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SYLI.ABUS

The study along the Mamaroneck and Sheldrake Rivers in the
Village of Mamaroneck, New York was authorized under resolutions
adopted 14 September 1955 and 14 November 1955 by the United
States Senate Committee on Public Works, and resolution adopted 13
June 1956 by the United States House of Representatives Committee
on Public Works. The project recommended by the Corps as a result
of studies under these resolutions was authorized for construction
by Section 401(a) of the Water Resources Development Act of 1986
(Public Law 99-662, 99th Congress, 2nd Session), adopted 17
November 1986.

It is noted that the Village of Mamaroneck project was one of
three independent plans authorized. The other authorized projects
were the Sheldrake River in the Town of Mamaroneck, New York, and
the Byram River in Greenwich, Connecticut and Port Chester, New
York. These latter two projects are not addressed in this General

Design Memorandum.

The flood protection project addressed herein is located in
Westchester County, New York and is generally within the Village
of Mamaroneck. This project is hydraulically independent of the
project for the Town of Mamaroneck and the project on the Byram
River.

This General Design Memorandum (GDM) presents the design and
the evaluation of flood control measures for protection from
damage due to fluvial flood events. Evaluation of the
alternatives was accomplished within the framework of existing
Federal laws and criteria. The plan recommended for construction
yields the maximum benefits over cost (NED plan).

The plan recommended in this GDM is essentially the same as
the authorized plan and differs only in minor detail.

On the Mamaroneck River, the plan recommended in this GDM
provides for modifying approximately 10,400 feet of river channel,
constructing about 7,200 feet of retaining walls, replacing six
bridges, and removing one bridge.

On the Sheldrake River, the plan recommended in this GDM
includes a diversion tunnel 3,550 feet in length from its inlet at
Fenimore Road to its outlet in the west basin of Mamaroneck
Harbor, channel modification along approximately 4,200 feet, and
retaining wall for about 900 feet.




On the Mamaroneck River, the plan recommended in this GDM
provides for a 200 year level of protection for the entire length
of the project - from Winfield Avenue downstream to just below
Tompkins Avenue.

On the Sheldrake River, a 200-year level of protection from
the New England Thruway downstream to the confluence with the
Mamaroneck River in Columbus Park is provided, the diversion
tunnel is designed to carry the flows up to the Standard Project
Flood or approximately 4040 cubic feet per second.

The estimated first cost of the plan recommended in this GDM
is $67,099,400 (October 1988 price level) of which $50,324,600 is
Federal and $16,774,800 is non-Federal. The total annual cost is
$5,679,000, the average annual benefits are $7,311,000, and the
benefit-cost ratio of the plan recommended in this GDM is 1.1.

The local sponsor, the New York State Department of
Environmental Conservation, supports the project.
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PERTINENT DATA

A. PROJECT LOCATION

1. Streams Mamaroneck River
Sheldrake River

2. Community Village of Mamaroneck

3. County Westchester

4. State New York

B. CLIMATOLOGY

1. Average Annual Temperature 51 Degrees, Fahrenheit
2. Average Annual Precipitation 44.2 Inches

3. Winds - Prevailing Direction Northwest

4. Winds - Average Velocity 14 M.P.H.

C. HYDROLOGIC DATA

Mamaroneck River

Drainage Area at Detention Reservoir Dam DA=15.35 SQ MI
Drainage Area Upstream of Sheldrake R. DA=17.30 SQ MI
Drainage Area Downstream of Sheldrake R. DA=23.40 SQ MI
Drainage Area at Mouth DA=23.63 SQ MI
Largest Flood of Record September 1975
Discharge for Largest Flood of Record

at Gage Station 3700 CFS
Design Flood Frequency 200 Year
Design Flood Discharge at Gage

Station (Existing/Improved) 7240/6220 CFS
Design Flood Discharge at Mouth

(Existing/Improved) 7270/6220 CFS

Sheldrake River

Drainage Area Downstream of East Branch DA=5.20 SQ MI
Drainage Area at Fenimore Road DA=5.57 SQ MI
Drainage Area Sheldrake at Mouth DA=6.16 SQ MI
Largest Flood of Record September 1975
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Sheldrake River, continued

Discharge for Largest Flood of Record
at Mouth 1087 CFS
Design Flood Frequency of Diversion SPF

Design Flood Discharge at Mouth (Confluence with the
Mamaroneck River)

(Existing/Improved) 2440/370 CFS
Design Flood Discharge at Fenimore

below Tunnel 2410/180 CFS
Design Flood Discharge above Tunnel

at Fenimore Road (Existing/Improved) 3090/4040 CFS

D. PLAN OF IMPROVEMENT - FEATURES

1. MAMARONECK RIVER

a. Lower Mamaroneck River (17+00 to 41+40)

Level of Protection 200 yr

Channel Length 2440 ft

Channel Width 60 ft

Channel Deepening 1-3.5 ft

Retaining Walls 2060 ft
Bridge Replacement 4

Tompkins Avenue

Ward Street

Valley Place Sewer Bridge
Halstead Avenue Bridge

Erosion Protection
Riprap-Lineal Distance 1395 ft

Relocations
Utilities - Water, Sewer, Gas, Power line
USGS Gage Station (39+50 moved to 80+62)

b. Upper Mamaroneck River (41+40 to 121+20)

Level of Protection 200 yr

Channel Length 7980 ft

Channel Width 45 to 60 ft

Channel Deepening Up to 4 ft

Retaining Walls 5130 ft
Bridge Replacement 2

Station Plaza Road
Hillside Avenue

Bridge Removal 1
Winfield Avenue
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Erosion Protection
Riprap-Lineal Distance 1670 ft

Relocations
Utilities - Water, Sewer, Gas, Power line
USGS Gage Station (39+50 moved to 80+62)

Environmental Mitigation
V-Shaped Pilot Channel (1.5 ft deep, 7315 ft

long)
Log Dams 1
Rock Danms 2
Boulder Fields 2
2. SHELDRAKE RIVER
a. Lower Sheldrake River (0+00 to 28+00)
Level of Protection 200 yr
Channel Length 2800 ft
Channel Width 10 ft
Retaining Walls None
Bridge Replacement None
Erosion Protection
Riprap~-Lineal Distance 30 ft
Environmental Mitigation Weir Structure
b. Upper Sheldrake River (39+60 to 69+00)
Level of Protection 200 yr-SPF
Channel Length 2940 ft
Channel Work
(39+60 to 53+50) 1390 ft
Clearing and Snagging
(53+50 to 69+00) 1550 ft
Channel Width 40 ft
Channel Deepened 1 to 2.5 ft
Retaining Walls 840 ft
Bridge Replacement None
Erosion Protection
Riprap-Lineal Distance 1175 ft
Relocations None
Environmental Mitigation
1.5 ft deep v-shaped Pilot
Channel 1200 ft

Log Dam 1




c. Sheldrake River Diversion Tunnel (0+00 to 39+60)

Level of Protection SPF
Length of Outlet Structure

(0+00 to 1+50) 150 ft
Rock Tunnel Section

(1+50 to 19+67) 1817 ft
Transition Section R ~

(19+67 to 20+75) 108 ft
Box Culvert Section

(20+75 to 37+00) 1625 ft
Inlet Structure

(37+00 to 39+60) 160 ft
Tunnel Length without

Inlet & Outlet Structure 3550 ft Tunnel
Size

Rock Tunnel (Horseshoe-diameter) 17.5 ft
Box Culvert (square-width/height)16.25 ft
Walls 805 ft

Relocations
Water, Sewer, Gas, Power

Erosion Protection
Riprap-Lineal Distance None

E. ESTIMATED COST (October 1988 Price Level)

(a) Federal Cost 50,324,600
(b) Non-Federal Cost 16,774,800
(c) Total Project Cost 67,099,400

F. ECONOMICS (October 1988 Price Level; 8-7/8% Interest Rate:;
100-Year Project Life)

1. Annual Charges $ 5,678,000
2. Average Annual Benefits S 7,311,000
3. Benefit~to-Cost Ratio 1.30
4. Net Benefits S 1,633,000
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1. INTRODUCTION

1.1 AUTHORIZATION

The study along the Mamaroneck and Sheldrake Rivers in the
Village of Mamaroneck, New York was authorized under resolutions
adopted 14 September 1955 and 14 November 1955 by the United
States Senate Committee on Public Works, and resolution adopted 13
June 1956 by the United States House of Representatives Committee
on Public Works. The project recommended by the Corps as a result
of studies under these resolutions was authorized for construction
by Section 401(a) of the Water Resources Development Act of 1986
(Public Law 99-662, 99th Congress, 2nd Session), adopted 17
November 1986. The wording of the specific portion of Section
401 (a) of this Act which authorized this project is as follows:

The project for flood control, Mamaroneck and Sheldrake
River Basins, New York and Connecticut, and Byram River
Basin, New York and Connecticut: Report of the Chief of
Engineers, dated April 4, 1979, at a total cost of
$68,500,000, with an estimated first Federal cost of
$51,400,000 and an estimated first non-Federal cost of
$17,100,000. Such project shall include flood protec-
tion for the Town of Mamaroneck as recommended in the
report of the Division Engineer, North Atlantic Divi-
sion, dated March 28, 1978.

It is noted that the Village of Mamaroneck project was one of
three independent plans authorized. The other authorized projects
were the Sheldrake River in the Town of Mamaroneck, New York, and
the Byram River in the area of Greenwich, Connecticut and Port
Chester, New York. These latter two projects are not addressed in
this General Design Memorandum.

The flood protection project addressed herein is located in
Westchester County, New York and is generally within the Village
of Mamaroneck. This project is hydraulically independent of the
project for the Town of Mamaroneck and the project on the Byram
River.

1.2 AUTHORIZED PROJECT

1.2.1 Location

The Mamaroneck and Sheldrake River Basins are located along
the northern coast of Long Island Sound within the greater New
York metropolitan area (Figure 1). This area lies entirely within
southeastern Westchester County, New York and contains portions of
the Village and Town of Mamaroneck, the Cities of New Rochelle and
White Plains, the Towns of Harrison and North Castle, and the
Village of Scarsdale.



1.2.2 Description

The plan of protection recommended in the Feasibility Report
and authorized by the WRDA of 1986 is described in the Report of
the Chief of Englneers, dated 4 April 1979, and is depicted in
Figure 1A+ '

This plan provides for modifying approximately 10,000 feet of
river channel, constructing about 3,700 feet of retaining walls,
replacing four bridges, and building interior drainage works on
the Mamaroneck River. On the Sheldrake River, modifications
include a diversion tunnel about 3,000 feet in length from its
inlet at Fenimore Road to the west basin of Mamaroneck Harbor,
channel modification along approximately 2,700 feet, a retaining
wall for about 1,700 feet, and a levee about 1,000 feet long.

The authorized project was designed to protect against a 200-
year flood event along the Mamaroneck River from Tompkins Avenue '
upstream to the New England Thruway, and against a 100 year flood
upstream of the New England Thruway to the Westchester County
Joint Waterworks Dam. The protection along the Sheldrake River is
designed to protect against a 200-year flood event, and extends
from the New England Thruway downstream to the waterway's
confluence with the Mamaroneck River in Columbus Park. These
improvements would substantially reduce flood damages for
approximately 370 residences and 160 businesses which are located
predominantly in the Village of Mamaroneck. Damages of about
$136,500,000 (October 1987 price level) from the 100-year
frequency flood would be completely eliminated under the
authorized plan.

The total cost of the authorized plan of protectlon, updated
from the Feasibility Report to the October 1988 price level, is
$67 099,400, of which $50,324,600 is Federal cost and $16, 774 800
is non- Federal cost. The prOJect costs based on the GDM
investigations documented in this report are discussed later in
this main report and in Appendix E - Cost Estimates.

1.3 PURPOSE OF STUDY

This report presents the results of the final formulation,
detailed design, and supporting data for construction of the
authorized flood control project along the Mamaroneck and
Sheldrake Rivers in the Village of Mamaroneck, New York. The
primary objective of the investigations performed for this GDM was
to develop adequate information to reaffirm the authorized plan
and purpose, to justify project revisions, and to develop detailed
designs, cost estimates and to specify the Federal and non-Federal

responsibilities.



1.4 STUDY SCOPE

The plan recommended in this report, when approved, will be
the basis for preparation and approval of plans and
specifications. Consequently, the scope of the technical analyses
performed for this GDM was sufficient for the final design of
project features and the preparation of accurate cost estimates.

1.5 BASIS OF STUDY

This report was prepared in accordance with the provisions of
ER 1110-2-1150 (as modified), and is based upon the plan of
protection contained in the October 1977 feasibility document
entitled "Feasibility Report For Flood Control, Mamaroneck and
Sheldrake Rivers Basin (Village and Town of Mamaroneck New York)
and Byram River Basin (Greenwich, Connecticut and Port Chester,
New York)." The plan of protection developed for this GDM is
essentially the same as the plan presented in that document; any
changes are discussed later in this report.

1.6 EXISTING PROJECTS, PRIOR REPORTS, AND INVESTIGATIONS

1.6.1 Corps of Engineers Projects

There are no prior flood control projects.

There is an existing Corps of Engineers navigation
improvement in Mamaroneck Harbor. The first phase of the project
completed in 1933 was for an entrance channel and anchorage area
in the East Basin to 10 feet below mean low water. In 1939 the
project was extended to the West Basin including an entrance
channel and an anchorage area to a depth of 6 feet. An additional
6 foot deep anchorage area was completed for the East Basin in

1966.
1.6.2 Projects by Others - None

1.6.3 Prior Reports

Previous reports on all or part of the Mamaroneck and
Sheldrake River Basins are described below. Several of the
reports investigated flood control improvements along the same
reaches of the Mamaroneck and Sheldrake Rivers which are
considered in this report. All of these reports were reviewed as
part of this study. Table 1 includes a brief summary of prior
Corps of Engineers' reports on flood control investigations.



1.6.4 Corps of Engineers Flood Control Reports

A "pPreliminary Examination Report on the Mamaroneck and
Sheldrake Rivers and Bridges in the Village and Town of Mamaroneck
and Town of Harrison," was completed by the New York District on
14 August 1942. This report was marginally favorable and
recommended further study in the form of a Survey Report.

However, the Survey Report, which was subsequently completed and
submitted to Congress on 9 December 1948, was unfavorable.

A "Survey Report for Streams in Westchester County" completed
by the New York District in May 1968 considered local protection
works at the Village of Mamaroneck consisting of channel
modifications with walls and levees along the Mamaroneck and
Sheldrake Rivers. The study was favorable, however the Board of
Engineers for Rivers and Harbors returned the report to the
District for reconsideration of a debris jam occurrence. Restudy
indicated the considered project was not economically feasible.

A Reconnaissance Report was completed in April 1973 which
considered channel improvements along the Sheldrake River in the
Town of Mamaroneck consisting of a reinforced concrete flume. The
report was favorable, however, the cost apportioned to Federal
interests was in excess of the small project authority limitation,
and further study was recommended under the Westchester County
Streams Survey authority.

Following the disastrous floods of 1972 and 1975, local
interests again requested Federal assistance. The Chief of
Engineers, by letter to the North Atlantic Division dated 22 April
1976, granted approval for the preparation of an interim report
for the Mamaroneck and Sheldrake Rivers under the Westchester
County Streams Survey Investigation.

A "Feasibility Report for Flood Control, Mamaroneck and
Sheldrake Rivers Basin and Byram River Basin" was completed in
October 1977. The feasibility report recommended a combination of
channel widening and deepening, retaining walls, stream
realignment, bridge replacement and enlargement, levees, and a
diversion tunnel. The recommended plan for Mamaroneck and
Sheldrake was economically favorable, and the project was
recommended for further development along with projects for the
Town of Mamaroneck and for the Byram River.

The Board of Engineers for Rivers and Harbors (BERH),
transmitted the Feasibility Report to the Chief of Engineers on 12
July 1978. He supported the plans for the Village of Mamaroneck
and for the Byram River but recommended deletion of the plan for
the Town of Mamaroneck due to Corps policy which deemed the
problem area as local drainage and therefore a local
responsibility. General Morris, Chief of Engineers, after
commenting and approving the Feasibility Report, transmitted it to
the Secretary of the Army, the Secretary of the Interior, the
Governor of Connecticut, the Commissioner of the Department of
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Environmental Conservation and the Governor of New York, and other
agency heads on 4 April 1979. After reviewing and considering
comments of these and other agencies and interests, the Secretary
of the Army transmitted the report to the Office of Management and
Budget on 26 April 1983 and to the Speaker of the House of
Representatives of Congress on 25 September 1983.

The plan formulation performed during the Feasibility Study
is discussed further in Section 3.1 of this GDM.

1.6.5 Other Corps of Engineers Reports

Navigation Reports. Prior navigation reports within the
study area include a Survey Report for the East Basin of
Mamaroneck Harbor at the lower estuary of the Mamaroneck River,
which was submitted to Congress on 19 June 1959. This report
resulted in the authorized Federal navigation project.

Hurricane Reports. The only previous report which includes
the study area is an "Interim Survey Report on Hurricane Study of
Westchester County, New York along Long Island Sound," which was
submitted to Congress on 29 November 1967. This report
recommended that no improvements designed to protect the shoreline
areas of Westchester County, New York along Long Island Sound
against tidal inundation be authorized at that time.
Additionally, Part Two, Chapter XXXIX (unpublished) of the report
"Land and Water Resources of the New England - New York Region,"
(Senate Document No. 14, 85th Congress, 1lst Session), prepared by
the New England-New York Inter—Agency Commlttee, includes a brief
history of hurricane occurrences in this region, a description of
the hurricane problem, and a general discussion of methods of
reducing damages.

1.6.6 Reports by Other Federal Agencies

The following Type 15 Flood Insurance Studies were prepared
for the Flood Emergency Management Agency (FEMA):

a. Village of Mamaroneck, June 1977; Supplements - 3 October
1983.

b. Town of Harrison, 15 September 1981.
c. City of Rye, October 1979; Supplements 1 November 1984.

d. Village of Rye Brook, March 1979.



1.6.7 Reports by Non-Federal Agencies

A report on flood conditions on the various streams in
Westchester County, including the Mamaroneck and Sheldrake Rivers,
was submitted to the Westchester County Board of Supervisors on
Storm Water Control on 27 November 1945. Major flood relief
measures considered in this report included: (a) channel
improvements along the Mamaroneck and Sheldrake Rivers in the
Village of Mamaroneck, (b) the diversion of flood flows from the
Mamaroneck and Sheldrake Rivers in the Village of Mamaroneck, and
(c) flood detention along the Mamaroneck River at the Westchester
Joint Water Works Reservoir, and along the Sheldrake River at
Larchmont Reservoir #2 and on the East Branch. This report
recommended that a project consisting of channel improvement in
the Village of Mamaroneck in combination with upstream flood
detention be adopted to control floods along the Mamaroneck and

Sheldrake Rivers.

A Reconnaissance Report, entitled '"Mamaroneck and Sheldrake
River Basins - Analyses of Flood Control Studies," was prepared by
Dolph Rotfeld Associates and submitted to the Westchester County
Department of Planning in April 1968. This report recommended
(subject to further detailed studies) the use of the Westchester
Joint Waterworks Reservoir, Silver Lake, Larchmont Reservoir,
Forest Lake and Spring Lake as flood control facilities in the
Mamaroneck and Sheldrake River Basins.

A 27 May 1983 report entitled "Washingtonville Flood Control
Project" was prepared by Clarke and Rapuano Inc., consulting
engineers to the Village of Mamaroneck. The report recommended a
series of staged channel modifications and bridge alterations to
reduce flooding along the lower Mamaroneck and lower Sheldrake
Rivers. The recommendations were aimed at providing some
immediate flood reduction at a much reduced cost when compared to
the Federal plan, and was also viewed by the Village as a possible
non-Federal contribution toward the larger plan recommended in the
Corps' Feasibility Report.

No locally constructed project has been implemented as a
result of any of these reports and investigations.



2. PROBLEM IDENTIFICATION

2.1 BASIN DESCRIPTION

The combined watershed of the Mamaroneck and Sheldrake Rivers
has a total drainage area of 23.6 square miles. The leaflike, two
stem watershed is roughly rectangular shaped, with a maximum
length of 9 miles in a north-south direction and a width that
varies from 2 to 3 miles. The terrain is gently rolling, lightly
wooded in the upper portion and generally cleared in the lower
valley. The ridges extend generally in a north-south direction.

Ground elevations range from near sea level at the mouth of
the Mamaroneck River to about 500 feet above mean sea level in the
northwest corner of the basin. The Mamaroneck River drains into
Long Island Sound at the East Basin of Mamaroneck Harbor. The
Mamaroneck Harbor consists of an inner landlocked harbor and an
outer open harbor, connected by an inlet about 350 feet wide.

This inner harbor is divided into two basins, East Basin and West
Basin, by a projecting land area known as Harbor Island Park.

The Mamaroneck River rises downstream of Rye Lake, in the
northern section of Harrison at an elevation of 520 feet above
mean sea level. The river flows generally south for a distance of
about 11 miles to Mamaroneck Harbor. The average slope of the
Mamaroneck is approximately 10 feet per mile.

