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MAMARONECK & SHELDRAKE RIVERS
VILLAGE OF MAMARONECK, NEW YORK
FLOOD RISK MANAGEMENT
GENERAL REEVALUATION REPORT

EXECUTIVE SUMMARY

This is an executive summary of the documentation of the existing and improved conditions
hydrology analysis and modeling that was completed for the current flood risk management
study of the Mamaroneck and Sheldrake Rivers in Westchester County, New York. It is both a
continuation and updating of the hydrology of the 1989 GDM. The documentation consists of
text, tables and figures.

The hydrologic modeling procedure of the current effort is both a continuation and an update of
the hydrologic modeling that was completed for the 1989 GDM. The storms of water years 1990
through 2010 were added to the analysis. These most recent storms are of special importance,
because they occurred after the USGS gage on the Mamaroneck River downstream of Halstead
Avenue, the major calibration point of the hydrology of this study, was discontinued.

The seven most significant storms of these water years, those of May 17 1990, April 16 1996,
October 19 1996, September 15-16 1999 (Tropical Storm Floyd), September 8 2004, October 7-
16 2005, and the “Tax Day” nor’easter storm of April 15-16 2007, are described in separate
paragraphs. This most recent significant storm resulted in the largest historic flood to date in the
Mamaroneck and Sheldrake Rivers Basin.

The update included a conversion of the HEC-1 model used for the GDM to the current
hydrologic computer program HEC-HMS. The percent impervious area values of the hydrologic
model sub-basins were updated using the latest current available GIS data and Google Earth
aerial photography, to account for land use changes that occurred since the GDM. The storage-
discharge data of the hydrologic model was updated using storage-discharge data from the
current HEC-RAS water surface profile hydraulic computer model. This hydraulic model was
calibrated to high water marks for the April 15-16 2007 event, which is the largest flood of
record.

The quality and accuracy of the hydrologic model from the GDM was verified by using it to
reproduce two historic floods that had occurred since the GDM; those of July 1984 and May
1989. The April 15-16 2007 flood was also reproduced and confirmed in conjunction with the
hydraulic model’s calibration.

The flood frequency analysis of the USGS gage on the Mamaroneck River downstream of
Halstead Avenue had to be updated from the GDM. The first step was to reconsider the historic
urbanization adjustment of flood peak history documented in the GDM.

WL Mamaroneck & Sheldrake River
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The only historic urbanization adjustment done in the GDM was to update the peak flow of the
September 15 1944 flood event. In the current analysis, the flood peaks of water years 1945
through 1973 were also updated to present conditions, to more completely account for the
historic urbanization that occurred in the Mamaroneck and Sheldrake Rivers basin in that time
period.

The next step was to account for the flood peak history that had occurred since the completion of
the GDM hydrology, that of water years 1983 through 2010.

Gaged peak flow data was available for water years 1983 through 1989, 1999, 2009 and 2010,
and was gathered.

A function of total runoff vs. total rain was estimated from the hydrology of the GDM and used
to estimate the gaged peaks of floods for which claims were made to FEMA’s National Flood
Insurance Program: May 1990, April 1996, October 1996 and September 2004. The flood peaks
of July 24 1938, October 2005 and April 2007 were also estimated.

The remaining missing flood peak history at the Mamaroneck gage at Halstead Avenue was
estimated by correlation with peak flow data of two adjacent gaged basins : Saw Mill River at
Yonkers NY (water years 1993-1995, 2008) and Norwalk River at South Wilton, Connecticut
(water years 1991-92, 1998, 2000-03, and 2005).

The result was a homogeneous sample of annual peak discharges, representing current
hydrologic conditions, from which an accurate and valid existing conditions peak discharge vs.
frequency calculation was made using accepted statistical procedures.

The existing conditions peak discharge vs. frequency curve for water years 1938, and 1944
through 2010, for the long term USGS gage Mamaroneck River at Mamaroneck at Halsted
Avenue, was computed. The hydrologic model of the basin was calibrated to this peak discharge
vs. frequency curve by using the specific-frequency hypothetical rainfall and adjusting the
rainfall infiltration loss parameters until the computed peak discharges matched the gage peak
discharge vs. frequency curve. This was done to compute existing conditions specific-frequency
hypothetical peak discharges throughout the basin, including the locations at which flood
damage reduction measures are proposed.

Floods modeled included the historic April 2007 flood, and the hypothetical 1, 2, 5, 10, 25, 50,
100, 200, 250 and 500 year floods. The Standard Project Flood was also modeled.

A comparison was made between the current existing conditions discharge vs. frequency curve at
the Mamaroneck gage and the frequency curve in the GDM. The differences between the two
curves are documented and explained in this appendix, along with the reasons why the current
frequency curve is more accurate than the frequency curve in the GDM.

Westchester County planning officials, and representatives of Mamaroneck River basin
communities, were consulted about possible future development of currently undeveloped land
areas within the basin, to provide input to hydrologic modeling of future unimproved conditions.
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Future values of sub-basin percent impervious area were estimated from this data and input to
the hydrologic model of the basin. The model was then run to compute future unimproved
conditions peak discharges throughout the basin. Increases from existing conditions peak
discharges were small, ranging from zero to 2.3 %.

Hydrologic parameters of risk and uncertainty for both existing and future unimproved
conditions peak discharge vs. frequency were determined and documented.
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MAMARONECK & SHELDRAKE RIVER BASINS
WESTCHESTER COUNTY, NEW YORK
GENERAL RE-EVALUATION REPORT (GRR)
FLOOD RISK MANAGEMENT STUDY

1.0 OBJECTIVE OF STUDY

This appendix documents the existing hydrologic analysis conditions, including modeling, that
was conducted for the current flood risk management study of the Mamaroneck and Sheldrake
Rivers basin in Westchester County, New York. It is both a continuation and update of the
hydrology documented in the 1989 GDM.

1.1 Basin Description

The Mamaroneck and Sheldrake Rivers watershed is 23.63 square miles in area, and is located
along the northwestern coast of Long Island Sound within the New York City metropolitan area.
The Mamaroneck and Sheldrake Rivers Basin lies entirely within Westchester County, New
York and contains portions of the Village and Town of Mamaroneck, the City of White Plains,
the Village and Town of Harrison, Village of Larchmont, the City of Rye, North Castle, and the
Village of Scarsdale. The multi-stem watershed is roughly elliptical in shape, with a maximum
length of 9 miles in a north south direction, and an east-west width of 2 to 3 miles. The terrain is
gently rolling and lightly wooded in its upstream end and generally cleared in its lower valley.
The ridges extend generally in a north-south direction. The watershed is suburban in nature, and

drains into Long Island Sound. The watershed is shown on Figure 1.

1.2  Project Area

Specifically, the study area is defined by the flood damage areas located in the Village of
Mamaroneck and the Town of Harrison (Figure 3). On the Mamaroneck River, the damage area
extends from below Tompkins Avenue upstream to the Westchester County Joint Water Works
Dam. On the Sheldrake River damages occur from the confluence with the Mamaroneck River

upstream to the Village line at the New England Thruway (1-95) Bridge.
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1.3 Climate

The study area has a moderate climate, with an average temperature of 51 degrees Fahrenheit.
The extreme temperatures observed, based on the available data for all stations, are 18 degrees
Fahrenheit below zero and 105 degrees Fahrenheit above zero at Scarsdale, New York. The
average growing season is 184 days. The relative humidity averages about 67 percent. The
prevailing winds are from the northwest with an average velocity of 14 miles per hour. The

average annual precipitation is approximately 44.2 inches.

1.4  Peak Discharge Records

There are, at present, two active USGS recording stream gages recording peak discharges in the
study area, in the Village of Mamaroneck. The short-term, upstream gage is located on the
Mamaroneck River, at the Winfield Avenue bridge, a few hundred feet downstream of the
Westchester Joint Waterworks (Mamaroneck Reservoir) Dam, and several miles upstream of the
confluence with the Sheldrake River. Its USGS i.d. number is 01300800.

The downstream, long-term gage is the calibration point of the current hydrologic analysis. It is
located on the Mamaroneck River, 113 ft. downstream from the Halstead Avenue bridge, and
700 ft. downstream of the confluence with the Sheldrake River. It is referred to hereinafter as
“the Mamaroneck gage”. The drainage area at this gage is 23.46 square miles. Its USGS i.d.
number is 01301000. Data from it is given in Tables 1 through 3.

1.5 Average Discharge

The 43-year average annual discharge at the Mamaroneck gage for water years 1945-52, 1955-
89, is 35.9 cfs, which is equivalent to about 20.8 inches of runoff or about 46.7 percent of the

estimated average annual basin rainfall of 44.2 inches.

2.0 STORM TYPES

The greatest floods have been caused by (1) intense rain of transcontinental type storms (2)
localized thunderstorms (3) tropical storms of West Indian origin or (4) less intense rains of long
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duration falling on snow-covered, frozen, or saturated ground. As such, flood-producing storms
can, and do, occur at any time of the year.

2.1 Storms of Water Years 1990-2010

The storms for water years 1990-2010 are of concern, because these storms occurred after the
gage at Halstead Avenue (the Mamaroneck gage) was discontinued at the end of water year
1989, ending a continuous long-term record seven of the most significant storms of this period
are described below. Four of these storms caused flooding within the study area, for which flood
damage claims were filed with FEMA’s National Flood Insurance Program (NFIP).

2.1.1 May 17, 1990 storm and flood:

The flood in the study area that resulted from this storm was one for which flood damage claims
were filed with FEMA’s National Flood Insurance Program (NFIP). Total basin rainfall was
estimated at 2.71 inches using rain data from the White Plains Maple Moor and Westchester
County Airport rain gages. It was estimated to have caused a water year 1990 annual peak flow

of 2130 cfs at the Mamaroneck gage.

2.1.2  April 16, 1996 storm and flood:

The flood in the study area that resulted from this storm was one for which flood damage claims
were filed with FEMA’s National Flood Insurance Program (NFIP). Total basin rainfall was
estimated at 3.14 inches using rain data from the Pleasantville, Dobbs Ferry-Ardsley and
Westchester County Airport rain gages. It was estimated to have caused a water year 1996

annual peak flow of 2250 cfs at the Mamaroneck gage.

2.1.3 October 19-22, 1996 nor’easter storm and flood:

The storm that caused this flood developed when a low-pressure area approaching from the
Midwest was blocked by a dip in the jet stream. The low slid off the New Jersey coast and
reformed the night of Friday, October 18, 1996, funneling much rain onshore. High pressure to
the north also blocked the storm, causing it to drift slowly and drop rain all the way. Winds of 50
mph off the ocean were produced by the pressure difference between the high and low systems.
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Meanwhile, Hurricane Lili, out over the Atlantic Ocean, about 1000 miles to the southeast, fed

gven more moisture into the storm.

The flood in the study area that resulted from this storm was one for which flood damage claims
were filed with FEMA’s National Flood Insurance Program. Total basin rainfall was estimated at
4.40 inches using rain data from the Dobbs Ferry-Ardsley, Pleasantville, and Westchester
County Airport rain gages. It was estimated to have caused a water year 1997 annual peak flow

of 3060 cfs at the Mamaroneck gage.

2.1.4 Storm of September 15-16, 1999 (Tropical Storm Floyd):

Floyd made landfall on September 16, 1999 near Cape Fear, North Carolina, with Category Two
winds of 105 mph. After crossing eastern North Carolina and Virginia, Floyd weakened to a
tropical storm. Its center moved offshore along the coasts of the Delmarva Peninsula and New
Jersey. On September 17" Floyd moved over Long Island NY, making landfall again roughly at

the Queens-Nassau counties border, and New England, where it became extratropical.

Rainfall totals from Floyd were as high as 12 to 16 inches over portions of New Jersey, 4 to 8
inches over southeastern New York, and up to 11 inches over portions of New England. The
inland flooding from Floyd was a disaster of immense proportions in the Eastern United States,
particularly in North Carolina. The 56 USA direct deaths due to Floyd is the largest hurricane
death toll since Agnes caused the deaths of 122 people in 1972. Estimates of total USA damages

range from three to over six billion dollars.

Floyd resulted in new flood peaks of record at at least sixty stream gages within the portions of

New Jersey and New York within New York District’s civil works boundaries.

However, Floyd caused only moderate flooding at the Mamaroneck gage, at which a peak flow
of 2230 cfs was recorded, only 4.2 % greater than the current two year peak flow of 2140 cfs
computed at that gage (see section 1.17.8 below). Total rainfall over the study basin was
estimated at 7.18 inches, from the Dobbs Ferry-Ardsley and Westchester County Airport rain
gages, but which resulted in a total estimated runoff of only 2.27 inches due to the drought
condition that preceded Floyd.
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2.1.5 Storm of September 8, 2004:

The flood in the study area that resulted from this storm was one for which flood damage claims
were filed with FEMA’s National Flood Insurance Program (NFIP). Total basin rainfall was
estimated at 5.55 inches using rain data from the Dobbs Ferry-Ardsley and Westchester County
Airport rain gages. It was estimated to have caused a water year 2004 annual peak flow of 4620

cfs at the Mamaroneck gage.

The annual peak flow of water year 2004 at the adjacent USGS-gaged basins Saw Mill River at
Yonkers NY and Norwalk River at South Wilton CT occurred from another storm ten days later
on September 18 2004. This later storm was investigated as it occurred over the Mamaroneck
and Sheldrake Rivers basin and was found to have a total basin rainfall of 2.65 inches. It was

estimated to have caused a peak flow of 2460 cfs at the Mamaroneck gage.

The water year 2004 annual peak flow at the Mamaroneck gage was therefore taken as the 4620

cfs peak resulting from the September 8, 2004 storm as described above.

2.1.6 Storms of October 7-16, 2005:

The floods in the study area that resulted from these storms as they occurred over the
Mamaroneck and Sheldrake River basin were not floods for which flood damage claims were
filed with FEMA’s National Flood Insurance Program, but they were investigated with a

hydrologic model because these storms were known to be prolonged and intense.

Total basin rainfall for the October 7-8, 2005 storm was estimated at 5.31 inches using rain data
from the Dobbs Ferry-Ardsley and Westchester County Airport rain gages. It was estimated to
have caused a water year 2006 annual peak flow of 2830 cfs on October 9 2005 at the
Mamaroneck gage.

Total basin rainfall for the October 12-16 2005 storms was estimated at 7.29 inches using rain
data from the Dobbs Ferry-Ardsley and Westchester County Airport rain gages. It was estimated
to have caused a peak flow of 2560 cfs at the Mamaroneck gage, less than the estimated October
9, 2005 peak flow of 2830 cfs.
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The water year 2006 annual peak flow at the Mamaroneck gage was therefore taken as the

estimated 2830 cfs peak resulting from the October 7-8 2005 storm as described above.

