conditions

which have impaired downrown investment in the past., Specific improve-
ments must be planned in a coordinated manner to maximize long-term
behetits and preclude intertacing problems. This short-term objective
wi'l support the necds "o restore the (low of commercial activity to
the downtown area’ and "To expand ccovnomic opportunities."”

5, To conduct a heusing rehabiditation program. Along with en-
forcement o1 housing codes, the cliv snould prévide incentive to property
owners to repair or rehabilitate propertv wvhich is blighted or deteriorating,
Conduct of a housing rehabilitation propgram will contribute toward the
elimination of slums and blipht and roward the elimination of conditions
which are detrimental to health, satety ¢~ public welfare. This objective
responds to the community development neis to upgrade the housing stock
and to arrest deterioration in the community.

6.  To encourapge private restoration ot potentially esthetic properties.
Private property resftoration 1s Important. Tt affects a large part of
the community and it utilizes private resources 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. K
Improvement of the community will eventually reward private property
owners by increasing the resale value of their property as well as
improving their living environment. These improvements will help
develop a viable urban community. This objective answers the community
development need to arrest deterioration.

7. To adopt and enforce rigid ‘and use controls. To satisfy the 3
need to improve land use compatibility, Leominster should adopt and
enforce rigid land use controls. These will help eliminate and prevent
conditions detrimental to health, safetv and public welfare that may
arise when, for fnstance, manufacturing land use is mixed with residential,

4. 1o adept measures to protect natural and bistoric resources.
To sat isy the need to preserve historic proportics and protect natural
resources, it is necessary to take specific measures.  These could
include purchasing conservation or histori. preservation easements
or acquiring fee to properties of histori: or natural resource value.
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9. To adopt a program to rehabilitate properries of historic
significance. Rehabilitating propcrties of historic significance
answers the need to preserve historic properties. Preservation of
Leominster's heritaye and culture is an important part of community
revitalization and should not be neglected. This short-term objective
helps to meet a major national objective ot the Housing and Cormunity
Development Act: the restoration and preservation of properties of
special value ftor historic, architectural or esthetic reasons.

10. To provide adeguate storm sewer tacilitics 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 adequate facili-
ties of this type. Storm scwer improvements will elimirate conditions
cetrimental to health, safety and public welfare, especially during
winter months when freezing of flooded areas on streets makes travel
hazardous, both by foot and by automobile.

11.  To provide adequate recrcation facilities. Recreation is an
important part of Leominster's Community Development Plan because it
allows residents to enjov themselves more fully bv providing a more
suitable living environment. Recreation facilities will be balanced:
they will include both active and passive modes, This short-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 vbjectives taken from the Leominster Community Development
Plan Summary follow:

P Adequate water supply, water distribution and watershed
protection. Maintaining an adequate water supply is a long-term
objective of the cityv of Leominster., Achievement of this objective
involves acquisition of title or interest in watershed land, where
necessary; upgrading of the water distribution system, where n-ressary:
planmning for future needs and other actions. Adequate water supply,
distribut fon and watershed protection will meet leominster's need to
protect the water supply.

2.0 Crowth manayement capabitity.  To avert future problems such
as overloading of the sewer treatment system (it resulted in a State
imposed ban on sewer connections) and overcrowding in the school svstenm
(this resulted in double sessionsi, one of the long-tcerm objcctives
of the ¢ity is the development of a prowth management canabilitv., This
relates to the need to plan, menitor and manape the prowih of leominster's
population as weill as other conmunitv development needs.  The prowth
management objective is a sipniticant element of Jeominster's Comprehens
sive Community Development Plan,
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3. Adequate wastewater disposal capability., A long-term objective
that is corollary to growth management is wastewater disposal capability,
To expand the housing stock and provide a decent home and suitable living
environment for persons of Jlow and moderate income, the citv must be

able to provide adequate sewage treatment service for new homes.  This
objective supports several needs including provision of adequate city
services, expansion of cconomic opportunities and public facilities. and
protection of natural resources.

4. A healthy downtown. To beceme vital and viable, Leominster
must hove a healthy downtown. The central business district is the
hub or activity arcound which the entire communitv revolves. An unhealthy,
deteriorated downtown will encourage decline in the entire community
while improvements to the downtown will help improve the entire community.
A healthy downtown is one which serves as the central marketplace for the
citv. It is alive and viyorous. For Leominster to develop into a viable
urban community it must develop a commercial section. Attainment of
the long-term objective will affect two community development needs:
enhancement of economic opportunities and restoration of the flow of
commercial activity to the downtown area.

5. A pleasing city appearance.  An ultimate goal of the Leominster
Community Development Program is ar. esthetically pleasing municipality.
The climination of slums, blight and deterioration should allow Leominster
to work toward this lonp-term objective. A pleasing city appearance
helps meet the needs for arresting deterioration, encouraging  sound
design and construction methods, preserving historic buildings and sites,
and providing public facilities for neighborhoods,

6. Protection of natural and historic resources. Resource protec-
tion is a sipgnificant long-term objective of the Community Development
Program. Leominster has manv natural and historic resources that could
be damaged by unwise development. This lonpg~term objective helps satisfv
Leominster's need to protect its water supplv, arrest deterioration,

vncourage sound design and preserve historic buildings and sites.

7. Adequate disposal of surface water runoff.  The long-term
objective of adequate disposal of surface water runoff from rainstorms
and melting snow is a very important element of leominster's Communityv
Development Plan.  Due to lLeominster's irrepular terrain, localized
flooding of basements and yards has been a serious problem during rain-
storms and after snowfalls. It is important te the residents that this
need be addressed by Leominster's Communitw Dewlopment Plan., The objec-
tive supports the need to correct lecal 1o ding problems.
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(2)  Recreation.  Water bHased recreat ion needs coala have been
et by the constri tion of o mult ipurpose dam and reservoir such as

was proposed in the 1965 study. Jince that time, however, private
development ¢! l.nd in the vicinicy of Carter Hill has made land taking
for reservoirs prohibitively cxpeasive.  Therefore, there was no longer
economic justification for the construction of multipurpose reservoirs
in the vicinitv of Carter Hill and other sites were nonexistent,  De-
velopment by private interests at Carter Hill has included recreation
facilities in the tform of sui slopes,

(3)  Water Guality. All of the impoundments located upstream from
Rockwell Pond and their tributarics are presentiy olassified bv the

State of Massachusetts as Class A waters.  The main stem of Menoosnoc
Brook below Rockwell Pond is oclassificed as Class B water. Because of
these relatively hich standards there is ne need to adopt additional

water qualirv stand: rds for discharves into Menocosnoc Brook ot the present
time. In addition, the c¢ity ot leominster has a mandate from the State

of Massachusetts to construct o scewape treatment plant.  Future imple-
mentation of higher standards would be monitored by both the State and
Federal Environmental Protection Agencies.,

(4)  Land Use Planning.  "Creenbelrs' or park areass along a
revitalized broox choanne! in o dense arban setting would be of con-
siderable valuc to the citirens of the community, A pian to provide
these was propescd for the city of lLeominster in 1969, However,

the "urban ronewal' plan was reiected in its entirvety Uy the Leoninster
City Councii on 30 September 1967, Becanse of this lack of vuhlic in-
terest for these tvpes of improverents it woes in the best interest of

the Federal covernment not to pursue this matter turthor,

From the cvaluation it became evident that flood control was the
primary need of the community and the only one requiring further study
ar this time.  Several alternative moasures to solve flood control
problems within the citv of Teominster were investipated.  Thev included
nonstructural, structural and a combination of both,

Nomstruciaral measuires would net o redace or oelininate Floading

problems.  They are atilized to ros aiate the ase and develonsent of
the floecdplala, tis tessening daneine cfreets af laree flocdss The
nopstroactaral oegsne s o aveilable an Mavsachosetts, oas o sammariced by othe

Massachu: etts Depart -ent of Natura! Hesources, are listed on the tollow-

iny pases.




NONSTRUCTURAL MEASURES AVAILARLL IN MASSACHUSETTS

| e
1 a. lLand Acquisition

g 1. Land arnd Water Conservation Administered by tae U.S, Denartment

Fund Act of 1965 (PL 89-578, 78 Statr. of Interior's Bureau of Outdoor

897) Revreation, (BOR) the fund allecates
monev to commmities and political
subdivisions for planning, acauisition
and Jdevelopment of public outdoor re-
creation areas, Under the Act, local
agencies may be reimbursed un to 5N
percent of the costs ol purchasing land,

2. Massachusetts Self- Administered by the Division of Con-
Help Program (GI. Ch. 132A, 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 Jjand purchascd or developed for con- ‘
servation or passive cutdoor recreation.
BuR's lLand and Water Conservation Fund
and DNR's Self-llelp Program mav be ap-
plied together. In that case, a com-
munity may receive up to 75 percent
reimbursement tor the cost of purchas-
iny land.

3. National Register of U'nder this program, the National Park
Historic Places (National Historic Service can make funds available for
Prese.cvation Act of 1966, 80 Stat. the acquisition and development of
915, 16 U.S.C. 470) significant histerical, archaeological,

architectural and cultural sites.

4.  Revenue Sharing (P1, 92- Open space lands can be purchased with
572, Acts of 1972) community funds received through the
Federal Government's revenue sharing
procoam,
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b. Other Methods of Land
i Acquisition

1. Gifts of land A community or the State mav acquire

land through private donation. Such
; praoperties as inland wetlands, nature
Z 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
pifted 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 dcmain requires
a two-thirds vote of the town meeting or
city council. There must be reasonable
compensation to the landowner accompany-
ing the taking.

¢. Local Zoning

L. Floodplain zoning [n Massachusetts, the Zoning Fnabling
(Zoning Enabling Act, CL Ch. Act specifically permits municipalities
4OA, Sec 2) to safeguard lands "deemed subject to

seasonal or periodic flooding,” The Act
further states that these iands "shall
not be uscd 3s to endanger the health

or safety of the occupants thereof.”
Floodplain zoning, althoupgh designed
primarily to prevent damage from floods,
can permit use of low-intensity recrea-
cion areas while restricting urban de-
velopment.  Conservancy Zoning, a device
adopred in several Massachusetts towns,
is essentially a variation of fleodplain
zoning.
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2. Cluster zoning The basic idea behind cluster zoning

is to create a more attractive environ-
ment. by permitting a developer to

erect houses on smaller lots than the
ordinance normally requires, provided
the remaining land 1is permanently
preserved for its natural beauty and
recreational value as neighborhood

open space.

d. Wetlands Regulation

1. 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 anv *
person or governmental agency intend-
ing to remove, fill, dredge or alter
a wetland must insure, by following
various procedural and technical steps,
that the activity will have no adverse
effcct on water supplies, storm and
flood prevention, pollution preven-
tion or fisheries protection. 1In
effect, the owner must develop his
wet lands in zaccord with the public's
interest and safety.