The Sheldrake River rises in the northeast portion of
Scarsdale, New York, at an elevation of 300 feet above mean sea
level. The river flows generally south-southeast for a distance
of about 7.0 miles and joins the Mamaroneck River at a point about
0.6 miles above its mouth. One major tributary, known as the East
Branch, enters the Sheldrake River at a point 1.8 miles upstream
of its junction with the Mamaroneck River. The average slope of
the Sheldrake River is approximately 25 feet per mile. The
drainage basin is shown in Figure 1.

2.2 THE FLOOD PROBLEM

Flooding in the Mamaroneck and Sheldrake Rivers occurs
principally from runoff caused by precipitation of high intensity
or prolonged duration, and has an adverse effect on the economy
and the general well-being of the flood-prone areas. Flooding
causes physical damage to property and loss of commercial,
industrial and public activity, with consequent loss of business
and wages. Vehicular traffic is also affected adversely with
consequent loss to those who depend on this mode of
transportation. 1In addition to the foregoing, recurring flooding
represents a threat to the health and safety of those who live or
work in these areas.



2.3 DAMAGE AREAS

2.3.1 Location

The flood damage areas are located in the Village of

-Mamaroneck -and-the Town of Harrison; New York. ~On the Mamaroneck

River, the damage area extends from below Tompkins Avenue upstreanm
to the Westchester Joint Waterworks Dam. On the Sheldrake River
damages occur from the confluence with the Mamaroneck River
upstream to the Village line at the New York State Thruway Bridge.

2.3.2 Reach Definition

To facilitate the collection of flood damage data and the
calculation of flood damages, the areas susceptible to flooding
along the Mamaroneck and Sheldrake Rivers were divided into seven

separate areas or reaches.

The first reach extends from Tompkins Avenue upstream to the
New Haven Railrocad along the Mamaroneck River. Reach 2 extends
along the Mamaroneck River from the New Haven Railroad upstream to
the First Street Bridge and along the Sheldrake River from the
confluence upstream to Mamaroneck Avenue. Reach 3 lies between
First Street and the New England Thruway Bridge along the
Mamaroneck River. The fourth reach lies along the Mamaroneck
River from the New England Thruway Bridge to the Westchester Joint
Waterworks Dam. Reach 5 extends along the Sheldrake River from
Mamaroneck Avenue to a point 400 feet upstream of the Fenimore
Road Bridge where there is a topographical ridge line between
Center and Fayette Avenues. On the New Haven Railroad side of
this ridge Reach 5 extends as far as Rockland Road. Reach 6,
which lies along the Sheldrake River from approximately 400 feet
upstream of Fenimore Road to Rockland Road, is contained between
the Sheldrake River and the ridge described above. Reach 7
extends from Rockland Road upstream to the New England Thruway.
All of these reaches lie within the area to be protected by the
recommended plan.

2.4 FILOODS OF RECORD

The most damaging flood of record resulted from the storms of
15-16 October 1955, 16 June 1972, and 26-27 September 1975. Other
floods occurred in October 1877, September 1882, July 1889,
October 1903, March 1936, July 1938, September 1938, July 1942,
August 1942, September 1944, May 1946, March 1953, August 1955,
August 1960, April 1961, March 1962, August 1971, September 1974,
and April 1983 while other areas in Westchester County suffered
floods in 1984, the Village of Mamaroneck received minimal flood
damages. Flood damages for the 1972 and the 1975 floods are
described in the following paragraphs.



During the June 1972 flood, hundreds of residents, employees
and school children were evacuated by boats and trucks as the
Mamaroneck and Sheldrake Rivers overflowed their banks, inundating
local streets and numerous homes and business establishments.
Areas inundated in the Village of Mamaroneck from this flood
include approximately 107 acres of industrial, commercial and
residential property. Along the Mamaroneck River the flood damage
area is located on both banks between Ward Street and First
Street. From First Street upstream to the New England Thruway
damages are confined to the left bank and in the reach between
Chestnut Avenue and the Joint Waterworks Dam; the Village flood
damage area lies on the right bank. Along the Sheldrake River the
flood damage area is on both banks between the confluence with the
Mamaroneck River and Fenimore Rocad. Between Fenimore Road and the
Village line the damage area lies on the right bank. During the
June 1972 storm, 26 industrial structures, 33 commercial
establishments, 5 public buildings and 207 dwellings were flooded.
Columbus Park was completely submerged. The industrial park was
inundated to a depth of two feet and many businesses were not able
to resume production for a week or more. Hardest hit industrial
areas were at the Sealectro Corporation Plant on Hoyt Street,
where 60 employees were evacuated, and the Bordow Corporation,
located at Mamaroneck and Jefferson Avenues, which had several
feet of water in its buildings. The main floors of many dwellings
between Mamaroneck Avenue and the Mamaroneck River were flooded to
a depth of one foot. Along Chestnut Avenue basements were flooded
to a depth of 5 feet causing severe content damage. Several homes
along Winfield Avenue suffered first floor flooding when the
Winfield Avenue Bridge was overtopped. If the Standard Project
Flood were to occur along the Mamaroneck and Sheldrake Rivers in
the Village of Mamaroneck, approximately 300 acres would be
inundated up to depths in excess of 16 feet.

The record flood of September 1975 produced stages in the
Village of Mamaroneck approximately 1.5 feet higher than those
produced during the June 1972 storm. Total flood damages from the
September 1975 flood in the Village of Mamaroneck are estimated at
$43,507,000 (October 1987 prices). More than 65 percent of these
damages were suffered by the industrial and commercial
establishments of the Village, particularly at the reach along the
right bank of the lower Sheldrake River. This storm resulted in
flood stages of up to 3 feet above the main floors of several of
the industries in this reach. Again the hardest hit industrial
plants along the Sheldrake River included Sealectro Corporation,
and also Marval Industries (plastics), Elgene Chemicals,
Westchester Light Company and Magnetic Media Corporation
(electronics). Additionally, several industries which were not
seriously affected by past floods also suffered damages from the
September 1975 storm, including Sockolof Brothers (wood products),
Philips Offset Company and Schrier Brothers (paper company). The
residential areas of the Village were also severely flooded once
again during this storm. Photograph No.s 1 - 3 depict flooding
conditions in the problem area (pages 10A, 10B, and 10C).



2.5 LOSS OF LIFE

During the September 1975 flood of record on the Mamaroneck
River, one person was drowned when the car he was traveling in was
submerged. People were evacuated from areas, but precise records
of the number of people evacuated or the length of time they were
required to stay away from their homes are not available.

However, Red Cross estimates indicated that hundreds of people
were evacuated in Mamaroneck during the September 1975 flood.

_lo_
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3. STUDY ACTIVITY PRIOR TO AUTHORIZATION

3.1 FEASIBILITY STUDY

3.1.1 Plans Considered

General. Both structural and nonstructural plans were
considered during the Feasibility Study. Nonstructural measures
such as floodproofing, raising, or relocating existing structures,
and subsequent flood plain management measures were uneconomical
and were considered inappropriate in this already fully developed
urban area. The initial array of structural measures considered
included flood detention reservoirs, diversions of stream flow
away from the primary damage areas, local protection measures such
as levees floodwalls, and channel modifications and possible
combinations of these measures.

Flood Detention. Detentions of floodwaters using one or more
of the existing dams and reservoirs in the Mamaroneck and
Sheldrake River drainage area was considered. On the Sheldrake
River at the Larchmont Reservoir No. 2, a modified dam and
reservoir would help to protect the upper reaches of the Sheldrake
River in the Town of Mamaroneck, but would afford little flood
attenuation in the Village. For similar reasons, possible
detention areas at the Maple Moor Golf Course and Silver Lake
areas on the Mamaroneck River were rejected as they would afford
only limited benefits in the Village's flood problem area. Also
on the Mamaroneck River use of the existing Westchester Joint
Waterworks Reservoir as a flood detention measure was investigated
and rejected because modifications to the existing dam and the
need to raise the pool area to provide a significant flood water
storage area would be too costly and would require large real
estate acquisitions, road raising, and relocations while still
calling for downstream flood control measures to provide adequate
protection in the problem
area.

Diversions. Measures to divert excessive stream flows coming
down to the Village into culverts or tunnels before reaching the
main flood problem areas were considered very possible because of
the close proximity to the harbor and the existence of a
reasonable gradient for gravity or pressure flow through conduits.
Although engineeringly feasible, the high cost of constructing
underground conduits limits the application of diversion measures
to locations where they would be very effective in terms of flood
carrying capacity, and where the overall length is the shortest.
Several inlet locations were considered for diversion conduits
that would open into Mamaroneck Harbor.

On the Mamaroneck River four diversion plans were examined.
One plan would have an inlet at the downstream face of the New
England Thruway Bridge and would extend 6,000 feet to the East
Basin of the harbor to divert flows sufficient to provide 50 to
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200 year protection. It would require tunnels ranging in diameter
from 15.5 to 18.5 feet. This plan was eliminated as clearly
economically unfeasible due to a high construction cost and the
need for major downstream improvements to provide a 100 year level
of protection. Similarly a diversion inlet even further upstream
near Winfield Avenue was possible but economically unfeasible.

A third diversion 2,700 feet long from an inlet at the
confluence with the Sheldrake River to an outlet just upstream of
Boston Post Road was investigated to provide from 50-200 year
protection ranged from 16 to 19 feet in diameter. To accommodate
the diverted flow and the outlet structure extensive dredging in
Mamaroneck Harbor would be needed in addition to the tunnel.
Additional channel work would still be necessary as only partial
protection would be afforded by the tunnel alone. The fourth
diversion would begin at Jefferson Avenue and divert flows to a
point just downstream of Halstead Avenue. This plan was
considered impractical because the limited slope available between
these two points would not yield enough flow diversion for a
substantial reduction in flood heights.

Several diversion locations were possible along the Sheldrake
River. One would begin at Larchmont Gardens Lake and exit below
Boston Post Road into an open channel leading to East Creek.
Another alignment diverted the high flows on the Sheldrake River
to the West Basin of Mamaroneck Harbor. Both of these diversion
plans were found to be economically unfeasible due to excessively

high cost.

A diversion at Fenimore Road was found to be considerably
less costly than the upstream diversion points because the
topography along Fenimore Road would permit a major portion of the
diversion conduit construction to be "open cut" instead of more
costly tunneling procedures. This scheme, therefore, was not
eliminated during the initial screening of plans, and was
considered in combination with local protection works that would
still be necessary to protect downstream damage areas.

Local Flood Protection Measures. Local protection measures
were also investigated. These measures consisted of channel
modification schemes, separately and in combination with limited
levee and floodwall protection, to provide an overall 100 year
level of protection. Three of the channel/levee plans differed
primarily in the width of the channels which ranged from 50-70
feet wide on the Mamaroneck River below Jefferson Avenue and 30-45
feet from Jefferson upstream to the New York Thruway. The channel
width varied along the Sheldrake River from 20-35 feet up to the
Thruway. Plan 1 had the smallest channel width of these
alternatives and Plan 3 the largest.

Another channel/levee plan was also considered (Plan 4),
which was essentially the same as Plan 3, but with the addition of
the diversion conduit on the Sheldrake River that would divert
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high flows at Fenimore Road directly to the West Basin of
Mamaroneck harbor, as previously described.

3.1.2 Intermediate Screening

The four plans described above and a levee/floodwall only
plan were evaluated and compared in the Feasibility Study
intermediate screening stage. A comparison of the net annual
economic benefits showed that Plan 4 yielded the highest value.
The tunnel feature of Plan 4 also had the advantage of making it
possible to provide protection against floods up to a 200 year
event on the lower

Mamaroneck River from Halstead Avenue downstream and even greater
protection for the severe problem area near the confluence with

the Sheldrake River.

All four plans were found to be acceptable to the local
interests, but Plan 4 was preferred because of the reduced
channelization required, which would also reduce real estate
acquisitions and have less adverse environmental impacts along the
Sheldrake River, while providing an increased level of protection.

Channel-modification-only plans were also investigated, but
were eliminated because limited size channel improvements alone
would provide a relatively low level of flood protection and
larger channels would be economically unfeasible due to a very
rapid rise in cost with increased size. The channels considered
were Plans 1, 2, and 3 described above, but without the
supplemental levee/floodwall measures. The largest plan, Plan 3,
with channel sizes of 45 feet and 70 feet on the Mamaroneck River
with 25 foot and 30 foot wide channels on the Sheldrake River,
would provide only a 50 year level of protection on the Mamaroneck
River and only 5 year level of protection along the Sheldrake
River. Since the residual damages with the channel-only plans was
very high, and since this plan already had the largest feasible
channel widths without extensive relocations of existing
development, and without additional bridge replacements including
the Conrail Railroad bridge, the channel-only plans were
economically inferior and were not considered complete enough
solutions to the flood problem for this urban area.

3.1.3 Final Planning Iteration

A final iteration of plan formulation was performed in order
to more fully optimize the outputs of each of the plans, compare
their effects, and make a final plan selection. Final
investigations for the Feasibility Report focused on three plans.
These alternatives, with appropriate refinements and reasons for
consideration, are described below:

Plan A - The NED Plan. This plan consisted primarily of Plan
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4 (discussed above), and was selected as the National Economic
Development (NED) Plan because it produced the highest net
economic benefits. Final refinements to this plan included of the

following:

a. The total diversion of the Sheldrake River at Fenimore
Road. This additional diversion capacity up to the
Standard Project Flood was preferred by local interests.
It would provide greater reliability and reduce the flood
risk in the worst damage area, near the confluence of the
Mamaroneck and Sheldrake Rivers. It would also allow a
higher degree of protection along the Mamaroneck River.

b. Reduction in channel width on the Mamaroneck River from
70 feet to 60 feet and a deeper bottom cut. This
resulted in a reduced channel cost and minimized real
estate requirements while providing a 200-year level of
protection from the mouth to the Thruway and 100-year
level of protection from the Thruway upstream to Winfield
Avenue.

c. To reduce the adverse fish and wildlife impacts, in-
stream mitigation measures developed with the U.S. Fish
and Wildlife Service were incorporated, such as V-shaped
pilot channels and log deflector and boulder fields.

Plan B - The EQ-Oriented NED Plan. This plan consisted of a
combination of intermediate Plans 4 and 1, and included the
Sheldrake diversion and the reduced channel width features of Plan
1. This alternative was designated the Environmental Quality-
Oriented NED Plan, and would provide a 100-year level of
protection. Raising the level of protection would require
additional structural features which would diminish the
responsiveness to the Environmental Quality (EQ) objective, and a
reduced level of protection was not considered appropriate for the
urban area. The plan included the acquisition of 16 residences
and floodproofing 15 residences. Further coordination with the
U.S. Fish and Wildlife Service resulted in the incorporation of
additional mitigation measures similar to those in Plan A. (It is
noted that under current guidelines, designation of an
Environmental Quality plan is no longer required.)

Plan € - Channel/levee Plan. Plan C was essentially the same
as Plan 3 considered previously in the intermediate planning
stage. This channel/levee plan, which provided 100-year
protection without the diversion tunnel, was carried into the
final planning because it represented a substantially different
plan for comparison which was also economically feasible. It
included the largest channel widths --approximately 70 feet in
parts of the lower Mamaroneck River, 45 feet in the upper
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Mamaroneck River and 25-30 feet on the Sheldrake River. Levees
and floodwalls would be utilized in some areas as necessary to
provide a 100-year level of protection. The plan also included
the acquisition of one industrial, two commercial and four
residential structures. The plan did not include a diversion

tunnel.

3.1.4 Plan Selection

The three final plan alternatives, Plans A, B, and C were
compared and evaluated. The results of this analysis are
summarized below (December 1976 prices):

PLAN A PLAN B PLAN C
TOTAL COST $32,700,000 $29,550,000 $21,800,000
NET ANNUAL BENEFITS S 725,000 $ 533,000 $ 435,000

(Annual Benefits less Annual Costs)

Plan A was selected for recommendation for construction
authorization. Plan A carried the highest cost, but produced the
most net annual benefits. In addition, Plan A required the least
amount of real estate easements with no acquisition of structures,
provided the highest level of protection, and was favored by the
State and local interests. The Village also preferred the total
diversion of flows on the Sheldrake River because it would greatly
reduce the risk of damages from flood events that might exceed the
design level. Residual damages would be nearly completely
eliminated with Plan A.

3.2 PRECONSTRUCTION ENGINEERING AND DESIGN

The elements of Plan A for the Village of Mamaroneck were
recommended to Congress in 1983. Detailed design of the
recommended plan had begun under the Continuation of Planning and
Engineering Program in order to be able to move more quickly
toward construction in anticipation of eventual construction
authorization by Congress. When the project was authorized in the
Water Resources Act of 1986, the detailed design effort continued
under the Preconstruction Engineering and Design (PED) program.
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4.

INVESTIGATIONS FOR THE GENERAL DESIGN MEMORANDUM

4.1 OVERVIEW OF INVESTIGATIONS

The follow1ng 1nvest1gatlons and studies were conducted by
the Corps of Engineers during Planning, Engineering and Design
(PED) for the authorized flood control project. The extent of
field and office studies conducted in connection with these
investigations, including hydrology, hydraulics, economics,
environmental, cultural, geology and soils, structural design, and
other d1501p11nes are outllned in this Main Report and are
discussed in detail in Appendices A through J. Some of the
special studies are discussed below. Major investigations are
discussed in subsequent sections.

a.

Aerial photography and field control surveys were
performed in December of 1982 in order to develop
topographic mapping and stream profiles and cross-
sections for the Mamaroneck and Sheldrake flood control
project area. The topographic mapping was prepared at
the scale of 1 inch = 30 feet, with 1 foot contour
intervals, utilizing National Geodetic Vertical Datum
which also utilized a 1 foot contour interval (1929
Adjustment) and established benchmarks. The 150 foot
grid was based on the New York State Coordinate Systen,
East Zone. Stream cross-sections were prepared through a
combination of field surveys for the channel and bridge
sections, and photogrammetric procedures for overbanks.
A utility survey was also performed in Spring, 1985 to
assess project required relocations.

The subsurface exploration was conducted at various times
throughout the preconstruction engineering and design
effort. Drill holes, test pits, auger holes,
permeability tests, pressure tests, and borehole
television investigations as well as various lab tests
were conducted at different times in order to evaluate
the foundation conditions. These investigations were
performed throughout the project area which included the
Upper and Lower Mamaroneck, the present Sheldrake River
channel, and the proposed Sheldrake River diversion
locations. This extensive soil testing helped to define
the soil and foundation parameters for soil analysis and
design of the diversion tunnel, retaining walls, the
modified channel slope stablllty, and bedding material
for riprap. See Appendix C - Geology and Soils for a
more detailed description of the drilling and laboratory
testing programs.
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Environmental and cultural resource concerns were also
investigated. 1Initially a review of existing
documentation was done. The Final EIS, dated January
1979, was filed with EPA in March 1981. Since the
preparation of the Final Environmental Impact Statement
(FEIS), based on the receipt of the US Fish and Wildlife
Service's most recent Planning Aid Reports (i.e. March
26, 1982, and February 9, 1984) there have been no major
changes in existing environmental resources for the study
area. The main purpose of the environmental studies for
the GDM was to examine and review recent water quality
testing conducted within or near this study area. This
review was utilized to identify possible water quality
concerns or problems prior to the preparation of a draft
404 (b) (1) evaluation report.

A review of the cultural resources survey report that

was prepared in January 1977 for the New York District,
Corps of Engineers entitled, "Reconnaissance Level Survey
of Cultural Resources Mamaroneck and Sheldrake River
Basin and Byram River Basin Flood Control Projects" was
made. Conclusions reached by that report indicated that
there were no cultural resources present in the project
area which would be eligible for listing on the National
Register of Historic Places and would be negatively
affected by proposed project actions. Further checks (as
of May 3, 1988) during the GDM showed no additions to the
National Register that would be adversely impacted by the
flood control project. A more detailed description of
the environmental and cultural resource aspects of the
project can be found in Appendix F - Cultural Resources
and in Appendix G - Environmental Conditions.

Real estate studies were conducted in February 1984 and
October 1987 to assess the current value of temporary and
permanent easements, acquisitions, and other costs
associated with the real estate required for access to,
construction of, and operation and maintenance of the
Mamaroneck and Sheldrake River flood control project.

The resulting appraisal (Gross Value Estimate) is
presented in Appendix J - Real Estate.