2.1.7 Nor’easter storm of April 15-16, 2007:

The April 15-16, 2007 nor-easter storm dropped about three to ten inches of rain on the
watersheds within the New York District's civil works boundaries between the early morning of
Sunday April 15, 2007 and the early afternoon of Monday April 16, 2007, resulting in new flood
peaks of record at ten USGS gages in New Jersey, and, in New York, at the USGS gages Saw
Mill River at Yonkers and, most importantly for the present study, Mamaroneck River at

Mamaroneck (Halstead Avenue) New York.

The approximate time distribution of the total rainfall of the April 15-16, 2007 nor-easter over
the watersheds of the New York District was an average of 7 to 7 %2 inches between about 2 a.m.
on Sunday April 15" to 2 p.m. on Monday April 16™ 2007, with most rain within the 24 hours
beginning at 2 a.m. on Sunday the 15". Greatest hourly amounts were from 0.6 to 0.8 inches at

approximately 2 p.m. on Sunday April 15" 2007.

Unlike Tropical Storm Floyd, which broke the summer 1999 drought and fell on dry ground, the
April 2007 nor’easter caused significant flooding because it was preceded by the smaller March
1-2 and April 12-13, 2007 storms, and, as such, and for other reasons of antecedent soil moisture

conditions, fell on saturated ground.

The March 1-2, 2007 storm also caused flooding within the Mamaroneck River basin, albeit far
less than the flooding resulting from the April 15-16, 2007 storm. Total basin rainfall for this
storm was estimated at 3.18 inches using rain data from the Dobbs Ferry-Ardsley and
Westchester County Airport rain gages. It was estimated to have caused a peak flow of 2680 cfs

at the Mamaroneck gage.

The April 15-16, 2007 nor’easter had a drop in central pressure of 28 millibars in 24 hours,
which qualified it as a meteorological bomb, a drop in central pressure of at least 24 millibars in
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24 hours. The lowest central pressure of about 966 millibars is near the border of the pressure
defined Categories 2 and 3 once used on the Saffir-Simpson Hurricane Scale.

A peak flow of 5330 cfs on April 15 2007 was estimated at the Mamaroneck gage by hydrologic
modeling, and subsequently confirmed by hydraulic calibration to recorded high water marks on
the Mamaroneck and Sheldrake Rivers. This is a 100 year flood peak on the current existing
conditions peak discharge vs. frequency curve at the Halstead Avenue gage. See Section 3

below.

Total rainfall over the study basin was estimated at 7.90 inches using data from the Westchester
County Airport rain gage, and local observations of total storm rainfall at East White Plains and

New Rochelle, New York.

3.0 HYDROLOGIC MODELING PROCEDURE

The HEC-HMS computer program (Hydrologic Modeling System, U.S. Army Corps of
Engineers) was used to hydrologically model the Mamaroneck and Sheldrake Rivers watershed
to the USGS gage # 01301000, Mamaroneck River at Mamaroneck. This gage at Halstead
Avenue served as the downstream boundary condition and calibration point of the hydrologic
model.

The earlier HEC-1 (Flood Hydrograph Package) model input files used in the hydrology of the
1989 GDM were successfully imported into, and used, in HEC-HMS.

The HEC-HMS model structure used for the present GRR is the same as the HEC-1 model
structure used in the hydrology of the 1989 GDM, and is described below. A diagram of it is

shown on Figure 2.

The watershed was divided into twenty-one (21) sub-basins, fifteen (15) for the Mamaroneck
River and six (6) for the Sheldrake River, with eleven (11) routing reaches and thirty (30)

combining points defined for the purpose of the hydrologic analysis and calibration.

WL Mamaroneck & Sheldrake River

January 2016 15 Hydrology Appendix



The following conventions were used for the names of the HEC-HMS model nodes:

e “S” denotes a sub-basin hydrograph computation, with input rainfall data, a drainage
area, an infiltration loss function, a percent impervious area, and a unit hydrograph.

e “C” denotes nine of the upstream-most hydrograph combinations.

e “RT” denotes a hydrograph routing. Special names were assigned to routings through
reservoirs as given below :

e RESFLO : Route through Mamaroneck Reservoir
e RESOUT : Route through Sheldrake Lake

The 15 Mamaroneck River sub-basins were denoted by the single letters A through O, and the 6
Sheldrake River sub-basins were denoted by the double letters AA through FF.

The adopted Clark unit hydrograph parameters of the sub-basins are shown on Figure 2.

They remain unchanged from their 1989 GDM values, because they were re-verified by post-

GDM nhistoric flood reproduction, as described in Section 3 below.

The HEC-HMS model nodes within the project area, with their descriptions and contributing
drainage areas, starting at the upstream-most point, and working downstream to the mouth of the

Mamaroneck River, are shown in Table 4 and are shown on Figure 3.

3.1 Existing Conditions percent impervious area

The values of sub-basin percent impervious area developed for the 1989 GDM were used as a
basis for this report. Three significant changes were made to account for the following
developments : 1) Changes in land use had occurred in the basin since the values of percent
impervious area for the hydrologic model sub-basins had first been determined for the hydrology
of the GDM in spring 1983. 2) Additional data such as average lot size of old and new residential
areas and land use data from GIS sources. 3) Some of the values of sub-basin RTIMP used in the

GDM appeared to have been underestimated.

The following land use types, and their corresponding values of percent impervious area, were
identified within the basin as follows:
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e Undeveloped open space: forest, lawn, parks, golf courses: assumed 2 % impervious to
be conservative. Even totally undeveloped areas have some impervious surfaces such as

exposed rock.

e Residential: varies from about 20 % to 55 % impervious. For residential areas, %
impervious area was determined from average lot size, as determined from pilot areas on
Google Earth aerial photography, using the relation from NRCS Publication TR-55,
Urban Hydrology For Small Watersheds (Table 2-2a, pg. 2-5).

e For Lakes, Ponds, and Reservoirs, taken as 100 % impervious, because they are flat
horizontal water surfaces that take in rainfall without any infiltration loss and

instantaneously transform it into streamflow.

e The remaining land use types (i.e. Paved Roadways, Industrial, Parking Lots, etc.) and
their values of percent impervious area were also taken from NRCS Publication TR-55
(Table 2-2a, pg. 2-5).

The percents by area of each of these land use types within each of the twenty-one hydrologic
model sub-basins were calculated and measured, and then used to compute the area-averaged
current existing conditions values of percent impervious area for each of the twenty-one
hydrologic model sub-basins. The values are given in Table 5 and were input to the HEC-HMS

models of the Mamaroneck and Sheldrake Rivers basin.

3.2  Existing Conditions storage-discharge data

A HEC-RAS computer model of the Mamaroneck and Sheldrake Rivers was developed for the
current GRR using 2004 arial survey data and updated (2010) cross-section data. The model was
calibrated to high water marks of the April 15-16, 2007 flood, which is the current flood of
record. Please see Appendix C2 Hydraulics for further details.

The HEC-RAS model was run with a full range of hypothetical peak flows ranging from the
smallest (1 year flood) to the largest (Standard Project Flood) to generate storage-discharge data
for proposed project reaches of the Mamaroneck and Sheldrake Rivers. This data was then input
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to the appropriate routing reaches of the HEC-HMS models of the Mamaroneck and Sheldrake
River basin. This provided revised flows which changed by only a few percent.

3.3 Post-GDM Historic Flood Calibration

The storms and floods of July 5-7, 1984 and 16 May 16, 1989 were selected for reproduction to
re-verify the HEC-1 model updated from the GDM. The July 5-7, 1984 flood was selected for
reproduction, because it had the largest annual peak flow of the six post-GDM water years for
which full discharge hydrographs were available, before the gage at Halstead Avenue was
discontinued. The latest and most recent historic flood reproduction shown in the 1989 GDM
was that of the April 10-11, 1983 flood. The May 16, 1989 flood was also selected for
reproduction, because it was a smaller flood, slightly smaller than a one year peak flow at the

Mamaroneck gage.

The two flood reproductions re-verify the quality of the HEC-HMS model as updated from the
HEC-1 model from the GDM. They are shown on Figures 6 and 7.

3.4  Flood Frequency Analysis — Existing Conditions

The one long-term USGS-stream gaged location in the Mamaroneck and Sheldrake Rivers basin
is the Mamaroneck River at Mamaroneck NY (Halsted Avenue), also known as “the
Mamaroneck gage”. Its existing conditions peak discharge vs. frequency curve was revised and
updated to include the twenty-eight years of flood peak history that had accumulated since the
completion of the hydrology for the GDM: water years 1983 through 2010. This USGS-stream
gaged location forms the downstream boundary condition, and hydrologic calibration point, of
the study area.

3.4.1 Historic Urbanization Adjustment — 1989 GDM:

The only annual peak discharge recorded by the USGS-stream gage, Mamaroneck River at
Mamaroneck NY (Halsted Avenue), that was updated to present conditions in the GDM was that
of water year 1944, September 15, 1944. The updated peak flow value of 4,000 cfs was used in
the current GRR flood frequency analysis. Further historic urbanization adjustments of gage-
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recorded peak flow data from water years 1945 through 1973 was done as well, as described in
subsequent sections.

3.4.2 Historic Urbanization Adjustment — Current GDM:

A plot of the annual peak flows recorded by the USGS-stream gage, Mamaroneck River at
Mamaroneck NY (Halsted Avenue) from 1945 through 1973 shows a distinct upward trend that
was probably caused by the urbanization that occurred in the Mamaroneck and Sheldrake Rivers

basin in that time period. The plot is shown as Figure 9.

This is corroborated by the updating to present conditions of the September 15, 1944 flood peak
that was documented in the GDM. The storms of September 14, 1944 and September 26-27,
1975 were similar in total rainfall, duration, and maximum hourly intensity, yet the earlier storm
resulted in a recorded peak flow of only 1760 cfs at the Mamaroneck gage, whereas the later
storm resulted in a peak flow of 3700 cfs, the flood of record, before the flood peaks of
September 8, 2004 and April 15, 2007 surpassed it. In the hydrology of the GDM, once the
September 14 1944 storm was run in HEC-1 with the same infiltration loss parameters as the
September 1975 flood, a peak flow of 4000 cfs resulted, close to the 3700 cfs peak of the
September 1975 flood.

This suggested a need to update to present conditions the rest of the flood peaks of water years
1945 through 1973, after which the urbanization of the Mamaroneck and Sheldrake Rivers basin
seems to have reached its present value.

This urbanization consisted of a change in the basin from a pre-World War 11, mostly rural
condition, to a post-World War I, mostly urban and suburban residential condition. As this post-
WW 11 “baby boom” urbanization occurred, pervious undeveloped areas of vegetated open land
and open natural stream channels were replaced by manmade impervious surfaces of pavement
and the roofs of houses, and storm sewers, respectively. This made the Mamaroneck and
Sheldrake Rivers basin a more efficient flood peak producer, in that the increase in impervious
surfaces and storm sewerage both increased the amount of runoff and enabled it to reach the
main stream system more quickly.
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An updating function was applied to the annual peak discharges of water years 1945 through
1973 to remove their upward trend, and generate for these water years, part of a homogeneous
sample of annual peak discharges representing current hydrologic conditions, from which an
accurate and valid existing conditions peak discharge vs. frequency calculation could be made

using accepted statistical procedures.

The updating function is shown on Figure 10. The recorded annual peak discharges, and their

updated values resulting from the updating function, are given in Table 1.

A plot of ALL the annual peak discharges (updated, recorded, and estimated as necessary, as
described in subsequent sections) versus water years is shown on Figure 13. It shows NO upward
trend, and shows it to be a homogeneous sample of annual peak discharges representing current
hydrologic conditions, from which an accurate and valid existing conditions peak discharge vs.
frequency calculation can be made using accepted statistical procedures.

The shape of Figure 10 is similar to that of analogous figures in the hydrology appendices of
three earlier CENAD and HQ approved CENAN flood damage reduction studies in which

adjustments were made to gaged annual peak discharge data to account for historic urbanization:
1) Robinson’s Branch of the Rahway River, Rahway, NJ GDM (March 1986)
2) Elizabeth River at Hillside NJ, DPR (August 1987)
3) Lower Saddle River NJ, GDM (June 1996)
The shape of Figure 10 is a standard and long-accepted practice of CENAN for historic
urbanization adjustment of gaged peak flow data. It is an exponentially decaying curve of
updated to observed peak flow vs. time. It is continuous, and is considered a mathematically

simple and straightforward way to remove and correct for the upward trend of annual peak flows

with respect to time due to historic urbanization.
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In each of these three earlier CENAN studies, gaged watershed percent impervious area, and
other gaged watershed characteristics, such as unit hydrograph, were determined as functions of
time over the period in which historic urbanization was known to have taken place. A correlation
was always observed between increasing percent impervious area and increasingly peaked unit
hydrograph. In each study, seven to ten older historic floods that had occurred during the period
of historic urbanization were hydrologically modeled, reproduced, and updated to current

conditions.

In each of these three past studies, the ratio of updated to observed peak flow as a function of
time was best expressed mathematically by a concave upward, exponentially decaying curve,
asymptotically approaching unity as the current degree of watershed urbanization was

approached.

This is why such a curve was assumed and used for the historic urbanization adjustment of gaged
data in the hydrology of the Mamaroneck Sheldrake GRR. For this analysis, no historic floods
that had occurred during the period of historic urbanization were hydrologically modeled,
reproduced, and updated to current conditions. Percent impervious area of the gaged basin as a
function of time was also not determined. The earlier result from the hydrology of the 1989
Mamaroneck GDM, that of the September 15, 1944 flood peak updated from 1760 cfs to 4000
cfs, and the resulting ratio of 4000 cfs to 1760 cfs of 2.27, was used as an approximate guide to

set the upper end of the historic urbanization adjustment curve in Figure 10.

Preliminary data on four other older floods that occurred in the Mamaroneck and Sheldrake
Rivers Basin during the period of historic urbanization, those of March 1951, June 1952, March
1953 and October 1955, suggests that Figure 10 is accurate, and that it would show a correlation
with increasing percent impervious area of the gaged basin during the period of historic

urbanization.

3.4.3 Post-GDM gage data:

The USGS stream gage, Mamaroneck River at Mamaroneck NY (Halsted Avenue) continued to
record peak flow data after the hydrology of the GDM was completed. The GDM hydrology
included water year 1982, and a reproduction of the April 10-11, 1983 flood. The gage continued
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through water years 1983 through 1989, until it was discontinued at the end of water year 1989,
on September 30, 1989.

The flooding in Westchester County due to Tropical Storm Floyd (September 15-16, 1999) was
so severe that USGS NY surveyed high water marks at several discontinued USGS stream gages,
including Mamaroneck River at Mamaroneck NY (Halsted Avenue). These high water marks

were used to determine the peak flow posted by USGS for Tropical Storm Floyd.

The gage was re-activated as a crest-stage gage for water years 2009 and 2010. Annual peak
discharges for water years 1983 through 1989, 1999, 2009, and 2010 were therefore available at

this gage and are presented in Table 1.

3.4.4 Estimation of missing gage data:
The annual peak flows at the Mamaroneck gage for water years 1990-98, and 2000-2008, 18

years total, were estimated.