2. Inland Wetlands Restriction This legislation is designed to sup-
Act (Gl Ch. 131, Scc 40A) plement the reyulative approach of
the Wet lands Protection Act with a

planaing approach not dependent upon

the tomdovner coming forward to apply
fooo o permit,  The Commissioner of DNR-
in  rder to preserve and promote public
satyi, private propertv, wildlife,
fi:hories, water resources and flood-
ploin arcas and aericulture-is dirccted
to i .sue orders restricting development
or  ialand wet Tands.,
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¢. Tax Incentives
1. Classification and

Taxation of Forest Lands

and Forest Products (GL Ch. 61,

Secs 1-7, as amended in 1969

by Ch. 873)

f. Conservation Restrictions

1. Conservation Restric-
tion Act (Ch. 666, Acts of
1969)

Other nenstructural measures

This law allows forest land to be
valued at no more than $10 per acre

if the owner of 10 or more icres
(valued at not over S$400 per acre

at the time of application) practices
forest management to improve the quan-
tity and quality of a continuing forest
crop.

A conservation restriction or easement
is a written agreement between a pro-
pertv owner and a government or private
agency by which the landowner agrees

to specific development restrictions

on his land. As a result. the property
owner often qualifies for certain tax
benefits under General Laws, Ch. 719,
Acts of 1972.

such as building code regulations

and enforcement, floodproofing, permancent evacuation of floodplain

areas and purchase of flood insurance were investigated during the ccurse
of this study. Floodplain zoning enforcement would be 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 BProok.

Several structural soluticons for providing local flood pretection

in Leominster werce investigated.

These methods included upstream dams

and reservoirs, channel excavation, surface diversions, walls and dikes
and tunnel diversions or bypass conduits, or combinations of these
plans depending on the degree of flood protection ta he afforded.

Effects on Objectives

National Fconomic Development

To evaluate the impact of

varions plans of protection on National

Feonomic Development, project first costs. annual charges and annual
henefits were estimated for each plan.  Federal first costs included
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constiruction costs figered at June Y977 price levels and an allowance for
contingency items as well as engineering, design, supervision and ad-
ministration costs. Non-Federal costs could be shared by the city of
Leominster and the State of Massachuscetts or could be all local costs
associated with the obtaining of tands, eascments and rights-of-way,

and utility relocations. Property valuations are based on information
from local interests and recent sales In the area. loterest charged
during construction was not incluued in the estimate because of the
relatively short (less than 2 years) construction period.

Annual charves, both Federal and non-Federal, are based on an
interest vate of 6-5/8 percent amertized over a 100-vear period.
Included with non-Federal annual charges are those for operation and
maintenance of the completed works.  The evaluation of annual benefits
included those for flood damage prevention and the income of local
labor required for construction of the projects. These benefits are
discussed in Section H of the Technical Appendix,

Summaries of Federal and non-Federal first costs, annual charges
and annual benefits with benefit/cost ratios for investigated flood
control alternatives are presented in Table F-2, "Economics and lLocal
Protection Plans' of this Section. The derivation of nroject henefits
for the selected plan s detailed in Section H, "Eeonomics of Selected
Plan” of Appendix 1.

From a Natiorasl Fconomic Development standpoint the proposed
plans of improvements should be sized at the optimal cconomic capacity.
Thev should provide a hivh degree of flood protection (SPF) which would
preserve and, in some areas, incrcease the net productivity of poods
and services.,  The recommended project should increase land values and
stimulate economic growrh in the protected area, bDurinpg the construc-
tion period the project would aftord jobs for local citizens.

Enviroamental Quality

From its origin at Rockv Pond in the hills west of the city of
Leeminster, Monoosnuo Brook flows in an casterly direction for about
8.7 miles to its confluence with the North Nashua River., The brook
has a total drainage arca of 11,7 square miles.  Its upper 4,7 square
miles are heavily forested and contain several water supply lakes while
the lower watershed is hiyhlv developed an ' arbanized.  The intervening
5.7 square miles between Notown Reservoin oond the ity are very hilly
and conducive to rapid raneff.
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Water quality in the upper watershed is very pood while lower
watershed quality is fair to poor due to discharges of industrial
waste into the stream. There is little or no fishing potential in the
lower stream. However, limited fishing is possible in Rockwell Pond.

From an environmental standpoint the proposed plan of improvements
should afford more beneficial than adverse effects to the environmental
account.

Effects Assessment

The impacts ot the possible alternative plans on the nataral,
social and economic environment of the studv ares were assesooed It
must be recognized, however, that the primarv goal of cach alteria-
tive is to alleviate or eliminate the unpleasantness and cconomic
losses caused by flooding. FEach of the alternative plans investigated
had some similar impacts on the environment, social well-beiny and
regional development of the project area.

The first step of the assessment, delineating the impacts of
"no action," was made. The primarv conscquences of no action would he
the cont inued economic loss, inconvenience and possible danper to human
Tife which exists because of the inadequate channel capacity of Monoos-
noc Brook in its course through the central business district of Leo-
minster. The economic loss "without the project” is cstimarted at
$541,000 annuallv under prescent conditions. A recurrence of the 1934
record flood would produce an estimated 33,752,000 in danayes (at 1974
price levels). The flood problem can be expected to fntensity as runoff
increases because of additional development in the npper viatershed.

Leominster's continual vulnerahitity to floods would Lo evpocted
to result in a continuation of denressed property values and relatively
low tax assessments in the fleod zone. At present, some ot the properts
in these areas is in a deceriorated condition.  Vithout implermentation
of flood control improvements there is less incentive on the part of
owners to upgrade their propertivs.

Environmental changes without a flood control project wvould be
minimal. Flooding would continue to leave sediment and debris within
the flood zone, requiring a cleanup after cach event,

With the implementation of flood control improvements along
Monoosnoe Brook most of the ceonomic, sociai well-bein,: amd environmental
impacts would be favorable.  The following paragraphs discuss the {mpacts
of sach implementarion:
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Economic Impacts
a. The positive ceonomic impacts would include a substantial
during construction, resulting in increased
Materials and supplies for the project
for local and regional manufacturers.

fncrease in emplovment
coods,

spending tor consumet
bhusiness

would provide additiona?

b Froes the mavicipal point of view the primary positive impact
would be the reduction o tlood damages ot a4 relatively small cost to
the to-al povernments invetved.

the value of previously flood

o With elimination of flooding,

prone tand wonld tend to vise.
d.  Tax revenues could be expected Lo increase because of revitali-
zation of those propertics that were formerly subject to flooding.

threat would serve to enhance {uture

A Decreasing the flood
potential for growth.

Fnvironmental Impacts

several basic environmental concerns were addressed during the
the studvy of various alternative plans for local flood pro-

it was determined that damage to adjacent
structures due to use of explosives would not be permitted in any plan
ot protection. Specifications would require the (ontractor to utilize
blasting nets and meet safety standards that would preclude such damage.

conrse of
tection in leominster,

fn any plan of {lood control improvements, the major social well-

beiny factor would be climinating the anxietv and fear of flood damage

felt by citizens residing within the floodplain.
pstructural plan of improvements would result in

some temporary Jdisrantion of tratfic in the vicinity of the project

routes where eonstroction materinls and cequipment are being

Air poliution ond tratfic disruption resulting

il normal precantions are taken such
alternate detour routes.
not of a serious nature.

garrving oat

amd on
brought to the site,
from vonstruction wonld bhe minimal
as watering ot dusty o streets and utitization of

ATl ot these i onvenienoes would be temporary and
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Minor noisce pollution would also resulr from the construction,
However, it would be within the State's acceptable level and its
social impact could be minimized bv following normal construction
practices such as beginning work atfter 7:00 a.m, and muffling heavy
equipment engines. After completion the project would not affect noise
levels in the area.

Negative social impacts would bhe more evident for the construc-
tion of a dam and reservoir than thev would for a tunnel diversion
due to the peneral objection to loss of wildlife habitat and change of
land use which could lower tax revennes,

Reglonal Development

All alternative plans for local tlood protection were designed
to alleviate the inconvenience, danger and economic loss resulting from
flooding. When considering the positive social and environmental
vftects of flood control improvements it becomes evident that improvements
would make the flood-prone areas of Leominster more desireble for busi-
ness and industrial activities, because of past floeding conditions,
litt]le future development could be anticipated to expand the economv
of the community if no flood protection is provided., Decreasing the
flood threat would not only enhance the local economy bv reducing property
damage and lost business Jdavs, it would also serve to enhance future
potential for growth.

A positive shori-tern ettect would be the additional jobs created
during the construction perioca. Over the lony term there would be no
significant ettfect on direct emplivment as new emplovees would not be
needed for operation. Studied alternatives would also tend to increase
real estate values o properties in the im.ediate studv area.  1f
assessed property taxes rise the community would receive additional tax
revenue.

Flood Control Alternatives
Considered Further

As the studics for providing lTocal tlood protection along Monoos-
noc Brook continued the tollowing methods were considered further but
were eventually eliminated for the eited reasons.  onlv the nlan toe
construct a tunnel diversion trom Rockwell Pond to helow Water Street
appeared to meet the vequired cconomic and environmental evaluation
criteria.
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Flood Plain Relocation - A relocation plan was found to be highly
impractical for this study arca. It is too expensive to buy properties
ard too disruptive to remove people, industry and businesses from the
citv center.,

Flood Plain Zoning ~ Zonivg and building regulations should be
implemented and enforced by the citv of Leominster to effectively
redace the flood damage potential of the studv area. Planned future
development and land use programs would alleviate present encroachment
and preclude possible future encroachment on floodplain lands. As a
part of focal cooperation assurances the city would be required to
prevent any encroachment on the existineg  hannel below Rockwell Pond
that would impair its capacity to discharye 600 cubic feet per second.

Bams and Channel Improvements - Several dam locations were in-

vestigated on Monoosnoc Brook and its tribotaries. Because these

sites were located too far upstream, their limited storage capacities
prectuded control of all fioodwaters to Leominster. Therefore, channel
imnprcvements would be required to supplement any flood control scheme
ol upstream storage.  Ne iotegral dam and channel improvement scheme
could satisty corps criteria and still carrv a favorable B/C ratio.

In addition, dam construction and disruption associated with channel
projects are generally opposed by local officials and citizens of
Leoninster,

fn o conjunction with an upstream Jdam.  Floodflows would be conducted
trom Plerce Pond throuph an open chamel directlyv to the North Nashua
River, This plan was tound to be ceonomically inteasible since
condordniams have been onstructed alony segments of the anticipated
alienrent.

Rookwell Pond Madification = A plan to lower Rockwel! Pond to
providio g gecreat fonal pooal and tlood proteetion was investigated,
Pecause of the Piaitea 1iood storage area provided by the pond, this

plan wis not considered teasible.