Studies were conducted on both the Mamaroneck and
Sheldrake Rivers, the diversion tunnel and Mamaroneck
Harbor to identify any sediment related problems and
project impacts on the sedimentation process. The
studies also evaluated lateral and vertical stability.
The studies involved field investigations, measurements
and analysis, a historic topographic survey investigation
and comparison, and sediment transport computations. The
studies found that there would be no significant project
impacts on sedimentation in the streams or the harbor. A
summary of the procedures and conclusions of the sediment
studies can be found in Appendix B - Hydraulics.
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f. A study was also performed to test the proposed Sheldrake
River diversion tunnel. The Sheldrake River diversion
tunnel was modeled at the U.S. Army Corps of Engineers
Waterways Experiment Station (WES) in Vicksburg,
Mississippi utilizing a 1:25 scale physical model. The
model reproduced about 400 feet of approach channel, the
ogee drop structure and converging approach of the tunnel
inlet, the 3550 foot tunnel, the stilling basin at the
downstream end of the tunnel, and a portion of the West
Basin of Mamaroneck Harbor. Details of the model, tests,
results and conclusions are contained in the WES report
"Sheldrake River Tunnel, Mamaroneck, N.Y., Hydraulic
Model Investigation," published in 1986. The WES
physical model study gives a complete description of the
system's performance. Tests confirmed the tunnel's
original design and recommended various improvements,
largely in the tunnel transition and stilling basin
dimensions. Photograph Nos. 4 and 5 show the physical
model. For more detailed information, refer to Appendix
B - Hydraulics.

g. Economic studies were made for this GDM, aimed at
verifying and updating previous flood damage information
and conducting benefit evaluations for the plans
considered in the GDM. An updated structure inventory
was completed in 1982, and the damage potential was
verified in 1983 and again in 1986. Other flood related
damage and benefit categories were investigated and
updated as appropriate. The studies found only minor
changes in the economic data base, with the level and
characteristics of development in the problem areas
essentially unchanged. More detailed descriptions of the
economic analyses are contained in Appendix H -
Economics (Flood Damages and Benefits).

4.2 HYDROLOGY AND HYDRAULICS

4.2.1 General

Flood control improvements for the Mamaroneck and Sheldrake
River Flood Control Project area were designed in accordance with
prescribed Corps of Engineers procedures for development of design
discharges, channel profiles, and channel invert and bank
protection requirements. All criteria and results of these
analyses are discussed in detail in Appendix A - Hydrology and
Appendix B - Hydraulics.

4.2.2 Hydrology

The hydrologic analyses of the Mamaroneck and Sheldrake River
Basin utilized the HEC-1 Flood Hydrograph Package. The hydrologic
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model was calibrated by reproducing four historical flood events
at the U.S. Geological Survey Stream Gage on the Mamaroneck River
at Halstead Avenue. The storms used in the calibration were the
June 1972, September 1975, November 1977, and April 1980. The
September 1975 flood was the flood of record. The model
reconstitutions of the Mamaroneck Gage flood hydrographs were of
comparable magnitude and timing. A peak discharge vs. frequency
analysis was developed through a statistical analysis of the
yearly peak discharges at the Mamaroneck River Gage. Because of
the urbanization trends in the basin, a detailed review was made
of the period of record annuals peaks, precipitation records and
the land use and population data. This analysis indicated that
the Mamaroneck River Basin did not experience any significant
urbanization since 1955. Because of this, an analysis was made of
all storms previous to 1955. An upward urbanization adjustment
had to be made to the September 1944 flood to reflect post-war
development effects. The frequency curve was developed using
procedures recommended in, U.S. Water Resources Council Bulletin
17B, "Guidelines for Determining Flood Flow Frequencies." The
computer model, HEC-1, was then used to simulate the following
hypothetical storms: 1, 2, 10, 50, 100, 500 year and the Standard
Project Storm. The hypothetical storm rainfall was developed from
technical paper No. 40, "Rainfall Frequency Atlas of the United
States." The infiltration loss rates for the hypothetical storm
were adjusted until the HEC-1 computed peak flows matched the
observed frequency curve at the Mamaroneck Gage.

The hydrologic model was also used to develop the improved
condition storage vs. discharge relations in the improvement
reaches. A 200 year flood was used to design the channel and the
Standard Project Flood was used to design the Sheldrake Diversion
tunnel. While the with-project flows increased as much as 31
percent, the increase in design stages was kept to a minimum with
only a small cost increase. A detailed description of the
hydrologic analysis can be found in the Hydrology Appendix.

4.2.3 Hydraulics

Flowline computations were made to develop the hydraulic
radient of the streams in their existing and improved conditions
for the purpose of determining their hydraulic characteristics and
establishing the extent of protection required. The computations
are based on starting at a point of known energy (Mamaroneck
Harbor) and determining the changes in the hydraulic gradient by
the application of the laws of continuity and conservation of
energy.

An analysis was developed to determine the correlation
between tailwater conditions in the harbor and flood flows. It
was concluded that flowline computations for the Mamaroneck River
and the diverted Sheldrake River should be started using a 1 year
tidal tailwater of 6.7 feet N.G.V.D.
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Flowline computations were accomplished with the use of the
HEC-2 "Water Surface Profiles" computer program. The computations
were calibrated by using April 1983 floodmarks. Manning's "n"
values were adjusted until the computed water surface elevations
were reasonably close to the observed April 1983 levels. The
computations were further adjusted and verified through comparison
to two other events.

Analysis of the flowlines indicates that existing flooding
along the Mamaroneck River is caused by a low channel capacity,
two 90 degree bends forming an "S" turn at the Station Plaza
Bridge, and constrictions at various bridges. Flooding along the
Sheldrake River is due to a low channel capacity, and backwater
from the Mamaroneck River.

The Sheldrake River diversion tunnel was modeled at the
U.S. Army Corps of Engineers Waterways Experiment Station in
Vicksburg, Mississippi utilizing a 1:25 scale physical model. The
model reproduces some of the approach channel, the tunnel inlet
structure, the tunnel, the stilling basin at the downstream end of
the tunnel, and a portion of the West Basin of Mamaroneck Harbor.

The model studies were conducted with both rough and smooth
Manning's "n" values in order to account for capacity and energy
dissipation needs. Design of the selected plan was therefore
based on both capacity and velocity considerations.

In addition to the above improvements, in-stream mitigation
measures developed with the U.S. Fish and Wildlife Service have
been incorporated into the Mamaroneck and Sheldrake channel
designs.

4.3 GEOTECHNICAIL AND SOILS INVESTIGATIONS

Appendix C contains detailed descriptions of the geological
and soils design data, a description of the foundation conditions
along the alignment of the improvement, the soils design for cut
channel slopes, analyses for channel bedding, riprap, and slope
stability, structure foundations and the Sheldrake River diversion
tunnel with inlet and outlet structures, and a discussion of the
availability of construction material and disposal areas. All
data were obtained from geological records, field investigations
and subsurface exploration, and laboratory soils and rock testing.

The geological, soil, and materials investigations consisted
of a study of all available geologic information, topographic,
geologic and tectonic maps, site reconnaissance, and a
comprehensive review of available subsurface exploration data.
This review included extensive efforts to research and compile the
data collected from previous reports. Upon completion of review
of all available data, additional investigations for this proposed
plan were conducted. The most recent investigations in 1987,/1988
consisted of borings along the proposed Mamaroneck and Sheldrake
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River improvements and the diversion tunnel and a study of the
groundwater conditions in the rock along the Sheldrake River

diversion tunnel.

The lower courses of the Mamaroneck and Sheldrake Rivers
along the general alignment of the considered improvements in
Mamaroneck, New York flow over moderately thin alluvial deposits.
Bedrock under the channels and along the valley slopes is of
metamorphic origin ranging in age from pre-Cambrian to Ordovician.
The alluvial deposits are variable in composition and are
predominantly gravelly sand with some boulders and a minor amount
of clay and silt. Along the Mamaroneck River channel, bedrock
crops out at several localities and it is estimated that its
maximum depth below the surface is about 40 feet. Lesser outcrops
are observed along the Sheldrake River in its lower course, but
upstream from Larchmont Garden Lake, bedrock is generally exposed
or under a thin sheet of overburden. The findings of the
foundations, soils, and geologic studies were generally the same
as in the Feasibility Study.

The overall project site is geologically feasible for
construction of the proposed channel improvement, retaining walls,
and bridge replacements. Some adverse foundations conditions were
found, in particular, poor soil conditions near the sea wall and
in the West Basin of Mamaroneck Harbor, where the outlet structure
and stilling basin will be located. Due to the poor bearing
capacity of the material in some areas, additional foundation
solidification was designed for. The tunnel outlet structure and
the weir structure on the Lower Sheldrake River is supported on
piles, and some retaining walls are supported on tremie concrete
in the vicinity of Jefferson Avenue.

This information along with the results of the investigations
and their impacts on project construction is presented in Appendix
C ~- Geological and Soils Investigations.

4.4 STRUCTURAL DESIGN
4.4.1 General

The recommended flood protection plan in the Mamaroneck and
Sheldrake River Basin includes: channel work which includes
retaining walls, sheet piling, channel realignment, removing
existing fencing, underpinning of embankments, relocation of
existing utilities (sewer mains, light boxes, etc.); bridge work
which involves the replacement or removal of several bridges to
achieve the hydraulic capacity desired; and tunnel work which
involves the redirection of the Sheldrake River into a diversion
tunnel which discharges into the West Basin of Mamaroneck Harbor.
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4.4.2 Retaining Structures

The retaining structures consisted of L-type and T-type
retaining walls, concrete-faced sheet pile retaining walls, and
concrete channels. The use of L-type versus T-type retaining
walls was based generally on available space for construction
(proximity to adjacent structures or roadways). The designs are
for sections of reinforced concrete cantilever type (both L-type
and T-type) and tied back L-type retaining walls, steel sheet pile
retaining walls with concrete facing and concrete channel at
various locations along the proposed channel modifications of both
the Mamaroneck and Sheldrake Rivers. Reinforced concrete
cantilever type retaining walls are required at various locations
interspersed along the length of both the Mamaroneck and Sheldrake
Rivers improvement. The concrete faced steel sheet pile walls are
used to create an endwall at the diversion channel outlet and as a
cut-off wall on the sloped bank between the Mamaroneck River and
the New England Thruway. The concrete channel sections are used
for both the flumed intake and outlet structures.

4.4.3 Diversion Tunnel

The diversion tunnel consists of a box culvert, transition
culvert and a horseshoe shaped tunnel. The designs are for a
reinforced concrete box culvert and transition culvert section to
be constructed utilizing cut and cover methods and for a horseshoe
tunnel that will be for the most part driven full face utilizing
conventional drill and blast techniques. The design of the tunnel
is in accordance with applicable portion of the relevant
Engineering Manuals. Design sections were selected as
representative of the conditions encountered along the tunnel
alignment. Various applicable loading conditions were analyzed,
as well as uplift and the magnitude of settlement. The design
analysis considered temporary support during construction such as
the use of steel ribs and sheeting and the design of the permanent
concrete liner in the horseshoe shaped, rock cut tunnel. All
analyses were based on the particular soil, rock and water
conditions evaluated section-by-section as part of the
geotechnical investigations. 1Inlet and outlet structures are also
provided as a part of the diversion tunnel, and the design of
these structures is also contained in SECTION I of Appendix D.

4.4.4 Local Bridges

The local bridge work involved the Tompkins Avenue, Ward
Avenue, Halstead Avenue, Station Plaza, Hillside Avenue, and
Winfield Avenue bridges and the Valley Place sewer bridge. The
designs are for new bridges as required to replace existing local
bridges over the proposed alignment of the Mamaroneck River. The
proposed superstructures consist of either prestressed concrete I-
beams, box beams or slab units. The box beams and slab units are
composite with the concrete deck overlay whereas the I-beams are
composite with the spanned concrete deck slab. The beams were
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considered composite with the deck. The proposed steel
superstructures of the sewer bridge was designed for dead loads
only. The abutments design considered appropriate loading cases,
and were analyzed for factor of safety for overturning, for
sliding stability and for base pressures. Steel reinforcing was

also designed.

In conjunction with the construction of the outlet structure,
the installation of a pedestrian bridge will be required to
provide for continuance of an existing walkway in the park. There
are no bridge replacements necessary along the Sheldrake River

project area.

4.4.5 Other Structures

A debris control structure will be placed in the Sheldrake
River at the Rockland Avenue Bridge to trap objects entering the
project area and/or the diversion tunnel. A small concrete weir
will be located across the Sheldrake River at Columbus Park. An
existing stream flow gage station on the Mamaroneck River just
below Halstead Avenue will be replaced with a new gage station
located just downstream of the New England Thruway.

Design details, criteria and computations for these
structural elements are contained in Appendix D - Structural

Design.

4.5 COMPARATIVE STUDIES

4.5.1 Comparison to Feasibility Study

During the Preconstruction Engineering and Design effort, a
review of the plans considered during the Feasibility Study was
made. The review found that only minimal field and technical
changes affecting the problem (area) had occurred which indicated
that the selection of the plan recommended to Congress was still
valid. The confirmation was based on both site and analytical
investigations. The site visits confirmed that no Federal or non-
Federal measures had been constructed that would change the flow
capacity of the waterways. The floodplain structures were
essentially the same as existed during the Feasibility Study.
About 30 structures not previously accounted for were added to the
economic data base, but no new major developments had occurred.
Environmental and cultural conditions also had not changed.
Technical investigations showed little overall change. An
increase in overall improved condition flows are offset in the
hydraulic analysis due to greater efficiency of the hydraulic
model. Estimates of expected annual damages showed a small
increase in the flood damage potential. The scope of the
recommended plan did not change. The size of the recommended
improvements to achieve the desired protection required little
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overall change in procject dimensions. The overall estimated cost
of the recommended plan changed approximately 13 percent (after
updating to October 1988 price levels). In view of the minimal
changes in the flood problem area, the damage potential, the
environmental conditions, and in the recommended plan the plan
formulation process and the plan selection basis in the
Feasibility Sstudy remains valid.

4.5.2 Optimization

An evaluation of various design levels of protection was also
considered during the Preconstruction Engineering and Design
study The variations included a range of channel modification
sizes with the recommended SPF tunnel, and also a smaller 100 year
tunnel. The analysis showed that the recommended plan yields the
highest net benefits confirming its de51gnatlon as the NED plan.
Information on the evaluation of the various plan design levels is
included in Table 2.
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5. THE RECOMMENDED PROJECT

5.1 DESCRIPTION OF PLAN

5.1.1 General

The plan of improvement for flood control for the Mamaroneck
and Sheldrake Rivers Project consists of the following features.
The plan on the Mamaroneck River provides for modifying
approximately 10,400 feet of river channel, constructing about
7,200 feet of retaining walls, replacing six bridges, one bridge
removal and utility relocations. On the Sheldrake River,
modifications include a diversion tunnel about 3,550 feet in
length from its inlet at Fenimore Road to the west basin of
Mamaroneck Harbor, channel modification along approximately 4,200
feet, and a retaining wall for about 900 feet. These improvements
will substantially reduce flood damages for approximately 374
residences and 200 businesses which are located predominantly in

the Village of Mamaroneck.

The following description of the plan of improvement for the
flood control project for the Mamaroneck and -Sheldrake Rivers in
the Village of Mamaroneck, New York is broken down into five
sections: The Lower Mamaroneck River, the Upper Mamaroneck River,
the Lower Sheldrake River, the Upper Sheldrake River, and the
Sheldrake River Diversion Tunnel. For each section, the following
project features are discussed: physical limits (stationing),
average channel bottom width, channel shapes, average side slopes,
average wall height, length and layer thickness of riprap lined
channel, average depth of fill or cut, and other pertinent project
details. The project description addresses each stream section
proceeding from the downstream end to the upstream end. The left
and right channel bank are defined as looking downstream.

Table 3 presents a more detailed description of the plan of
improvement, broken down into subsections defined by points where
the channel shape changes or where a bridge is encountered. Table
4 shows additional data on the retaining walls, and Table 5 shows
additional information on riprap. Further background may be found
in Appendices B (Hydraulics), C (Geology and Soils
Investigations), D (Structural Design), and G (Environmental
Conditions). For additional information on the plan of
improvement, refer to the text of Appendix E - Cost Estimates.

In general, the rationale for providing a particular type of
improvement in any given area (i.e., semi- or full trapezoidal
sections, L-type or T-type vertical concrete walls) was based on
space considerations. When space constraints preclude the
employment of a trapezoidal section, a T-wall is used to stabilize
the embankment; if existing structures preclude use of a T-wall,
an L-wall is utilized. Walls are also to be used under bridges as
abutments. The project's walls act as earth retaining walls and

not flood walls.
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5.1.2 Lower Mamaroneck River

General. This portion of the Mamaroneck River extends from
the lower project limit, 600 feet downstream of the Tompkins
Avenue Bridge (Station 17+00), to just upstream of the Halstead
Avenue Bridge (Station 41+40), a distance of 2,440 feet. The
level of protection in this section will be 200-year.

Channel. The channel will be widened to produce an average
bottom width of 60 feet throughout this reach, except for a 60-
foot section near Tompkins Avenue. The existing channel bottom
will be deepened between 1 and 3.5 feet. The modified channel
will vary in shape, transitioning intermittently from trapezoidal
to semi-trapezoidal to rectangular. The side slopes of the
trapezoidal and semi-trapezoidal sections range from 1V:2H to
1V:2.5H. Station limits of the transitions between specific
channel shapes and particular side slopes are detailed in Table 3.
For locations and physical descriptions of retaining walls refer
to Table of Retaining Structures in Table 4.

Bridges. The Tompkins Avenue, Ward Street, Valley Place
Sewer Bridge, and Halstead Avenue Bridges will be replaced.

Erosion Protection. Riprap will be placed intermittently
throughout this river section, and will include a total length of
275 feet of 12-inch layer, 190 feet of 18-inch layer, 790 feet of
24-inch layer, and 140 feet of 36-inch layer riprap. (See Table 5
for specific limits of riprap placement.)

Relocations. Modification and relocation of existing
utilities including water, sewer, gas, and power line will be
necessary. In addition, the USGS gage station currently located
200 feet upstream of the Valley Place Sewer Bridge (Station 39+50)
will be removed and replaced with a new gage station located at
River Street, 750 feet downstream of the New York Thruway (Station

80+62) .

5.1.3 Upper Mamaroneck River

General. This portion of the Mamaroneck River extends from
the upstream limit of the Lower Mamaroneck River at Halstead
Avenue (Station 41+40) to a point 240 feet upstream of the
Winfield Avenue Bridge (Station 121+20), a distance of 7980 feet.
The level of protection in this section will be 200-year.

Channel. The average channel bottom width between the
Halstead Avenue Bridge (Station 41+40) to the Jefferson Avenue
Bridge (Station 48+00) will be 60 feet. The channel will be
widened to produce an average bottom width of 50 feet between
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Jefferson Avenue (Station 48+00) and New Barry Avenue (Station
66+80). From this point, upstream to the project limit, the
channel will be widened to an average bottom width of 45 feet. 1In
addition, the stream will be realigned, areas of the abandoned
channel will be filled and the channel bottom will be deepened by
up to 4 feet. The majority of this river section will be ;
trapezoidal in shape but will also contain intermittent sections
of semi-trapezoidal channel and rectangular channel. The side
slopes of the full trapezoidal sections are generally 1V:2.5H but
vary from 1V:2H to IV:2.5H in several transition sections.

Pilot Channel. A V-shaped pilot channel meandering
throughout the bottom of the channel will start at the Station
Plaza Bridge (Station 43+40) and continue upstream 1360 feet,
gradually increasing in depth until it reaches its maximum depth
of 1.5 feet at a point 170 feet downstream of the Hillside Avenue
Bridge (Station 57+400). It retains this depth and continues
upstream to a point 550 feet downstream of the Winfield Avenue
Bridge (Station 114+50) where it tapers down to a zero depth at a
point 200 feet downstream of the Winfield Avenue Bridge (Station
116+50). The total length of the pilot channel is 7315 feet. For
additional mitigation measures in this reach, see Table 3 in the
main body.

Retaining Walls. For location and physical description of
retaining walls in this reach refer to Table of Retaining
Structures in Table 4.

Bridges. 1In this reach, the Station Plaza Road Bridge and
the Hillside Avenue Bridge will be replaced and the Winfield
Avenue Bridge will be removed.

Erosion Protection. Riprap will be placed intermittently
throughout this river section, and will include a total length of
480 feet of 12-inch layer, 500 feet of 18-inch layer, and 190 feet
of 30-inch layer riprap and 500 feet of 24-inch layer riprap to
line the area near Jefferson Avenue where silty material will be
exposed by the excavation for the channel. (See Table 5 for
specific limits of riprap placement.)

Relocations and Removals. Modification and relocation of
existing utilities including water, sewer, gas, and power lines
will be necessary. The USGS gage station currently located 20
feet downstream of the Winfield Avenue Bridge (Station 118+80)
will be removed.

5.1.4 Lower Sheldrake River

General. This portion of the Sheldrake extends from its
confluence with the Mamaroneck River near the Station Plaza
Bridge, to Fenimore Road. This river section includes 2800 feet
of filled channel between Mamaroneck Avenue and Fenimore Road to
provide local drainage and a weir structure for environmental
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mitigation 200 feet upstream of its confluence with the Mamaroneck
River. No net loss of usable park land will occur at the
confluence. The level of protection in this section will be 200-

year.

Channel. The improved channel will be fully trapezoidal in
shape with 1V:3H side slopes. The existing average channel bottom
width of 10 feet will be maintained. The existing channel will be
filled in an average depth of one foot to regrade the lower
Sheldrake channel bottom to maintain positive drainage and
prevent stagnation of water.

Erosion Protection. A 12" layer of riprap will be placed for
a distance of 30 feet downstream of the concrete weir.