The storm and flood history of these 18 water years was reviewed and examined. An estimated
40 possible events were identified as candidates for the 18 annual peak flows of these ungaged

and missing years.

Some were estimated by correlation with adjacent gaged basins, Saw Mill River at Yonkers NY
and Norwalk River at South Wilton Connecticut. The rest were estimated with a hydrologic

rainfall-runoff model.

3.4.5 Floods for which FEMA NFIP claims were made:
These were the floods of Sept 8, 2004, Oct 19, 1996, April 16, 1996, and May 17, 1990.

3.4.6 Flood peak estimated and/or confirmed with hydrologic model:

Hydrologic computer simulation began with the following four floods for which there were no
gage records on the Mamaroneck River: Sept 8, 2004, Oct 19, 1996, April 16, 1996, & May 17,
1990.
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The peak flows estimated by hydrologic computer simulation for these storm-flood events were
taken to be the annual peak flows for water years 2004, 1997, 1996 and 1990 respectively.

Total excess vs. total rain data from the hydrology appendix of the 1989 GDM was used to
establish a function of total excess vs. total rain for hydrologic computer simulation / estimation

of missing annual peak flows. The data appears in Table 6 and is plotted as Figure 4.

The unit hydrograph of “the Mamaroneck gage” at Halstead Avenue, was re-optimized from the
two largest historic floods in the GDM : June 1972 and September 1975 (former flood of record)
and averaged. An average correction factor was found between the ratio of total excess to total
rain for the June 1972 and September 1975 floods as reproduced in the GDM by the HEC-1
model, and the ratio of total excess to total rain for these two floods as reproduced by the re-
optimized unit hydrograph of the gaged basin. It is given in Table 6. The ratio was then used to
“elevate” the function of total excess vs. total rain for hydrologic computer simulation from the
GDM to estimate the peak flows for the following gaged and ungaged floods: WY 1938 : July
24, 1938 (update); WY 1990 : May 17, 1990; WY 1996 : April 16, 1996; WY 1997 : October 19,
1996; WY 2004 : Sept 8, 2004; WY 2006 : Oct 9, 2005; WY 2007 : April 15-16, 2007 (annual
peak flow).

The July 1938 flood is included here because it is an important older flood that needed to be
updated to current conditions. The October 9, 2005 flood is included here because its peak flow
needed to be estimated. The April 15-16, 2007 flood is included here because it is the current
flood of record, and has high water marks available for hydraulic calibration. The July 1938

flood update appears on Figure 5. The April 15-16, 2007 flood update appears on Figure 8.

The “elevated” function of total excess vs. total rain is shown on Figure 4 along with the original
function estimated from data in the GDM. The peak flow of 5330 cfs estimated by this
technique at the USGS gage Mamaroneck River at Mamaroneck (Halstead Avenue) for the April
15-16 2007 flood was subsequently confirmed by HEC-RAS water surface profile hydraulic

computer model replication of high water marks of this flood using this peak flow of 5330 cfs.
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Note that the “elevated” function of total excess vs. total rain derived as described above for this
study is a conservative technique for estimating 7 out of 18 missing annual peak flows at the
USGS gage Mamaroneck River at Mamaroneck (Halstead Avenue). It is not a hard and fast rule

that all flood reproductions at this gage should be expected to follow.

The annual peak flows for water years 1938, 1990, 1996, 1997, 2004, 2006 and 2007 estimated
at the USGS gage Mamaroneck River at Mamaroneck (Halstead Avenue) by hydrologic model

are given in Table 1.

3.4.7 Flood Peaks estimated by correlation with adjacent gaged basins:

Saw Mill River at Yonkers, NY : Four annual peak flows, those of water years 1993-1995, and

2008, were estimated using a correlation between annual peak flows at the USGS gages

Mamaroneck River at Mamaroneck, NY and the Saw Mill River at Yonkers, NY.

The annual peak flow data for the relation between Mamaroneck River at Mamaroneck, NY and
the Saw Mill River at Yonkers, NY is given in Table 2 and plotted as Figure 11. The four annual
peak flows estimated for Mamaroneck River at Mamaroneck, NY with this relation are given in
Tables 1 and 2.

The annual peak flow data used for Mamaroneck River at Mamaroneck, NY in this correlation is
the original data recorded by the gage, unadjusted for historic urbanization, because the Saw Mill
River at Yonkers, NY annual peak flow data used in the correlation is also unadjusted for
historic urbanization.

Norwalk River at South Wilton, Connecticut (Annual peak flows, water years 1991-1992,
1998, 2000-2003, 2005):

The annual peak flow data for the relation between Mamaroneck River at Mamaroneck, NY and
the Norwalk River at South Wilton Connecticut is given in Table 3 and plotted as Figure 12. The
eight annual peak flows estimated for Mamaroneck River at Mamaroneck, NY with this relation
are given in Tables 1 and 2.
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The annual peak flow data used for Mamaroneck River at Mamaroneck, NY in this correlation is
the original data recorded by the gage, unadjusted for historic urbanization, because the Norwalk
River at South Wilton, Connecticut annual peak flow data used in the correlation is also

unadjusted for historic urbanization.

3.4.8 Current Existing Conditions flood frequency calculations at USGS Gage No.
01301000 :

Annual series :

The input to the flood frequency calculation, the annual peak flow data determined as described
above, is summarized in Table 1. A plot of this data vs. time to demonstrate its homogeneity
with respect to time is shown as Figure 13.

The annual series peak discharge vs. frequency relation was determined in accordance with

Guidelines for Determining Flood Flow Frequency, Bulletin 17B. U.S. Water Resources

Council, Washington, D.C., revised September 1981. The procedure uses the Log Pearson Type
I11 distribution. It assumes that the common (base 10) logarithms of the annual peak discharges
are normally distributed and that statistical procedures are applicable. This minimizes personal

subjective judgment in plotting for economic studies.

A generalized skew of 0.5, and a mean-square error of this generalized skew of 0.185, was used
for the USGS gage Mamaroneck River at Mamaroneck, NY (Halsted Avenue). The generalized

skew was developed using the Regional Frequency Study : Upper Delaware and Hudson River

Basins, New York District as developed by the Hydrologic Engineering Center in November
1974.

Statistical parameters of the computed curve are as follows: Mean logarithm (3.2749); Standard
deviation (0.1950); Computed skew (- 0.1608); Regional skew (0.5000); Adopted skew (0.0000);
68 systematic events (water years 1938, 1944-2010).

The current annual series existing conditions peak discharge vs. frequency curve for the USGS
gage No. 01301000 : Mamaroneck River at Mamaroneck, NY (Halstead Avenue) appears on
Figure 14,
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Current HEC-HMS model calibration was to the computed (P infinity) rather than the expected
(P period of record) peak flow vs. frequency curves, to allow the correction to a finite period of
record to be made by program HEC-FDA (Flood Damage Analysis) in accordance with
procedures for risk and uncertainty as defined in EM 1110-2-1619, Risk-Based Analysis For
Flood Damage Reduction Studies (USACOE, 1 August 1996).

The adopted skew coefficient of zero for the Mamaroneck River at Mamaroneck, NY (Halstead
Avenue) is close in value to the adopted skew coefficients of gaged watersheds in the three
earlier CENAN flood damage reduction studies in which adjustments were made to gaged annual
peak discharge data to account for historic urbanization. They are referred to above in Section
3.0
1) Robinson’s Branch of the Rahway River, Rahway, NJ GDM (March 1986): Regional
skew of 0.4000 and Adopted skew of 0.1000

2) Elizabeth River at Hillside NJ DPR (August 1987): Regional skew of 0.5000 and
Adopted skew of 0.0000

3) Lower Saddle River, NJ GDM (June 1996): Regional skew of 0.4000 and Adopted skew

of 0.1000
CENAN hydrology experience has been that historic urbanization adjustment of gaged peak flow
data tends to decrease the computed and adopted skew, because it increases older flood peaks

and pushes them closer in value to the mean flood peak.

The regional skew coefficient of 0.50 was used in the current analysis because it was from a
1974 study peculiar to New York State, even though the value of 0.7 suggested by the appendix
to Bulletin 17 B (1982) is more recent. Both of these values, however, should ideally be updated,

with adjustments made for historic urbanization.

This would involve the updating and historic urbanization adjustment of the peak discharge vs.
frequency curves of at least half a dozen adjacent gaged Westchester County, NY and Fairfield
County, CT watersheds, most of which were discontinued at the end of water year 1989. The
regional skew of 0.50 from the 1974 study peculiar to New York State was used for this study.
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The adopted skew coefficient of zero was taken as evidence that the Mamaroneck and Sheldrake
Rivers Basin annual peak flow data set analyzed was normally distributed, homogeneous and
stationary with respect to time, and therefore suitable for Log Pearson Type Il statistical

analysis.

The adopted skew value of zero was also considered appropriate because it was seen as a
practical lower limit. An adopted negative skew was considered inappropriate for the
Mamaroneck and Sheldrake Rivers Basin because it would imply the effect of regulation or
diversion on gaged peak flows, which is not known to exist, and which has no basis in physical
fact.

Partial duration :

The partial duration portion of the existing conditions peak discharge vs. frequency curve for the
USGS gage Mamaroneck River at Mamaroneck, NY (Halstead Avenue) was determined by
applying the annual series to partial duration correction for the frequency curve determined at
this gage in the 1989 GDM (Figure A-14) to the current (GRR) annual series peak discharge vs.

frequency curve.

The current adopted existing conditions peak discharge vs. frequency curve for the USGS gage
No. 01301000 : Mamaroneck River at Mamaroneck, NY (Halstead Avenue), “the Mamaroneck

gage”, appears on Figure 14.

3.5 Existing Conditions Specific-Frequency hypothetical floods calibration
and computation

The driving input for all specific-frequency hypothetical floods for the HEC-HMS models of the
Mamaroneck and Sheldrake Rivers basin was specific-frequency hypothetical rainfall data for
the basin, based on point rainfall depths in inches taken from NOAA Technical Memorandum

NWS Hydro-35, Five- to 60-Minute Precipitation Frequency for the Eastern and Central United

States, and Technical Paper No. 40, Rainfall Frequency Atlas Of The United States, U.S.

Department of Commerce, Washington, D.C., 1961. Newer data from NOAA on-line Atlas 14 is
still not available for New York State. The data is for return periods of 1, 2, 5, 10, 25, 50, 100,
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200, 250 and 500 years, and durations of 5 and 15 minutes, and 1, 2, 3, 6, 12, and 24 hours. The
point rainfall values are given in Table 7.

The drainage area of the USGS gage Mamaroneck River at Mamaroneck (Halstead Avenue) is
23.46 square miles. The point rainfall depths were modified to 23.46 square mile rainfall depths
using procedures contained in the aforesaid Technical Paper No. 40, and in program HEC-HMS.
A computation interval of 30 minutes, and a time base of 60 hours, were used in the HEC-HMS
models of the hypothetical floods. The interval of 30 minutes was used because of the small
drainage areas and times of concentration of the smallest HEC-HMS model sub-basins. The 60-
hour time base was used to allow 36 hours after the end of the 24—hour hypothetical storms, to
adequately compute the falling limbs of the slowest-reacting sub-basins in the model, the slowest
of which is sub-basin D, the Spring Lake Branch, at the northern end of the basin, with a Clark

unit hydrograph time of concentration, Tc, and storage coefficient, R, both equal to 5.58 hours.

A symmetrical triangular rainfall time distribution was assumed and used in program HEC-HMS
for the hypothetical storms, with the greatest 30-minute intensity placed at the midpoint of the
storm, 12 hours from its beginning, and the amounts for the durations of 1 to 24 hours centered

symmetrically around it.

3.5.1 Standard Project Storm:

The Standard Project Storm represents the most severe flood-producing rainfall depth-area-
duration relationship and isohyetal pattern of any storm that is considered reasonably
characteristic of the region in which the study watershed is located. The rainfall used to
determine the Standard Project Storm for the Mamaroneck and Sheldrake River basin was
obtained from the Civil Works Bulletin No. 52-8, dated March, 26 1952 and reprinted in June
1964 as EM 1110-2-1411 and revised March 1965, titled “Standard Project Flood
Determinations”. The 200-square mile, 24 hour Standard Project Storm (SPS) index rainfall for
the Mamaroneck and Sheldrake Rivers basin is 10.4 inches. The interpolated total Standard
Project Storm rainfall for the Mamaroneck and Sheldrake Rivers basin with a total drainage area
of 23.63 square miles is 14.62 inches. The Standard Project Storm rainfall time distribution on an
hourly basis is shown on Figure 22 as both a hyetograph and a mass rainfall curve.
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A high soil moisture content and ground water conditions due to preceding rains was assumed at
the start of the Standard Project Storm. Therefore, infiltration loss of rainfall would be small. The
initial loss of rainfall was conservatively assumed to be zero, and the constant loss rate of rainfall
was conservatively assumed to be 0.10 inch per hour. The resulting rain excess appears as the

hyetograph on Figure 22.

3.5.2 Standard Project Flood:
The Standard Project Flood (SPF) was computed by applying the Standard Project Storm to the
HEC-HMS model of the basin.

The SPF is a practical flood risk management design goal, because it is developed from the most
severe storms in the region. The SPF is also used as a basis for comparing alternative designs and
levels of protection. The resulting existing conditions Standard Project Flood peak flows are
shown in Table 9 and Standard Project Flood hydrographs at nodes MMUPSH, SHELMO and
301000 are shown on Figure 22.

For the 1 through 500 year storms and floods, the initial infiltration loss and the constant
infiltration loss rate of the uniform loss rate option were adjusted in a trial and error process until
the peak discharges of the existing conditions peak discharge vs. frequency curve at the USGS
gage Mamaroneck River at Mamaroneck (Halstead Avenue), were reproduced, to the nearest 10
cfs. The final adopted existing conditions calibration values of HEC-HMS input variables initial
loss and constant loss rate are given in Table 8. These variables are modified within the program
by the variable sub-basin percent impervious area for each sub-basin runoff computation. The

resulting current existing conditions peak discharges are summarized in Table 9.

Current existing conditions peak discharge vs. frequency curves at the Halstead Avenue gage,
and at important ungaged locations within the Mamaroneck and Sheldrake River basin, are
shown on Figures 15 through 18.

Specific-frequency hypothetical hydrographs at the Halstead Avenue gage, and at important
ungaged locations within the Mamaroneck and Sheldrake Rivers basin, are shown on Figures 20
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through 22. Peak discharge vs. drainage area relations for existing conditions appear as Figure
23 for the Mamaroneck River and as Figure 24 for the Sheldrake River.

3.6 Comparison with 1989 GDM peak discharge vs. frequency curve

The current SPF peak flow is 5.74 % higher than the SPF peak flow from the GDM, mostly
because the current constant infiltration loss rate, 0.10 inch per hour, is lower than that used in
the GDM, 0.15 inch per hour. A fraction of a percent of the increase is due to differences in
computation methods internal to computer programs HEC-1, used in the GDM, and HEC-HMS,
used in this GRR. The comparisons of the peak discharge vs. frequency curves for 1989 GDM
to the updated curve in this report is shown in Table 10.