Darand Reservoir = buring 196-1965 4 water resource development
stady for the North Mishua River PYasin recommended authorization of
a4 oplan that inciwded construction of g maltipurpose flood control,
wiater supply and recreation dam and lake to be located about 1,5
mites upstream trom Leominster's central business districe.  This dam
wonld have provided R00 acre~feet of flood contrel storage, equiva-
fent to 6 [nches of runefr, at a toral first cost of $2,610,000,

Based on annual costs ot S102,000 (1964 price levels) and annual benefits

of 363,000, rthe project at that time had a 1.7 to 1.0 B/C ratio.
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Subsequent to submission of our report, however, additional urban
Jevelopment took place at the site of the proposed spillway, located
on the north side of Carter Hill. Reformulation of this plan, with
the spillwav relocated to the south side of Carter Hill in order to
negate the high costs of property acquisition, resnlted in o structure
with an estimated first cost ot $12,350,000 (1974 price levels).
Compared with flood control benefits taken on an annual basis, the
resulting B/C ratio was 0.5 to 1.0.

Alternative sites for the proposed dam were investirated to
determine whether a vi. ble, econemically justified nlan for local
tlood protection of downstream arcas could be developed. A second
dam construction plan was studiced for the same tocation as that de-
scribed above but with a side channel spiliway instead of a spillway
located in the earth fill strecture. This plan had an estimated
tirst cost of $13,190,000 and a similar 0.7 to 1.0 B/C ratio.

A third dam construction plan involved three separate smaller
structures. The main dam would have been located upstream of thosce
in the previously Jdescribed plans but would not have included control
of discharge trom the tributary stream that is the outflow from the
"Distributing Reservair.'” A secondarv structure would control this
outflow while the third structure would be a subimpoundmont lanm
located about 2,500 feet upstream from the primary dam.  This plan had
an estimated tirst cost of $13,268,000 and a B/C ratio of 0.5 to 1.0,

Because of topopraphic and deveiopment constraints, potential
dam sites in all tihe plans deseribed above included downstream
channel improvements in order to pass a standard project !.ood without
damage to adjacent flood-prone properties. At all threc sites a
single purpose flood control dam vithout downstream improvenents was
found to be e¢ither infeasihle or did not have economic justification.

The most Iimportast environmenta' consideration for dgam md reser-
voir construction woald be their cettect on fish and wildlife habitat
and the change in land use Yor the rescrvoir area. Howevir. hoecancoe
ol the relatively small size of the Moaosr . Brook watershed. in this
case the effect on tish and wiltdlife v 10 . be significant.

A flood control or multiparpose « .o and reservoir wonld ne environ-
mentally unacceptable because of the change in Tand use tor the reservoir
and surrounding Tands.  Arecas which are conrrent vy wooded wonld be sub-
ject to periodic inundation that wold lead to cventual tree il oand

vsthetic disruption.
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Channel Improvements - The substaniial development in the Leominster
central district prohibits economical and practical improvenents to
the existing charnel. Removal and/or replacement of existing structures
and construction of dikes and walls to sately pass SPY levels would be
highly disruptive and costlv.

During the 1964~1965 study, o plan was investigated that would
improve the channel along the existing breok in the ¢ity center to
supplement upsiream dom construction. At that time the plan was justi-
fied as it was predicated on two portions of the channel beinyg recon-
structed under an urban renewal plan prior to the construction of another
two Federally funded sections. The channel would have been widened and
deepened in most areas, and rock slope protection, on a 1.2 slope, would
have been placed in areas that wer> not adiacent to existing stable
walls. The walls could have been capped to provide additional height,
The two zone channel imbrovement had an cstimated first cost of $2¢0,000
(1964 price lovels) and a benetit/cost ratio of 2.1 to 1.0, However,
the urban renewal project was dropped anag the reformulation of a plan
ol channel improvements without upstream reservoirs was found not feasible.
This was primarily because the reformulation would have turned into a
relocation plan since the width of the channel required to pass an SPF
discharye would have forced the removal of several buildings adjacent
to the strean.

Picree Pond Surtace Diversion - Pierce Pond is located on Menoosnoc
Brook about ! miles upstream from Rockwell Pond. A plan to dfvert
vxeess floodtflows from the pond directly to the North Nashua River by
means ot a 4, 100-foot surface ditch was investigated. Because this
area Is highly urbanized, the diversion would be quite disruptive to

the focal community. In addition, it did not meet the acceptabilitv
criteria and had a marginal benefit/cost ratio. The plan was not
recommended for further study.

Tunne! Diversion - A plan to bvpass tloodflows on Monoosnoce HKrook
tror Rockwell Pond to an area downstreanm of Vater Street was investi-
vated.  This plan called for a deep rock shatt and a "morning gloryv”
tvpe intake structure at Rockwell Pond, 3,200 tinear feet of deep rock
tunnel under the center of Leominster and a4 concrete outlet structure
with vnerey dissipator blocks,  Becanse of hiygh fiows in the channel
downstream {rom the outlet works, it was wocessarv to plan for appurtenant
structures.  These would inclade filline (ond resradine of lowland adjacent
to the Pyvrotax Corp. building at Williar “treet and removal and relo-
cation ot two sewer maine which span Monoocaoe Brook at the end ot
Wilitam and at Whitnev Strect. Tn addirion to a 2-tvor diameter tunnel,
A Ja-toot diamcter, a 10-foot diameter nt o S8-foot Jdiameter tunnel were
investigated In order to develop a plan whioh maximizes protect benefits,
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Feonomics of Loca! Protection PPlans -

T T Feonomics of the pions of Tocal protection rhat were studied further
are summarized in the toljowinge Table.

UPSLE Foos

ECONGMICS OF LOCAL PROTECIIUN PLARS

First Anpnal Annunl 6/C
Plan Cost _Lost Benefits Ratio
(S1,00M (21,000) (51,N000)
1. Dam(Site 1) and
Choennel Project S12,850 SHRTI SHO3 0.73
2.0 bam(Site 2y and
Channel Project 13,600 $h9 A0 n.7n0
3. surface Diversion 9,600 614 591 0.96
4. 14" Tunnel R.250 541 A20 1.14
5. 12'@ Tunncl 7,640 T09 617 1.21
AL 1079 Tunnel 6,810 452 502 1.1}
7. 8'® junncl £,100 408 436 1.07

Selecting A Plan

Selecticn of the bost plan ot improscrents for the studv aren
involved comparison of the various altoerooa ives that satisficd the
toranlation and evaluwation criterin.  The « sreening process was simpli-
fied when the formalation criteria, hased oo obiectives, climinated the

conpeting alterpatives as shown in Table 03,
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mee it was dotermined that o rractaral prans other than the Jevp
rock tunnel did not have cconomic justificarion for Corps implementation,
four tunnel alternatives were studied in more detail, A comparison of
costs and benefits tor the four tunne! alternatives showed that the
12-foot diarmeter tunnel maximizoed et benefits (benetics over costs).
See Appendix 1, Section H "Ecanonmics of Selected Plan,”’ Plate H-1.

Ir assessing the socioecenomic and eavironmental impacts of
the studied alternatives it was tound that the tunnel projects best
met the criteria for the Social Well-Being ond Invironmental taality
accounts. The tunnel project wonld alieviate the property owners fear
of future floods, while the undergroend construction would net be as
noisv as surtace construction, Stuedics of water quality 15 rhe pronosed
tunnel indicate that it wouid not require pamping as the dissclved
oxyvgen would not be reduced below accoptable levels.  An analvsis of
water quality is contained in Anpendix 1, Section C-The Selerted Plian,

From an overall flood contreef standpoint, the advantaves offered
by a 12-foot diameter tunnel warrant its selection as the recommended
plan of improvement for the study arca.  This tunnel plan will provide
the highest degree of protection (8SPF) wiile mininizing ndverse etffects
to the EQ account.

Display of Alternative Plan
Effects

The U.8. vator Resources Cooneil!

s Principles and Standards pro-
cedures require that all alternative plans carried threagh the final
planning stage be cvatuated against both planning objectives and their
contributions to four accounts: National Fceonomic Development, Environ-
mental Quality, Social Well-Beiav and Reyional Developrnent. “he signi-

ficant beneficial and adverse impaetso of each alternative are plaved

in the Svatem of Acconnt o, noadaition, the Svstem of Accoont o des
cach alternative carvied thrones the tinal planning staee, G plavs
the plannine objoctives, prescnts cach plans devformonee aeaineo the
speciticod evaluation riteria. d aniicates the timing, veoyraphical
incidence, incertainty, exclusivity and actuality assaciated with the

cvialuation of siyniticant iopacts.
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Alternatives Displaved. The to!lowing alternatives are displayed
in the System of Accounts:

a. Dam and Channel Restoration
h. Pierce Pond Surface !iversion
c. Rockwell Pond Tunmel Diversion

Planning Objectives. The primary planning objectives are to
provide additional flood vrotection to damage centers along Monocosnoc
Brook, Leominster, Massachusetts, to increase the taz base of the
community and to satisfy environmental ccnsiderations.

National Objectives. Principles and Standards require that
alternative plans carried through the final planning stage nmust he
evaluated against the tour national accounts. These are National
Economic Development, Environmental Gaality, Social Well-iteing and
tegional Development. Scction 127 of the River and Harbor and Tiood
Control Act of 1870 rfurther requires that, at a minimur, the {followin?
effects must be identified and ass~ssea:

SOCIAL EFFECTS

Noise

displacement ol People
Esthetico Values
Community Cohesion
Communityv Crowth

ECONOMIC FFFECTS

Tax Revenues

Propertyv Values

Public Facilitices

Public Services

Reyinnal Growth

Emplovment /labor Yoree

Business and Industrial Activity
Displacement of Farms

ERVIRONMENTAL FYFECTS

Man-Made Resourcoe.
Naturai Resources
Adr
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Regions Displaved.  Principles and Standards require that all
rezions in which a4 signiricant impact occurs be displayed. Of the
reglons suggested for inclusion, oniy the planning area and the remainder

of the Nartion are shown since no significant impacts occur in other areas,

\
he following paracraphs lefine the arcas included:
4. Planning Area. 'he planning or study area that encompasses
communities that would be dicectlyv affected by Monoosnoc Brook discharges.

"Remainder of the
Display of this

b.  Remainder of the Nation. In the study, the
Nation” refers to the arva ourside the stuldv area.
regyion is a requirement of Principles and tandards.

“vialuation Criteria.  Principles and “tandards require that specified
e applied to alternative plans and their impacts to

evajuntion criteria he
test their responsiveness. These criteria and the coding used in the

Svstem of Accounts displavs are listed below.

a. Timioy
Coue

1 Impact is expected to occur prior to or during plan
implementation,

2 Tmpact is expected to occur within 15 vears following
plan implementation,

} [mpact is expected to occur later than 15 vears following
plan implementation.