Retaining Walls. There will be no retaining walls
constructed in this river section.

5.1.5 Upper Sheldrake River

General. This portion of the Sheldrake River extends 2200
feet from the tunnel intake structure at Station 39+60 to the N.Y.
Thruway at Station 62400 with channel clearing and snagging
extending for an additional 700 feet at station 69+00 upstream of
the N.Y. Thruway to the Larchmont Gardens Dam at Station 69+00.
The Sheldrake River from the tunnel intake structure to the
Rockland Avenue Bridge (Station 53+50), provides essentially an
SPF level of flood protection. Upstream of the Rockland Avenue
Bridge to the New York State Thruway, the level of protection will

be 200-year.

Channel. Channel modifications will be completed from the
tunnel intake structure to the Rockland Avenue Bridge. The
channel will be widened and deepened (the depth of cut will range
from 1 to 2.5 feet) with a 40 foot bottom width. The modified
channel will be trapezoidal in shape for a total length of 1340
feet, with side slopes ranging from 1V:2H to 1V:2.5H.

From the Rockland Avenue Bridge upstream through the
Larchmont Gardens Dam, 700 feet upstream of the New York Thruway,
clearing and snagging will be performed. No major channel
modifications will be done in this area.

Pilot Channel. A V-shaped pilot channel with a 1.5 foot
depth and 1V:3H side slopes will be provided. This pilot channel
will meander within the bottom of the channel, and will extend
from a point 550 feet upstream of Fenimore Road (Station 41+00)
and continue upstream to the Rockland Avenue Bridge (Station
53+00), a total length of 1200 feet.
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Retaining Walls. For the location and physical description
of retaining walls in this reach refer to the Table of Retaining

Structures, Table 4.

Erosion Protection. Riprap will be placed intermittently

~throughout this river section, and will include-a total length of

190 feet of 12-inch layer, 275 feet of 18-inch layer, 630 feet of
24-inch layer, and 80 feet of 36-inch layer of riprap.

5.1.6 Sheldrake River Diversion Tunnel

General. The Sheldrake River Diversion Tunnel is designed to
carry the entire river flow up to the Standard Project Flood. The
tunnel consists of a box culvert section, a horseshoe shaped rock
tunnel section, a transition and inlet and outlet structures. The
tunnel will have an overall length of 3,550 feet, excluding inlet
and outlet structures. The tunnel will divert the Sheldrake River
flows away from the downstream Sheldrake, Columbus Park, and the
Mamaroneck River below the railroad. This will also some what
reduce the flooding effects in the area of Jefferson Avenue. The
largest flood of record (September 1975) is a low percentage of
the Standard Project Flood (42 percent). Therefore this is 2.38
times the discharge capacity of the September 1975 flood.

Outlet Structure. The tunnel outlet structure is 212 feet
long, contains a stilling basin, and a concrete flume section and
joins the West Basin Mamaroneck Harbor with the lower extent of
the horseshoe-shaped rock tunnel. The stilling basin dissipates
the high speed energy of the water coming out of the tunnel in a
specific location which is designed to withstand that high energy.

Horseshoe Shaped Section. The horseshoe shaped rock tunnel
extends from Station 1+50 to a point 1250 feet upstream of Stanley
Avenue (Station 19+67), has a 17.5 foot diameter, and is 1817 feet
long. Constructed using drill and blast because it is too deep
for cut and cover.

Transition Section. The 108 feet long transition section
extends from Station 19+67 to a point 200 feet downstream of the
New Haven Railroad (Station 20+75), and links the 17.5 diameter
horseshoe tunnel to the 16.25 feet square box culvert cut-and-
cover section.

Box Culvert Section. The 16.25 feet square box culvert cut-
and-cover section extends from Station 20+75 to a point 150 feet
upstream of Fenimore Road (Station 37+00), and is 1625 feet long.

Inlet Structure. The 260-foot long tunnel inlet structure
extends from Station 37+00 to a point 400 feet upstream of
Fenimore Road (Station 39+60), the upstream limit of the tunnel

intake structure.
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Walls. For location and physical description of the walls
for this section refer to the Table of Retaining Structures, Table

4.

Erosion Protection. Riprap protection will be provided at the
upstream inlet and just below the stilling basin.

Utilities. Modification of existing utilities including
water, sewer, gas, and power lines will be necessary.

5.2 PROJECT ACCOMPLISHMENTS

The plan of improvement for the Mamaroneck and Sheldrake
River flood control project in the Village of Mamaroneck will
achieve the following objectives. It will provide a 200-year
level of flood protection for the Lower and Upper Mamaroneck River
sections, as well as for the Lower Sheldrake River and the
Sheldrake above the Rockland Avenue Bridge. The Upper Sheldrake
River from Fenimore Road to the Rockland Avenue Bridge as well as
the Sheldrake River Diversion Tunnel are designed to safely convey

the Standard Project Flood.

For a 100-year storm, the plan of improvement will lower the
water surface elevation by an average of approximately 8 feet in
the Lower Mamaroneck, by 14 feet at the Mamaroneck and Sheldrake
River confluence, and by 7.5 feet on the Upper Mamaroneck. On the
Sheldrake, the plan of improvement will lower the water surface
elevation by 13 feet, along the Lower Sheldrake and by 13 feet in

the Upper Sheldrake.

The channel modifications on the lower Mamaroneck River
downstream of the Railroad serves to reduce flooding by increasing
the flow carry capacity of that portion of the River. The
increased capacity in this area will also produce a small
reduction in flood stages in the Columbus Park area. The project
in this area consists largely of a widened channel with concrete
lined retaining walls. The channel is as wide as possible without
requiring significant acquistion of homes and buildings.

In order to provide the 200 year level of protection for this
urban area, the Sheldrake River diversion tunnel reduces the flow
that would pass through the lower Mamaroneck River by one-third.
The channel modifications and bridge replacements along the
Mamaroneck River from the Metro North Railroad to the upper limit
of the project just upstream of Winfield Avenue reduce the flood
stages. This area also benefits from the lowered backwater
conditions from the channel work in the lower Mamaroneck and
especially by the reduced flows allowed with the diversion tunnel.

On the Sheldrake River the diversion tunnel will carry all
its flow away to the West Basin of Mamaroneck Harbor and
eliminating its destructive effects on the lower Sheldrake River
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from Fenimore Road to Columbus Park. The provision of flow
capacity up to the Standard Project Flood permits the upper
Sheldrake River channel to provide a high level of protection with
a minimum amount of channel modification. From Rockland Avenue
upstream to the project limit only clearing and snagging is
necessary. The overall project functions passively without the

need for specific actions by a local operator.

5.3 PROJECT COSTS

5.3.1 Estimate of First Cost

The estimated first cost of the plan of improvement is
$67,099,400, of which $50,324,600 is Federal and $16,774,800 is
non-Federal. The non-Federal share includes for lands, easements,
rights~-of-way and relocations and a cash contribution of

$4,305,700.

The Federal and non-Federal first costs are summarized by
feature in Table 6. Detailed cost estimates of the plan of
improvement are contained in Appendix E - Cost Estimates. The
construction cost estimates are based on October 1987 price
levels. The price levels were updated for the Main Report and
Appendix H - Economics using the Data Resources, Inc. indices to

October 1988 price levels.

5.3.2 Annual Charges

The estimated annual charges at 8-7/8 percent Federal
interest rate and 100-year project life at October 1988 price
levels, are $6,772,100 of which $4,467,200 is Federal, $1,639,100
is non-Federal and $665,800 is IDC (interest during construction).
The non-Federal charges include the annual cost of operation and
maintenance estimated at $150,000. A summary of the annual
charges 1is presented in Table 7.

5.3.3 Apportionment of Costs

The non-Federal items include obtaining required lands,
easements and rights-of-way, relocations of roads, bridges and
utilities, and a cash contribution.

Consistent with the cost~sharing and financing concepts
adopted under the WRDA of 1986, local interests will be required
to provide lands, easements, rights-of-way and relocations,
presently estimated for the Village of Mamaroneck project at
$12,469,100; pay 6.4 percent of the costs allocated to flood
control, presently estimated at $4,305,700 so that the total
construction of the local interests is equal to 25 percent of the
cost allocated to flood control, and bear all costs of operation,
maintenance and replacement of flood control facilities presently

estimated at $150,000 annually.
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5.3.4 Comparison of GDM Estimate with PB-3

Changes in the current cost estimate from that of the
latest PB-3 approved 11 July 1988 are shown in Table 8, and

discussed below. A PB-3 is a Corps of Engineers document which

displays the updated authorized project cost. The current GDM
project cost estimate is $67,099,400 (October 1988 price level)
which represents a $7,599,400 or a 13% increase over the
$59,500,000 project cost of the approved PB-3 (October 1988 price
level). The basis of the PB-3 estimate is the plan contained in
the Feasibility Report for flood control for the Mamaroneck and
Sheldrake River Basin, Mamaroneck, N.Y. dated October 1977.

The Federal cost increased from $44,600,000 to $50,324,600
which represents a net increase of $5,724,600, or 13 percent, and
includes the following changes in Feature Items:

a) Item 09 - Channels & Canals - A cost increase of
$2,212,700 due primarily to design changes and the
increase in the length of required retaining walls because
more surveys showed greater constrictions precluding the-
use of trapezoidally shaped channels in certain areas.

b) Item 11 - Levees & Floodwalls - a cost increase of
$2,187,000 due primarily to design changes in the tunnel

outlet structure.

c) Item 30 -~ Engineering and Design - a cost decrease of
$2,057,000 due primarily to a refinement of E & D costs to
eliminate continued Planning and Engineering costs prior to

October 1985.

d) Item 31 - Supervision and Administration - a cost
increase of $1,388,100 due primarily to a refinement of

S & A costs.

The non-Federal cost increased $1,874,800 which includes the
following changes in Feature Items:

a) Item 01 - Lands and Damages - a cost increase of
$2,065,500 due to an increase in real estate easement
acreage required (primarily due to wider channel
requirements) and a 260% increase in actual real
estate values from P.L.12/76 (Feasibility Study) as
opposed to the 185% increase for cost updating applied

in the PB-3 estimate.

b) Relocations - A cost increase of $1,803,600 due
primarily to the addition of the required replacement
of the Tompkins Avenue Bridge, and the refinement of
design for utility relocation.
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c) Cash Contribution - An decrease of $1,994,300 due to
an increase in non-Federal items, i.e. relocations and
Lands and Damages. These charges are presented in Table 8.

5.4 ANNUAL BENEFITS

5.4.1 General

The project for the Mamaroneck and Sheldrake Rivers in the
Village of Mamaroneck will provide an overall 200 year flood level
of protection while along portions of the diverted Sheldrake River
from Rockland Avenue to Fenimore Road, an SPF Level of protection
will be provided. The project life is 100 years. The benefits
derived from the recommended plan of protection along the
Mamaroneck and Sheldrake Rivers consist of the average annual
flood damages that the improvement prevents, benefits from
advanced replacement of bridges and less frequent pavement
maintenance, traffic and time delay, flood insurance
administration costs and Red Cross disaster relief prevention.

The benefits have been evaluated in accordance with Economic and
Environmental Principles and Guidelines for Water and Related Land
Resources Implementation studies. All estimates of average annual
benefits are based on a project life of 100 years. The last
damage survey completed on the Mamaroneck and Sheldrake River
project area was done in July 1985 to update and verify the 1976
damage survey estimates. These estimates were still found to
accurately represent the study area. Also, periodic field visits
have been made (the last being 3 March 88) to assure that no major
changes have occurred. More detailed information on the
inundation and other project related benefits is included in
Appendix H =-Economics (Flood Damages and Benefits).

Summary tables of the AVERAGE ANNUAL BENEFITS can be found in
tables 9A and 9B.

5.4.2 Flood Damage Reduction Benefits

The average annual flood damage reduction benefits for the
proposed project was estimated by evaluating damages with and
without the proposed projects, under both existing and future
conditions. As shown in Table 9A, the average annual benefits
that accrue as a result of the proposed flood control plan of
protection are estimated at $6,134,900.

Affluence factor benefits were also calculated to evaluate
the most probable future value of residential structures and
contents. For the Village of Mamaroneck, the average annual
benefits from growth in residential content value are estimated at
$117,400.



5.4.3 Other Benefit Categories

The benefits from advanced replacement of bridges and less
frequent pavement maintenance, traffic and time delay, flood

insurance administration costs and Red Cross disaster relief are
discussed in Volume 6, Appendix H - Economics. The amount of
these benefits is summarized in Table 9B of this main report.

5.4.4 Sumnmary

The total average annual benefits from the recommended plan
under existing conditions of development are estimated at
$7,288,000. These figures are summarized in Table 9B.

5.5 ECONOMIC JUSTIFICATION

5.5.1 General

Total annual benefits for the plan of improvement are
$7,418,000. Total annual charges are $6,772,000. A comparison of
average annual benefits and annual charges results in a benefit-
to-cost ratio of 1.10 for the Mamaroneck and Sheldrake River flood

control project.

The estimated annual costs, the estimated annual benefits,
and the ratio of benefits to costs, are summarized in Table 10.

5.6 CORROSION MITIGATION

No detrimental water or sediment conditions have been
identified in the project area during the GDM investigations.
Therefore, no corrosion mitigation besides that normally used in
construction of this type of project is recommended. All material
exposed to the projects elements including walls near the harbor,
are protected by concrete against corrosion. New bridge
construction includes concrete deck & deck support, ie, beams, for
corrosion resistance.

5.7 ENVIRONMENTAL CONSIDERATIONS

5.7.1 STATUS OF FEIS Since the filing of the Final
Environmental Impact Statement (FEIS), with EPA in March 1981, and
the receipt of the US Fish and Wildlife Service's most recent
planning aid reports (i.e. March 26, 1982, and February 9, 1984)
there have been no major changes to existing environmental
resources for the study area. The environmental statement
described and analyzed the anticipated temporary and permanent
effects that would result with the implementation of the
authorized structural plan. The anticipated effects include:
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temporary increase in noise and adverse air quality levels due to
the construction operations. Channel excavations to widen and
deepen the channels would create temporary turbidity and adversely
affect water quality downstream. Impacts of a more permanent
nature include the removal of streamside vegetation, some loss of
fish and wildlife habitat and the aesthetic effect of the modified

appearance of the streams and the land due to the presence of
structural works. Overall, the habitat resources, the existing
levels of water quality, and land-use classification have remained
the same for the Mamaroneck - Sheldrake Rivers study area.
Recently, a review of water quality data was undertaken. This
review was utilized to identify possible water quality concerns or
problems prior to the preparation of a 404(b) (1) evaluation
report. In addition, by Public Notice (PN) No. 13468 (dated
October 13, 1988) coordination has been initiated with the
interested public and appropriate governmental agencies with
respect to the Clean Water Act and the Coastal Zone Act. Summary
paragraphs of environmental concerns are provided below
(additional information is presented in Appendix G, technical
appendices to the GDM report).

5.7.2 ZONING AND LAND USE The study area's zoning and land
use has generally remained the same. The great majority of land
use in the Village is residential. There are few remaining vacant
parcels of land and the majority of the zones allow only single
family dwellings. 1In general, parks and recreational facilities
are concentrated south of the Boston Post Road near Long Island
Sound. The main commercial zones are restricted to Boston Post
Road, the Village center, Mamaroneck Avenue, Halstead Avenue, and
0ld White Plains Road. A marine commercial zone exists where the
Village center meets Mamaroneck Harbor, and other areas front the
Long Island Sound. There is also an industrial zone located to
the east and west of Fenimore Road.

5.7.3 COASTAL ZONE MANAGEMENT With the exception of the
proposed structural works within or adjacent to the West Basin,
the project works are not located in a New York State coastal zone
area. As part of the (draft) Section 404 (b) (1) [ Clean Water
Act ] public notice, coordination has been effected with the New
York State Department of State, Division of Coastal Resources and
Waterfront Revitalization, and the Connecticut Department of
Environmental Protection. 1In addition, it should be noted that
the material to be dredged from the West Basin of Mamaroneck
Harbor will be disposed of at an approved ocean site. For this
material, the Central Long Island Sound (CLIS) is the preferred
alternative (with some further coordination needed, the CLIS is
presently available if the dredged material is provided with a
suitable cap).

5.7.4 WATER QUALITY Historically, the Mamaroneck and Sheldrake
Rivers were classified as "D" streams by the State of New York
Department of Environmental Conservation (NYSDEC) within the
project areas and are considered significantly degraded. The
lower tidal portion of the Mamaroneck River is Class "I" while the
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East and West Basins of Mamaroneck Harbor are classified as "SB"
waters, closed to shellfishing. The upstream reservoirs
(Larchmont Reservoirs and Mamaroneck Reservoir) remain classified
as "A" (drinking water). However, the main stems of the
Mamaroneck and Sheldrake Rivers were proposed to be upgraded to
Class "C", and the water quality in some areas appears to be

improving. Local hearings were held 1 September 1987, and are
required prior to any official changes. In addition, the NYSDEC
has not yet established criteria and standards for pollutants in
the sediment material. Recommendations and possible standards for
certain parameters continue to be reviewed and studied.

5.7.4.1 MAMARONECK HARBOR The study area boat basins remain
classified as "SB"; however, as work on the Mamaroneck Sewage
Treatment Plant progresses some improvement in the local water
quality may be anticipated. A report was issued for the Step II
201 Facilities Plan. Construction of the force mains and pump
stations is complete (sewer system rehabilitation and up-grading).
The design phase of the Mamaroneck plant upgrading to secondary
treatment is complete. June 1, 1993 is the projected start-up
date of operation of the 20.6 MGD secondary activated sludge
plant. The Town of Mamaroneck is operating under a State of New
York "Consent Order" to attain secondary treatment . The upgraded
plant will consist of preliminary, primary, and secondary
treatment facilities and a new outfall pipeline (Interstate
Sanitation Commission, 1987 Annual Report).

5.7.4.2 WATER QUALITY AND BOTTOM SEDIMENT DATA RESULTS The
test results, for the sediment and water samples that were
collected from locations within or near the project area are
presented in Appendix G (in tabular form). A review of the data
presented in the data tables, indicates that the bulk sediments
are free of any high concentrations of pesticides and PCB's.
These results are generally consistent with the nature of the
materials to be excavated, since heavier-size materials do not
concentrate potential pollutants very well. The only relatively
high concentration appeared for PCB's in one of the Harbor
samples. However, this was the "highest" re-ported (only 4.0 PPM)
from among all samples collected and the elutriate and the site
water results reported no concentrations above the detection
limits. Relatively high concentrations of heavy metals were
clearly de-tected (in the bulk sediments) for the following:
iron, copper, lead, chromium, and zinc. However, the elutriate
and water column tests again reported low concentrations. 1In
general, the results suggest that the New York State standards for
Class C or D streams would not be exceeded during construction.
While there is a potential for a temporary contravention of the
standards (during dredging or excavation activities) for some of
the heavy metals (particularly iron and copper), this is not
expected to be a matter for serious concern, since the effects
should be temporary and high concentrations of these elements,
already occur naturally in sediments of the project riverbeds and
other streambeds in Westchester County.
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Subsequent to the coordination to the initial coordination of
the dredging and disposal for the tunnel outlet structure, a
design revision to the structure resulted in a need to excavate
and dispose of approximately 45,000 cubic yards of material from
the West Basin. Additional environmental documentation such as a
supplementary public notice will be done during plans and

specifications.

5.7.5 MITIGATION In order to mitigate the adverse effects of
the structural works for the Mamaroneck and Sheldrake Rivers, the
following measures have been incorporated (Note that these
measures will not decrease the flow capacity of the study areas):

(a) On the Mamaroneck river two boulder fields, two rock dams
(0.5 ft. high), a log dam (0.5 ft. high), and a low-flow sub-
channel about 7,315 ft. 1long (the sub-channel would be "“v" shaped
approximately 1.5 ft. deep with 1 on 3 ft. side slopes that
meander within the proposed main channel.) (b) On the Sheldrake
river (above Fenimore Road bridge) a 0.5 ft. high log dam, and a
"V'" shaped low-flow channel (1.5 ft. deep), (c) On the lower
Sheldrake river (vicinity of Columbus Park within the Village of
Mamaroneck) a small concrete weir, about 6 ft. high and 38 ft.
long will be placed about 20 ft. downstream of a footbridge. The
weir will provide a small natural pool within the village park.

5.7.6 REPLANTING A tree and shrub planting program will be
implemented after construction in order to replace some of the
trees & shrubs removed by the structural works. Plans will
include indigenous trees and shrubs such as: hawthorn, pine, oak,
dogwood, maple, as well as, perennial grasses legumes (creeping
red fescue, crownvetch, flat pea, tall fescue, or ryegrass). The
various trees and shrubs will be chosen for their aesthetic value,
as well as their value as a food or cover for the area's wildlife.
These replanting items have been included in the project's cost
estimates. The specific final array of species will be further
coordinated with the local interests and the US Fish and Wildlife
Service during the development of the Plans and Specifications.