The current curve is higher than the GDM curve at the 1 through 25 year frequencies, and lower
than the GDM curve at the 50 through 500 year frequencies. The curves cross, and are equal, at
a 3 % or 33.33 year frequency. These differences can begin to be understood in terms of the
differences in the statistical parameters of the annual series peak discharge vs. frequency curves
in the 1989 GDM and this GRR, as shown in Table 11.

These three statistical parameters can perhaps be best and most readily understood in terms of
their effect on the upper (10 to 500 year) parts of the peak discharge vs. frequency curves

presented herein (Figures 14 through 19-E).

The mean logarithm moves the curve up and down the page. The standard deviation is its slope.
The adopted skew coefficient is the curvature of its upper (10 to 500 year) part. The higher the
adopted skew coefficient, the more sharply it curves upward from the 10 to the 500 year
frequency. Zero adopted skew means no curvature (the frequency curve is a straight line on a
log-probability plot).

The uppermost part of the curve, above the largest historic flood peak used in the analysis, is set
by the standard deviation and adopted skew coefficient.

With this understanding in mind, we can now begin to explain the changes in the three statistical
parameters from the 1989 GDM to this GRR:
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The mean peak discharge has increased because, compared to the 1989 GDM, 1) twenty-nine
additional annual peak discharges, those of water years 1945-1973, have been adjusted
(increased) for historic urbanization, and 2) twenty-eight additional annual peak discharges,
those of 1983 through 2010, have been added to the flood frequency calculation in this GRR.
These include the two highest annual peak flows, those of September 8, 2004 (4620 cfs) and
April 15, 2007 (5340 cfs). Both of these values surpass the highest annual peak flow used in the
1989 GDM frequency curve calculation, the 4000 cfs peak flow of the updated September 15,
1944 flood.

The standard deviation and adopted skew coefficient have decreased, because the upward
historic urbanization adjustment of the annual peak discharges of water years 1945-1973 has
moved them closer to the computed mean value of all sixty-eight of the annual peak discharges
in the current flood frequency analysis.

The existing conditions peak discharge vs. frequency curve at the Mamaroneck gage no.
01031000 (Figure 14) is more accurate and current than the peak discharge vs. frequency curve
in the 1989 GDM (Figure A-14) at that same gage, for the following reasons :

1) The curve in the 1989 GDM was based on only 39 annual peak discharges. The curve in
this GRR is based on 68 annual peak discharges. This is a nearly two-fold (74 percent)

increase in the historic period, resulting in narrower confidence limits.

2) The curve in the 1989 GDM is based on only one annual peak discharge adjusted for
historic urbanization, that of the September 15, 1944 hurricane flood, whereas the curve
in this GRR is based on a more thorough historic urbanization adjustment of the annual
peak discharges of water years 1944-1973.

3) On the frequency curve in the 1989 GDM, (Figure A-14 in the GDM, Figure 14-A in this
report), the highest annual peak flow used was the updated September 15, 1944 hurricane
flood peak of 4000 cfs. It has about a 25 year frequency. The 25 to 500 year portion of
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the curve above that value is therefore an extrapolation based on the computed standard
deviation and adopted skew coefficient.

On the frequency curve in this GRR, (Figure 14), the highest annual peak flow used, the
April 15, 2007 nor’easter flood peak of 5340 cfs, has about a 100 year frequency.
Therefore, only the 100 to 500 year portion of the curve above that value is an
extrapolation, again, based on the computed standard deviation and adopted skew

coefficient, a smaller portion than the curve in the GDM.

4) The annual peak flows at Weibull plot positions (plot symbol X) are a tighter fit around
the adopted frequency curve on Figure 14 in the current GRR than they are on Figure A-
14 in the GDM.

The existing conditions peak discharge vs. frequency curves at the Mamaroneck gage from both
this GRR and the 1989 GDM are compared on Figure 14-B.

4.0 FUTURE UNIMPROVED CONDITIONS HYPOTHETICAL PEAK
DISCHARGES

Undeveloped areas of land within the basin, mostly parks and golf courses, were identified using
available maps. Westchester County planning officials, and representatives of the Village of
Mamaroneck, and other communities within the basin, were consulted about possible future
development of the undeveloped land areas. The following results were obtained. They represent

the most likely future development:

1) Century Country Club, Town of Harrison, sub-basins D and E : 1 dwelling unit per acre,
average lot size 1 acre, increase from 2 % impervious to 20 % impervious (NRCS TR-
55).

2) Ridgeway Country Club, City of White Plains, sub-basin G : 1.5 dwelling units per acre,
2/3 acre average lot size, increase from 2 % impervious to 22.5 % impervious (NRCS
TR-55).
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3) Westchester Hills Golf Club, City of White Plains, sub-basin G : 1.5 dwelling units per
acre, 2/3 acre average lot size, increase from 2 % impervious to 22.5 % impervious
(NRCS TR-55).

4) Fenway Golf Club, City of White Plains, sub-basin I : 1.5 dwelling units per acre, 2/3
acre average lot size, increase from 2 % impervious to 22.5 % impervious (NRCS TR-
55).

5) Fenway Golf Club, Village of Scarsdale, sub-basin AA : 0.5 dwelling units per acre, 2

acre average lot size, increase from 2 % impervious to 12 % impervious (NRCS TR-55).

6) Quaker Ridge Golf Club, Village of Scarsdale, sub-basin CC: 0.5 dwelling units per acre,
2 acre average lot size, increase from 2 % impervious to 12 % impervious (NRCS TR-
55).

The fractions of the total areas of sub-basins D, E, G, I, AA and CC represented by these country
clubs and golf clubs, developable to residential areas, were measured, and used, with the
increases in % impervious area given above, to calculate the increase in percent impervious area
from present existing conditions to future conditions for these sub-basins. Results are as shown
in Table 12. The values at the USGS gage are area-averaged values of the twenty sub-basins
upstream of the gage. The above future values of percent impervious area are included with the
present existing conditions values in Table 5.

The future values of percent impervious area for the above six HEC-1 model sub-basins were
input into the HEC-HMS models of the specific-frequency hypothetical floods to generate HEC-
HMS models of future unimproved conditions for each frequency. They were re-run with no
other change to compute future unimproved conditions peak discharges for the Mamaroneck and
Sheldrake Rivers basin. These future unimproved conditions peak discharges are given in Table

13, and are plotted as peak discharge vs. frequency curves on Figures 19-A through 19-E.
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Increases from existing conditions peak discharges were small, 30 cfs at most, for several
reasons:
1) Present conditions values of percent impervious area are already fairly high.
2) The estimated increases in the % impervious values from present to future conditions are
small, and
3) The infiltration loss parameters for most hypothetical floods are low, so that an increase
in the percent of impervious area would have relatively little effect on computed peak
flows of runoff.
The largest percent increases in peak flows occur for the Mamaroneck River at the Winfield
Avenue gaging station, node WINFLD, 15.35 sqg. mi. drainage area, ranging from 30 cfs, 2.3 %
increase, for the 1 year flood peak flow, to 10 cfs, 0.1 % increase, for the Standard Project Flood

peak flow.

The smallest percent increases in peak flow occur for the Sheldrake River at its mouth, node
SHELMO, 6.16 sq. mi. drainage area, ranging from 10 cfs, 1.2 % increase, for the 2 year flood

peak flow to zero for the Standard Project Flood peak flow.

The increase in percent impervious area for the long-term gaged basin, Mamaroneck River at
Mamaroneck, NY (Halstead Avenue), node 301000, is 3.2 %, as noted above.

At this gaged location, the increases in peak flows from existing to future conditions range from
30 cfs, 1.9 % increase, for the 1 year flood peak flow, to 10 cfs, 0.1 % increase, for the Standard
Project Flood peak flow.

There is an estimated plus or minus 10 % uncertainty in the computed increases in sub-basin

percent impervious area.

For the long-term gaged basin (Halstead Avenue gage) the area-average percent impervious area
increases 3.2 % from existing to future conditions. This results in a 1.9 % increase in the 1 year
flood peak flow, as a maximum, decreasing to a minimum 0.1 % increase in the Standard

Project Flood peak flow.
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There is estimated at least a 1.8 % increase, and, at most, a 2.0 % increase, in the 1 year flood
peak flow, from present to future conditions, as a result of estimated future development. The
0.1 % increase in the Standard Project Flood peak flow is so small as to effectively have no such

uncertainty bands.

It is estimated there could be twice as much future residential development as has been input to
the hydrologic models, but the estimated resulting increase in change in peak flows from existing
to future conditions would still be almost negligible: a maximum of 3.8 % for the 1 year flood,
decreasing to 0.2 % for the Standard Project Flood.

This twice-as-large future development was not something calculated and then rejected, but is an

estimate of the uncertainty of the future development that was calculated and used.

Incremental changes in percent impervious area from current existing to projected future
conditions are possible. For example, about six golf courses and country clubs could become
residential areas, one by one, but the present analysis only predicts the end result of greatest
likely future residential buildout, or development, without attempting to detail or predict any

intermediate steps.

Again, the total change is so small, that sudden changes or increments of the total change are
virtually negligible.

The above analysis of future unimproved conditions hydrology does not take into account
climate change. Such changes are possible, but are not quantified herein due to a current lack of
appropriate and relevant Corps of Engineers policy.

5.0 RISK AND UNCERTAINTY OF PEAK DISCHARGE VS. FREQUENCY

The procedure followed to determine the equivalent record length, and 95 % and 5 % confidence
limits, for the existing and future unimproved conditions specific frequency hypothetical peak
discharges, was taken from Chapter 4, Uncertainty of Discharge-Probability Function, of EM
1110-2-1619, Risk-Based Analysis for Flood Damage Reduction Studies, 1 August 1996.
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The 95 % confidence limit is the lower limit. It means that there is a 95 % probability that the
actual value of the specific-frequency peak discharge, for example, the 100 year, or 1 % chance

exceedence, peak discharge, is above the 95 % limit value.

The value of the 100 year peak discharge on the plotted peak discharge vs. frequency curve is the
most likely value. It is labeled as the expected value in Tables 9 and 13.

The 5 % confidence limit is the upper limit. It means that there is a 5 % probability that the
actual value of the specific-frequency peak discharge, for example, the 100 year, or 1 % chance
exceedence, peak discharge, is above the 5 % limit value.

This means that there is a 95 % - 5 % = 90 % chance that the actual value of the 100 year peak
discharge is between the 95 % and 5 % confidence limits.

Table 4-5, Page 4-5 of Chapter 4 in the EM 1110-2-1619, the “Equivalent Record Length
Guidelines:” gives equivalent record length based on the method of frequency function

estimation.

The systematic record length of the long-term hydrologic calibration point of this study, the
USGS gage # 01301000, Mamaroneck River at Mamaroneck, NY (Halstead Avenue) is 67 years,
water years 1944-2010 inclusive. It is 700 feet downstream of the confluence of the Mamaroneck
and Sheldrake Rivers. This systematic record length of 67 years was used to determine the
confidence limits of the hypothetical peak flows at this gage, and also for the Mamaroneck River
at its mouth (node MAMKMO) a short distance downstream, because the drainage areas are so

close : 23.46 and 23.63 square miles, respectively, a 0.7 % difference.

The two drainage areas immediately upstream of the gage, Mamaroneck River upstream of
Sheldrake River, 17.3 square miles, 73.7 % of the gaged area (23.46 square miles), and
Sheldrake River at its mouth, 6.16 square miles, 26.3 % of the gaged area, are not within 20 % of
the gaged area, but together, they make up the gaged area completely, and are immediately
upstream of, the gage. Therefore, 90 % of the gaged systematic record length, 60.3 years, was
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used to determine confidence limits for the hypothetical peak flows at all points of interest on the
Mamaroneck and Sheldrake Rivers upstream of their confluence, and the Mamaroneck gage.

Chapter 4 of EM 1110-2-1619 cites Appendix 9: Confidence Limits, of Bulletin # 17B,
Guidelines For Determining Flood Flow Frequency, as the source of the procedure used to

compute confidence limits for hypothetical peak flows. This procedure was followed in this
study. It requires the logarithmic standard deviation, equivalent record length, and frequencies of

the hypothetical peak flows at a given point of interest.

An equivalent record length of 60.3 years was used for all points of interest in this study other

than Mamaroneck River at its gage (Halstead Avenue) and at its mouth.

Standard deviations were estimated graphically from the existing conditions peak discharge vs.
frequency curves by first converting the partial duration curves to annual series curves using the

following conversion from the frequency curve at the gage is shown in Table 14.

In the normal distribution used, 68.2 % of the area under the curve is within one standard
deviation of the mean (50 % probability annual series) to either side of it. Therefore, the
logarithmic standard deviation of the ungaged frequency curves was found by finding the ratio of
the annual series 50 % - 68.2 % / 2 = 15.9 % peak flow to the 50 % + 68.2 % / 2 = 84.1 % peak
flow, and taking half of the common (base 10) logarithm of this ratio as the standard deviation.

Resulting values of standard deviation are as follows: Mamaroneck River at Winfield Avenue
(WINFLD) - 0.188146; Mamaroneck River at New England Thruway (THRUWY) - 0.205624;
Mamaroneck River upstream of Sheldrake River (MMUPSH) - 0.190882; Sheldrake River
downstream of East Branch (SHDSEB) - 0.194029; Sheldrake River at Fenimore Road
(SHDSTE) - 0.148461; Sheldrake River at mouth (SHELMO) - 0.103155

The values of standard deviation for the first four locations above are close to the gaged value of
0.1950. The values at the last two locations are significantly lower because of the relatively
large amount of Sheldrake River floodplain storage between the confluence with the East Branch
and the mouth of the Sheldrake River.
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These logarithmic standard deviations, along with the hypothetical peak flow values, their
frequencies, and their equivalent record length of 60.3 years, were used to compute the lower (95
%) and upper (5 %) confidence limits of all the hypothetical peak flows, according to procedures

contained in Appendix 9 : Confidence Limits, of Bulletin # 17B, Guidelines For Determining

Flood Flow Frequency,

The confidence limits computed for the annual series 63 %, 38 % and 17 % peak flows were

taken to be those for the partial duration 1 year, 2 year and 5 year peak flows, respectively.

They are given in Table 9 for existing conditions and in Table 13 for future unimproved
conditions. They are plotted on Figures 15 through 18 for existing conditions and as Figures 19-

A through 19-E for future unimproved conditions.

6.0 IMPROVED CONDITIONS

6.1 Introduction of Alternatives

Several types of improvements were analyzed to lessen the risk of flooding at the primary
damage centers along the Mamaroneck & Sheldrake Rivers. These improvements included,
separately or in combination, such structural measures as: channel modification, diversions,
detention storage and non-structural measures (i.e. floodproofing, raising, etc.), As part of this
analysis, the HEC-HMS model that was used for unimproved conditions discharge estimates was
modified using information obtained from improved conditions runs of the HEC-RAS model.
Flow and storage values for each flood event at each river station from the initial runs of the
HEC-RAS model for improved conditions was used as input to the improved conditions runs of
the HEC-HMS model. The results of the modified HEC-HMS runs were utilized to provide
better estimates of river discharges with selected improvements in place for further HEC-RAS

runs.