4 Impact ocrurs at indicated period and continues for an

indefinite future neriod,

b. lUnrertainty

Code
5 Level of ancertainty asse -iored with the impact is
yroater than 30 nercent .
9 Level o uncertainty is Lo cen 10 and 50 percent.
o) Level of imeertainty is betveen 0 and 10 percent.

Appeng {w -1
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. Fxclusivity
Code
7 Overlapping entrv; fully monetized in NED account.
8 Overlapping entry; not fully monetized ir. NED account.
d. Actuality
Code
9 Impact will cccur with implementation.

10 Impact will occur only when specific additional actions
are carried out during implementation.

11 lmpact will not occur because necessary additional
actions are lacking.

The tollowing System of Accounts Table shows three «lternative
methods for providing flood controi. Because Alternative 3 (Rockwell
Pond Tunnel Diversion) was the onlv plan to have economic justification
it was chosen as the National Economic Development (NED) Plan. Excess
benefits were maximized for the 12-foot diameter tunnel, therefore this
size was recommended.  Because this plan provides the greatest pesitive
input to the Envirormental Quality (EQ) account, it was selected as the
NED oriented EQ Plan.
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SECTION G

THE SELECTED PLAN

l
|
The precedine section summorizod plan oy o fon and fdvntiniel
those plans with the best potential tor resolvine the provlem ana
needs o7 the stidy area. the toliowing pages desoribe the Hest flood
control plan and i(ts accomlishments and effocrs as well as ts sioniii-
cant design, construcrion, operation and maintendnce fenture s,
Pl . .
esceriptio
an Des ‘riplion
The mast appropriate plan o8 fenrovenent for tloos control in the
Monoosnoe Brook fason calls tor constract ion b 0 subterranean Glversion
l bypass tiwrnel frem Fockweld ]! Ponag to an arve  between Water aned Whitnev
Strects.  Nenstructoral measares requivec to susure the intearity of
. the selecte!d olan ivclode the soanisition of Jloware easements for 4025
avres of waterfront property bt Roclland Pood and ahount 7 oaeres ar
‘ the outlet structure and 3 geres ot the Pvrotes Companv. e oacdition,
.
the ity of Leominster woold be regnired to nroevent encroachnoent on
the existiog channei by entorcoment o zoninve codes,
Principal teatares o the pronoscd plan of dmprooernents Do blow:
| A morning wlore rvpe gspillway ivoet ot Rockwe ! Do,
'J
A l2-ioot diamcter cone cte-Tined e b extendine 2000 Ho g
Pror Rockwe D Poo bote bedow Recheoade T, downsiream o Sates Strect.,

Ar out let structore and coanael o the w2 v the et te Jdic-

charve flows back inte Mmacsnoe Lroeok
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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 aad 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.

'
i
|
|
|
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¢

fABLE G-1

ESTIMATED FIRST COST OF SELECTED PLAN
(June 14977 Price Level)

FEDERAL COST

Item Quantity Unit Unit Price
Preparation of Site 1 JOB . L.S.
Gen. Earth Excavation 6,400 c.Y. 7.00
Tunnel Rock Excavation 20,500 Cc.Y. 71.50
Shafts, Complete 161 V.F. 8,161.50
Open Rock Excavation 110 c.Y. 27.25
Gravel Fill 1,500 c.Y. 6.40
Dumped Gravel Fill 1,100 cC.Y. 5.40
Gravel Bedding 800 C.Y. 6.40
Concrete:

Intake Structure 430 C.Y. 130.00

Tunnel 7,400 c.Y. 149.05

Qutlet Structure 450 C.Y. 120.00

Mass 500 c.Y. 60,00
Portland Cement 60,800 CWT 2.80
Tunnel Grout 10,000 C.F. 14.00
Steel Reinforcing 549,000 LB 0.40
Rock Bolts 2,500 EA 54.00
Steel Bents 150 FA 450.00
Drains 210 EA 80.00
Waterstop 13,600 LF 9.20
Stone Protection 720 c.Y. 25,00
Topsoil 2,700 Cc.Y. 7.50
Seeding 3.25 Acre 2,500.00
Dewatering {(tunnel) 1 JOB L.S.
6' Security Chain

Link Fence 170 L.F. 13.00
Miscellaneous Metals:

Struct. Steel, Standard 6,400 L.B. 0.40

Struct. Steel, Curved 2,300 L.B, 0.60

Galv. Steel Floor Grate 1,820 S.F. 8.00

Galv. Steel Safety Grate 8,400 L.B., 0.75
2'x2' Sluice Gate 1 E.A. 300.00

SUBTOTAL
CONTINGENCY

TOTAL CONSTRUCTION COST

Engineering & Design
Supervision & Administration
TOTAL ESTIMATED FEDERAL FIRST COST

NON-FEDERAL COST
Lands & Damages
Utility Relocations

Amount

$ 20,000
45,000
1,465,000
1,314,000
3,000
9,600
5,940
5,120

55,900
1,103,000
54,000
30,000
170,240
140,000
219,600
135,000
67,500
16,800
125,120
18,000
20,250
8,125
326,000

2,210

2,560
1,1380
14,560
6,300
300

§ 5,384,505
815,495

$ 6,200,000

400,000%

$7,120,00C

370,000

150,000

TOTAL ESTIMATED NON-FEDFRAL FIRST COST S 520,000

TOTAL ESTIMATED PROJECT FIRST COST

*Does not include preautherization cost of $210,000.

57,640,000
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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 durlng 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 recelve careful cousideration
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 element:s surrounding the project
«rea would be landscaped to restore the nalaral scenic beauty and to
provide an attractive appearance for recrcational enjoyment,

Items of beautification and esthetics would be coordinated with
all elements of the public and the local povernment,

Appendix~-1
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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
on 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- ﬂ
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 tunnel. 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 K
are Notown, Haynes, Morse and Dbistributing Reservoirs and Goodfellow i
and Sumond Ponds. All of these impoundments and their tributaries
are presently classified by Massachusetts as Class A waters. I'nder the 1
standards of the classification system, the dissolved oxygen percent j
saturation is always equal to or preater than 75 percent for at least
16 hours per 24-hour period. The oxygen concentration in associated i
tributaries is alwavs 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 naturai origin.
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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 impairment of Class B uses will cccur 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 ultimatc biochemical oxygen demand
(BOD) .

To determine the effects of storage on dissolved oxygen concentra-
tions 1n the proposed tunnel, four assumptions were made:

(1) It was assumed that the data from the later phase of the storagc
experiment was incorrect because the dissolved oxygen values increascd
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
entlre 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 1s water retained during the recessional side of the hydrograph.
Studies done elsewhere disclose that org.nic matter and other pollu-
tants are usually washed from the watershed during the first hours of
a storm event. The low BOD during sample collection is considered
representative of values in the tunnel aftcer diversion has ceased,
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(4) An asymptotic decay curve was assumed because bacteria in
the stoced 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 generaiized form:

Y = k + ab¥
C

Based upon these assumptions, the following equation for dis-
solved oxygen prediction in the proposed tunnel is:

CD0 = 6.58 + 3.8 (0.79)%
Cho = 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 conceatration in the test bottle was
10.0 mg/1 while the ultimate BOD concentration of the water was 2.6
mg/l, leaving 7.4 my/1l. The difference between 7.4 mg/l and the mini-
mum value of approximately 6.6 mg/l 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

Areua 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. 1In 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
ROCKWELL POND

Parameter Value
Date 18 May 1976
Time 0935
Air Temperature 18.8° ¢
Water Temperature 20.0° C
Dissolved Oxygen 8.5 mg/l
pH 6.4
Specific Electrical 13 umhos
Conductance
Ultimate BOD 2.6 mg/l
Appendix-1
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TABLE G-3

MONOQOSNOC BROOK DIVERSION PROJECT
LEOMINSTER, MASSACHUSETTS

DISSOLVED OXYGEN/STORAGE PERIOD

LABORATORY STUDY*

Date Dissolved Oxygen
(1976) (mg/1)
18 May 9.3
20 May 9.3
24 May 10.0
26 May 10.0
28 May 9.4
1 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 50-55°F.
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Geotechnical Information

Foundation Explorations. Three borings (Stations 1430, 20+75, 31+490)
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 1430 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-1 at about
Station 31490 showed bedrock at a depth of 28 feet. The overburden is
silty sandy gravel and silty sands.

Rock at the intake (boring FD-2) is a gray, dense, hard, slightly
calcareous, unweathered phyllite. 1t is massive with occasional joints
that are usually tight. There are occasional hairline healed joints and
fractures. Foliation is generally dipping about 35°. Core recovery
for the entire boring was 98 percent. At Station 20475, 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 elevatioa 302, The rock is primarily a gray,
hard schist with zoner. Healed high angle fractures are common. Weathering
is along joints and localized aones. Core recovery was 88 percent.

Foundation Conditions

The inlet will be founded in Rockwell Pond. The tunnel invert
is at clevation 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-
clpated 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.
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Intake shaft. The 12-foot finished diameter intake shaft will be in
phyllite to the invert clevation of 308. The rock is competent but
may have 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 generallv 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 1is not expected to be 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 veloecity 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 Leominster,
thus giving this section of town adequate floeod protection. Monoosnoc
Brook would be flowing at a nondamaging channel capacity of from 600 ¢fs
at Rockwell Pond to 800 ¢fs below Water Street.

The proposed spillway inletr would be located in Rockwell Pond
just upstream of the existing dam. The circular intake structure
would have a diameter of 46.64 feet, at a weir crest elevation of 416.7
msl. A galvanized stecl prating would be placed over the intake
as a safetv 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 would be 14 feet to elevation 348 feet msl with a
transition to 12 feet in the seck between elevations 348 and 3138
feet msl. The 3,200 foot long tunnel would be drilled and/or blasted
throuph rock and would have a permanent concrete liner to prevent any
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lutrusion of groundwater. The invert of the tunnel would slope to elevation
264 msi oat the outlet shatt, The 12 foot diameter ovutlet shaft would rise
56 teet to the outlet structure invert. The concrete outlet structure

would widen to 32 teet at an invert elevation of 320 feet msl (See Plate
G-6). A discharge channel would be excavated from this area for a distance
of about 250 feet to the existing channel. Althouyh discharge velocities
would not cause ercsion 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 level at Rockwell Pond by a weir
about 13 feet hiph with a crest elevation at 415,7 feet msl and an
effective tength of 68 feetr. The proposed improvement would modify
the existing dam by reducing the effective length of the weir to 22.5
fecet while maintaining the same crest elevation, This elevation is one
toot less than the proposed diversion crest and would, therefore, allow
normal tlow passage of up teo 70 cfs downstream through Leominster in
the Monoosnoc Brook channel before rhe diversion goes into automatic
operation.