5.7.7 CULTURAL RESOURCES There will be no effect on historical
or archaeological resources eligible for or listed on the National
Register of Historic Places within the project area. For
additional information, please refer to Appendix F, Cultural
Resources Study.
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5.8 CONSTRUCTION PROCEDURES

5.8.1 Retaining Walls

General. The construction of the T-type retaining walls will
be done by either utilizing temporary sheeting to retain the
embankment on the landside of the wall or by open excavation. The
construction of the T-type wall will include drainage weepholes,
placement of underdrain filter material against the wall stem and
select structural fill behind the wall in accordance with standard
engineering practice. Due to the proximity of the L-type walls
to existing structures, provisions for protecting these structures
will be implemented prior to the construction of the permanent
wall. In some instances the existing structures will be
underpinned to the depth of the proposed excavation and in other
cases permanent steel interlocking sheet piling will be used for
protection of existing structures.

Protection of Utilities

The construction of the proposed retaining structures will be
accomplished so that existing utilities to remain are protected
and proposed utility relocations are coordinated with and
incorporated as necessary into the new wall construction.
Generally, the proposed wall construction will have only minimal
impact on the utility systems. The modification of these utility
interferences will be completed prior to new wall construction.
Service during relocation construction will be maintained to
reduce impacts.

5.8.2 Tunnel

General. The reinforced concrete box culvert and transition
culvert will be constructed utlllzlng cut-and-cover methods. The
box culvert will be cast-in-place using steel forms for the inside
portion.

Tunnellng beneath the Boston Post Road will be in mixed face,
with soil in the tunnel roof and rock on the sides and invert.
The tunnel portal will be stabilized with horizontal rock bolts.
The soil in a zone three feet above the tunnel roof will be
grouted to increase the soils' stand up time. Groundwater will be
controlled by pumping ahead of the face.

The main portion of the horseshoe tunnel will be constructed
using standard drill and blast methods. It is not expected that
any special construction techniques will be necessary. Costs
include a monitoring program to protect existing structures during
the drill and blast operations.



The geotechnical investigations indicate that the
permeability of the rock mass is low and the seepage into the
tunnel excavation will be less than 2 gpm per ft. This inflow
will be controlled by letting the water flow to the outlet shaft,
from which the water will be pumped out of the tunnel. If joints
are encountered where the seepage is excessive, drains will be

inserted into the joints and then the joints will be grouted to
obtain controlled inflow into the tunnel. The drains will avoid
hydrostatic build up in the rock and control the seepage when the
concrete liner is being installed. The concrete liner will be
reinforced cast-in-place concrete using telescoping metal forms.

Protection of Existing Structures. The construction of the
horseshoe-shaped tunnel section will have a relatively small
impact on structures. The construction will be done in full
compliance with Federal, State, and local regulations. Continuous
monitoring of the blasting operations and of adjacent properties
will be done to assure that the operation is carried out with
minimal adverse effects. (See Appendix C - GEOLOGICAL AND SOILS
INVESTIGATIONS, "Blasting Analysis").

Maintenance of Traffic. The construction of the box culvert
in Fenimore Road from east of the New England Thruway to Stanley
Ave will require a sheeted covered trench excavation of
approximately 25 feet in width. Traffic will be maintained
throughout construction of the box culvert & tunnel. Access ways
and driveways will also be maintained throughout box culvert &
tunnel construction. Throughout the length of the open
excavation, the trench will have to be decked as required to
provide continuous access to the abutting properties and to keep
the cross streets open to traffic. The box culvert construction
is to proceed in sections to minimize impacts. The box culvert
also crosses two railroad track grade crossings of Fenimore Road,
both at Railroad Way. The tracks are intermittently used and
construction will be staged such that one track is always in
service. No disruption of traffic on Boston Post Road (a heavily
traveled State Route) will be necessary since the tunnel in this
section will be constructed using steel liner plates to retain the
earth over the tunnel roof & avoid interference with the street.
Traffic maintenance requirements should adhere to the stipulations
established by the Village Engineer of the Village of Mamaroneck &
other authority as applicable.

Protection of Utilities

Cut and cover construction in general has a disruptive impact
on utilities. Utilities that will be influenced by the diversion
tunnel construction along Fenimore Road are indicated recorded on
the Plan Sheets. Service, will be maintained during utility
relocation & cut and cover construction. The horseshoe tunnel
construction generally has no impact on utilities.
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5.9 BRIDGE REPLACEMENT

5.9.1 Scheduling of Traffic

During the proposed removal and construction of replacement
structures at Hillside Avenue, Station Plaza, Ward Avenue and

Tompkins Avenue, these bridges will be closed to vehicular and
pedestrian traffic and traffic be detoured thru local streets in
accordance with stipulations established by the Village Engineer
of the Village of Mamaroneck. The reconstruction of the Halstead
Avenue Bridge will be done in stages as required to permit traffic
to be maintained on the bridge. The schedullng of the bridge
reconstruction shall be such that work is not performed
simultaneously on the Halstead Avenue, Ward Avenue and Tompkins
Avenue Bridges. The Valley Place Bridge functions as a sewer main
support only, and as such maintenance of traffic is not a
consideration. However, the reconstruction of this bridge will be
accomplished such that the sewer main service will be maintained
without interruption. Winfield Avenue in the vicinity of the
bridge over the Mamaroneck River is presently not a through street
and the roadway is barricaded. In conjunction with the removal of
the Winfield Avenue Bridge, both approaches will be permanently
barricaded.

5.9.2 Utilities at Bridges

In conjunction with the bridge reconstruction, utilities
will have to be temporarily diverted to maintain service.
Also permanent utility installation to establish normal
service conditions upon completion of the bridge construction
will be required. 1In the subsection titled "Utility Notes"
of Appendix D -"Structural Design" there are writeups which
identify the utilities, their owners and locations for each
of the facilities within the limits of the proposed
reconstruction.

5.10 CONSTRUCTION MATERIALS AND DISPOSAL AREAS

5.10.1 Sources of Construction Materials

Suitable common backfill material and riprap and bedding
stone will be obtained, where qualified, from excavation of
the river bed. Several nearby contractors within a 15 to 60
radius are capable of providing sources of concrete
components such as cement, fine and coarse sand, fine and coarse
concrete aggregate, ready mix concrete, and riprap of various
sizes is available from both local contractors & contractors able
to barge to Port Chester and truck to the site.
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5.10.2 Muck Utilization

It is estimated that 30,000 cubic yards of loose rock muck
will be generated from the tunneling operations in connection
with the horseshoe and box culvert rock tunnel construction.

Thé muck will be rémovea from the tunnél and loaded onto trucks
for disposal.

The outcrops at the site indicate that some of the muck is
durable and may be used as fill on the project. Otherwise

it may be most economical for the contractor to either waste
the muck off site or to process the material for general fill
after passing the muck through a crusher.

5.10.3 Spoil Areas

A portion of the excavated material from the project
construction will meet Corps of Engineers' criteria and will be
used for required fill and riprap. An investigation into
potential disposal areas for the remaining excavated material was
made. The Westchester County Department of Public Works/Solid
Waste Management has confirmed in October 1988 that the Croton
Dump Site, which is approximately 15 miles from the project area,
has the projected capacity to receive all clean disposal material
from the project at the time of anticipated commencement of
construction (1991). The project cost estimate for disposal
material exclusive of the Mamaroneck West Basin, is based on
transportation to this site. Pertaining to the Mamaroneck West
Basin disposal material, a public notice dated October 13, 1988
(Volume 6, Appendix G, page G-A8) has been published which
discusses the disposal of 5,000 cubic yards of excavated material
for construction of the diversion tunnel outlet structure. This
excavated material is proposed to be disposed at an approved
Central Long Island sound offshore disposal site. The material is
to be capped upon disposal. This public notice was coordinated
with appropriate agencies for approval. Subsequent to the
coordination of the dredging and disposal, a design revision for
the tunnel outlet structure indicated a need to excavate and
dispose of approximately 45,600 cubic yards of material from the
West Basin. Approximately 160,000 cubic yards of capping material
will be used upon disposal to address environmental concerns and
is reflected in the cost estimate. Additional environmental
documentation such as a supplementary public notice will be done
during plans and specifications.

5.11 REAL ESTATE REQUIREMENTS

In order to construct the plan of improvement, local
interests are required to provide, without cost to the Government,
all lands, easements and rights-of-way required for the project,
including disposal areas necessary for implementation of the
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project. Real estate required for construction of channel
modifications, any bridges, retaining walls, and for future access
for operation and maintenance would be acquired by permanent
easement and fee acquisition. Temporary easements are required
for filling and grading areas, construction access, and working
and staging areas. The delineations of each category of the
required real estate for the project are listed in the Real Estate

Appendix J.

No new roads are proposed for access to the construction
site. Existing roads and lands will be used for access.

The total cost for these requirements is $ 4,791,000
including both permanent and temporary easements at October 1988
price levels. A more comprehensive examination of the real estate
requirements, along with the real estate appraisal, is contained
in Appendix J - Real Estate.

5.12 RISK AND UNCERTAINTY

The designed plan provides reasonably good assurance that the
full expected annual benefits would accrue over the entire
economic project life of 100 years. The 200-year level of
protection afforded by the plan in nearly all problem areas would
have the relatively low probability of being exceeded once in 100
years is 0.30. The probability of the design level of protection
being exceeded two or more times in 100 years is 0.09. The events
that could exceed the design range from the 201 year flood up to
an event that would have an extremely rare chance (e.g., 10,000-
year event) of occurrence in the Mamaroneck Sheldrake River
Basins. A reasonable estimate of the largest flood likely to be
possible in any given area is referred to as the Standard Project
Flood (SPF). Even if the Standard Project Flood occurred, the
project would reduce flood stages along the Mamaroneck River by
approximately 7 feet in upstream of the New England Thruway and as
much as 13-15 feet in the Columbus Park and lower Mamaroneck River
reaches. The Sheldrake River diversion tunnel is designed to
carry the SPF on the Sheldrake River.

The risks described above are generally quantifiable. There
are other risks that are quantifiable as well as unpredictable,
unquantifiable events which could reduce the full beneficial
effects of the project. Risk is the situation in which the
outcome can be described in reasonable and well-known probability
distribution, and uncertainty is the situation in which the
outcome cannot be described in objectively known probability
distributions.

Sensitivity analysis is the technique of varying assumptions
and then examining the resulting effects on project benefits
and costs. The sensitivity includes both risk and uncertainty.



It was determined that risk and uncertainty could be
associated with the following areas of work: hydrologic
parameters, including frequency; and estimates of stage-damages.
A sensitivity analysis was carried out by reducing the total
average annual benefits of the detailed plans by factors of 10%

and 50% to determine the effect on plan feasibility. The results
of this analysis show that the selected plan would still be
justified assuming analytical risks and uncertainty caused a large
decrease in plan benefits (see Table 12).

5.13 OPERATION AND MAINTENANCE

Upon completion of construction, the Government will
turn the flood control project over to the non-Federal
sponsors (local cooperating agency). Subsequently, operation
and maintenance will be necessary to maintain the project
facility at full operating efficiency throughout the project
life. Therefore, in accordance with the items of local
cooperation, the non-Federal sponsors will be responsible for
operation, maintenance, replacement and rehabilitation of project
facilities as designed at non Federal cost and per Government
regulations or directions.

The operation and maintenance costs were estimated to
represent as nearly as possible the average annual economic
costs necessary to maintain the project at full operating
efficiency throughout the project life. It has been assumed
that these activities would be performed by the regular
maintenance forces of the local agency and no special contracts or
personnel would be required.

Although none of the project facilities would require regqular
operation, periodic maintenance would be required.

The main features of the recommended project that include
routine operation and maintenance are as follows:

1. 16,000 feet of channelization that will require shoal,
clearing, snagging and debris removal and replacement of lost
riprap.

2. 8,000 feet of concrete retaining walls and 300 ft.
concrete flume that require periodic inspection and repair of any
cracking and toe scour.

3. 3,600 feet of tunnel system which is self cleaning but
will require periodic inspection for cracking, wear, and other
possible maintenance needs.

4. The two existing local dams upstream of the project
area on the Sheldrake River, the small weir at the entrance to the
tunnel as well as the stilling basin at the tunnel outlet
structure must be maintained and periodically dredged to remove
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trapped sediment.

5. The debris defector on the upstream face of the
Rockland Ave. bridge must be periodically cleaned of debris.

6. Cutting grass on the channel banks and along the lower
Sheldrake River and maintaining the drainage ditches behind
retaining walls. Pruning of trees and shrubbery.

7. Painting of miscellaneous metal parts, fencing, etc.

8. The authorized flood control project may have a small
effect on the docking and mooring arrangement currently used in
the area of the proposed outlet. Docking and moorings in the
vicinity of the tunnel outlet in the West Basin of Mamaroneck
Harbor should be controlled so as to avoid any possible high flow
velocities or turbulence. The floating docks and mooorings can
easily be rearranged to orient the boats in a position and
direction that will not result in excessive motion.

5.14 PLAN SCHEDULES

A construction and expenditure schedule for the work is
presented in Table 13. The estimated construction contract
duration is 15 months for Phase I, 24 months for Phase II, and 33
months for Phase III. Phase I, (the lower Mamaroneck River to
Halstead Avenue) is scheduled to be constructed first. Phase II,
(the upper Mamaroneck River from Halstead Avenue to Winfield
Avenue), and Phase III, (the Sheldrake River channel work from
Mamaroneck Avenue to the N.Y. Thruway and the diversion tunnel
along Fenimore Road) are scheduled to commence at the same time
and run concurrently after the completion of Phase I.

Pertaining to Phase III, the diversion tunnel includes a rock
tunnel section and a box culvert section each of which are
scheduled for an 18 month physical construction period. The
construction of the upper Sheldrake River channel work from
Fenimore Road to the N.Y. Thruway and the diversion tunnel inlet
and outlet structures each of which require less than 18 month
construction time are to be scheduled in order to complete the
upper Sheldrake and diversion tunnel in 30 months. This would
involve concurrent work with the tunnel and box culvert sections.
The last 3 months of the 2 year and 9 month construction period
for Phase III are to accomplish the lower Sheldrake channel work
from Mamaroneck Avenue to Fenimore Road subsequent to the
Sheldrake River diversion to the Mamaroneck Harbor West Basin.
The Federal and non-Federal funding schedules for the work are
summarized in Table 14.
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5.15 DEVIATIONS FROM THE PLAN
RECOMMENDED IN THE FEASIBILITY REPORT

5.15.1 General

The proposed plan of improvement as described above, is a

result of the detailed scope of field investigations, engineering
analyses and the design conducted during preparation of this
General Design Memorandum. In addition, the plan accommodates any
changed physical conditions and new information which have been
identified since completion of the Feasibility Report. The
updated physical conditions and new information have assisted the
refinement of plan features and the development of project

details.

In general, since these design refinements are minor
and have not altered the scope of the project, these feature
modifications are merely design refinements and enhancements to
the recommended plan which make for a better engineered plan and
provide cost efficiencies to the project. No Post-Authorization

Change reports are required.

5.15.2 Changes in Recommended Plan

Since the Feasibility Study, there have been several design
changes incorporated into the recommended plan as follows:

(1) Increased improved design flows - from 4700 cfs in the
Feasibility Report to 6150 cfs for the GDM on the Mamaroneck River
above the Sheldrake River confluence (31%); on the Sheldrake River
at Fenimore Road, the design flows increase 17%. These increases
were caused by a small increase in the existing conditions peak
discharge verses frequency relation at the Mamaroneck gage since
the feasibility study, and primarily due to detailed assessments
which were made of the impacts of the channel improvements. This
was accomplished through detailed flood routing techniques which
were used for the GDM analysis.

(2) Due do the 31% increase in design flows on the Mamaroneck
River:

(a) The Tompkins Avenue Bridge requires replacement for
hydraulic capacity.

(b) The channel width requires an increase from 45 feet to
50 feet between Jefferson Avenue (Sta. 50+00) and New
Barry Avenue (Sta. 68+00).

(c) Additional riprap requirements due to higher design
velocities and additional criteria.

(3) Due to the 17% increase in design flows on the Sheldrake
River:
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(a) The tunnel capacity requires increasing from the 15' x
15' box culvert to a 16.25' x 16.25' box culvert and
from a 15.5' diameter circular tunnel section to an
18.5' diameter circular tunnel section. In order to
implement cost savings, the 18.5' diameter circular
shape was developed as a 17.5' diameter horseshoe shape
which resulted in an 8% reduction in cost. The
16.25'x16.25' box culvert section was also compared with
the hydraulically equivalent 18.5' diameter circular
section for cost effectiveness and found to be 19% less

costly than the circular shape.

(b) Additional riprap requirements due to higher design
velocities and additional criteria.

(4) The plan to replace existing Valley Place sewer bridge
crossing over the Mamaroneck River has been changed from an
inverted siphon to a new bridge structure to implement a 40% cost
savings and to increase

functional reliability.

(5) On the upper end of the Sheldrake River between Rockland
Avenue and the New England Thruway, the following design changes

have been included:

(a) Levees and associated interior drainage are deleted from
the plan of improvement since they are no longer
necessary to provide a high degree of protection, and
are not incrementally justified comparing its benefits

to costs.

(b) Due to the identification of a concrete bridge bottom
in the river, channel deepening and widening is deleted
from the plan of improvement since the resultant cost of
lowering the concrete bottom Rockland Avenue Bridge
foundation renders this channel improvement
incrementally unjustified when comparing benefits to
costs. Clearing and snagging has been substituted in
this reach for channel improvement. A 200 year level of
protection is still provided in the reach from Rockland
Avenue to the upper limit of the project.

(6) The lower Sheldrake River between Fenimore Road and its
confluence with the Mamaroneck River is to be lined with topsoil
and seeded fill to better provide maintenance of local drainage.

(7) Due to model testing study results, the tunnel intake
structure is widened and lengthened and the tunnel outlet
structure is lengthened to provide better hydraulic conditions.

In addition, the lower 370 foot of the tunnel was changed from a
box culvert section to a horseshoe section of the same size as the
upstream tunnel section to provide better hydraulic conditions.
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(8) The cut and cover operation for 200 feet of the lower end of
the tunnel in the vicinity of Boston Post Road has been changed to
a tunneling operation to reduce cost (approximately $200,000) and
preclude traffic disturbance. A cut and cover operation would
require a thicker concrete cross section since structural steel
_support for the construction of the horseshoe tunnel shape is not
utilized as it is in the tunneling method. In addition, the cut &
cover operation requires extensive temporary decking (32+ span),
pavement removal & restoration, temporary sheeting, substantial
maintenance and protection of traffic and longer construction time
which leads to the $200,000 higher costs. The tunneling operation
involves chemical grouting of the earth over the tunnel section
for temporary support, a mixed face tunnel construction procedure
with steel spiling at the upstream end to tie into the full rock

section.

The comparison of the design changes between the Feasibility
Report and the Phase II GDM discussed above are summarized in
Table 12. A few additional, less significant design refinements
are also listed in this table. Further details on these design
enhancements can be found in the technical appendices, as follows:

Design Refinement Appendix

Bridge, channel, tunnel, tunnel outlet
structure, wall, sheetpile, excavation,
fill areas, riprap D - Structural

Fish and wildlife mitigation
measures, footbridge, fill areas G - Environmental

Tunnel, channel, bridge, riprap,

stilling basin, levees, fill

areas, local and interior drainage,

and fish and wildlife measures B - Hydraulics

5.16 LOCAT, COOPERATION REQUIREMENTS

5.16.1 LOCAL COOPERATION AND FINANCIAL ANALYSIS

By letter dated 29 November 1988 the State of New York
Department of Environmental Conservation expressed its intent to
be the non-Federal sponscor of the project and expressed agreement
with the terms of the draft Local Cooperation Agreement (LCA). A
copy of the draft LCA and the States's letter are included in the
Pertinent Correspondance Appendix (Appendix I).

The non-Federal share of the project costs would be provided
in full by the State of New York. Funds would be made available
by means of annual appropriations made by the State Legislature
for projects of this type. In spite of recent reports and concern
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about the State's ability to balance its FY 1989 and FY 1990
budgets, the NYSDEC is expected to be able to provide the non-
Federal funding as it is needed for the project. The State has
participated with the Corps of Engineers in many previous projects
and has always met its cost-sharing commitments.

While the State will be the sole non-Federal party to the
LCA, it will in turn require cost-sharing of the non-Federal
amount by the Village of Mamaroneck. Since the changes in Federal
and non-Federal cost sharing enacted with the Water Resources
Development Act of 1986, the State and local cost sharing formala
has been subject to much controversy. Recent attempts by the
State legislature to resolve these concerns have not been
successful, however renewed efforts to reach a legislative
solution are expected shortly. Once an acceptable State and local
cost sharing formula is achieved, it is expected that although the
State will provide the entire non-Federal amount, the Village of
Mamaroneck will provide its designated reimbursement of funds to
the State raised by means of a bond issue.