6.2 Impacts of the Alternatives on the Hydrology

A total of eight alternatives (6 structural, one non-structural, and one combination of structural

and non-structural) were analyzed. They are explained in more detail in Appendix C2
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Hydraulics. For most of the structural alternatives, “improved conditions” peak discharges were
needed to re-run the RAS model for these alternatives. The previous section explains how the
“improved conditions” peak discharges were developed. Below is a brief summary of how the
peak discharges for some of the alternatives either increase or decrease based upon the changed

storage-discharge data.

All channel improvements proposed will result in loss of natural flood plain storage, and the
flood peak reductions associated with it. That is, peak flows will increase downstream of
proposed channel improvements, and will occur sooner, under improved conditions, as compared

to existing conditions.

The loss of downstream flood peak attenuation (reduction) is NOT LINEAR with regard to loss
of natural flood plain storage. That is, a 10 percent loss of storage does not necessarily result in a

10 percent increase in peak flow, under improved conditions, as compared to existing conditions.

The diversion tunnels proposed will result in a decrease in peak flows downstream. The
diversion tunnel proposed at Fenimore Road for the Sheldrake River will bring the flood
hydrographs of the Sheldrake River from Fenimore Road into the West Basin of Mamaroneck
Harbor. These diverted flood hydrographs do not return to either the Mamaroneck or the
Sheldrake River.

The Ward Avenue diversion tunnel diverts flood hydrographs from the Mamaroneck River
downstream of the Sheldrake River at station or cross section 3554.501. The diverted flood
hydrographs re-enter the Mamaroneck River further downstream at station or cross section
2041.332

In the locally requested alternative, flood detention will result in a decrease of peak flows
downstream of the Larchmont Reservoir and the Westchester Joint Water Works (Mamaroneck)

Reservoir.
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6.3

Improved Conditions HEC-HMS Model Result:

Improved conditions peak discharges, for Alternative 1M, are shown in Tables 15 and 16 for

both present and future conditions of urbanization and are plotted on Figures 26 through 43. The

locations of these reaches of improved channel and floodwalls are shown on Figure 25.

Alternative 1 M contained the following hydraulic features:

1.

In the Harbor Heights section of the Village of Mamaroneck, on the Mamaroneck River,
1,340 feet of improved trapezoidal channel, with a bottom width of 25 to 30 feet,
extending from James Street downstream to Warren Avenue. This reach of improved
channel lies within HEC-HMS hydrologic routing reach “RTL”, between hydrologic
nodes “WINFLD” and “THRUWY™.

Downstream of the aforesaid Reach 1, 2,400 feet of improved trapezoidal channel, with
a bottom width of 45 feet, extending from North Barry Avenue downstream to the
confluence of the Mamaroneck and Sheldrake Rivers. This reach of improved channel
lies within HEC-HMS hydrologic routing reach “RTM?”, between hydrologic nodes
“THRUWY” and “MMUPSH”. This reach of improved channel also contains some

floodwalls.

On the Sheldrake River, between the downstream face of the Fenimore Road Bridge and
the confluence of the Sheldrake River and the Mamaroneck River, 3,470 feet of improved
trapezoidal channel, with a bottom width of 25 to 30 feet. . This reach of improved
channel lies within HEC-HMS hydrologic routing reach “RTFF, between hydrologic
nodes “SHDSTE” and “SHELMO”. This reach of improved channel also contains some

floodwalls.

On the Mamaroneck River, from its confluence with the Sheldrake River, downstream to
the Tompkins Avenue Bridge, 2,400 feet of improved trapezoidal channel with a bottom
width of 45 feet. This reach of improved channel lies within HEC-HMS hydrologic
routing reach “RTO, between hydrologic nodes “301000” and “MAMKMO”. This reach

of improved channel also contains some floodwalls.
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After further design, analysis and formulation, Alternative 1Z was developed and identified as
the Tentatively Selected Plan (TSP). The differences between Alternatives # 1M and 1Z are too
small to have significant impact on the peak discharges, and no further updating was performed.
Alternative 1Z is identical to Alternative 1M with the exception of the channelization in the
Harbor Heights reach. Alternative 1Z recommends a non-structural solution in Harbor Heights
instead of channelization.
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TABLE 1: ANNUAL PEAK FLOWS : MAMARONECK RIVER @ MAMARONECK GAGE (HALSTEAD

AVENUE)

Water | Annual Peak Annual Peak Flows (cfs) Updated Annual Peak Flow
Year Flow Date | Recorded | Updated | Estimated | Used | Recorded Annual Peak Flow
1938 | Jul 231938 t 2170 3807 2170 | 3807 1.75
1944 | Sep 151944 1760 4000 4000 2.27
1945 | Aug 71945 738 1845 1845 2.50
1946 | May 27 1946 1200 2844 2844 2.37
1947 | Apr51947 795 1813 1813 2.28
1948 | Apr11948 660 1432 1432 2.17
1949 Jan 6 1949 723 1518 1518 2.10
1950 | Mar 23 1950 232 459 459 1.98
1951 | Mar 311951 1550 2945 2945 1.90
1952 Jun 11952 1270 2311 2311 1.82
1953 | Mar 13 1953 1620 2900 2900 1.79
1954 | Sep 111954 900 1521 1521 1.69
1955 | Aug 131955 1370 2260 2260 1.65
1956 | Oct 15 1955 1940 3162 3162 1.63
1957 | Nov 11956 711 1138 1138 1.60
1958 | Feb 28 1958 1260 1915 1915 1.52
1959 Jan 2 1959 723 1085 1085 1.50
1960 | Aug 19 1960 1490 2100 2100 1.41
1961 | Apr 161961 1500 2085 2085 1.39
1962 | Mar 12 1962 1500 2010 2010 1.34
1963 | Nov 101962 975 1277 1277 1.31
1964 | Nov 29 1963 1150 1484 1484 1.29
1965 Feb 8 1965 1310 1598 1598 1.22
1966 | Feb 131966 1170 1392 1392 1.19
1967 | Mar 7 1967 1260 1449 1449 1.15
1968 | May 29 1968 1840 2060 2060 1.12
1969 | Mar 25 1969 1600 1760 1760 1.10
1970 | Feb 101970 1990 2109 2109 1.06
1971 | Aug 281971 2260 2328 2328 1.03
1972 | Jun 191972 3550 3550 1.00
1973 Feb 2 1973 2150 2171 2171 1.01
1974 | Sep 31974 2840 2840 1.00
1975 | Sep 26 1975 3700 3700
1976 | Aug 101976 1570 1570
1977 | Feb 251977 2000 2000
1978 | Nov 8 1977 3240 3240
1979 | Jan 211979 3410 3410
1980 | Apr 101980 2790 2790

t - From July 1938 floodline in GDM
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TABLE 1: ANNUAL PEAK FLOWS : MAMARONECK RIVER @ MAMARONECK GAGE (HALSTEAD
AVENUE) (CONT.)

Water | Annual Peak Annual Peak Flows (cfs) Updated Annual Peak Flow
Year Flow Date | Recorded | Updated | Estimated | Used | Recorded Annual Peak Flow
1981 | Sep 91981 653 653
1982 Jan 4 1982 2000 2000
1983 | Apr 101983 1810 1810
1984 Jul 7 1984 2720 2720
1985 | Sep 271985 961 961
1986 | Jan 26 1986 1020 1020
1987 | Dec 31986 1580 1580
1988 | May 18 1988 572 572
1989 | May 17 1989 1470 1470
1990 | May 17 1990 U 2130 | 2130
1991 | Oct 24 1990 N 2190 | 2190
1992 | Aug 181992 N 1130 | 1130
1993 | Sep 27 1993 Y 980 980
1994 | Jan 29 1994 Y 1770 | 1770
1995 | Jul 26 1995 Y 1320 | 1320
1996 | Apr 16 1996 U 2250 | 2250
1997 | Oct 20 1996 U 3060 | 3060
1998 | Jan 241998 N 1010 | 1010
1999 | Sep 16 1999 2230 2230
2000 Jun 7 2000 N 960 960
2001 | Mar 30 2001 N 1200 | 1200
2002 | May 14 2002 N 1050 | 1050
2003 | Jul 23 2003 Y 2050 [ 2050
2004 | Sep 82004 U 4620 | 4620
2005 | Jun 29 2005 Y 2450 | 2450
2006 Oct 9 2005 U 2830 | 2830
2007 | Apr 16 2007 U 5330 | 5330
2008 | Feb 132008 Y 2000 | 2000
2009 | Dec 12 2008 1290 1290
2010 | Mar 30 2010 1927 1927
N — Norwalk

Y - Yonkers
U — unitgraph (HEC-1)
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TABLE 2: CORRELATION — ANNUAL PEAK DISCHARGES AT SELECTED USGS GAGES

Water Year Flood Peak Date Peak Flows (cfs)

Saw Mill River at Mamaroneck River

Yonkers, NY at Mamaroneck, NY

(Halstead Avenue)

1944 Sep 15 1944 489 1760
1945 Aug 7 1945 367 738
1946 May 27 1946 678 1200
1947 Apr 5 1947 354 795
1948 Apr 11948 369 1660
1949 Jan 6 1949 358 723
1950 Mar 23 1950 294 232
1951 Mar 31 1951 679 1550
1952 Jun 11952 518 1270
1953 Mar 13 1953 646 1620
1954 Sep 11 1954 458 900
1955 Aug 13 1955 433 1370
1956 Oct 15 1955 1119 1940
1957 Nov 1 1956 450 711
1958 Feb 28 1958 540 1260
1959 Jan 2 1959 367 723
1960 Aug 19 1960 378 1490
1961 Apr 16 1961 415 1500
1962 Mar 12 1962 733 1500
1963 Nov 10 1962 423 975
1964 Nov 29 1963 412 1150
1965 Feb 8 1965 518 1310
1966 Feb 13 1966 510 1170
1967 Mar 7 1967 317 1260
1968 May 29 1968 536 1840
1969 Mar 25 1969 413 1600
1970 Feb 10 1970 462 1990
1971 Aug 28 1971 539 2260
1972 Jun 19 1972 752 3550
1973 Feb 2 1973 748 2150
1974 Sep 31974 403 2840
1975 Sep 26 1975 1277 3700
1976 Aug 10 1976 589 1570
1977 Feb 25 1977 828 2000
1978 Nov 8 1977 816 3240
1979 Jan 21 1979 1075 3410
1980 Apr 10 1980 1155 2790
1980 Apr 10 1980 1155 2790
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TABLE 2: CORRELATION — ANNUAL PEAK DISCHARGES AT SELECTED USGS GAGES

(ConT.)
Water Year Flood Peak Date Peak Flows (cfs)
Saw Mill River at Mamaroneck River
Yonkers, NY at Mamaroneck, NY
(Halstead Avenue)
1981 Sep 91981 515 653
1982 Jan 4 1982 486 2000
1983 Apr 10 1983 670 1810
1984 Jul 71984 1662 2720
1985 Sep 27 1985 942 961
1986 Jan 26 1986 1270 1020
1987 Dec 3 1986 932 1580
1988 May 18 1988 454 572
1989 May 17 1989 862 1470
1999 Sep 17 1999 1700 2230
Predictions Made with correlation (Best-Fit-Curve)
1993 Sep 27 1993 429 980
1994 Jan 29 1994 737 1770
1995 Jul 26 1995 549 1320
2003 Jul 23 2003 858 2050
2005 Jun 29 2005 1040 2450
2008 Feb 13 2008 833 2000
_:__'- :.ﬁ?ﬂﬁﬁ::_: Mamaroneck & Sheldrake River
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TABLE 3: CORRELATION — ANNUAL PEAK DISCHARGES AT SELECTED USGS GAGES

Water Year Flood Peak Date Peak Flows (cfs)
Norwalk River at Mamaroneck River
South Wilton, CT at Mamaroneck, NY
(Halstead Avenue)
1956 Oct 15-16 1955 12000 T 1940
1965 Feb 8 1965 470 1310
1967 Mar 7 1967 365 1260
1968 May 29 1968 1020 1840
1969 March 25 1969 1100 1600
1972 Jun 19 1972 1690 3550
1973 Feb 2-3 1973 1610 2150
1975 Sep 26-27 1975 1220 3700
1979 Jan 21 1979 1940 3410
1980 Apr 10 1980 2300 2790
1983 Apr 10 1983 1480 1810
1985 Sep 27 1985 969 961
1986 Jan 26 1986 962 1020
1989 May 17 1989 1800 1470
1999 Sep 16-17 1999 1720 2230
Predictions Made with correlation (Best-Fit-Curve)
Observed: Estimated:

1991 Oct 24 1990 1360 2190
1992 Aug 18 1992 612 1130
1998 Jan 24 1998 523 1010
2000 Jun 7 2000 495 960
2001 Mar 30 2001 655 1200
2002 May 14 2002 556 1050

T - Outliner point not used in correlation

T
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TABLE 4: HEC-HMS NoDESs wiTH DRAINAGE AREA

HEC-HMS Description Drainage Area
NODE b (sq. mi)
Upper Mamaroneck River
WINFLD Winfield Avenue (short term) gaging station 15.35
THRUWY @ New England Thruway 16.18
MMUPSH Upstream of Sheldrake River 17.30
Sheldrake River
SHDSEB Sheldrake River downstream of its East Branch 5.20
Sheldrake River Upstream of Fenimore Road Tributary
SHUSTE (Upstream side of Fenimore Road Bridge) 5.20
Sheldrake River downstream of Fenimore Road Tributary
SHDSTE (downstream side of Fenimore Road Bridge) 551
SHELMO Sheldrake River at Mouth (_confluence with Mamaroneck 6.16
River)
Lower Mamaroneck River
301000 Downstream of Sheldrake River (Long Term USGS Gage 23.46
at Halstead Avenue)
MAMKMO Mamaroneck River at Mouth 23.63
i :_ﬁ?ﬂﬁﬁ::: Mamaroneck & Sheldrake River
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TABLE 5: EXISTING AND FUTURE CONDITIONS HYDROLOGIC MODEL SUB-BASINS PERCENT

IMPRERVIOUS AREA

Sub-Basin Drainage Area Percent Impervious Area

(Sqg. Miles) Present (2010) Future (2060)
A 1.74 32.78 32.78
B 1.18 40.96 40.96
C 0.32 50.70 50.70
D 2.95 14.46 16.81
E 2.94 43.08 44.36
F 0.92 10.50 10.50
G 1.32 20.21 25.23
H 0.43 30.59 30.59
[ 2.24 37.44 38.09
J 0.63 14.96 14.96
K 0.68 26.05 26.05
L 0.83 19.99 19.99
M 0.68 52.69 52.69
N 0.44 30.37 30.37
AA 2.63 36.96 37.71
BB 0.73 34.32 34.32
cC 1.84 17.29 18.39
DD 0.37 45.12 45.12
EE 0.24 24.14 24.14
FF 0.35 47.96 47.96
0 0.17 56.71 56.71
301000 | 23.46 | 30.29 | t 31.26
MAMKMO \ 23.63 | 30.48 | 1 31.44