Additional construction would include regrading of about 3,5 acres
of flood-prone property at the Pyvrotex Company, located about 300 feet
downstream from Whitnev Street. Existing ground which is as low as
elevation 309 msl would be sloped fraom the riverbank to an elevation of
317 ms! aear the building. A plan of the proposed regrading is shown
on Plate S,

Two existing sewer Jines which cross the river under the Whitney
Street Bridpe and at the end of Williams Street would be relocated
downstream or replaced as a syphon under the brook at these locations.

In general, this planned 1mprovement is intended to divert excess
flow from Moncosnoc Brook and would not take normal flow away from the
brook. The design capacities are such that existing conditions would
be maintained above and below the diversion.

Construction

Assuming the authorization and availabilitv of construction funds,
it is estimated that the project could be designed and constructed in
abonut three vears. The actual construction period is estimated to be
less than two vears.

Appe mdix-1
-1

—




During the construction phase, eartnfill would be required 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 approved disposal sites.
Concrete required for the intake and outlet structures and the tunnel
itself is estimated at 8,780 cubi. yards.

All necessary casement lands, temporarv and permanent, would be
restored to their natural env.ronmental setting after construction,

Operation and Maintenance

Assurances would be obtained tfrom the Commonwealth of Massachusetts
of acceptance of the tunnel and appurtenant structures after completion
and the assurance of maintenance and operation in accordance with Federal
regulations. ¥

No significant problems ire anticipated in connection with the
operation and maintenance of the selected plan after its completion.
As designed, the diversion will automatically take any excess flow from
Rockwell Pond and Monoosnoc Brook will 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 citv. Tts maintenance of those
standards is then a local responsibility. In additiecn, locual interests
would be required to maintain the existing channel to pass the maximum
nondamaging flood flow of 600 cfs to 800 cfs. The projected cost of
maintenance is estimated at $1,700 dollars a vear,
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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 annual charges (i.e., interest, amortization
and operation and maintenance) with an estimate of the equivalent average
annual benefits which probably would be realized over the 100-year period
of analysis selected. The averagce annual benefits preferablv should
equal or exceed the annual costs if the Federal Government 1is 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 equivalent 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 the 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.
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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-1 through H-3.

Another consideration is maximizing net quantifiable benefits. This
is8 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 desien
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.

Appendix-1
H-2




TABLE H-1

SUMMARY OF FiRST COSTS

First Costs

Preparation of Site
Earth Excavation
Tunnel Rock Excava ion
Open Rock Excavation
Shafts, Complete
Gravel Fills

Topsoil and Seeding
Concrete

Steel Reinforeing and Misc. Metals
Drains

Waterstops

Stone Protection
Dewatering (tunnel)

Subtotal
Contingencv

Total Estimated Construction Cost
Fngineering and Design
Supervision aad Administration
fands and Damages

tritity Relocarions

TOTAL PROJECT COST

$ 20,000
45,000
1,465,000
3,000
1,314,000
20,660
28,375
1,553,140
449,410
16,800
125,120
18,000

5,384,505

. B815.495

6,200,000
400,000%
520,000
370,000

150,000

$7,640,000

*Does not include $210,000 tor pre-authorization studies
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Annual losts
P UL S A Ay

Estimates of annual costs are bhased on a 100~year period of analysis.
Interest during construction is not iIncluded since the construction period
is estimated as being only two vears. The investment cost thus equals
the first cost. 1Interest 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 -2 summarizes the annual costs.

TABLE H-2

SUMMARY OF ESTIMATED ANNUAL COSTS

Item Cost
Federal
Interest and Amortization (.06635 x $7,120,000) S 472,400
Non-Federal
fnterest and Amovrtization (.066135 x $520,000) 34,500
Operation and Maintenance o .1,700
TOTAL ANNUAL COST S 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 hercafter referred to as the Project Area.

The project arca 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
multifamily housing with some single-family homes. The quality of
housing varies; spot demolition of deteriocrated 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 Survevs

A detailed damage survey was conducted by damage analysts of the
NED 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 survey evaluated physical damages to bulldings and
contents as well as nonphyslical losses, utilities for instance, and
the emergency costs associated with a tlood, including the costs of
temporary shelter and subsistence. Fstimates 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. Tt 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 floodable area is primarily commercial and industrial
in character and it is substantially 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 tiute project area appcars to be valuable
because it provides both low income housing and opportunities to foreign
immigrants for work and acculturation in a small, stable cityv,

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 obtailned amount to $540,700 (1977 price levels). Residual annual
losses with the project amount to $13,600 (1977 price levels). The
distribution of annual benefits by geographical areas and related
hydrologic index stations 1Is shown in Table H-73.
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PABLE H-

AVERAGE ANNUAL BENFFITS
(1977 Price Lovels)

AREA 1 - Index 3
(Cotton Street to Pond Street)

ARFA 2 - Index 3
(Central Street to Cotton Strect)

AREA 3 - Index 2
(Railroad Briuge to Central Street)

AREA 4 - Index |
(Whitney Street to Railroad Bridge)

ARFA 5 - Index |
(Downstream of Whitney Street)

TOTAL AVERAGE ANNUAL BENVETITS

Significant intanyible bencefits would also ensue
project.  These include o reduction in health hazards coaused by polluted
floodwaters, o potential improvement of the social

being of both residents and economic activities

cutback in the demand for muntcipal scrvices (police,

departments) during flood emergencies,

economic

12' ¢ Tuanel

S 88,300

255,400

108,900

%7,000

S 100

¢ 5,0,700

trom the proposed

areda, and 2
fire, public works
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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. CQOtherwise,
such labor and resources would not be utilized or would be underutilized.
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. Lator's share amounts to $1,674,000.

[t is regular practice for a contractor to maintain a skilled
skeleton crew and till the rest of his requirements from the local labor
pool. For this project it is estimiated that 75 percent of the laborers
will be locally hired. While not all of this labor will come from the
rolls of the unemploved, the jobs that they leave will be filled by
either the unemployed or the underemploved:; thus, 75 percent will be
used. [t is e¢cstimated that the work will take two vears to complete.

No benctit is considered for labor enpaged in maintenance and opera-
tien ol the project after construction; the work will be handled by
the communitv's regular public work force.

With interest at 6-5/8 percent, the derivation of the annual
redevelopment benefits is as follows:

$6,200,000 x 0.27 = $1,674,000 TOTAL LABOR COST
$1,h74,000 & 0.75 = 51,259,500 1.OCAL LAROK
€627,750 % 0.938 = ¢ 588,830

$K27,750  x DLR8 = & 82,400

$)1,141,000

STLHAT,250 x 06635 (URF 1000« 6-5/87) = §725,72) or §/6,000
(redevel opment benel 1ts)
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Future Benefits

The purpose herce is to determine the extent of possible future
henetfits due to growth and to evaluate the practicality of computiryg
such benefits in cach of the three benelit catepories. These benefit
categories are inundation reduction, intensification and location. They
are differentiated as follows:

L. The future inundation rednction benefit is the value of
reducing flood losses to activities which will use the floodpla.n
without a project. The benefit consists of the reduction of the amount
of future damages and related costs, flood fighting for example. Future
damages are discounted to the base vear of the project.

2. The intensification benefit accrues to commercial, industrial
and agricultural sectors. The benefit is the value of a plan to activities
which, with protection, are enabled to urilize their land more intensively.

3. The location benefit is the value of making the tloodplain
available for new uses bv reducing tlood hazards to activities that would r_
use the tloodplain only with protection.

Field Work

Field work consisted of inspections and surveys of the site in
teominster. A map ol the floodplain wis utilized in conjunction with a
soning map and a land use map. The 1974 Damage Study of the Moncosnoc
Brook, referenced to the 1936 tlood, was emploved. All vacant land
in the floodplain was noted, zoning for such land was determined and
tuture probable use hypothesized. The Leominster Planning Board was
consulted about possible zoning changes and present and future demolitions.
Citizens with a practical knowledge of the community's affairs were also
consulted.  Owners and managers of industrial plants and commercial opera-
tions within the tloodplain were surveyed and inquiry was made as to
whether space within their operations is presently underutilized due
to the threat of possible floeding.

The purpose of the tield work was to ascertain which future benefit
cateyories have applicability in the Monoosnoce Brouk floodplain.

The tollowing results in each of the three bernefil categories were
oht ained:

1. Fature Inundation Reduction Due to Growth

he residential sector covers the laryest portion of floodplain lands., !
Future prowth ot residential tand use s cxpected to occur outside the
tloodplain, however b cause the rosidential area io the floodplain is

dready well developed. While some demolition is possible in the tature,
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there is no way to predict at this time its possihkle extent. The city

of Leominster has no floodplain demolition plans for the immel!iate 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 arc 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
Studv. 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 occupving 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 Manufacturing Co.
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' 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

ciiy owned. The approval of the City Council is necessary for its
sale.

4. A commercially zoned small lot on Main St.

The avallable vacant land has a total area of less than two acres.
The industrially zoned corner lot is at least partially in the floodw;y.
The commercial lot is small with footage on a busv two‘wav street.
The business B zonred lot can only be sold if the ﬁeominstér City Council
approves. A bld was recently rejected, and there is a possib]é zoning
dispute. It had been suggested that the property become a "green 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 pgrowth are limited by the lack of
vacant and buildable land, and residential srowth in the floodnlain is
not expected. There is a small urban inundation reduction benefit due
to afiluence 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 nor consider possible flooding as a
factor in locating in the floodplain of Monoosnoc Brook. There are
businesses replacing vacated structures at the present time. These new
occupants arc economically comparable to the previcus occupants.

Future benefits due to the project areas economic prowth are
primarily inundation reduction benefits to commercial 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.
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Summary of Benetits

o
|
o _J’

Evaluated flood damage prevention and area redevelopment benefits
are summarized in Table H-4.

TABLE H-4

SUMMARY OF ESTIMATED ANNUAL BENEFITS 1
(June 1977 Price Levels) i
Annual
Type Benefit
Flood Damage Prevention $ 540,700
Area Redevelopment 76,000 %
TOTAL & 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 H-5

SUMMARY OF ECONOMIC ANALYSIS

Average Annual Benefits

Flood Damage Prevention S 540,700 i
Area Redevelopment 76,000 J
TOTAL S 616,700 i

i

Average Annual Costs S 508,600

Econemic Rat o

1

. J
Beneiit/ ost (without arca rodevelopment® 1.06 i
Benetit/cost (with area redevelovment) 1.21
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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 studyv,
that only a tunnel bypass project 1ad c¢conomic 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 excess benefits curve shown on Plate H-4 indicates that maximization
ocecurs for the 12 foot diameter vonduic. This size tunnel will safely
convey the standard project flood discharge of 4,000 cfs (less 600 cfs
in the existing channel) under the commercial center of Leominster.