Prior to commencement of construction of the project, local
interests will, in addition to the general requirements of law for
this type of project, agree to comply with the following:

a. Consistent with the cost-sharing and financing concepts
adopted under the WRDA of 1986, local interests will be required
to provide without cost to the United States of America
(hereinafter referred to as the "GOVERNMENT") all lands,
easements, rights-of-way and relocations, required for the project
presently estimated for the Village of Mamaroneck project at
$12,496,100, including borrow and disposal areas necessary for
implementation of the project;

b. Accomplish without cost to the GOVERNMENT all alterations
and relocations of buildings, transportation facilities, storm
drains, utilities, and other structures and improvements made
necessary by the construction;

c. Provide all lands, easements, rights-of-way, and
relocations and alterations determined by the GOVERNMENT to be
necessary for construction of the project, and a cash contribution
of at least five (5) percent of total project costs, so that the
total value of the non-Federal contributions of local interests
will not be less than twenty-five (25) percent of the cost
allocated to flood control, so that the State will be paying 6.4
percent of the costs allocated to flood control, presently
estimated at $4,305,700;

d. Hold and save the GOVERNMENT free from damages due to the
construction works, not including damages due to the fault or
negligence of the GOVERNMENT or its contractors;

e. Contribute in cash a portion of the estimated first cost
for fish and wildlife mitigation in the same proportion as the
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non-Federal share of all costs for the basic flood control
project;

: f. Bear all costs of operation, maintenance, and replacement
of flood control facilities presently estimated at $150,000
annually and maintain and operate all the works after completion

in accordance with regulations prescribed by the Secretary of the
Army;

g. Prescribe and enforce regulations or other floodplain
management techniques to prevent encroachment on floodplain
storage areas, channels, and rights-of-way, necessary for proper
functioning of the project;

h. Publicize floodplain information in the areas concerned
and provide this information to zoning and other regulatory
agencies for their guidance and leadership in preventing unwise
future development in the floodplain and in adopting such
regulations as may be necessary to ensure compatibility between
future development and protection levels provided by the project;

i. At least annually, inform affected interests regarding
the limitations of the protection afforded by the project;

j. Comply with the applicable provisions of the Uniform
Relocations Assistance and Real Property Acquisition Policies Act
of 1970, Public Law 91-646, approved January 2, 1971, in acquiring
lands, easements, and rights-of-way for construction and
subsequent operation and maintenance of the project, and inform
all affected persons of applicable benefits, policies, and
procedures in connection with said Act; and

k. Comply with all applicable Federal and State laws and
regulations, including Section 601 of Title VI of the Civil Rights
Act of 1964 (Public Law 88-352) and Department of Defense
Directive 5500.II issued pursuant thereto and published in Part
300 of Title 32, Code of Federal Regulations, as well as Army
Regulation 600-7, entitled "Nondiscrimination on the Basis of
Handicap in Programs and Activities Assisted or Conducted by the
Department of the Army".
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6. RECOMMENDATIONS

6.1 GENERAL

The plan developed in this report for flood control on the
Mamaroneck and Sheldrake Rivers, Mamaroneck, New York is based on a
thorough analysis and evaluation of the various alternative courses of
action and includes channel modification, bridge replacement, and the
construction of a stream diversion tunnel. This plan is the most cost
effective means of achieving the desired protection from flooding. In
deriving the plan, consideration has been given to all significant
aspects of this GDM level of study as well as the overall public
interest in protective measures for the Mamaroneck and Sheldrake Rivers
project area. The aspects considered include engineering feasibility,
economic effects, environmental concerns, social concerns and
compatibility of the project with the policies desires, and capability
of the State and other non-Federal interests.

6.2 RECOMMENDATION

It is recommended that this General Design Memorandum and the plan
of improvement contained herein be approved as the basis for
preparation of contract plans and specifications for construction of

the project.
MARION L. CAQDWE JR.
Colonel, Corps o Engineers

Commanding
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6.3 COST EFFECTIVENESS CERTIFICATION

CERTIFICATION OF THE COST EFFECTIVENESS OF THE
GENERAL DESIGN MEMORANDUM
FOR THE STREAMS IN WESTCHESTER COUNTY, N.Y.
FLOOD CONTROL PROJECT FOR THE
MAMARONECK AND SHELDRAKE RIVERS BASIN
IN THE VILLAGE OF MAMARONECK, NEW YORK

I, Colonel Marion L. Caldwell Jr., Commander, U.S. Army Corps
of Engineers, New York District, certify that the General
Design Memorandum has been reviewed for cost effectiveness.
Based on the review, the contingency allowance for the
horseshoe shaped portion of the diversion tunnel was
increased from 15 to 20 percent to account for the greater
risk of cost increases associated with rock tunneling.
Similarly, an additional time period was allowed for the
diversion tunnel portion of Contract No. 3 to secure
necessary permits, conduct a pre-construction structure
survey, establish a blast monitoring program, etc. It

was determined from this review that the design is the
most viable for this phase of the Preconstruction
Engineering and design effort.

%\@r&/s?

MARION L. CAL LL
Colonel, Cor Englneers

Commanding

- 5]l -



WESTCHESTER COUNTY STREAMS
MAMARONECK AND SHELDRAKE RIVERS
FLOOD CONTROL PROJECT
VILLAGE OF MAMARONECK, NEW YORK

LIST OF TABLES

TABLE | | PAGE
1 Prior Flood Control Reports by the Corps of Engineers 53~54
2 Plan Optimization Table 55
3 Detailed Station to Station Plan of Improvement

Description 56-69
4 Table of Retaining Structures 70-75
5 Riprap Requirements 76
6 Plan of Improvement - Summary of First Costs 77
7 Summary of Annual Charges 78
8 Comparison of Current Cost Estimate with Latest
Approved PB-3 79
9A Summary Calculation of Average Annual Benefits -
Existing Conditions 80
9B Summary of Benefits 81
10 Summary of Annual Costs - Recommended Plan 82
11 Sensitivity Analysis 83
12 Pertinent Design Changes since Feasibility Report 84-86
13 Construction and Expenditure Schedule 87
14 Funding Schedule 88

- 52 -



*saTae3nqliIl ATsYl pue ‘I9ATH weldg
pue jooxg pulld ‘ISATY UOSUTYODINH
‘I9ATY xuoag &y3 buolr sjuswaaoxdut
I03 uoT3eoIiiisnl OoU sem 3/IBYL °9Tq
-TseaJ A([eolwoucds 30U Sem YOauolewel
je ansfoad pasodcocad syl pejedlp

-utl Apnisayd *8ouaIaInooo wel srtagep

® JO UOT3eIDIPTISUODDI I0F IOTIFSIA

03 21aodoa 9yjl pauInlal sSIoqIeH pue
SISATY I0J sIisautbumg Jo pieod ‘Iaasmoy
‘STgeIoArI Sem UOT3IepUUUWOODSI JSTIASTJ
*SISATY oYeIPTOUS pue I osuoJewel 3Y3
pbuoTe ssoaST puk STTem Y3Tm UOTIeDTIT3O8x
T2uueRyD JO DBUTJISTSUOD ISATY YOsuoaewey

' Ken Jo 9beTTTA @yl e ueld uorjzoajoad fedo]

‘aTqeIoARIUN SEM UOTIRpUIUWOODY °IDATY
a)yeIpIoys pue Yosuoxewel I10JF 3Ixoday

‘Joquaoe( uoTjeurwexy AIRUTWTTSIJ Y3 UT Se swes

*AsAans po3TUIT © I0J

uoT3RZTIOYINE papusumWodaI !d[qeroae]
ATTeutbaen -sobptaq JO UOT3IONIJISUODSI
pue uoTI3OoNI3ISqo jo Teaowsa butbpaxp
‘butIesSTO TBUURYD puk ‘IosUoTeuel

JO uMmoJ, pue 2bBTITA 9U3 UT ISATY
9)eIPIAYS pue UOSTIIPH JO UMOJ, pue
Jyosuoxeuwry JO SPRTTTA 9yl UT ISATYH

‘asnbny Jyoauoxewel Jo juawsaoxdwr Tauueyd
UOTSTATQ
03 paIxspIsuo)
pa33Tuqns
ajeq sjuswaaoxdur

*uuo
‘A3uno) pr9TIaTeRd puR
AN ‘Ajuno) xe3zssyo

8961

Koaang ~-3SOM UT swealls
seTIeINqTIL

pue SISATY 9YeIPTIaYUS

Stvel

Kanang pue YoauoJlevwen
uoTjeuTWRXY S9TIRINTAL DUk SISATH
Zvel

KxeuturTOoag ayeIpPIaYS 3 Yoauoarwel
adAl 31049y JO STIIL

SYAANIONT A0 Sdd00 dFHI A9 SIdoddd TOAILNOD GOOTd JoIdd

Z2/1T bd - T TI9d9YL

- 53 -



‘uocTjeZTIOY3NE UOTIONIJSUOD I0J POpUSUWUWOIDI SeM
pue afqeaoar3 AT[eoTwouods® sem uUeTd paIpusaUUWODIDI Y],
*[oUUN]} UOTSISATIP ® pue ‘sosaal ‘jJuswsbieius pue
JusweoeTdex °9bpTIq ‘JusuUDTTEsT Wealls ‘sTTem buturejlsx
’s)aom sbeurelp IoTIid3utT ‘butusdesp pue HburTuspTM

T2uueyo JO UOTIeuTqWoD e pspusumodax jaoday

A3TTTIqTSead 9yl °*LL6T I9O300 Ut pojstdwod

sem ,UTseq SISATY OYeIPIOYUS pue YOaUoIrUWeW

LL6T I9qO3D0 ‘10a13u0) pooTd o3 jxoday AJTITqrSead, V
‘uotjebriysaaur Aeaang wesaalzs Ajunod
I193S9YO3ISeM I9pun I8Ylanj paIspISuod

9(q O3 PpOpUDUWODDI SeM Ue[d °*UOTIeJITUTT
Kytaoyane joefload Trews syjz Jo ssa0

-X® UT SeM S3S9J93Ul Teaspsaj 03 pauoTl
-3axodde 3soo ay3z ‘asasmoy ‘patryrisnl
ATTeoTwoOUODS SeM UR[d "aun[J 238I0U0D
pPSoI0JUTSI JO PUT]ISTSUOD YOauoIeWelR

JO umojg, Ul Ul ISATY OYRIPISYS

€61 ‘Trady 9y3 buoTe juswsaAoxdwT Tauueyd

2/2 bd - T TIdVYL

*3NOT3O38UU0)
‘£3unod praT3I

jxodey -ITed pue AN ‘A3unod
KA3TTTqTSEad JI93S9YD3SOM UT Sweails

aouessTeU
-uooay

AN ‘osuoxeury
JIOATY 9ayeapiays

- 54 -



6670 €006 09%) 001°285°9s 002 656" 9% 002°125°9% (rwel "JAQS + jauung 4ds)

8470 (00£°¢90°2%) 00§°595'6% 009°€1E° 968 009°i0g" L8 (-wel 345 + 13uUny 44S)

8071 008°205$ 00Y°299°9% 008026593 002°0LL°28 C-wew *JAQ0L + jduun} 4dS)

80" 1L 002°82%3 00¢'20%"9% 0087066298 005°588°9% CweW “JAggl + jauuny -J4AQQL) i
Te)
Te}
|

oLt 000°9%9% 000°242°9% 0077 660°29% 000°8LY'LS (wen -J4AQQZ + 3uunp 4ds)

(Wa9)1euybiag
2/8 s3tjauag 13N 1507 jenuuy 1s0) Sitjouag jenuuy sugld
abedaay 1e301 abeiany e30]

73A37 331¥d 8861 TL100
318VL NOILVZIWILHO NVd
IAVAQTIHS 7 AIINOUVHYN

Z oIqel




TABLE 3

DETAILED STATION TO STATION DESCRIPTION

GDM PLAN

- 56 -



. — — — o ——

- ———————— o _— —-——

STIANIVAI |
Lodrodd |
ININILIAI |
dAHLO |

_ |
_ _
_ _

_
|
|
_
09 |o3 ov+ezl|
+

I obptag
(ozg) | snusAy sutryduoy,
|oay3 3o wesaxjzsdn 3993

|prozadeay| 09+921/00€ 03 °bpTag enuaay
suos | €T HZ:AT| -Twas | surydwog, ay3 woxg
lllllllllllllll Rttt e A e i T .
_ _ _ | _ | * obpTag
| | _ | | | | onuaay sutyduwog,
| “ _ | | | (g91) | ay3 03 obprag
_ | | | | | | snueay suryduog,
| _ | |prozadeay | | §8+zz| @yl 3o weaijzsumop
5°2 | vzl ¥1 03 8l HZ:ATI -Tuag| 09 |o3 oz+1zl 193] 061 woag
llllllll tom e e e e e e e e e e e e e e e ———————————
_ | | _ _ | _ obptag
| | _ _ _ | | snusAy suryduog,
| | _ | _ | | 9yl JO wesIlsumop
| | | | _ | (09) | 123993 061 03 =bpTad
| | | _ | | | snusAy suryduog,
| _ | |prozedeay, | | oz+tel 9y} JO wealI}sumop
S°¢ | 9¢ | Tt | HZ:AT| ~Tuag | sy lo3 09+o0z| J99] 06z woxd
|||||||| Fom e e e e e e e e —————— e e
_ | | _ _ | | abprag
I | | | | ] ] anuaay suryduog,
I | | | _ | | 9Y3} JO WeaIISUMOp
[ | _ | _ | (09¢) | 23993 o0gz o3 =bprag
| | _ | _ _ | snusav surydwoy, ay3z
| | _ | I | | 3o wesxjsumop 3993
_ 9¢ | _ |pTrozeadeay, | | 09+0zl009 3e 3TwWIT 309(oad
T | ‘st’etl @uoN | HZ:AT g | 09 |o3 oo+.tl Iamo] e burjaeas
|||||||| S e ettt B Rt R i T R
| | | | | | |
| (SEHONT | _ | | | (zaaa) |
(r3d4) INI-SSaAN | (raadg) | | | (z33a)| HISNTTI
IND J0|-MOIHL) | IHOIHH | | | HIAIM| » |
Hiddaal yaxvil TIVM| s3doisl| ddV¥HS| WolLod |NOIIWOOT | NOILVDOO1
IOVIIAY| aVddTId| AOVIIAY | dars| TANNVHO!| TINNVHO!| NOILVILS| IYOISAHd
SHINLVAI

- — o —— — " —— S~ ——— ——— — — - - ——— - - S ——— " - — — — T —_ T T s S > —— T - —— >~ T — " TV i o WD A i . G . G o G e W - S - G —— > > ——— "

(IONIAVY QVALSTIVH OL WVYAALSAN ONIOD JOHUVH MOINONVWVW NISVd ISVA UVIAN

(MIATH MOIANOIVWVKW NO ILIWIT IDILOdd WVIAILSNMOA WOdd SNIOD)

INIWAAOHAWI J0 NVId JAATd JAOTANOIVWVR JAMOT

€1/1 bd - € TIdVL

-89 -



DUON

e e e e e

SUON

QUON

s e e e e s e e = e . e, . e

SHTANIVAS |
103 royd |
ININILYAA |
dAHIO |

| (SFHONTI |

(1334) INI-SSAN|
INO J0|-MDIHL) |
HIdaal daxvil
IOVHAAY | dvddId|

_
_
_
_
_

|
|
_
_
|
| ptozeadeay]
T | HG Z:ATI -Twas |
|||||||| tomm—————t
| _ |
| | |
| _ |
| _ |
| . |prozadeay,|
uoN | HG Z:AT/ g |
|||||||| fommm————t
| _ |
| _ [
I |prozadeay,|
| HZ:AT | -Tuas |
s 1l ] | ® aernb|
03 G°TT|TedT3a8A| -uejoey|
|||||||||| trmm—— e
| I |
| | |
| HG Z:AT| |
joa HZ:AT| |
| woxJ |prozedexy] |
6°1Z 03 | setaep| TT0d|
uuuuuuuu tommm e}
| |
| |
(xa31) | |
IHOIHH | |
TIVM| sdado1s| JdVHS |
IOVIIAY | 4dIS| TINNVHO |
STANLVAL
(@INNIINOD)

obpTad

I9mag ooeTd ASfIeA
9Yy3 JO WeaI3SUMOp
3993 0GT o3 8bprag
aAsMeg 9oeTd ASTTeA
93 JO uWeaI3SuMmop
3°9J Qv woad

obptag asmes

@oeTd AsTTeA a2yl
JO weaIjsumop 39937

lovz o3 abprag 3@oa3s

00+G€ |paem ay3a jo weaxzsdn

~
_
_
“ (o01)
| 00+9¢|
09 |03 o00+s¢gl
e ————— +-
| I
| |
|  (ovz) |
|
|
09 o3 o9+zel
e +-
[ |
| |
“ (o91) "
| o9+eel
09 |03 oo+1el
|||||||| tomm—————t
[ I
I |
“ (ovv) “
| oo+1g]
09 |o3 o09+92|
llllllll o
| |
| (z3ad) |
(X3ga) | HIONATI
HIAIM| ] |

KOLLOg | NOIIVOO1 |
TINNVYHO | NOIINIS|

3993 0G woad

obptag
39913S paeM aY3

Jo wesxjsdn 3993 06
03 °bprag 3ea13s.

pIem 9yl JO wealls

-UMOp 3893 06 WOIJ "

D S U S —— —— — —— " - ———— -~

°bptad 399135 paem
39Ul JO WeaI]3SUMOD
399J 06 03 Sbprad
anuaaAy suriduwog,
a8yl Jo weaxlsdn
3993 00¢ woad

NOILVOOI
TVOISAHd

(INNIAVY AVIALSTIVH OL WYAHILSAN SNIOO YOHUYVH MOANOJIVWVW NISVLd ILSVA ¥VAN
(MIATY ADANOYVHYIW NO LIWIT IOIrodd WYIYLSNMOd WOdd SNIOD)

INIWIAOIdWI A0 NVId JAATH MDINOIVWVW JAMOT

€1/2 bd - € TI4¥YL

- 58 -



(z9+08 uorjze3g) |
Kemnayyg, |

YI0X MON ay3|
JO weaxlsumop|
3993 osLl|
‘399135 I9ATYH|
03 pajeootax|
buteq st/

(0os+6€ uotjess) |
obptrag xemeg|
ooe1d Aa1TeA JFO|
ueaxlsdn 339937 |
00Z 3e pajzedoT|
AT3usaano |
uotjels|

abebH gnsn suo|
Jo jususoeideay|

STINIVAS |
Lodaroyd |
ININIINEA |
JIHILO |

| (STHONTI |

(1334) INI-SSaAN|
INO J0|-MOIHTL) |
HId3al yaxvil
IOVdAAY ] daviadIiyl

s 6Tl

03 G°0T|TedT3aeA

(raadq) |
IHOIAH |
TIVM]|
AOVHAAY |

sadoi1s|
4da1s|
STIANIVAI

(QINNILNOD)

(ovs)

Jenb | ov+ivl

-uej3oay| 09 o3 00+9¢l
lllllll b —————

I |

| (rzaaa) |

| (z33d) | HISNTT|

| HIAIM| ] |

ddvHS| WolLlod |NOILWDO1|

TANNVHO | TANNVHO | NOIIVLS|

(INNIAV QYVALSTIVH OL WYAILSAN ONIOD JOHHVH NOANOYVHWVMW NISVd ISVI UVAN

(IATE MDOANOYYWYN NO LIKWIT LOALodd WYAILSNMOd WOYd OSNIOD)

INIWAACHdWI J0 NVId JIATI JOINOAVAVH dIMO]

€1/¢ bd - € TI49YL

obpTag
9NUIAY pPRO3ISTERH
ay3 o3 °bprad

aJsmag adeTd AalleA
9yl JO weaIjsumop

I993F 09T woay

NOILVOO1
TV¥OISAHd




|

|

|

|

|

|

|

301/ _

purtyaxed aeou| |
yjaes utrejlax| |
03 pasn TieM| _
obptag onusay| |
uosaajjar ayu3y | |
je yidap 3993| |
GL°® 03} soseald| |
-ut abprag| _
eze[d uoTjels| |
?y3 e 3993 “

|

|

I

+

|

_
_
_
_
_
_
|
|
|
|
_
_
_
_
_
_
_
_
oxaz Jo yjdsp|

(092) |ebptrag ezerd uotrjels

a———— o—" — — — — — — ——_ Sl — G—— V— " S — — —— —

e y3Tm burjaejs| 9¢ 03 6 z1l |ey3y Jo wesaajzsdn 3993
Tsuueys o1Td| zt woxy | Iein| 00+v¥| 0G 03 °@bprag snusay
padeys-A V¥| G°¢g suos | satIe| 0 -bueroay| 09 |03 ov+1v¥l pea3sTeH wolg
e ———————— trm e ——— e tom e T ettt trm e ————— Fom—————————————————

| | | | |

| | (STHONTI | | | (raad) |

sSTINLVAI | (1334) INI-ssan| (raadq) | | (1334) | HIONTT|

Lodroyd | I0D J0|-MOIHL) | THOIIH | _ | HIAIM| ] |
ININIIYAd | HIdaa| 9aAvil TIVM| sadoIs| AdVHS| WOLLOH | NOILVOOT| NOILVDOOT
dAHIO | IOVIIAY | dvadTd | AOVIAAY | 4aI1s| TANNVHO| TANNVHO| NOILVLS| TYOISAHA
STINIVAL