T - Area-Average Values

301000: Mamaroneck River at Mamaroneck, NY (USGS Gage at Halstead Avenue)
MAMKMO: Mamaroneck River at Mouth (Boston Post Road)
Change from present to future value indicated by bold italics
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TABLE 6: TOTAL RAINFALL AND TOTAL EXCESS (HEC-HMS MODELED HISTORIC AND

HYPOTHETICAL FLOODS)

Flood Total Rain (inches) | Total Excess (inches) | Total Excess/Total
Rain
General Desigh Memorandum (GDM)
10-year 4.94 2.21 0.447
100-year 7.00 5.07 0.724
Sep 1944 (updated) 4.58 3.11 0.679
Apr 1983 2.74 1.31 0.478
Apr 1980 3.64 1.87 0.514
Nov 1977 4.99 2.97 0.595
Sep 27 1975 4.89 2.42 0.495
Jun 19 1972 4.65 3.15 0.677
General Re-evaluation Report (GRR)
Sep 27 1975 4.89 2.88 0.589
Jun 19 1972 4.65 3.65 0.785
May 17 1990 2.71 1.80 0.664
Apr 16 1996 3.14 2.07 0.659
Oct 19 1996 4.40 2.95 0.670
Oct 9 2005 5.31 3.78 0.712
July 24 1938 5.45 4.02 0.738
Sep 8 2004 5.55 4.02 0.724
Apr 15 2007 7.90 5.92 0.749
[Total Excess/Total Rain (GRR)]/[Total Excess/Total Rain (GDM)]

Sep 1975 0.589/0.495 = 1.190
Jun 1972 0.785/0.677 = 1.160
Average \ 1.1175
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TABLE 7: REVISED POINT RAINFALL DEPTHS FOR HYPOTHETICAL STORMS

Precipitation in inches

Duration | 5min | 15min | 1 hour | 2 hours | 3 hours | 6 hours | 12 hours | 24 hours
1-year 0.41 0.78 1.20 1.46 1.61 1.91 2.35 2.64
2-year 0.46 0.88 1.35 1.75 1.92 2.32 2.80 331
5-year 0.52 1.03 1.73 2.30 2.48 3.07 3.65 4.40
10-year | 0.57 1.15 2.00 2.63 2.88 3.58 4.25 5.08
25-year | 0.65 1.31 2.37 3.03 3.33 4.10 4.90 5.85
50-year 0.71 1.45 2.67 3.31 3.71 4.48 5.38 6.38

100-year | 0.77 1.58 2.88 3.58 4.10 4.90 5.80 6.80

200-year | 0.82 1.70 3.10 3.85 4.47 5.30 6.30 7.25

250-year | 0.84 1.75 3.18 3.93 4.58 5.40 6.45 7.40

500-year | 0.90 1.89 3.42 4.20 4.95 5.80 6.90 7.90
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TABLE 8: INITIAL LOSS AND CONSTANT L0OSS RATE FOR HISTORICAL AND HYPOTHETICAL

STORMS
Storm Initial Loss (Inches) Constant Loss Rate (Inches/hour)
Historical
July 1938 0.00 0.1310
July 1984 0.00 0.2220
May 1989 2.99 0.1148
April 2007 0.00 0.1291
Hypothetical
1-year 0.00 0.2700
2-year 0.00 0.2910
5-year 0.00 0.3640
10-year 0.00 0.4000
25-year 0.00 0.2980
50-year 0.00 0.2640
100-year 0.00 0.2072
200-year 0.00 0.1599
250-year 0.00 0.1470
500-year 0.00 0.1050
Standard Project Flood 0.00 0.1000
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TABLE 9: EXISTING CONDITIONS — PEAK DISCHARGEWITH CONFIDENCE LIMITS

HMS D.A. Value Hypothetical Hist.
Node (mi.2) 1- 2- 5- 10- 25- 50- | 100- | 200- | 250- | 500- | SPF | April
year | year | year | year | year | year | year | year | year | year 2007

5 % limit 1440 | 1850 | 2330 | 2780 | 3610 | 4260 | 5080 | 5960 | 6240 | 7200

WINFLD | 15.35 | EXPECTED | 1310 | 1670 | 2060 | 2410 | 3040 | 3520 | 4110 | 4750 | 4950 | 5620 | 9410 | 4130

95 % limit 1180 | 1520 | 1860 | 2150 | 2660 | 3040 | 3510 | 4010 | 4160 | 4670

5 % limit 1370 | 1800 | 2340 | 2820 | 3680 | 4360 | 5220 | 6140 | 6430 | 7450

THRUWY | 16.18 | EXPECTED | 1240 | 1610 | 2040 | 2410 | 3050 | 3540 | 4140 | 4790 | 4990 | 5680 | 9490 | 4190

95 % limit | 1110 | 1450 | 1820 | 2130 | 2640 | 3010 | 3480 | 3980 | 4120 | 4640

5 % limit 1390 | 1770 | 2310 | 2740 | 3520 | 4170 | 4910 | 5680 | 5950 | 6790

MMUPSH | 17.3 | EXPECTED | 1260 | 1600 | 2040 | 2370 | 2950 | 3430 | 3960 | 4510 | 4700 | 5280 | 7960 | 4060

95 % limit | 1140 | 1450 | 1840 | 2110 | 2580 | 2960 | 3370 | 3800 | 3940 | 4370

5 % limit 740 | 910 | 1140 | 1360 | 1800 | 2140 | 2650 | 3190 | 3320 | 3800

SHDSEB 5.2 | EXPECTED | 670 820 | 1000 | 1170 | 1510 | 1760 | 2130 | 2520 | 2610 | 2940 | 4670 | 1480

95 % limit | 600 740 900 | 1040 | 1320 | 1510 | 1810 | 2120 | 2180 | 2430

5 % limit 760 930 | 1150 | 1340 | 1740 | 1980 | 2250 | 2500 | 2570 | 2830

SHUSTE | 557 | EXPECTED | 710 860 | 1040 | 1200 | 1520 | 1700 | 1900 | 2090 | 2140 | 2330 | 3650 | 1530

95 % limit | 650 | 800 | 960 | 1100 | 1370 | 1520 | 1680 | 1830 | 1860 | 2010

5 % limit 760 940 | 1160 | 1350 | 1750 | 2000 | 2260 | 2510 | 2590 | 2850

SHDSTE | 5.81 | EXPECTED | 710 870 | 1050 | 1210 | 1530 | 1720 | 1910 | 2100 | 2160 | 2350 | 3680 | 1550

95% limit | 650 | 810 | 970 | 1110 | 1380 | 1540 | 1690 | 1840 | 1880 | 2030

D.A. — Drainage Area (Sub-basin); Hist. - Historical
Note: April 2007 and SPF peak discharge have no confidence limits because they are not specific-frequency hypothetical events.
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TABLE 9: EXISTING CONDITIONS — PEAK DISCHARGEWITH CONFIDENCE LIMITS (CONT.)

HMS Node | D.A. Value Hypothetical Hist.
(mi.2) 1- 2- 5- 10- 25- 50- | 100- | 200- | 250- | 500- | SPF | April
year | year | year | year | year | year | year | year | year | year 2007

5 % limit 790 | 910 | 1060 | 1180 | 1340 | 1470 | 1560 | 1680 | 1720 | 1820

SHELMO | 6.16 | EXPECTED| 750 | 860 | 990 | 1090 | 1220 | 1320 | 1390 | 1480 | 1510 | 1590 | 2190 | 1280

95 % limit | 710 820 | 940 | 1020 | 1130 | 1220 | 1270 | 1350 | 1370 | 1440

5 % limit 1790 | 2390 | 3240 | 3830 | 4840 | 5670 | 6530 | 7420 | 7680 | 8670

301000 23.46 | EXPECTED | 1620 | 2140 | 2870 | 3370 | 4150 | 4740 | 5350 | 5990 | 6200 | 6860 | 10130 | 5340

95 % limit | 1470 | 1960 | 2590 | 3000 | 3600 | 4110 | 4580 | 5070 | 5250 | 5720

5 % limit 1800 | 2390 | 3250 | 3840 | 4840 | 5670 | 6540 | 7420 | 7690 | 8680

MAMKMO | 23.63 | EXPECTED | 1630 | 2140 | 2880 | 3380 | 4150 | 4740 | 5360 | 5990 | 6210 | 6870 | 10140 | 5350

95 % limit | 1,480 | 1,960 | 2,600 | 3,010 | 3,600 | 4,110 | 4,590 | 5,070 | 5,260 | 5,730

D.A. — Drainage Area (Sub-basin); Hist. - Historical
Note: April 2007 and SPF peak discharge have no confidence limits because they are not specific-frequency hypothetical events.
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TABLE 10: COMPARISION OF PEAK DISCHARGES (1989 GDM vs. CURRENT GRR)

Frequency Peak Discharge from 1989 Peak Discharge from
GDM (cfs) current GRR (cfs)

1-year 1230 1620

2-year 1680 2140

5-year 2300 2870

10-year 3000 3370

25-year 3980 4150

50-year 4950 4740

100-year 6000 5350

200-year 7100 5990

250-year 7500 6200

500-year 9050 6860

SPF 9580 10130

TABLE 11: STATISTICAL PARAMETERS OF ANNUAL DISCHARGE VS. FREQUENCY CURVES

Documents Mean Log. Antilog Standard Dev. | Adopted Skew Coef.
1989 GDM 3.173 1490 cfs 0.225 0.253

Current GRR 3.275 1880 cfs 0.195 0.000

TABLE 12: INCREASE IN PERCENT IMPERVIOUS FROM PRESENT TO FUTURE CONDITIONS

Sub-basin Drainage Present Value Increase Future Value | Percent increase
Area (mi.?) present to future
D 2.95 14.46% 2.35% 16.81% 16.30%
E 2.94 43.08% 1.28% 44.36% 3.00%
G 1.32 20.21% 5.02% 25.23% 24.80%
I 2.24 37.44% 0.65% 38.09% 1.70%
AA 2.63 36.96% 0.75% 37.71% 2.00%
CC 1.84 17.29% 1.10% 18.39% 6.40%
USGS Gage 23.46 30.29% 0.97% 31.26% 3.20%
01301000
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TABLE 13: FUTURE CONDITIONS — PEAK DISCHARGEWITH CONFIDENCE LIMITS

HMS D.A. Value Hypothetical
Node (mi.2) 1- 2- 5- 10- 25- 50- | 100- | 200- | 250- | 500- | SPF
year | year | year | year | year | year | year | year | year | year

5 % limit 1470 | 1870 | 2350 | 2810 | 3630 | 4280 | 5100 | 5970 | 6250 | 7210

WINFLD | 15.35 | EXPECTED | 1340 | 1690 | 2080 | 2440 | 3060 | 3540 | 4130 | 4760 | 4960 | 5630 | 9420

95 % limit 1210 | 1540 | 1880 | 2180 | 2680 | 3060 | 3530 | 4020 | 4170 | 4680

5 % limit 1400 | 1820 | 2330 | 2860 | 3720 | 4400 | 5230 | 6150 | 6460 | 7460

THRUWY | 16.18 | EXPECTED | 1270 | 1630 | 2060 | 2440 | 3080 | 3570 | 4150 | 4800 | 5010 | 5690 | 9500

95 % limit | 1140 | 1470 | 1860 | 2160 | 2670 | 3040 | 3490 | 3990 | 4140 | 4650

5 % limit 1410 | 1800 | 2330 | 2760 | 3560 | 4190 | 4920 | 5690 | 5960 | 6800

MMUPSH | 17.3 | EXPECTED | 1280 | 1630 | 2060 | 2390 | 2980 | 3450 | 3970 | 4520 | 4710 | 5290 | 7970

95 % limit | 1160 | 1480 | 1840 | 2130 | 2610 | 2980 | 3380 | 3810 | 3950 | 4380

5 % limit 750 | 910 | 1140 | 1370 | 1800 | 2150 | 2650 | 3190 | 3320 | 3830

SHDSEB 5.2 | EXPECTED | 680 820 | 1000 | 1180 | 1510 | 1770 | 2130 | 2520 | 2610 | 2960 | 4670

95 % limit | 610 740 900 | 1050 | 1320 | 1520 | 1810 | 2120 | 2180 | 2450

5 % limit 760 940 | 1150 | 1340 | 1740 | 1990 | 2250 | 2500 | 2570 | 2830

SHUSTE | 557 | EXPECTED| 710 870 | 1040 | 1200 | 1520 | 1710 | 1900 | 2090 | 2140 | 2330 | 3660

95% limit | 650 | 810 | 960 | 1100 | 1370 | 1530 | 1680 | 1830 | 1860 | 2010

5 % limit 770 940 | 1160 | 1350 | 1760 | 2000 | 2270 | 2520 | 2590 | 2850

SHDSTE | 581 | EXPECTED | 720 870 | 1050 | 1210 | 1540 | 1720 | 1920 | 2110 | 2160 | 2350 | 3680

95 % limit | 660 810 970 | 1110 | 1390 | 1540 | 1700 | 1850 | 1880 | 2030

D.A. — Drainage Area (Sub-basin)
Note: SPF peak discharge does not have confidence limits because it is not a specific-frequency hypothetical event.
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TABLE 13: FUTURE CONDITIONS — PEAK DISCHARGEWITH CONFIDENCE LIMITS (CONT.)

HMS Node | D.A. Value Hypothetical
(mi.2) 1- 2- 5- 10- 25- 50- | 100- | 200- | 250- | 500- | SPF
year | year | year | year | year | year | year | year | year | year
5 % limit 790 | 910 | 1070 | 1180 | 1340 | 1470 | 1560 | 1680 | 1730 | 1820
SHELMO | 6.16 | EXPECTED| 750 | 860 | 1000 | 1090 | 1220 | 1320 | 1390 | 1480 | 1520 | 1590 | 2190
95 % limit | 710 | 820 | 950 | 1020 | 1130 | 1220 | 1270 | 1350 | 1380 | 1440
5 % limit 1820 | 2430 | 3270 | 3860 | 4870 | 5710 | 6540 | 7430 | 7700 | 8680
301000 23.46 | EXPECTED | 1650 | 2180 | 2900 | 3400 | 4180 | 4770 | 5360 | 6000 | 6220 | 6870 | 10140
95 % limit | 1500 | 2000 | 2620 | 3030 | 3630 | 4140 | 4590 | 5080 | 5270 | 5730
5 % limit 1820 | 2420 | 3270 | 3870 | 4870 | 5710 | 6550 | 7440 | 7710 | 8690
MAMKMO | 23.63 | EXPECTED | 1650 | 2170 | 2900 | 3410 | 4180 | 4770 | 5370 | 6010 | 6230 | 6880 | 10150
95 % limit | 1500 | 1990 | 2620 | 3040 | 3630 | 4140 | 4600 | 5090 | 5280 | 5740

D.A. — Drainage Area (Sub-basin)
Note: SPF peak discharge does not have confidence limits because it is not a specific-frequency hypothetical event.