FABLE li=6

EXCESS BENEFITS

Annual Fxcess
Tunnel Cost Benefits Benefits
($1,000) ($1,000) ($1,000)
8'p 408 436 28
10'¢@ 452 502 50
1279 509 617 108
14'9 541 620 79
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SECTION |

DIVISION OF PLAN
RESPONSIBILITIES

This section presents pertinent intermation rewarding cost appor-
tionment between Federal and nen-leaeral interests for the proposed
plan. The apporticoment is based on ifederal tepislation and administra-
tive policies wovernine local flood control projects.  Althoupgh non-
structural measares such as floodproofing of individual structures,
soning and building codes arce not requirements of the recommended plan,
focral interests should consider and adopt such nonstructural measures
tor implemert ing nonstro taral measurcs
in non-Fedoral, although techinical advice ¢an be turnished.  The basis
for apporticning the costs for the project s described in the followine
pi.tasraphs.

as necessary.,  The resporsipilicy

Cost Apportionment

Sharing of costs between Fedoral and non-Federal interests for
the tiversion tunneid protection pio,ect is based on the requirements
established as Federal policy tor "ilocal protection” improvenent.

Under this policy, the Federal sovernrent would be responsible
tor all flood control construceion costs,  Nen=Federal interests would
be required to nrpish all Tands and rivhts-of=-wav and damaves, including
relocations, requiced by the pian. Non=Federal interests wonld alse

hear the cost of opcrating and painrainin, project features after con-

struvtion in accordonce witn Federal requirements Totat project costs

dovirsion tunnel project are estimated at 87,640,000,

tor the recommende.d

Federal Responsibilities

Thee present v cstinmates tedoral share of the total tirst costs of
the recommendoed con it pratocs e s 0T 000

v )

Aprordby-]
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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 $520,000. 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 lLeominster indicating their willingness
and 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 States or its contractors.

¢. 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 existing 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
functions.

f. Comply with the provisions under Sections 270 and 305 of Public
Law 91-646, 91st Congress, approved 2 January 1971, entitled: "Uniform
Relocation Assistance and Real Property Acquisition Policies Act of 1970."
Ttem "e' above covers not only the taking of easements around Rockwell
Pond, as described in Appendix 1, Section F, "Real Fstate Studies,"
but also the enforcement of codes which will insure that the existing channel,
downstream from Rockwell Pond, passes a design !lood discharge of between
600 and 800 ¢fs without restriction.

Append {x-1
-2
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EXECUTIVE OFFICE OF ENVIRONMENTAL AFFAIRS
DEPARTMENT OF ENVIRONMENTAL QUALITY ENGR.
DIVISION OF WATERWAYS
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January 13, 1976

John 4. Mason, Colone.

Avision tngineer

Jepartment of the armr

Jdew @ngland Division, Corps of mngineers
42i Trapelo :d.

#altham, Massachusetts 02154

Dear .olonel i.ason:

I am in receipt of vour correspondence dated Decemter 22, 197
addressed to Governor Michael S. Dukakis informing him c¢f the favorable
results progressing from the investigition for local flood prcotection
along Monocsnoc Brcox in teominster, iassachusetts.

e have reviewed the scope ol the proposed construction activity
and concur with tre zoncept.

lease be advisel that we desire to ve recorded in favor of the
proect at the puolic meeting on January 27, 197¢, and additicnallwv offer
wiatever assistance i3 necegsary to provide State assistance.

Jgtiould I ve or {urther assistunce, please call me in Boston at
727-2:0G.

Yery truly yours,

/ .
.I - ..\“dL PR ‘(-'
'J’L.(( ~ -

JuVID STanDie™ ///

Lot jop Jommissioner
cc:  wovernor !ichaeir S. Mkakis

Foxhirbat No
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EVELYN F. MURPHY
SECRETARY

April 15, 1977

Mr. Joseph L. Ignazio

Chiet, Planning Division
U.S. Armv Corps of Engineers
424 Trapelo Road

Waltham

Mass. 02154

Dear Mr. lIgnazio:

Thank you for sending this office a copv of the Draft Environmental Statement for
the Leominster Local Protection Project. The following comments refer to that
report.

1. On p.2-4, the present channel capacity of the brook is given as 800cfs. There
is no indication of what the channel capacity was at the time ¢f the 1936 flood.
More to the peint, there is no indication as to whether the 800cfs capacity refers
ro the channel in its present debris-choked state, or in its proposed cleared-out
state. 1§ the 800c¢fs refers to the former condition, how would a orook cleaning
aftect the channel capacity?

20 It is stated on p.bd-1 that up to 757 ¢f the labor force emploved on the project
miyght be drawn from the local area. Given that most of the project will involve
shaft and tunnel construction requiring relatively specialized skills, is this a
reasnnable figure?

3. The EIS should deseribe in more detai) the plans for construction debris dis-
posal (p.4-2). 1t should discuss how and where hoth cleared debris and excavated
rock will be disposed of in an environmentally sensitive manner.

4. The discussion of the DO characteristics of water trapped in the tunnel between
diversions (p.4-2) is cursery and very unsatistactorv. Aside from its apparent
experimental errors, the approach descrobed in the appendix is oversimplified and
does not consider sucihh conditions as the high BOD and COD of urban runoff; the
axvgen demand of decaving organic matter, such as leaves, whiclh mav he left in the
tunnel between storms; and a scries of storms large enough to produce flow into the
tunne ], but not large enough to {lush ont the tunnel completelv,  Many towns in
Massachusetts have experienced pollution problems from unmaintained catceh basins,
and the proposed tunnel represents the same problem mapgnificed cnormeuslv. Much
more thought and study should be given to the biologpical and chemical impacts of
the tunnel on downstream waters.,

5. This ottice 1w expecting to review o plan for the proposed cxpansion of the
“earstown shopping center in the near futurey this plan inclades the relocation

Foxdabat No o 2
Pave L of 2




Mr. Josepn L. 1RHderU
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 problema than described on p.4-37

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 FEIS.

8. The benefit/cost ratio of this project should be stated and explained in the
EIS.

9. Finallv, a minor point: carbon monoxide is not the same as TSP (total suspended
particulates) as implied on p.2-3.

Yours truly,

{

oo D .,
9 Yo
Evelyn F. Murphy

Secretary

EFM/LF

Foxbibit No
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Commorwealth of Massachusetts Office of the Secrctary

Massachusetts Historical Commission

294 Washington St, Boston, Massachusetts 02108 (617) 727-8470

Lecembter 11, 1975

Mr. Joseph L.Ignazio

Chief, Planning Division
N.E.Div. Corps 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 destryyed by constructiorn.

It follows that the projected work will not result in zny archaeological
impact. //AL ":>

)
ry truly y?yﬁé / 
/;(yyxff‘i‘c‘e%‘b‘b A Lot

MR/clr State Archaeologist

Fixhibit No.

3




. 7// A /'2/// 20672 /l’(’(///%//}/ " / (/JJ(//'/;/J/'//J
Cication (ffrve of - /;uu/mrmmm and Canstractinn
/f/ (//(I/’///l/’ll/ /}/ / ;//rl//‘f 7 / //;’/J}
(5ﬂ;r«y/ﬂéﬂi<¥40ﬂwiubnvw

ne . ’I/J/)/}// vt - Sinstere ¢ 417

April 12, 1977

‘r. Joseph L. Ignazio, Chief Planner
Planning Division

Jepartment of the Army Corps of Englneers
Ls4 Trapelo Road

saltnam, MA 02154

SubJect: Review of Draft wIS for .lonocosnoc
Brook;heominster Local Protection Project

P
Near_le-—TEM&z10:

The Draft bwygvironmental Statement for the
"Leominster Loca]l [Protectlion Project, ¥onocosnoc
grook, Leominstep, ™Massachusetts"”, «hich accowpanied
wour letter of HFegbruary 22, 1977 nas been recelved
by the Departmerft of Public Works for review and
comment.

The sStatement has been reviewed by the
Departments knvironmental Section in Zoston and
District #2 Projects ana wnvironmental Ingineer in
WJorcester and there appears to be no confllet witn
any vepartment projects in tae area.

Thank you for providine the opportunity =o
review this statement.

Very truly yours,

-

Carroll
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JOHN B. MCLAUGHLIN

MAYOR

January 27, 1970

Department of the Army

New England Division, Corps of Engineers
424 Trapelo Road

waltham, Massachusctts 02154

SUBJECT: PROPOSED TUANNEL UNDER LEOMINSTER 7O
CURB FLOODING ON MONOOSNOC BROUK

Gentlemen:

Since the 1936 flood, Monoosnoc Brook has been a problem to the
downtown area. Because ot the nature ot this sircam which orig-
inutes at Rockwell Pond on Pond Street, it takes a meundering
course through the downtown area of Leominster. At the present
time due to federual regulations, we have 70 acres of residential,
industrial and commercial properties which are in the designated
tlood zone.

By being designated as a flood zonce, this involves the purchase

ot Federal Flood Insurance, und restrictions on iy new construt-
tion or additions to buildings in such un area. So by 1ts very
inception, such a by-pass as a tunnel to divert unv possibiiities
ot a tlood in this area certainly would be to the advintage of not
only all the owners ot this pruperty, but to all o1 our citizens
Lbecause ot the impact 1t has on our tax rate.

Even though trom all indications the idea is very teasible, I
weuld hold ott tinal judgment until all the information is in,

and more specilically, what the cost weuld be to the ity of
Leominster.  From my understanding this would involve the moving
ob utilities and anv land acqguisition costs.

At the present time this scens as though it would be very minimal
Lut until actual costs are obtained, [ would reserve judgment untal
a tinal decision as tur as the City 1s concerned.

Looking ahcad as tar as the dowitown arcea 13 concerned, we ate all
welt aware that once [-190 1s completed, which should e by the
vear beTe, that trattic which now moves throngh downtown Leeminster
on Foute 12 would be divertoed to the casterty side ot Leominster,
Soon turn, with the complietion of such o projece as proposed by
the Army Corps ot Lngincers and the completion ot =140, 1t could
and should have o tremendous impact on the downtown arca.

Ceontinued)

Eoxhibit No A
Page [ of 2
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Department ot the Army
Page 2
Junuary 27, 14970

1 would hope that all ot the input thut is received by all ot our
citizens is carefully evaluated betore a decision is reached per-
taining to this project and I would like to take this opportunity

to thunk you and the Corps tor your outstanding work on this pro-
Ject.