(I5a1yd IANNIAVY ATITINIM THIL IV
IIWIT 104rodd Ol WVANISdAN FNNIAV AVIALSIVH Wodd)
SHINIVIA INTWIAOIIWI J0 NY¥Id MOINOIVWVH ddddN

€1/v bd - € FI49YL

- 60 -



yoeax ybnoayly
uesaxlsdn |
sanuUT3uoo |
T2uueyo j3o071Td|
padeys-aA deop|
3003 S°1 9auil

————————————— 4

(0v+1g uotzeas) |
9bpTag SNUSAY |
uosaajyisar|

ay3 jo|
weaxlsdn 39937
00€ 3e S3STX3|
p1o13 a9prnog V|

‘yzdep sty |

3e wealxjlsdn|
sanuUT3uoo |

uayy 31|
‘y3zdeop wnuixeuw|
‘(00+LS 1|
uotjels) 3sd3F|

S3T

G°1 30 yadap|

e soyoeax 31|
TT3Un 3993 006/

I03 weaxjysdn|
sanuT3uoo |

(00+8¥% uor3e3s) |
yadap j003|

GL* e 3k moul|
 Touueyo orTd|
peadeys-A 9yl

STANIVAI |

L1odrodd |
ININILYAA |
JAHIO|

lllllll o ot e e

(13494) INI-SSAN|
INO 40| -MOIHL) |
HId3A| dIAVI|
AOVYIAVY| AvddIy |

| |
| |
|g°2z uo T|
| o3 jptrozedeay|
0 | 2 uo 1| Tnd | 0S
lllllllll Fmmm e ————
| | |
_ | |
_ | _
| | |
| | I
_ I _
| _ |
| _ |
_ | |
| | |
| _ |
_ | _
I I _
| | |
| | _
| _ |
| | _
_ | _
_ _ |
| | _
[ | |
8T | | |
03 ( woxj| HG*Z:AT|ptozedeay]| 09
seTaepa|o3 HZ:AT| -Twas| o3 og
||||||||| R ettt et L e L e
| I |
| | |
(raaa) | _ | (zadd)
LHOIHH | | |  HIaIMml|
TIVM| s3IdOIS| AdVHS |
AOVIIAY | Jais|

STINLVAA
(I9a19d IANNIAV QTATINIM AHL IV

(065)

06+67|
03 00+¥¥|

(r3ad) |
HILONAT |
R |

WOLLod | NOIIVOOT |
TANNVHO | TANNVHO| NOILVLSI

LIWIT LOAr0odd 0L WVIULSAN INNIAY QVILSTIVH WOHJ)
STINLVAI INIWIAOHAWI J0 NVId MOINOIVWVYW ¥dddN

€1/6 bd - € TIAVL

9NUSAY SPTISTITH JO
WRaIJSUMOpP 398J 06T
03 SNUIAY uosIajjsr

Jo weaxjsdn
3993 00T woadq

9NUSAY UuOSaIaIISaL JO
wesaa3sdn 3993 00T 03
abpTag ezeld uorjels

|8y3 Jo weaxjlsdn
3993 06 woxd

NOILVOO1
TY¥OISAHd

- 61 -



_
|
_
|

(os+191
uotjels) obprag]

onueAY SpPTSTITHI
ay3 Jo wesaajlsdn|

3993 or2l

3e pajeool ST|

pTa13 aspinoq V|

_
‘yoesaa ybnoayiy|

weaxlsdn|
sSanuUT3uUod |

12uueyd |
j071d padeys-a |
deep 3003 6Tl

‘yoeax ybnoayy|
weaxjsdn|
sanuT3uoo |
Tauueyo |

3o11d padeys-Al

dosp 3003 6 1|

STANIVAL |
1oarodd |
ININIIHAd |

JAHILO |

oc‘etl
woxJ |
¥ soTaIeAl TZ 03 G°¥
lllllllllllll + [ ——
| _
_ |
| |
_ _
_ _
| _
_ | 3993 o2l
| | o3 39937 |
_ _ L woxy|
£ _ 8T | soTIeA|
tom———— tm———————— Fom————
_ | I
| SIHONI | |
(1334) INI-SSAN| (raad) |
10D J40|-MOIHI) | IHOIHH |
HLdda| YIXVI] TIVM|
TAOVIIAVY | dVIdI1Y | AOVIIAY |

102Z9deay |

1In3F pue|

(epts |

3ybt1a) |

ptrozadexy|

HS Z:AT| -Twag |
|||||||| +

_ |

| I

| |

| I

_ I

| |

| _

| |

| JeTnb|

TeoT3aaA| -uejzoay|
+

| |

| I

_ |

| |

sado1s | AdVHS |

Jars!| TANNVHO |
STINLVIL

(QEINNIINOD)

(seL)

(gz2)

Sv+66 |
03 02+LS]

(r3za) |
(I1334) | HISNTTI|
HIAQIM| » |
WOLLOd | NOILWDO1 |

TANNVHO | NOIIVISI|

(I25a1¥9€8 FNNIAV QIITINIM FHL IV

IIWIT IOACLodd OL WVINLSAN ANNIAV AVIALSTIVH WOdJ)

STIANIVIA INIWAAOIAWI 40 NVId

€1/9 bd - € TI4VL

AOINOIVHVYH ddddn

peoy

Kxxeg moN 03 abptag

anuaAyY SpPISTITH

ay3y Jo umeaajzsdn
3993 GL woad

ebptag
anuUaAY SPTSTITH
ayl Jo weaxjlsdn

3993 GL 03 9bprag

aNuUsAY SpPTISTTTH
9yl Jo weaxls

-umop 3993 06T wWoad

NOILVYOO1
TYOISAHd

1
. N
} O

I



*saanlionials @:mwxm3ﬁmou Jeau yjaxes utelsl o3 pasn sTTeM ° (06+08]|
uotjels) Aemnayl puerbug moN 9Y3l JO WRSIISUMOP 3993 00, ‘3Ioa3s|

LoTpead o3 pejeoorax bureq sT (0G+6€ uUoTlels) °bpTag IoMag |
20eTd ASTTeA @yl Jo wesaajsdn 3993 00Z e Afjusaano uorjels sbes|

trm——————— Fo————— Fom——————— o ————— Fomm————— +

*yoeai ybnoayyz | _ _ _ _ |

weaxlysdn| | | | |prozadeay, |

sSaNUTIUOD | | | | | ~-Tuag |

Tauueyo | | | GT 03 L| HG ZT:AT| B |

3011d padeys-A| _ _ woxy | oy} | xernb|

dssp 3003 G 1| s'¢ | SuoN | saTIeA| HZ:AT| -uejoay|
——————————————— e to—————— tmmm—————— Fr—————— tmm——————— e

yoeax ybnoiyy | _ _ | _ |

weaxisdn | _ | | _ |

S9NUT3UO0D | _ _ _ _ |

Touueypo | | | | | |

3o11d padeys-A| | | _ |prozadeay |

desp 3003 G 1| v | auoN | ¥T o3 L| HS"Z:AT| g |
—————————————— o ——— Frm————— o —————— fr—————— Fomm——————— 4=

_ | _ _ | _

_ _ _ _ | _

| _ | _ _ _

| _ | | _ |

| _ | | _ |

yoeax ybnoaysy | | _ fueq | | |

weaxlsdn| ] | 3391 uo| ] i

sanutjuoo| | | 8T 03 .| | |

Touueyo | | | yueq| | |

3011d padeys-A | _ | 3ubta uo] |pTozadeay |

- deep 3003 G Tl v | auoN | 6T 03 9| HZ:ATI -Twas |
———————— e e ————— et Fomm——————— e —————— o —————— +=-

| _ | _ _ _

| | (STHONI | | | |

STANLVAI | (1334) INI-SSAN| (raag) | | |

Lodaroyd | INO J0|-MOIHL) | IHOIFH | | |

INANITIAd | Hiddd!| dHHIAVI| TIVM| S3IJOIS| ddVHS |

AHLO|  d9VHdAV| dvadIv| AOVIIAV | qAIS |
STANILVAI
(QINNIINOD)

(Ioa1¥d FNNFIAV ATIITINIM FHL IV

|
|
_
_
_
_
_
_ (ote)
|
|
+

Aemnayl, puetbug msN
9yl 3O weaIjsumop

3993 085 O3

Kemnayg puetbumg meN
3yl JO weaI3sumop

3993 (06 wWoad

||||||| e o o 2 e o G e s e o S e o

KRemnayyg
pueTbug moN 92Ul

JO WesI3SUMOp 3997
006 03 peoy Aixegq

MON Jo weaxjlsdn
399 OvL woxyg

peoy Axaeg meN JO

0Z+vL|wesa3zsdn 3993 ovL 03

ot+s8|
st |o3 oo+8Ll|
| |
| |
ﬂ (os¢) “
|  oo+8Ll
Sv |03 oz+veLl
|||||| +
| |
| |
I |
_ |
_ [
_ _
| |
| (ove) |
| |
|
sy |
|||||| +
| |
| (zaaa) |
(raad) | HIONAT]|
HILAIM| B I

WOLLO4 | NOIIVOOT |

TINNVHO | TANNVHO| NOIIVISI|

LIWIT LOIACLO¥d OL WVHILSAN ANNIAV AYVILSIVH HWOYJd)

STINIVIA INAWIAOAdWI JO0 NVid MDANOIVWYAR "AaAddn

£1/L Bd - T W14Vl

03 08+99| peoy Axxeg moN wolg

NOIINOOI
TVOISXHd




_

_

|

*3993J ¥ JOo wnurxew e Arajeurxoadde |

ut PSTTTI =9 TITM T2uueyo pro Jo 39393 00Z (00+STT uorlels) obpragd|
SNUIAY PTOTIJUIM 93Ul JO wWesIJSUMop 33993 (00¥ e pod3edoT 3I9aIls ueqin avl

‘ _

‘3993 z Arejeuwrxoadde ur palITy oq|

03 Tauueyd pPTO JO jJunowe Tlews e ST 819yl (00+£0T UOT3e]lS) =8bpTag anusav|
PTSTJUTM ®Yl JO WESdIISUMOP 3933 0091 ‘SnuaAY 3nulsayd jo pua ayl 2v|
‘posowax @q TTTM (08+8TT uorlels) abprag|

SNUIAY PTSTJUTM 3Y3 JO WeIIJSUMODP 399 (OZ e pejedol uoljels abeb sosn V|
* (084911 uoT3els) °9bprad anusAv |

PTSTJUTM 3Y3 JO WeaIlsumop 3933 0ZZ e pajeool aq [ITmM wWep 300X Iayjouy|
‘ooeld STTITA 3¢ (09+60T uorlels) =b6prag|

SNUSAY PTSTJUTM 99Ul JO WESIJSUMOP 339 0¥6 3 pPajedol aq [ITM wep 3do0x V|
; *(00+v6 uoT3E]lS) |

wep boT e aq [ITM aasy3z Aemnayy puetbuy meN ay3z Jo weaxisdn 3993 009 V|
*(0G+91T uoT3els) °9bpTId SNUSBAY PTSTIUTM 943} JO WRDIIFSUMOD |

393J 002 3e SsajeuTwIa] ATrejuswaiour pue (0G+¥IT UOoTIjels) a6pTag onuaAv|
PTIRTIUTM IUI+—mm tmm e —— fm———————— Fomm———— e T o +
Jo uwesaxjsumop|
3993 0G6S 3e|
3no sxadel 3T
1T3un wesajlsdn]

|
_
_
_
|
padeys-p deap| |
_
+
|

_ _ |
| _ |
| | |
| | _
sanuT3uod | | | |
Teuueyo jortd| | _ |
; | |pTozedeay| |
3c03 G°T1 9yl BuoN| 8T ‘zZt 0 | HGZ:AT| TInd | sy |
P e e e e - ——— e ———— fom—————— +
_ _ I | |
| | (SEHONT | _ | | |
STINLVAI | (L33d) INI~-SSAN| (raad) | | | (rz33da) |
Loarodd | IND J40|-MOIHL) | THOIHH | | | HIAIM|
ININIIYHA | H1ddaa| wIxv1| TIVM| s3do1s| AdYHS | WOLLOg9 |NOILWOO1T |
YIHILO| IOVHIAY | dVadId] AOVIIAV | JAIS| TANNVHO!| TANNVHO!| NOIIVLS|
STANIVIA
(QINNIINOD)

(90189 INNIAV QTIATJINIM THL IV
LIRIT LOILO¥d OL WVAILSdN FANNIAV AVILSTIVH WOoYJd)
SHANLVIA LNIWIAOHdWI 40 NVId MOINOJVWVHW ddddn

€1/8 bd - € TI4YL

03 0T+58|

(yoesaa
pue 9T13) abptag
9NUDAY PISTIUTIM
ayl Jo ueaxjsdn

3993 08T 3e 3oaload
9yl JoO pus a8ayiy ol
Aemnayg, puerbug maN
9yl JO WRIIISUMOP

3993 08G woay

NOILVOOT
TYOISAHd

- 64 -



(xoaTy
JoouodeweW 9yl
JO adusanTjuood
9yl Jo weaals
-dn 3993 002)

(96+15) | °3003 auo|
daeqd snquuiod| Jo yzdep]|
ut 92bpraqioog obexaare|
Ieau peoeid aq ue|
T1tm Hbuol 3@923| ut PoTTTI|
0z pue ybryjzeaz oq TTTM|
9 aanjlonijys T2uueyo |
ITOM 938IDUO0D butastxd| auoN |
||||||||||||||| e s e B

STANLVAA
Lodaroyd |
INANILIAJ |
HAIHLO |

| SHHONI |

(L3d4) INI-SSAN|
I00 40| -MOIHL) |
HId3A| JAAVT|
IAOVIIAAVY| dVddTY |

e i —— e e s e e o i o T S i i S e

(oos2)

prozadeay,| oo+82| peoy axouwrtuslg
QUON| HE:AT Tnd| ot 03 00+0 |03 ®nusay osuolewel
uuuuuuuuuuuuuuuuu s T et S

| I |

_ | (z3ad) |

(r3aq) | |  (r3dd) | HIONAT]

IHOIHH | | I HLAIM| » |
TIVM| s3adoisl| AdVvHS| WoLLod |NOILYOO1 | NOIILVDO1
IOVIIAV | 4dIs| TANNVHO| TANNVHO| NOIIVLSI TVOISAHd

STANIVAL

(AVOY FYOWINIA O MYVd SNEAWNTOD NI

dO0I¥9dL00d JHI 40 WVHILSNMOA Lsac

JIATH MOINOYVWVW HHIL HLIIM FONANTINOD HHI WOUJ)

SHINIVId LNIWIAOJYdWI d0 NVId
dIATE DIVIATIHS ¥YIMOT THL

€1/6 ba - € TI4GVL

- 65 -



_
_
_
_
_
|
_

(00+¥v uote3s) |
peoy saowtusd |

|
|
_
_
_
_
|
_
|
aaoge 31993 068] “
_
I
_
|
_
_
_
_
|

q TTTA wep boT|
Vv -desp je93|
G 1 sawodaq|
pue (00+1¥]
uotiels) peoy|
axouwtusd Jo|
weaxjsdn 3993 |
066 3e sjae3ls|
T2uueyo j3o071T1d|
padeys-A V| G2

sqynIvad | (raad) |
Iodrodd| 1no Jol
INANIIIAd| HidIql
YHHIO | ADVIAAY |

(0vs)
prozadeay | 00+G7 |
¥z suwos SUON HZ:AT Tind| ov |o3 o9+6cl
llllllllll tr v e —— e ———————
_ I _
(SEHONT | | (1334) |
NI-SSAN| (r3a4q) | |  (1334) | HISNITI
-MOIHL) | IHOIAH | | _ HIAIMI| » |
JAAVT | TIVM| S3IJOIS| ddVvHS| WolLlod |NOILYDO1|
dvddIdl IOVIHAVY | JAIs| TANNVHO| TINNVHO| NOILVIS!
STANILYAL

(WYd SNIQYVYD INOWHOYVI FHI O dVOod TAOWINII WOdd)
STINIVAL INAWAAOHdWI Jd0 NV1d
JIATId TIVAAIAAS ddddn THL

€1/0T ba - € TTAVL

peoy

aaowTusag jo weaxisdn
3993 006 03 peoy
aaoutuaq Jo weaxjzsdn

I®aF 09¢ woayg

NOILVOO]
TYOISAHd

- 66 ~



|
,
|

_ _ _ _
_ | _ _

| I _ |  (ooc) ueq
* Touueyd 0 | | | | suspaes juowyoxeT
Jo butrbbeus JIOoM| | | | | 00+69 | o3 Aemnayl, @3e3s
pue butaesald|Tauueyos oN| DUON | 9uoN| TeanjeN| TeanjeN| Tean3zeN|o3 00+29 | YIOX MON 9yl wmoad
nnnnnnnnnnnnnnn e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
_ | _ _ _ | (oss) | Kemnayy,
s TauUUeyYD 0 | s3ods| | | | | | 93e3S JIOX MON
jo burbbeus Yaom| ut 9¢] | | | | 00+29|9y3 03 obprag onusay
pue butaeaid|Tauueyo oN| ‘vz ‘ZT| SuoN| TeanjeN| TeanjeN| TeanjeN|o3 06+€6 | pueT}o0y 8yl woxd
lllllllllllllll e s e e T S PSR R
| _ _ _ | | | | abptag
-obprag SNUSaAY I | | ] | | | SNUSAY pueRTYO0Y
pueTyooy 8ay3z e _ | _ | | | (oog) | ay3 ol abprag
spus pue sxadej | i I ] | | | 3aNUIAY pueTYO0Y
Tsuueyos 3jor1d | | | iptTozadeay | ] 00+£5 | 3yl JO WeIAISUMOpP
padeys-A ayg T | 8T | @uoN | HG°Z:AT| Tind | ov |o3 o0+06| 3993F 0GE woxy
lllllllllllllll Frmm e e ——— e s e s st A Tttt I

_ _ | | | | | I

_ _ _ | _ | | |

_ _ _ | _ | _ |

_ | _ | _ | | |
*yoeaa ybnoayjy | _ | | | _ | abprag
wesaxlsdn | | | ] | | | SNUIAY pueTio0oy
sanuT3luoD I _ | | (epts | | (ogg) | 92Uyl JO WeaI3SuMmop
Touueyo 3o11d| | | | | 3ybTy) | | | 399J 0SE£ 03 peod
padeys-a deoop | _ | |pTrozedeay| | 0c£+8¥% |oaowtusd jo weaxzsdn
3003 G'T ¥YlL st | ve | 0T 03 ¢| HG Z:AT] Twas | o |03 oo+s¥l 1993 006 wWOXJ
e —————————— o tmmm———— Fomm e ——— + ————tm e ———— o ———— tem————— o —————— e —

| (STHONTI | _ _ | | (raad) |

STANLVAL (1333) INI-SSAN| (razg) | _ |  (133d3)| HISNTT|

Loarodd INO J0|-MOIHL) | IHOIHH | _ I HILAIM| 3 |
ININITIAd HLd3d!| YJIAVI| TIVM| sAJ0IS| ddVHS| WOLLOg |NOIINDO1] NOIIVOO1
JAHLO AOVIIAY | dvad1d | AOVIHAVY | d4a1s! ‘TANNVHO| TANNVHO| NOIIVIS| TYOISAHd

STINIVII
(QINNIINOD)

(WYd SNAQYYS INOWHOHUVT HHIL OL aVod FHOWINAJ WOUJ)

SHINIVAd INIWIAOAdWI J0 NVId

JIATE IAVIATIHS ddddn

€1/11T bd - € HIdVL

- 67 -



*Tauuny|

UOTSISAID |
padeys soys |
-9sIoy *y-d°s-nl

I93suwetp|

3003 G- L1}

Y3ITA TOQIRY4—m——m—m e e U

S309UU0D 8IN3IONIS 3J2[3IN0 |

Gzl

‘apTM 3993 G¥| 03 21|

pue Hbuol 3893 ¥ 9ouealud|

woay |

JoqaeH 3je urseg buriiTaS| seotxea|

—————————————— tomm e Fom————— +
, _ |
STINILVAI | (raad) |
Lodroud | I0d 4o |
ININIIAA] | H1d3d _

JAHIO | OVIIAY _

(raad)
IHOIAH
TIVM

uoT3oses Tauuny |

I9A0D~-pUR-3IND |
|3a8ATND x0q aaenbs|
|3003 GZ°91 (wesajs|
| ~dn) yatm uorjodes|
| Touuny 3ooax padeys |
|eoys-asaoy (wmeaaxzs|
| -umop) J9j3ouwelp|
| 3003 G-L1 buryutT|
| - (3a9ATNO Xx0q) |
juotrjoes uorjTsueay|
+