TABLE 14: CONVERTING PARTIAL DURATION TO ANNUAL SERIES

Probability

Partial Duration

100% (1-year)

50% (2-year) 20% (5-year)

10% (10-year)

Annual Series

63%

38% 17%

10%

W
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TABLE 15: PRESENT “IMPROVED” CONDITIONS FOR PLAN 1Z — PEAK DISCHARGEWITH CONFIDENCE LIMITS

HMS D.A. Value Hypothetical
Node (mi.2) 1- 2- 5- 10- 25- 50- | 100- | 200- | 250- | 500- | SPF
year | year | year | year | year | year | year | year | year | year

5 % limit 1440 | 1850 | 2330 | 2780 | 3610 | 4260 | 5080 | 5960 | 6240 | 7200

WINFLD | 15.35 | EXPECTED | 1310 | 1670 | 2060 | 2410 | 3040 | 3520 | 4110 | 4750 | 4950 | 5620 | 9410

95 % limit 1180 | 1520 | 1860 | 2150 | 2660 | 3040 | 3510 | 4010 | 4160 | 4670

5 % limit 1460 | 1880 | 2340 | 2820 | 3680 | 4360 | 5220 | 6240 | 6430 | 7450

THRUWY | 16.18 | EXPECTED | 1290 | 1660 | 2040 | 2410 | 3050 | 3540 | 4140 | 4870 | 4990 | 5680 | 9490

95 % limit | 1150 | 1500 | 1820 | 2130 | 2640 | 3010 | 3480 | 4050 | 4120 | 4640

5 % limit 1430 | 1870 | 2370 | 2840 | 3700 | 4380 | 5170 | 6070 | 6330 | 7180

MMUPSH | 17.3 | EXPECTED | 1300 | 1690 | 2090 | 2460 | 3100 | 3600 | 4170 | 4820 | 5000 | 5580 | 8840

95 % limit | 1180 | 1530 | 1890 | 2190 | 2710 | 3110 | 3540 | 4040 | 4190 | 4620

5 % limit 740 | 910 | 1140 | 1360 | 1800 | 2140 | 2640 | 3190 | 3320 | 3800

SHDSEB 5.2 | EXPECTED | 670 820 | 1000 | 1170 | 1510 | 1760 | 2130 | 2520 | 2610 | 2940 | 4670

95 % limit | 600 740 900 | 1040 | 1320 | 1510 | 1810 | 2120 | 2180 | 2430

5 % limit 760 940 | 1160 | 1360 | 1750 | 1990 | 2310 | 2620 | 2740 | 3010

SHUSTE | 557 | EXPECTED| 710 870 | 1050 | 1220 | 1530 | 1700 | 1950 | 2190 | 2280 | 2480 | 3650

95% limit | 650 | 810 | 970 | 1120 | 1380 | 1530 | 1720 | 1920 | 1980 | 2140

5 % limit 770 940 | 1170 | 1370 | 1760 | 2000 | 2320 | 2640 | 2770 | 3040

SHDSTE | 581 | EXPECTED | 720 870 | 1060 | 1230 | 1540 | 1720 | 1960 | 2210 | 2290 | 2510 | 3680

95 % limit | 660 810 980 | 1130 | 1390 | 1540 | 1730 | 1940 | 1990 | 2170

D.A. — Drainage Area (Sub-basin)
Note: SPF peak discharge does not have confidence limits because it is not a specific-frequency hypothetical event.
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TABLE 15: PRESENT “IMPROVED” CONDITIONS FOR PLAN 1Z—- PEAK DISCHARGEWITH CONFIDENCE LIMITS (CONT.)

HMS Node | D.A. Value Hypothetical
(mi.2) 1- 2- 5- 10- 25- 50- | 100- | 200- | 250- | 500- | SPF
year | year | year | year | year | year | year | year | year | year

5 % limit 800 | 970 | 1190 | 1360 | 1570 | 1710 | 1810 | 1950 | 1990 | 2140

SHELMO | 6.16 | EXPECTED | 760 920 | 1120 | 1260 | 1430 | 1540 | 1610 | 1720 | 1750 | 1870 | 2520

95 % limit | 720 | 880 | 1060 | 1180 | 1320 | 1420 | 1470 | 1570 | 1590 | 1690

5 % limit 1850 | 2470 | 3330 | 4030 | 5210 | 6120 | 7070 | 8090 | 8380 | 9400

301000 23.46 | EXPECTED | 1670 | 2210 | 2950 | 3550 | 4470 | 5120 | 5790 | 6530 | 6750 | 7440 | 11310

95 % limit | 1520 | 2020 | 2660 | 3160 | 3880 | 4440 | 4960 | 5530 | 5720 | 6200

5 % limit 1840 | 2470 | 3340 | 4030 | 5220 | 6140 | 7060 | 8120 | 8370 | 9430

MAMKMO | 23.63 | EXPECTED | 1670 | 2210 | 2960 | 3550 | 4480 | 5130 | 5790 | 6540 | 6760 | 7460 | 11320

95 % limit | 1520 | 2020 | 2670 | 3160 | 3890 | 4450 | 4960 | 5560 | 5730 | 6220

D.A. — Drainage Area (Sub-basin)
Note: SPF peak discharge does not have confidence limits because it is not a specific-frequency hypothetical event.
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TABLE 16: FUTURE “IMPROVED”” CONDITIONS FOR PLAN 1Z — PEAK DISCHARGEWITH CONFIDENCE LIMITS

HMS D.A. Value Hypothetical
Node (mi.2) 1- 2- 5- 10- 25- 50- | 100- | 200- | 250- | 500- | SPF
year | year | year | year | year | year | year | year | year | year

5 % limit 1470 | 1870 | 2350 | 2810 | 3630 | 4280 | 5100 | 5970 | 6250 | 7210

WINFLD | 15.35 | EXPECTED | 1340 | 1690 | 2080 | 2440 | 3060 | 3540 | 4130 | 4760 | 4960 | 5630 | 9420

95 % limit 1210 | 1540 | 1880 | 2180 | 2680 | 3060 | 3530 | 4020 | 4170 | 4680

5 % limit 1440 | 1880 | 2340 | 2860 | 3720 | 4400 | 5230 | 6270 | 6460 | 7460

THRUWY | 16.18 | EXPECTED | 1310 | 1680 | 2070 | 2440 | 3080 | 3570 | 4150 | 4890 | 5010 | 5690 | 9500

95 % limit | 1180 | 1520 | 1870 | 2160 | 2670 | 3040 | 3490 | 4060 | 4140 | 4650

5 % limit 1470 | 1890 | 2400 | 2880 | 3740 | 4400 | 5190 | 6090 | 6350 | 7170

MMUPSH | 17.3 | EXPECTED | 1330 | 1710 | 2120 | 2490 | 3130 | 3620 | 4190 | 4840 | 5020 | 5580 | 8850

95 % limit | 1210 | 1550 | 1890 | 2220 | 2740 | 3130 | 3570 | 4080 | 4210 | 4620

5 % limit 750 | 910 | 1140 | 1370 | 1800 | 2150 | 2650 | 3190 | 3320 | 3830

SHDSEB 5.2 | EXPECTED | 680 820 | 1000 | 1180 | 1510 | 1770 | 2130 | 2520 | 2610 | 2960 | 4670

95 % limit | 610 740 900 | 1050 | 1320 | 1520 | 1810 | 2120 | 2180 | 2450

5 % limit 760 940 | 1170 | 1370 | 1750 | 1990 | 2310 | 2630 | 2740 | 3020

SHUSTE | 557 | EXPECTED| 710 870 | 1060 | 1230 | 1530 | 1710 | 1950 | 2200 | 2280 | 2490 | 3660

95% limit | 650 | 810 | 980 | 1130 | 1380 | 1530 | 1720 | 1930 | 1980 | 2150

5 % limit 770 950 | 1180 | 1380 | 1770 | 2000 | 2320 | 2640 | 2760 | 3040

SHDSTE | 581 | EXPECTED | 720 880 | 1070 | 1240 | 1550 | 1720 | 1960 | 2210 | 2300 | 2510 | 3680

95 % limit | 660 820 990 | 1140 | 1400 | 1540 | 1740 | 1940 | 2000 | 2170

D.A. — Drainage Area (Sub-basin)
Note: SPF peak discharge does not have confidence limits because it is not a specific-frequency hypothetical event.

DA Mamaroneck & Sheldrake River

December 2015 61 Hydrology Appendix



TABLE 16: FUTURE “IMPROVED”” CONDITIONS — PEAK DISCHARGEWITH CONFIDENCE LIMITS (CONT.)

HMS Node | D.A. Value Hypothetical
(mi.2) 1- 2- 5- 10- 25- 50- | 100- | 200- | 250- | 500- | SPF
year | year | year | year | year | year | year | year | year | year

5 % limit 810 980 1200 | 1370 |1570 |1710 |1810 | 1950 | 1990 | 2140

SHELMO | 6.16 |EXPECTED 770 930 |1120 |12/0 | 1430 |1540 |1610 | 1720 | 1750 | 1870 | 2520

95 % limit | 730 |[890 |1060 | 1190 | 1320 | 1420 | 1470 | 1570 | 1590 | 1690

5 % limit 1880 | 2490 | 3350 | 4050 | 5240 | 6150 | 7080 | 8110 | 8380 | 9410

301000 23.46 | EXPECTED | 1700 | 2230 | 2970 | 3570 | 4500 |5140 |5800 |6550 |6770 | 7450 | 11330

95 % limit | 1550 | 2050 | 2680 | 3180 | 3910 |4490 | 4970 | 5550 | 5740 | 6210

5 % limit 1880 | 2500 | 3350 | 4050 |5250 | 6160 | 7090 | 8120 | 8390 | 9440

MAMKMO | 23.63 | EXPECTED | 1700 | 2240 | 2970 | 3570 |4510 |5150 |5810 | 6560 | 6780 | 7470 | 11330

95 % limit | 1550 | 2050 | 2680 | 3180 | 3920 | 4470 | 5040 | 5560 | 5750 | 6230

D.A. — Drainage Area (Sub-basin)
Note: SPF peak discharge does not have confidence limits because it is not a specific-frequency hypothetical events.

DA Mamaroneck & Sheldrake River

December 2015 62 Hydrology Appendix




CORPS OF ENGINEERS U.S. ARMY

KENSICO
LM\ RESERVOIR

-

) A
27 AL\

wd W

S d U
Z f /chneswsﬂ/ ’«}/\
. LY. COUNTY N\ d\)\ G
TRe g o/ meeoR™ J N A
<« )
E3E '

o
%
A
(o
. ]
o
>
WHITE PLAINS©,
MAPLEMOOR 46
<

CARSDAL/E

A VILLAGE O
N LARCHMON T

RESERVOIR

WESTCHESTER JOINT
WATER WORKS
RESERVOIR .

CRESTWOOD STA

VILL AGE OF
LARCHMONT
RESERVOIRS

TUCKANMOE STa

)\ s
My MAMARONECK
- HARBOR | ¥

LEGEND \ 5 v
S ee——— BASIN PERIMETER
[ oot e ™ e PRIMARY ROAD G
SECONDARY ROAD “ 0 N

TN ——— STREAM \f

z USGS STREAM GAGE AT maMARONECH MAMARONECK AND SHELDRAKE RIVERS

® NON-RECORDING RAIN GAGE

® RECORDING RAIN GAGE

SCALE IN MILES

VILLAGE AND TOWN OF MAMARONECK

FIGURE 4




W 73° 45'

J"\J\

KEY TO SCHEMATIC

POINT INFLOW (TRIBUTARIES)

AREAS BETWEEN SIGNIFICANT
TRIBUTARIES)

HYDROGRAPHS. COMBINED

CHANNEL ROUTING REACH

RESERVOIR

GAGING STATION

IS
2
¢
B

L ')

(
,
~
:

-
¢

\\-’\
e =
-

Z

TN
(

m
s

SCALE IN MILES

SUBAREA MAP

BB

CccC

EE

DISTRIBUTED INFLOW (INCREMENTAL

suarea| PRAINAGE| CLARK'S | CLARK'S REMARK S
(SQ. MILES)

A 1.74 3.14 3.14

B .18 2.02 2.02

C 0.32 0.68 0.68

D 2.95 5.58 | 5.58

€ 2.94 2.44 2.44

F 0.92 1.52 1.52

G (.32 2.16 2.16

H 0.43 .10 .10

| 2.24 252 | 2.52 | wesT BRANCH MAMARONECK
J 0.63 270 | 270

K 0.68 3.20 3.20

L 0.83 ‘| 108 1.08

M 0.68 2.26 2.26

N 0.44 1.14 .14
AA 2.63 3.18 3.18 | FIRST SHELDRAKE SUBAREA
88 0.73 .62 .62
cC 1. 84 2.82 | 2.82 |EAST BRANCH SHELDRAKE
DD 0.37 .54 .54

EE 024 | os6 | 056
FF 0.35 1.74 .74 | LAST SHELDRAKE SUBAREA
0 0.17 0.70 | 070 |LAST MAMARONECK SUBAREA

MAMARONECK RIVER N.Y.

BASIN MAP, NODAL NETWORK
AND

UNIT GRAPH PARAMETERS
SCHEMATIC
MAMARONECK NEW YORK
FIGURE 2




L]

5

|

i

[

3

MARONECK AND SHELDRAKE RIVERS BASIN , N.Y.
GENERAL RE-EVALUATION REPORT
FLoOD RISK MANAGEMENT STUDY

WOPOSED PROJECT STUDY AREA MWAP| 3

AMARONECK, N.Y. FIGURE 3

7y

o

- -

I
0
N/
4

;é(/ f/%U

: @
ik <
0

=l

N

y .

A\UYA

NEW ENGLAND Te s

THRUWAY <
7 e
g)' (D :

AR\ ()

J

)

M}LM Rowsék
HARBOR.