Very truly yours,

¢ —

%&x\ 1. me W
John B, McLaughlain

Mavor

JIBMCL/bd

Foxhibit No
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OFFICE OF CITY CLERK

2SWES) SR
PEOMINSTER AMASH 01433
AUDREY J JOHINSON
April 1, 1976
Department of the Army
New England Division, Corps of fngilnesers
L24 Trapelo Road
Waltham, Massachusetts 0215
Attention: Mr, Ciriello
Dear Mr. Ciriello:
,:

By a vote of § - 1 by the lLeominster 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,

///[_/ ,’//{( /1 ; »ZL— /")‘1\_1 Iy~

/- . .
Audrey J. Johnson
City Clerk and Clerk of the City Councll




DERPARTMENT OF 2U3LIC WORKS
% y // Secmmenmtle n, - ///a..uarﬂ/adf/& IG5
109 GRAHAM STREET
Arga Co.0e 1617 537-8388

RAYMOND J BENOIT

CIRFCTOR

February 12, 1976

Mr, John H, Mason

Cononel Corps cf Engineers
424 Tropetc Road

waltham, Massachusetts 02154

Re; Review ot Proposed Overflow Tunnel, lLeominster, Mass.
Dear Zirg

The proposed tunnel 18 expected to be a significant
improvement o the possible flooding conditions in the down-
town area. This departmenrt is in full support of the project.

Hownsver, we are fearful of thne structural stability of
the two above ground sewer lines orcasings that occur down-
stream of the proposed ocutlet to the tunnel. Ve hope that a
relocation (possitly by means of an inverted siphon) be
included in ycur final proposal.

The City presently nas three telow ground sewage pumping
stations, They are all the Smith and lLoveless package
station. Tf, in order to empty the tunnel, a pumping station

is required, the City will request the same type belcw ground
station,

Very truly yours

o Y A=
Ao By ST g P
Malcolm R, Portune, Jr, v
Engineering Department
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UNITED STATES
DEPARTMENT OF THe !NTERIOR
FISH AND WILDUIFE SERVICE
New bkngiand Field Gific:

Y. 0. Box 1318
55 Pleasant Street
Couvord, Ni 0350t

December 21, i37¢

Division Engineer
vew bkngland Division
Corps of Lngineers
424 {rapelo Road
Waltham, MA 02154

Dear Sir:

‘his 1s our revised Conservation and Development Rejpert on your flood
control local prectection project on .lonvosnoc Brook at leominster,
Worcester Couaty, Massachusetts. ‘ihis project was planned undec auth-
ority contained in the February 9, 1461 Resciution of the Senate Commit-
tee on Public Works, authorized by the Flood Control Act of 1366, P.L.
89-789, and restudied at the requezt of local officials.

Tuis veport s submitted in accordance with grovisions f the Fish and
wildlite Coordination Act (48 Stat. 401, as amended; 16 U.S... A6 ¢t
seq.), and supercedes our Conservation and levelopunent Report of Octo-
ber 2, 1964,

We understand the proposed project calls for a subsurface diversion tun-
nel 3,400 feet long by 12 feet in diemeter, frcm Rockwell Pond to just
vownstream of the Water Street Dam, in the (ity of Leominster. Ccher
project features would consist of an inlet structure in the eastern cor-
ner of Rockwell Pond, and an outlet structure in a wooded lot adjacent

to Menouvsnuc brool several hundred feet dowistream of tne Varer Street
bam. Water will enter the tunuel inlet when {lows out of Rouswell Pend
exceed 70 cubic feet oer second, with the tuunel capacity being 3,100 cu-
bic feet per second. Tunnel use ic¢ 2xpected to occur three to tour times
per year, aud water remaining in the tunnel will not he pumped out, but
tlushed out with the next use.

“o long term adverse offccts at Kockwell Pond are expectod to aguurl as o
result of construction and operaticn of the projcet. Moncosnoe Hrock is
stressed by pollutants from industvics in the project area, !nut sampling
by the Massachusetts oivision of Fisheries and Wildiife indicates a
tairi; diversificd population of warmwater fish species, including the
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. wirite sucker, ifalltist, pumkinseed, common shiner, yellow bullhead,
blacknose dace, and largemcuth bass. Benthic foed crganisms arve also
| present.,

{ 2 project as presently preoposed seems to be : gond sclution te the

' flooding problem from a blological persnective, since no stream channeli-
g zation is involived and other perturbaticns are minor. One coucern we do
raisc is the quality of the water, stored in the tunnel between use, and
its efiects on Monuvosnoc Brook after it is flushed ouvr. Althcugh prelim-
inary studies on effocts 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 (BOL; may nct always occur. It is possible
that organic matter, sewage or other pollutants could enter the tunuel at
the end of the high water event, thus adding to the BODL observed during
the test, and lowering the DO lavel below minimum standards.

asince Monoosnoc Brcook will be stressed in any event during flood flows,
we do not feel tunnel pumpout devices are necesgary. However, we do
recommend that the tunnel outlet be Jdesigned to aerate the water as It
is flushed out. This should p:r*ovide reasonable assurauce that oxygen
deficient water 1is not returned to Moncosnoc Brook,

K Sincerely yours,

‘ DN R e

Melvin R. Kvans
Field Supervisor, NEAO

S/ bk : MRE
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{United States Departiment of the Intenor
BUREAU OF MINES

=08 FORBE S AVENUL

PILISBUT GH, PENNSYDVANIA 1000

LR 7,/203 March 15, 1977

Mistrict Engincer

lew England Division, Corps of £ngincers
424 Trapelc Roaa

Wa'tham, Massachusetts 02154

ilear Sir:
Re: wrevicew of Draft Envirormental Statement for
Leominster Local Protection Project, Monoosnoc
' Brook, Worcester County, Massachuset*ts
i The proposed actiorn 15 the conscruction of a tuanel 3,200 feet lon :
oposed At :
‘ and 12 feet in diameter to ty-pass flood waters around 70 acres of

downtown Leciinster. The Moncosnoc Brook chann2l would also be some-
wnat modified.

forsiructiorn of a tunnel of tne dimensions proposed would produce
! anout 20,000 cubic yards of <, :avated material taking intc account
, the swell factor., About 10 percent of this material could be used
for grading the Monocsnoc stream crannel as part of the overall
protection project. i'lans for disposail -7 the rest of the material
| is left up to the contractor (p. 4-2).

Inadequate consideration is given to the disposal of this quantity
of materiai and ow it migat effect local crushad stone producers.
The propcsed action will have no impact on other mineral resources.

Sincerely yours,

‘
[

: YN

' f o P (st

. Ao tobert 0. Thomson, Cnief
Eastern Field Operations Center
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Uniced States Deparmment of the Interior
I

GO LOGICAL SURVEY
KENTON, VIRGINTIA 22042

in Reply Refer To: LER 1. WIT
EQS-ER-77/203
Mail Stop 760

Mr. Joseph L. lgnazio :
{hief, Planning Division |
New England Divisicn

torps of Engineers
Derarument of the Arny

425 Trapelo Road

h wWalthen, Massachusetts 02154

Dear Mr. Ignazio:
‘ We have reviewed tne draft environmental statement for the Leominster V.
; nroject on Monoosnoc Brook, Worcester County, Massachusetts,as requested
H in your letter of February 22 to the Department of the Interior.
J

i Pt owould be useful 17 the statement would show the location of the wells
gt Lo suppiy the ¢ily in relation to the alignment of the tunne®. The
anuiter{s) tapped by the wells should be indicated, especially if they

. penetrate bedrock. [f the wells are in the vicinity of the tunnel site,

4 evaluation of the potertial for seepage from the tunnel, and/or perhaps

! the decree of treatment of the ground water would be appropriate.

Thank you for the opportunity to comment on the draft statement.

Sincerely yours,
P I -
I - ,gﬂ,r ///
[ t_‘ i, ~y I N
, ,./',//,(///[é(’( ¢ ,[/

sgtind  Director

e a e 2
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Save Energy and You Serve America!
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United States Departiment of the Interior

NATIONAL PAKK SERVICE
NOKTH AT ANTIC REGION
150 CAUSEWAY STREET
BOSTON. MA. 02114

L-7019-NAF- (PE)
, ER-77/203 april 14, 1977

colonel John P. Chundlerx
Division Engineer

Department of the Army

*lew Eng. wnd Divaision

Corps of Enginecrs

424 Trapele Road

Waltham, Massachusetts 02154

Dear Colcnel Jhandleor:

.‘ fur Depactmental Office of Envirommental Project Review has asked ‘
| U3 to comment directly to you upon our review of your draft environ-

' mentail statement (February 1977) for a flood control project of

! Moncosnoe Brock in Leominster, Massachusetts.

’ W note on fage -5 the commitment to a more in-depth archeological

: surtey shoald the project be autnnrized. As our Department has

{ reserved the cight to comment upon review of the proposal by the
J Criief of Enginecrs at a leter date, we suggest the commitment to

further survey be sustained in tne Chicf's proposal or an alequate
discussion of the outcome of the survey should it ke accomplished
for any rensona prior to finalization of the Chief's proposal.

Sincerely yours,

L -

L. J. Hovig
Acting Regional Director

Fxhibit No 11




United States Department of the Interior

BUREAU OF OUTDOOR RECREATION

NORTHEAST REGIONAL OFFICE
Federal Building - Room 910

IN REPLY REFIA TO: 600 ARCH STREET
krao Philadeiphia, Pennayivanis 19106

March 22, 1977

Mr. Jaseph L. Taxnazio
Chief, Flanning Division
New England Division
Corps of Engineers
424 Trapelc Road
Waltham, Massachusetts 0215k
Dear Ir. Ignezio:
Tis is in response to a February 27, 1977 letter to the Department
of the Interior, OJfice of Environmental Project Review, requesuing
comments on the draft environmertal statement for the Leominster
Local trotection Froject, Monoosnoc Rrook, Leominster, Massachusetts.
At this time, we are unable to provide comments because our manpower
and funas are committed ©o other onygnine activities.

Sincerely yours,

e Y
Ay

! JAMES ‘¥ DONOGHUE
“Assistant Hegional Dlirector

Foxnrhit No.o 12
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UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

29 Cottage Street, Amherst, Magsachusetts 01002
March 24, 1377

Mr. Joseph L. Ignazio

Chief, Planning Divisicn
Department of the Army

New England Division,

Corps of Enginesrs
Attention: NEDPL-P

L24 Trapelo Road

Waltham, Massachusetis 02154

Dear Mr. Ignazio:

We appreciate the information yvou have provided on the proposed diver-
sion tunnel project on Monoosnoc br-ok in Lenminster, Mansachusetts.
Our only comment is to advise you tuat there is ne existine or planned
Soil Conservation Service - assisted project that would be affected by
this proposed action.