_
_
|
_
_

Joj3ouweIp 3003 |

G°LT © Yy3ztm aodeys|
soysasaoy “y-g-s-nl
e butaery uoijzoss|
?2UuUny Y00y |

|

|

+

_

| Ioqaey|
| o3utr spus buoTt]
|3@@3 z1Z @anjonays|
| 39T3no Tauunyg|
+
_

_

|

|

|

NOILAIY¥OSHa
SHANLVAAL

SHINIVAI INTWIAOYdWI IO NVId
TANNNIL NOISYIAIA JIATA MIVIATIAHS

€1/21 bd - € TI4VL

|

|

|

|

_

_

|

|

I

|

| peoxTTey USARH MaN
| ayl JO weaIjsumop
“ sL+ozl 3893 00C 03
+

|

_

|

|

|

|

|

_

80T |03 L9+6T| snusay Asjuels woid
lllllllllllll +-‘|'||""|"|'|'¢I||
|
|
[
|
| anusAy Asiuels
_ 03 peoy 3sod
L9+6T |uojsog Jo wesaIjsumop
LT8T 03 0S+1| 3993 O¥ woad
llllllll o e e e e e e e e o o
_ |
] | peoy 3sod uojsog Jo
| | wesajzsumop 3993 0OF
| 0S+T |03 xoqaey Yoouoxewel
osTt | o3 00+0] urseg 3soM
llllllll o e o i et e e o e e e e e e e e
| |
| |
| |
(x334) | NOIIVOOT| NOILVOO1
HIONTT| NOIINISI TVOISAHd

SILNIWDIS FINLVAA TINNAL OLNI JIZINVOIO

- 68 -~



*I93°uWeTp
TouuUny} GZ°9t1|
03 Y3pTm woljoq|
TouURyYD 3007 |

peoy

09 butrasTxa| buot 3993 | 3933 09¢ 03 peoy
S3IADAUOD YIPTIM| F 091 ‘sanjonajs| 09+6¢ |@I0WTUBl JO wesaxjlsdn
uorjtsueay| 0 LZ 03 91 3oTuT Tauung| 09T |03 00+LEl 3993 001 woayg
- Fe—————— o o e o e e e e e e

| | _ |

_ _ | _

_ | _ |
| opTM 3993 GZ 91| ] | peoy axowrtusd 3JoO
| ‘ybry 3993 gz 91l | |weaaysdn 3993 00T 03
I ‘uot3oes Tauuny| | | peoarrTey usAevH MON
| 0 JIBATNO XOq IABA0D| | 00+.L€ 93} JO weaI3sumop
| BUON -pue-3no axenbg| G291 |03 sr+o2| 3993 002 woag
—————————————— e 0 S S P S o ———— e ——— e ————————————

| I | |

STINIVAI | (La34q) | | |

Lodacoyd | I0o 4o (r3ad) | | _ I
ININIIHAL | HIJ3A IHOIHH | | (z334) |INOIINWOOT] NOILVDOT
JAHILO | IOVHAAY TIUM| NOILAI¥OSIA| HIONTI| NOILVILS| TYDISAHd

STANIVAL
(QINNILNOD)

SINAWOIS HINIVAA TIANNAL OINI AIZINVOIO
STANILVAd INIWIAOHdWI J0 NYId
TANNNL NOISHAAIA JYIATH ANVIATAHS
€1/€1 bd - € TIdVL

axowtusd jo weaxlsdn

- 69 -



TABLE 4

TABLE OF RETAINING STRUCTURES

GDM PLAN

- 70 -



i S*61 Joyouy/m Sy g £6+Z€ O3 99+Z¢
obptag enueay paeM je Trembutm 03 691

aoyouy/m A3 1 99+Z¢ O3 PpE+ZE

S°1¢
03 G°GI aoyouy/m LE 1 08+1€ O3 0G+IE
JuswubiTeax Touuery J03F TIeM MON 612 Joyouy/m SL .| 08+1I€ O3 GO+1€

; 03 611
uOT309s UOT}TISueL] S 11 aoyouy/m Of d GO+1E€ O3 88+0¢
UOT308S UOT3ITSueRl] L Joyouy/m 8¢ pi | 09+9Z O3 ¥Z+9C

peoy yIeq sdririud 3o uoml
-d9301d pue DuTuSpTM TBuUUBD JOJ TTeM MON €1 aoyouy/m Lt b | $T+9Z O3 BE+EC
Joyouy/m jot4 1 08+£C O3 G9+£¢C
6
aoyouy/m L2 1 GO+£Z O3 8E+ET
obprag eay surydwoy je Tremburm
‘ S°Cl aoyouy/m o€ b S8+CC O3 €9+2¢
mcﬂcwcﬁz ToUURYD I0J TTeM MON ¥ O3 8 aoyouy/m 681 1 G8+ZZ O3 00+1¢
UOT309S UOT}ISURLL 11 aoyouy/m 0z 1 00+1Z O3 L8+0C
UoT309S UOTJITSURL], S°01 aoyouy/m vE | ¢C+1T O3 00+1¢
80uspISal JO JUOIJ uf 11 aoyouy/m A b | 00+1Z O3 8S+0C
aeTnbuejosy
o3 Ho::mnw;ﬂmvﬁongmuH WO1j UOT3TSuel] 11 aoyouy/m LZ d 8G+0C O3 8£+0C
: TTem

uotidiaosaqg 3yb1eH Jo adAyL yabuor] yuedq uoijels

SRAINIONALS ONINIVIFY 40 TGVl

JOAMOdd TOUINCD dO01d NISYH
SHAATY DIVIATIHS ANV ADINOTTNTKW

G/1 ®beq - p 91qEL




sanjonals bBurjysixe burjzoejoad - butjsoys

11em 8 obpiag aay uosaajjsr e [[embuim S*LI uxad/m 001 1 oL+67 O3 6G+8%
obpLIg Sy UOSISIOL Je TTEMBUTM LT O3 L |OuCO 8TWSI} UO [, St d  |ET+8F O3 T6+LY
abpiag mNmHmw:oﬂumam moN e TTembuim G°1C 93 L L G8 p: | 6b+bt O3 99+¢V
301 bBuryaed j0e30ad O3 [TeM MON €2 03 gz |ouco stweIl uo I 004 1 90+8% 03 £h+€lh
JuauwubITEaa TouuRYD 0] TIeMm MON S°1¢ L 8L a ZT+EY O3 OE+CV

Juauubiieoa [auUURYD
03 onp TTem DUI3ISTX® JO JUOAF UT [Tem MaN [9€ OF G°0T Aoy xeayg/m 11 08 T pO+EY O3 0L+CY

TeM

Butuspim [oUUERY I0O3F Gzl Butysixg 041 82 d SO+TV O3 vE+1P
L1em Dui3ysixe jo juoay ur bBuioed ouco 8T 671 Butoreg ouo) 9¢ 1 GO+ O pe+1b
soanjonalys burjisixe Jo uorjzosjoad |GeoT O3 O IOyouy/m 1 80¢ d 99+0F O 8G+LE
pue butuepim Teuueyd 103 TTeM MON [G°6103S 01 Joyouy/m 1 £Z€ T vL+OV OF TG+LE

wwu:uo:uuw Burysixa jo uorzosjoad
pue Dutuspim Tauueyo I0J T[em MmN S0l aoyouy/m 1 86 1 8L+LE O3 O¥+9E
UOT308S UOTJTSURIL] G°01 aoyduy/m 1 LE 1 Ov+9¢ O3 ¥1+9¢€

soanjonilys buijlsixe jo uoll
-0930ad pue DuTuoptm 1suueyD I0J [TEM MON S0l Joyouy/m 1 o474 b Sh+LE O3 Ob+GE
uoT308g UOTITSURTY, 11 aoyouy/m 1 LE q Ov+GE O3 GT46E
S'61 Joyouy/m 1 114 d  |06+ZE€ OF SG+TE

abprag onusay paem je TTembuiym 03 G g1
aoyouy/m 1 12 h: SG4ZE O3 pe+ce
1TeM

uotidiaoseq Iybteny Jo adAL yabua] Yueq uotlels

SHINLONALS ONINIVIIY 40 JI9VlL

J3IM0Yd TO4INOD UOO1d NISvd

SYIATY DIVIATIHS QNV ADANCIVIWYIW
G/z 9bed - ¢ 91qelL

- 72 -



; ove b 00+bL ©3 09+1L
adors Aemnay], Jo 903 posodxg 9114 [993S
Tsuueyd jo abpo mau je Tiem Dutlssys 19938 ,9 03 dn paoeg °duo) 0ze d Ob+1L O3 07+89
L 0LS
Butuspim Touuelp 10] TTem MON PT O3 L soTtd uo 0s1 1 LT+PL O3 G6+99
6T O3 L1 soTrd uo 00T b | 09+L9 ©3 08+99
peoy Axaeg men e [1embuim
81 03 L soT11d uo 1 o 1 9€+99 O3 01+99
JuauubrTesa Tsuuey JIOUTW JI0J [TeM MON 8T 03 €1 sa11d uo 1 1T b 0¥+99 O3 6Z+59
saanjoniys fBurlisixe jo uotrjoezoad Buriseys uuad
pue juswubi(eal Teuueyo JOUTW IOJ TTeMm MmN £1 03 L /M sa11d uo 7 SoT ! 62+59 O3 ZTH+¥9
399138 aeps) Jo pue Jo uorjoajoad
pue juswubiTeal Tauueyp I0J [1em MeN | TZ O3 S°F L (e § 1 £L+19 O3 L9+09
JuawubITeal [suueyo JOUTW IOJ T[em MaN 61 O3 L L 00% d PT+£9 O3 96+8G
9bp1ag oAy OpISTTIH I TTemburim moN 61 O3 L L A | 1 98+6G O3 £8+8G
aanjonays burystxe Jo uorjoejoad Butjeays
pue DuTuSpTM Tauuelp I0J T[em MON 0¢ urad/m 68 T £€+8G O3 vh+LS
UuOT}09S UOT}TSURI] 0z ©3 6 L 09 1 Pr+LS O3 PO+LS
‘seanjonals Buijsixs jJo uorly Butrjsoys
-0930ad pue ButuspIM TauueYD 10 TTEM MON 8T 03 ZI wiad/m 091 | LP+8S O3 [8+49G
UOTJ08S UOTITSuURIL 21 ¢ L L ov -1 L8+9G O3 $G+9S
aouoptseaa Burysixe j0930ad 8114 3I99ys
03 adoys 3o do3 e TTeMm buriseyg T1ee3s |pesodxdy ,L psoej °ouo) 011 1 0€+GS O3 0Z+¥S
abprag eay uosisjjer je [remburm 9T 03 €1 L GL g ge+6t ©3 Go+8Y
eM
uot3draosag Jybion Jo adAyL ybuan sueg uotjiels

SHINIONAULS ONINIVIIY 40 JTIVL

IDHEN0dd TOYINCD QO0Td NISVH
SYIATY MIVIITIHS GNY_ADINOUTWYIW
G/€ ®beq - ¢ a1qRL

- 73 -



; FT O3 L L oy g 60+£S O3 €L+CS
sbptrag oAy puey0ooy je [1embuiM | €1 03 G°9 L 17 1 LO+ES O3 £9+ZS
mo.u:,uoaum Burystxe jo uorjosjoad Butjeeys uxad
3 Dutuspim JoaTy oxeIPTaYS I0F TTem MoN | 0T O3 L /M so11d uo 1 ove g SE+8Y O3 PO+SY
TIATY DIVATTIHS

€I 03 § L oV T LE+68 O3 76+88
IT 03 ¢ L 0s p: | 80+68 O3 89+88

a9ATY OsuoTBURK

a8n0 abprag Aemnayy, je Trembuim
8T O3 L L 113 1 09+.8 O3 BE+L8
8T O3 L L SE b | BE+L8 O3 C6+98

A adots Aemnayg,
JO 803/Tsuuey Jo abpe meu je TTem MON ZL C1 6 L 1147 d SL+C8 O3 E€L+8L

adors Aemnayl, jo o903 posodxq 8T1d 3I99dYys
Tsuueyo jJO abps mou je [1em bBurjesys To93s |,5°F 03 dn paoeg *oue) 0C1 b 08+48L O3 Q9+LL
Butueptm Touuey 103 Trem moN | g1 03 6°8 L 1% 4 1 ¢Z+58 O3 Q0+18
Jomas unal ,99 JO Uuol3l09] Butjoeeys 00+18
—-oad pue jusuubilesaa Tsuueyo 0] [Tem moN bl uxad/m 1] 002 1 O3 00+6L
JuauwubI[eal TOuURYD 10J [TeM MON $T 03 L L OLT 1 00+6L O3 9P+LL
TeM

uot3draosaq jybray Jo adAyL bue yueg uorjels

SHINIONYLS ONINIVIAY 40 J19vL

JOdr0dd IGAINCD 40014 NISvd

SYAATY DIVUITIHS ANV ADANCIVWEW
G/y 9bea - y arqel

,.._ 24 -



3o1ul d 1

Tsuung je [Tempeay Dutureldy °*duOD LZ 03 91 hi €SI+ €S1 - £9+6€ O3 LT+48E
8InN3oNI3}g ayejul ¥ 8uuey) °duo) LT - LT+8E O3 00+LE

. 0S+T

aInjonIls 397INY 9z 1ouuRYy) *oue) 06 - o1 Ov+0

9IM3oNIIS IBTINO 0€-92 sertd uo - ov+0
. [RUURE  * 0D [44 ! O3 2940 (-)

JSTINO TSuUuRyO Je [1empud Duilseys 1903S posodxg aT1d I99dys % 1
10€ padeg *duo) +06 - 2940 (-)
o3 L6+0 (-)
TANNAL NOISHIATA
T1eM

uotradraosaqg Jybray jo adAL ybue sueq uotjels

- 75 =

SHINIONAULS ONINIVIIY 40 JIEVL

IDAN0Ud TOYINCD 40014 NISVH
STHATY DIVIITIHS ANV ADINOUVWYW
G/G obed - y OTURL




Table 5
RIPRAP REQUIREMENTS *®

-————————_—.—_—-....-___....——-—--—---—..—___——--————————————-———_-_-__.

RIVER STATION RIPRAP | AYER
FROM TO THICKNESS
Mamaroneck 17400 18450 ig"
18+50 20400 12"
20+00 21440 36"
21440 23+80 24"
28460 29+00 18"
29400 31470 30"
31+70 33+20 24"
36+80 40480 24"
42+30 43+55 12"
56+80 59+60 18"
60+60 60+80 127
60+80 €2+70 30"
62+70 €2+90 12"
114+60 119+00 2"
119400 121+20 i8"
Lower
Sheldrake 1+65 1490 2"
Upper 39+0C 39+65 12"
Sheldrake 44430 49490 24"
43+90C 52+685 8"
52465 53+15 36"
53+935 54+25 36"
54425 54+50 24"
54+50 55+75 12"
61400 61445 24"

T - ——— o ———— ——— " ———_ - —— T~ — —— > —— " W G W . - W -

* Notes: A 12" layer of riprap is provided at most of the
drainage out falls.
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TABLE 6

GDM PLAN OF IMPROVEMENT - SUMMARY OF FIRST COSTS
(OCTOBER 1988 PRICE LEVELS)

FEATURE DESCRIPTION ESTIMATED COST
09 CHANNELS AND CANALS 15,062,700
11 LEVEES AND FLOODWALLS 32,607,000
30 ENGINEERING AND DESIGN 2,022,500
31 SUPERVISION AND ADMINISTRATION 4,938,100

SUB-TOTAL, FEDERAL AND NON-FEDERAL 54,630,300
CASH CONTRIBUTION (-14,305,700
SUB~-TOTAL, FEDERAL COST 50,324,600

II- NON-FEDERAL COST

01 LANDS AND DAMAGES 5,755,500
02 RELOCATIONS 6,713,600
CASH CONTRIBUTIONS 4,305,700
SUB-TOTAL, NON-FEDERAL COST 16,774,800

ITI~ TOTAL PROJECT COST

TOTAL FEDERAL COST 50,324,600
TOTAL NON-FEDERAL COST 16,774,800
TOTAL PROJECT COST 67,099,400
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ITable 7

SUMMARY OF ANNUAL CHARGES
October 1988 Price Level

Federal Non-Federal IDC Total

Investment
Cost

First Cost $50, 324,600 $16,774,800 $7,500,000 $74,599,400

Annualized

Investment $ 4,467,200 $ 1,489,100 $ 665,800 $ 6,622,100

Cost

O & M $ 0 $ 150,000 $ 0 $ 150,000

Total

Annual $ 4,467,200 $ 1,639,100 $ 665,800 $ 6,772,100

Charges
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FEATURE
ITEM
NO..

01

TABLE 8

COMPARISON OF CURRENT COST ESTIMATE
WITH LATEST APPROVED PB-3
(OCT. 1988 PRICE LEVEL, $1,000)

I FEDERAL

Channels & Canals
Levees & Floodwalls
Engineering & Design

Supervision & Admint.

Total Federal Cost
Cash Contribution

Total Federal Cost

II NON-FEDERAL

Lands & Damages
Relocations
Cash Contribution

Total Non-Federal Cost

Total Project Cost

LATEST
PB-3

$12,850.
30,420.
4,080.
3,5650.

OO0

50,900.

oo

-6,300.

$44,600.0

$3,690.0
4,910.0
6,300.0

$14,900.0

$59,500.0
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CURRENT
ESTIMATE

$15,062.
32,607.
2,022,
4,938.

oo~

54,630.3

-4,3056.7

$50,324.6

$5,755.5
6,713.6
4,305.7

$16,774.8

$67,099.4

(+)
(+)

(+)

$2,212.
2,187.
2,0567.
1,388.

e~

$3,730.
$1,894.

[ZL )

(+)

(+)
(+)
(=)

$5,724.

$2,065.
1,803.
1,994.

Lo m

(+)

(+)

$1,874.

$7,599.



TVLOLENS FOVITIA

q97
a4
d1
g4

g1
g4

HOVAY
HOVIYA

HOVAA

HOVIA
HOVAIA

HOVIA
HOVEY

006°'vc1'9% 002°'1TTS 000‘9¥%¥1’9$
0S0‘0T$ ovz'’ss 06Z°GT$
086°'6LSS 0$ 086'6LSS
0£8’6228 0$% 0c8’‘622%
0L6'Y¥0'VS 0$ 0L6'VY¥0’'¥S
069°‘LLS 0z8$ oLY'8LS
09€’8L1S 0£0‘%$ 06€£°281$
0L0'50TS 0L6S 0¥0‘90T1$
oco‘o¢cs 0$ ogo‘ogcs
050'668$ 0T1T$ 09T '6G8%
098°61$5 0% 098'61$
SLIJANAEL SHOVWYA SAOYWVA
TYANNV FOVIIAV  TYANNY TVNAISHd TYANNY SNILSIXA

——— ——— " —————————— - ——— - —————

ADINOYVHVKN 40 IADVITIA
NY'Id WD

TIATT JOI¥d 8861
NISVd SYIATY TAVIATIHS ANV NOHINOUVWVH
SNOILIOUNOD ONILSIXH
SLIJINAL TVNANNY JOVIIAV 40 NOILVINDTIVO AJYVKWWNS
Y6 JAIdVY.L

- 80 -



TABLE op
SUMMARY OF BENEFITS

GDM PLAN

ANNUAL BENEFITS

INUNDATION REDUCTION BENEFITS $6,134,850
AFFLUENCE FACTOR BENEFITS $117,400
ADVANCE REPLACEMENT OF BRIDGES $293,400
LESS FREQUENT PAVEMENT MAINTENANCE $59,000
TRAFFIC & TIME DELAY $700
FIA COST SAVINGS $22,300
RED CROSS DISASTER RELIEF $37,900
ADVANCE ACCRUAL OF PRE-PROJECT BENEFITS $752,000
TOTAL AVERAGE ANNUAL BENEFITS -;;721;7;;5_

(OCTOBER 1988 PRICE LEVEL)
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TABLE 10
SUMMARY OF ANNUAL COSTS

GDM PLAN *

Investment Costs

Project Costs 67,099,000

Interest During Construction 7,500,000

74,599,000

Annual Costs

Interest & Amortization 6,622,000

Operation and Maintenance 150,000
Total Annual Costs 6,772,000

Economic Summary

Average Annual Benefits 7,418,000
Average Annual Costs 6,772,000
Net Annual Benefits 646,000
Benefit-Cost-Ratio 1.10

* Oct 1988 Price Level
8-7/8% Interest Rate
100 Year Project Life
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Table 11

SENSITIVITY ANALYSIS

PERCENT REDUCTION IN BENEFITS

ANNUAL COSTS (1) 1/
ANNUAL BENEFITS (1)

B/C RATIO

1/

6,772,000 6,772,000 6,772,000 6,772,000
7,417,600 6,675,800 5,563,200 3,708,800

1.10 .99 .82 .55

Includes interest during construction
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FY
FY
FY
FY
FY
FY
FY
FY

88 and Prior
89
90
91
92
93
94
95

Subtotal

Total

TABLE 14

FUNDING SCHEDULE

Federal
$1,425,000
265,000

0

1,615,000
2,883,000
10,322,900
18,930,500

14,883,200

$50,324,600

0
$3,628,800
6,152,300
2,640,600
2,950,700

1,402,400

$16,774,800

$67,099,400

- 88 -

Total
$1,425,000
265,000

0

5,243,800
9,035,300
12,963,500
21,881,200
16,285,600
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BT STA. 20 GENERAL_NOTES !
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