Sincerely,

Dr. BenWarin Ispur
State Conservationist

Foxhinhit No
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: « 3 DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT
3 Iml“' s AREA GFFICE
’
"‘)0 "‘0 BULFINCH BUILDING, 15 NEw CHARDON STREET
REGION | BOSTON. MASSAC HUSETTS 02114
Room 800
Jonn F. Kennedy Federal Building P_’“Az R 4(077
Boston, Massachusetts 02203 - i nt TNOREF LY RET PR YO

10170

Jas »h I, Immazio, Chief

Planning Divicion

dew ngl nd ‘lV‘”Lon, Corpz o8 noincers
L2y Trapcio Tiend

Yalthzy, Voccachurciis 27180

subjoects ¢ Lovr L Trolection Pruject
no¢ IMrocl
teo, latoachuns tle
Neompe Mre Igmevio: f

covien .G the above Do~ fU nviione
to thie Tlepionsl CLlic of TUD, nd

Thanx youw Lo civing <hic offlc  the onporiunity to rviov ond
uO“T‘lf on tho ov: nont.

sircroly,

Fixhibit No.o 14
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k H - UNITED STATES ENVIRONMENTAL PROTECTION ACENCY
m‘; REGION |
-t

JF KENNEDY FEDERAL BUILDING, BUSTON MALSACHUSET IS G20

—

i

March 31, 1977

Mr. Josevh L. Ignazio

Chief, Planninag Division

U. S. Department of the Army
New Ingland Division

Corps of Enginecers

424 Trapelo Road

Waltham, MA 02154

Jdear Mr. Ignazio:

We have reviewed the Draft Invironmental Impact Statemert (FI8)
for Monoosnoc Brook Local Protectior project in Leominster,

Massachusetts and have the following comments tc¢ offer for ‘
vour consideration in prewaring the Final FIS. wf

As in all projects which use inverted syphons, tnhnere is @
possibilitv that water stored in the syphon can becore anoxic.
This could result in objectionable anaerobic jas tcymation
and eventual discharge of oxveoen poor water to the receiving
stream. This possibility was recoanized in the Draft FIS.
Comments of this same nature were made with regard to the
Pawtuxet River and Furnace lirook Flood Control rnrojects.

It is agreed that, due to the relatively hich cauality of
Rockwell Pond water, organicC matericl is probably not present
in high enough concentrations to cause sufficient oxvgen
depletion so as to result in an anoxic condition. lowever,
in view of the erratic test results presented in the draft,
it is felt that the EIS's conclusion that "the dissolved
oxvgen content in the tunnel's water should not drop lbelow
6.6 mg/1" is not warranted. ns with the other inverted
syphon rproijects we recommend that some method of tunnel
dewatering be provided for and that the tunnel cither be
1ewatered recularly or the water be monitored for D.0O. and
dewaternd as necessary.

Based on FPA's n-tional ratirna system for E1S's, we have
classified thic draft as PR-1, a copy of which 1s enclosed.




-2

Thank you for the opportunitvy to review the Draft EIS and
we look forward to receiving a copv of the Final when it
becomes available.

Sincerely,

Wallace E. Stickney, P.F., Director
¥nvironmental Policy Coordination Office

enclosure

Foxtoabat 15 i
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CAPLAITION OF LPA KATLHG |
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]
Fnvironmental i .ot of the Action !
rwvironme:sitay i Jybothe nLiion |
1.0 -~ Lack of Objections %

EPA has no obdections to the propoced cction as described in the draft environ-

menlal rmpact slaloacid; OF Suggosts only wminor changos In Lhe propeced action, ,
)
1

ER -~ Fnvirumaentai Feservatiorns

LPA has reservatic.s concorning the envirenmentad effects of certain aspects of
the prepoted acticn.,  EPA belioves that further study of suqgested alternatives |
or modifications 35 required ¢nd has asied the originating federal agency to
reassess thesc dspects,

£V -~ [nvircimenti Ty Unsatisfactory

LPA bolaeves whot the voonenc s acrfon 1o preatisfactory hecausr o dte noten.
tiaily novieful effect on Lie oovirer, v, Furtherner e, the Agens s belicves that
the poternisl s T

PO aAs vl mhant be ut iz rey not o adecustety protont the
ervivens s Tyer b s oarising teo Shie action. The Agency reoonrends thet

olteviuives Lo U oo be analysed torti Cincloeding tho poosinility of no
ertio aiuil).
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Advisory Counall on

Historic Preservation

1522 K Street NW

Washingron, D.C. 20005 March 3, 1977

lr. Joseph L. Ignazio

cilef, Planniny vivision

~New Lngland Division

Lorps of Lngineers

U.S. Vepartment ot the Army
424 Trapelo kcad

Wwaltham, Massachusetts 02154

Jear Mr. lgnazio:

Inank vou for your request of lebruarv 22, 13977, for corments on the
environmental statement for thoe proposcd Leominster lLocal Protection
Project, Monoosnoc nrook, Leominster, 'assachusetts.

Pursuant to our responsivilitics unmder Section 102(2)(C) of the Ratienal ‘
knviroamental Policy Act of 14969 and the Council's "Proccedures for

the Protecttion of llistoric and Cultural Properties'" (36 C.F.®,, Part

3UV), we have determined thiat vour draft environmental statement appears
procedurallv adequate; however, we have the followine suvstantive comments
to make:

To ensure a comprehensive review ot cultural and historical resources,
the Council recommends that tihe final environmental statement contain
evidence of contact with the appropriate Htate historic vPreservation
Ufficer and a copy of her comments concerning the effects of the
undertaking upon these resources.

The Council appreciates the opportunitv to review vour draft environmental
statement.

sincerely yours,

Al

P
John ). Mcdermott
Director, viIfice of ileview
and Compliance
Possariat oo Ih !
Do Ctin o am ondo bl g b Bl b F L vl Covscrmme ! e LDy e At oy }
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LOCAL 1 1.LOOD PROTECTION

MONOOSNOC BROOK

LEOMINSTER, MASSACHUSETTS

STATENMENT O FINDINGS

1. As Division binginecer of the New England Division of the Corps
of Engineers, [ have completed the Monoosnoc Brook Feasibility
Report for local flood protection improvements in Leominster,
Massachusetts, The study was undertaken in compliance with the
resolution adopted on 9 February 1961, by the committee on Public
Works of the House of Represcentatives, These findings comply
with the National Environmeontal Policy Act of 1969, and will be
attached to the Pinal Environmental Impact Statement of the report.

2. 1 have reviewed and vvaluated, in light of the overall public in-
terest, all pertinent data and documents concerning the proposed
plan of improvement, as well as the stated views of other interested
agencices and the concerned public, relative to the various practicable
alternatives in accomplishing local {lood protection along Monoosnoc
Brook in the city of LLeominster, Massachusetts,

3. The possible consequences of these alternatives have been
studied tor environmental, sociil well-being, and economic effects,
includine reyional and national ¢conomic development and engineer-
ing feasibility, Other factors bearing on my review include the need
for a general upgrading of the watershed and the preservation of
existing open space for public benefit in the midst of a highly urban-
ized arca,

4, In evaluation of the selected and other viable alternatives, the
following points were considered pertinent:

a, nuvironmental Censiderations. Fromm an environ::.ental

standpoint, I have selected the optimum plan which will afford more
eubancement thave adverse ettects,  The recommended project will
have heneticial effects on flood control, aesthetics, land tratfic,

Ly, 30 I W
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{ recreation and urban der elopment, Only ninimal L estipges of
L‘ a natural environment remain and no possibility exists tor a

f, reversal in the urbanizatioa process and restoration of the

i natural environment,  Oucerall, he provcct wonld naomimeze the

danger of tlooding in 70 a.res of developed land in the lower
reaches of the Lrook in Leonunster,  Reduoction of hazards
associated with floodmg will reslt m an upgrading in acsthetics
and urban e¢nvironment.  The aestbetics of the area will be en-
hanced not only by the instatlation ot & deep rock flood by-pass
tunnel but also by prescrvation of the existing brook through the

urban center ot Leominster. No adverse environmental effects

are anticipated i the vrowct s implemented. However, some
increased siltaticn and temporary turbidity 1s expected during
construction ol the tunnel intake structure, Measures will be
taken to hold these cifects to a mininmuam.  1a addition, some
vegetation wall be destroyed i thie arca of the channel imiprove -
ment, but this condition will he temporary, until revegetation

is accomplishoed,

e Nooaal Well-Bewy Considerations. [ find that the over-

riding social well-being consideration in the Leominster area is | A
the reduction ot the tlood damages and hazards that hhas caused
human sutfering and vccouomic loss. The recommended project
will provide a high degree of protection resulting in greater
community cohesion and ensuring availability of public facilities
durmg times of flonding, Construction ot the lood control im-
provements will make possabile higlher utilization of the arca for
recreation opportunities, open spiace, and visual 1mpacts, as well
as provide security tor business activity, which would improve
the physical and social envivomment. No displacement of residen-
tial or commercial propertic s is required for construction of the
proiject,

co Mngineering Consyderations. From an engineering stand-
point, | have designed the prosect that would provide a high prac-
ticable deprec or flood protection, because of the highly urbanized
nature of the proyect area.  sStadies have also been made of in-
creasing or decreasing the degree ol protection and the scope of

the project, tor maxinnzing floed control excess benefits and for
deterpining the tost evonooncal and teasible plan of improvements.
I have sclected the plan having ‘e least social, cconomacal and

environmental impact on Jhe prosect area. The recommended project
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was found 1o be ithe most reactical method of meeting the
flood contrel needs in Lo stes Other consadered pro-
ject alternatives, ncinding solely non-structural measures,
did not meet tne criteriac and requirenionts for various econo-
mic, soclal and evneirargnonte! reasons.

d. Ioeonomiac Cons.derations. From an cconomic stand-

point, | have selected the optimuny plan by providing a high
degree of {lood protecoion which will be conducive to the
enhancement of social weli-Heing and economic growth, The
recommeuended project wall huve a net etfect of increasing
employment, tax revenues, and property values and will pre-
serve the urban character of the tlood prone areas.

<. Other Public Inte rest Considerarions. 1 find that flood

protection for the ity of I,L—»uminstcr, along Monoosnoc Brook,

is feasible and ccononucally justified based on tangible benefits

alone. The flood control improvement will also provide sub-

stantial intaneible environmental, social and other benefits,

I concur with the requests and desires of local interests and }
Massachusetts state ofificials ind:icating strong support for the

flood control proicct aud curly umplementation of the construc-

tion works, us expressced at the 27 January 1976 Public Meeting.

S, [ find that the sropesed inmiprovements, as developed in the
findings and reconuonendations of the report, are based on
thorouglh analysis and +valuation of various practicable alterna-
tive coursees of action for achivving the stated objectives; that
wherever adverse eifects are tound to be mvolved they cannot
be avoided by following reasonable alternative courses of action
which would achiteve the coneressionally specified purposes;
that where the proposed action has an adverse effect, this effect
is either amcliorated or substantially outweighed by other con-
siderations of national policy; that the recommended action is
consonant with the national policy, statutes, and administrative
directives; and thar on Lalance the total public interest would
best be served o0 the tmplementation ot my recommendations,

TN P, CHANDLER
loned, Corps of Engineers
vision ugincer

Iy

(clatd

I concur in the findings ol the [hvision Faganeer,

(e [Mirector of Cival Works