LEGEND

loco - S0
Q SCALE IN FEET

HYDRoGRAPH (

SRR I

o 000" ;. i

HYDROLOG \C
MODEL. NODE




4SS 19X 10 TO THE INCH« 7 X 10 INCHES 46 0780
M KEUFFEL & ESSER CO. MADE IN USA. ¢

e AR
W - o ;
g - | 1
S i R 1
. Q) ; :
AV ) SNn K r
,.,’\,\ i - _ I
1) e i
/il S . .
U - i i (e n -
K : :
U T ’
. d ; — , \ .
b U -
LT MAMARGNECK AND SHELDRAKE RIVERS BASIN, NY . ﬂ
i GENERAL RE~EVALUATION REPORT
I ' FLOOD RISK MANAGEMENT STUDY
TOTAL EXCESs Vs ToTALRAIN
‘ ik 5 S A A I GUIDE CURNES |
‘ e e L MAMARONECK, RINER BASIN : G/ ane GRRY
mi SAAMARONECK, N.Y. FIGURE 4
P ‘ : Tl Tl by T S -
: R 4 g Y N R SR Y b T 1 i
Z — ST TOTAL RAITN INT - |
O ] 2 3 4 5

C?i /0



Y
¥ RN

AN s L E S NN

.
A
AL

Yoy

i

G
1N N
L1 |

NAZD)

Y
LYNTS '
T

]
o~

BAg

N

X

=
154
=

1N
I

*

7]
=4
i

A A NAA
MANEA

=
1

=g 3y b

ES

AR
SVARE,

"‘l‘l I

W 1 W

=

Cs

Tharda

MAMARoNEcK AND SHELDRAKE Q:vééf ev?\sm I NY.
GENERAL RE~BEVALUVATION REPORT

FLOOD RISK MANAGEMENT STUDY

“TULY 23-24 (938 FLoob UPATING

MAMA RONECK RINER BASIN AT GAGE

FIGURE 5

MAMARONECK, N.Y.

5>
-
12
q

T

Q

4
oy,

.
4
)
Y
T
>

oy |

12N

‘ a% w
| {
2 3 |
_| ML.\.T-‘m
| 22| &
/ i ,ﬂu_ ‘.EL
il
Q0 T
Q1
: 5% ”
i o~ - |
A L XY B 4y |
MNWND p~ gmdﬂ&} - %
i oM |
LY S
MSE < |

7
[ @ afah |

1
| P Y

AT MANARD

DA N e
24N 1/ L Sy

b i ¥ | L

AR
s
<

CFS

P
LIS B~
et Vo
[ oW W N
L. 9.9 40 W 4
LA A 4 4

e

PH:-

7

*
——

¥

3

FAW 4

. ] R

LYy Wy

e N oud o

LA L i B
| —

L IN

5
L)

~

- ISNJ L 3

AR R RK
RTALY o 8542

It
: ! T |
T m W
e . |
| o™ k | i
i : i ! L
L |
L 1 i
! i ]
: - |
. |
: I .
| [ I
; i |
: i
i

[ s,

i

{4 1 1

12N

IR T ok
)~ \;! YN DRCYT

AR S B = X

2w

Ly

VSO NIFAYW "OD HEASSI B TI3H44N3IM
S3IHONI 61 X 0L  HONI IHL OL 02 X 21

AY
7l



AL

INL »
Ny

M b AL Jhed

1Y

T\

Oy
-5 1IN

e -

FABGLS
toiN -

,A“

3 e
St TV
-t
>
Iy
— |

i !

J'Q"F?r.

i

-~
"™
L= §

Y

y &

il
2

T ARNY
AT

1
L]
F &
)
bl
e d VNIIAFY \:

h i

™S EYY TN
g
b i)
=1 <y
| =)
AA
YAAY
7
ol
o]

MAMARONECK AND SHELDRAKE RIVERS BASIN, N.Y.

GQENERAL Re-EVALVATION REPORT

FLooD RISK MANAGEMENT STUDY
TJULY 1984 FLOOD REPRoDUCTION

FIGQURE 6

Eck RINER BASIN AT GAGE
Y

il By z < )
W= i Nz “ ;
buiral X e - 2 ¢ z
T RERCCN o ==Bre) Hps - “Af i LILT] N
i s Aﬁ P D .A:ﬂ [+ th EM N m
P ’l.u ALs 7 .‘ « G.- ‘W-_ (B % | i O 2
0 : mm W o m i auiil}x . | mnm, a
in i T | : ¢
b = MW | “
< i i 3
g & <) L .
A” i - = b .hl Ed
it : E aeditNg :
1 i r

il

-

G
—ig

el

: e

-
S

)

Fa'AN B BN

g™

12w

7

N\
b |

T S,

K NLN
N S ANEL

€

TN b}

NUE

A

=Y

(7 AR WALV R g

¥

CFS

2 TS
e T L NT

-

\a

PPy
Lot LN (e
g F NSl
[ S AY N By

( HALSTEAD

A 3

B,
Lo S
(A ATmTLAVALMR =] A ¥ =3 WY o Sl bV

053(3 DO
v‘\-lv

AN ANA

AT PAANARGNHE

AL i JLIE S MY "4

1

HS

I

%& =

—— 1)

TULS | 984 HYDROERAP

12N

0461 LY

¥'SNNIIAVW OO ¥WESSA B 134403
SIHONI S X 0l s HONI dHL OL 0T X ¢}

2o

A b i _W AR
- : 7,” : ek | 1 e A B
:j ,, ! ”, ”,
, g MK ] i ™~
nﬁ .ml.-l'.llw,. i ! .
MM ! ,,Itr.l =T | 5 | sy | P
el B ,ﬁ | “ LTI ol L
, a0 dii i I
W ﬁ ; = |ty | ! Ve AT SN
2 1R Y0 YV dinnnmam b\
e Sl <@ | w | i | Y
L o gm_m Re \\ , |
.a ‘ uw v e mmM i |
i g {i e R 101 .
5 | i i b 28
S o L] L ol "
bt < i i i ;
Gl =+ i L . ,, .m.
e & | | : e o O
,;wf s e ¥ i T Q)
| SRR
e H | 154D Q0| ABHIVHOS A
i g 11§ ! ANSRRRNEY IREARARREA RO
i [ , ” ; , : ;
| 0 < Q] e |
W” M.& % o i % | muw




: S;Oglﬂ.,, .

ESTER

>

T

ORT|

50D
| £ 4
*

RER T Es

N

L W
»

—
3 1
SN

QKL g

N RiveErBAsIN

RS BASIN, NY
TION REPORT
EMENT STUDY

e

¥
A

ATION -

STAL STORM |
L)

N e orey
o 11 B @

il 1.0 5 §

&

N
1

989
HIESSEN NETWO

ioURLY STORM STATION

MAMARONECK AND SHELDRAKE Rive
QENERAL RE~EVALUA

FLooD RISK MANAG

MAY

9

19

89 FLooD REPRODUCTION
RONECK RINER BASIN AT GAGE

MAMA

FIGURE 7

»N.Y.

RONEC.K

!fb -
DoBBS —
BRY
OTAL

A

TBT,
O

E

| 7N

L
o

12N

"1
3

% | . o
, 1 ,
AN | _
® RRRE ¢ ‘ ,
i | R ” ] 4 |
T m RIS WW W v
i T i 14 .,hn 1 , Ea :
B 1’[ ﬁ " ~ ‘M | ,, qW i
- ﬁ LT ) oyt i
| II.+.I-..II | : { P ﬂ* ” ;
T k 5% %
Ik i E iMis SRR NN AR<RiE
I , N Gl ! ‘L by
: | | | 2N Y«
, o i C .l.uA L
| . Al e W
1 . W 2 W e
h A %0 |
ol N Ny o X ! e
SEHONI v | ANUINTINWND] ] g3 2 ol
| I I o= 3T = i
sl RS M= g
; I peal H
E i \\\..‘t‘w. mw ,”
1 i 1 \\\1 , i ,
e 7 A Ll i NEREDy & ..t
% .\tvnx+ e f A, : A, A m_ul ]
: I coINKALIERERE il
ua (T4 N rw\\w‘.n\\\ s , # ., : ,ﬁ ml b
T [ 8D aif AR il |
Lo U g ” L s | S LA
2059 | SN --C el @ | W
Qi T LT | e
A8 muﬁ_urM ,\-ca.a \‘N\V W W i i i
Pl ! iR N y
M\\ ; ;
A W
| ;,,,4//. l.l!) :W
LT ” i :
kLB i
| | ™ |
W, | s
S el ! NI
TH: e g w L N -
93X | o & {
g e SR [f : 4
wa .WZ‘ il ol sl I
‘” ,Tn- ., .,, ﬁﬂﬁ ,”
W m‘_ | ~ 7l
g 40 L 3
N ﬁ._ i il
4 .

IZN

04671 LY

Z:z_miz,oomummuﬁ._u.._u:mx N
SAHINI §E X 0L e HONI 3HL OL g2 X 2} =47

)
ia



TER

e

L3

~F

(ToTAL)

A

3
‘1
-4
X

M. T/ A 5§ N

NY B L L% 8}
o '-G‘Ul

L ¥ P
D

e

AK=

3

i
{

QoA ==
S ALE

-

7

AN

3

| ™ i i i i

1 7 a [ J .\«\ , 3 T vL m

i ; " , BNy raled

. T ] Y et !\\T‘ W ” 3 mnm 1u\,

Pl : i i | ! | ) i

s / ; TN i ! L .& ....Vﬂ :

e : o N ! had G,nﬂ,

o | aNGAUEN o % HEani

i o e R T

Hi TN = ST

ﬁ W forel e I N” | I P4 ”:,m Mw! IRE!

i LT | TAlT T

| Hei=ckini iR | |

h mii | A0 et RS O
i Ll W4 ﬁ |
By 3 , Ly W
i "~ ‘“v H

¥

ATt
NIV PN

ARG

L Kl Y

o~y

b,

-

F §

N NETWORK ™

a5

PN

7

CURNE

PRI 15—

A
A

[ F a2 ok

MAMARONECK, AND SHELDRAKE RIVERS BASIN, Y. ]|

FLOOD RISK MANAGEMENT STUDY

APRIL I15-16 2007 FLOOD

GENERAL RE~EVALUATION REPORT

REPRoDUCTIAN

AT. GAGE

MAMARONEZK RIVER BASIN

FIGURE 8

N.Y.

14

JNAMARONEC.K

o o I 8
|

Ml
¥

g™
N

AN Tir="Ay §

S RAINFALL

| |
| - | .
il | i
W ] L i B
a ; ! ; i -
i 7 BEN T |
v REERAR AR ” i i I m
E i i ™ ] ; \ 1 T P_ I
| shiin GHTHHBE | @)
I il ™ . i ' s
| RRRENEN \RAAE L S 5 . ’
o T L ) A . ; L
‘ : ,JIII,:..!TL.. 4 i ERRNT BREN AJ., i | ‘
i } Tt i RPN L | !
A e el x| q 4 ;
ol . . | i
i R P adl J |
| EERRER { i~ !

& :l\‘i'
()

b gl

R

i

.4
Z

12N

— APRIL ?

H .

ey

iy
it Y

NG

9O IN:

>

- 2.01

7

SIE o
2oiounT——

b HYDR
IECKKRIVER 7

Y,
L2
o~
"

£
-

T A1

LI Y ¥ "

“HYDRG -

-

RAINT 7

Y

0SS

i

e h A
PV
A
O

~ USGS
S A Y
LWL T ] =
=
.
ra
i
s

i

o™

5 s e Y i Wt S
[ -

e

¥

TeE

TOTAL EXCESS ¢+ 5

HYETOG

T

-+

o

o
N

i7HON]

%

<
el ™ 1% v I ,,d,, RSN st

F Wi )

W ,,,, v ]‘.
i | Wbﬂ
i RN i

0s61

L

¥

- R Yo 9. N BT
——APKL

t2 N

12N

'S N IAYW 0D HWEASSH B NHA4NTH
SIHONI Gi X 01 e HONi JHL OL 02X 2L



Hg 10 X 10 TO THE INCH s 7 X 10 INCHES 46 0780
M KEUFFEL & ESSER CO. MADE IN USA

+

— 0057

5o -
Mm 1 i

YsS

zZ
9“
g
O
m
Z \
=N
N -
o e e e e NG et -
ol
o[
T [ MAMARONECK, AND SHELDRAKE RIVERS BASING NY.) | | | 1 | : Emmas
GENERAL RE~EVALUATION REPORT S Y RA T IS M
FLoOD RISK MANAGEMENT STUDY i e o
| _UPWARD TREND OF OBSERVED ANNUVAL |1 |
| _PEAK DISCHARGES : WATER YEARS |U4-1% | — | — -
ERR MAMARoNEC K RIVER BASIN AT GAGE. 1o
MAMARONEC.K, N.Y. FIGURE 9 | | S T




46 0780

:

7 X 10 INCHES

10 X 10 TO THE INCH»
KEUFFEL & ESSER CO. MADE INUSA

KeE

2.500 1

i i ! T ] ! I
A i L ? N
i L
i i T T e
L MAMARONECK AND SHELDRAKE RIVERS BASIN, N.Y.
[ B N GENERAL RE-EVALVATION REPORT
; - FLOOD R1SK MANAGEMENT STUDY
[ 7] _RATIO OF UPDATED TO RECORPED ANNUAL.
- il PEAKCFLOW NS . TIME To CORRECT UPWARD
3 I TIREND OF RECORDED ANNUAL. PEA K

RN RN \ S ] FLows DUETD HISTORIC URBAN IZATION
2 ool 44\ | MAMARONECK, N.Y. FIGURE 10
i SN N [ : R R 150 O N O SN T OO DU TR T S N
= 2 - ool _3,,7 ,‘ Lo i ERNN b ‘T : .
8 20 - - g - 3ol - :
£ | ; ‘ ‘ rl o Nl -
w - - i . i
% VAN SENEEE W 1 e Tl
il — N b
afy —— e ; ? |
alal N T
Db , e RERRRE
; L] - :
A ! NN i e
Q—&? bbb - ] |
Ol | - ] a—
i | S STy | S
Lo . RIS EREE | [ERR R
o SERRNERRREE N ! \\ L NN
| L | ‘ B NS I B o
! L - ‘ ‘%‘\\ ,,,,, ‘ ‘1 . Ll
/00 F——— - :
R A N Beégin ,;,543 of Calend BN T

54

59 64



L o LOGARITHMIC 2 X 3 CYCLES -
’i\\"c KEUFFEL & ESSER CO. MADE N USA. 46 7323

g 5
g .
- T MAMARONECK AND SHELDRAKE RIVERS BASIN , N.Y.

GENERAL RE~EVALUATION REPORT
" FLOOD RISK MANAGEMENT STUDY 9
ANNUAL PEAK DISCHARGES IMCFS:
MAMARONECK R . AT MAMARONECK N.Y .
NS SAW MLLL RINER AT YONIKERS N.Y .
R ] _APPROXIMATE BEST - FIT CURNE
ror ] . + ’ . = .‘ l DR E /V\AN\ARONECK.N.\/. F‘G'URE .‘ R
100 200 3 i S0 6 78 9 low 200 3 a5 6 78 91 0 3 A5 6 78 9

Peawx & CFS Saw MUl L @ Yonke s 01376500

4

(%)

P



N

) -

i,_‘.
ce /C

L e LOGARITHMIC 2 X 3 CYCLES
]T\<"C KEUFFEL & ESSE}; CO. MADE IN US.A . 46 7323

i

zrope

P

| MAMARONECK AND SHELDRAKE RIVERS BASIN , N.
: GENERAL RE-EVALUATION REPORT
FLoOD R1SK MANAGEMENT STUDY
ANNUAL PEAK DISCHARGES IN CES *

Y. |

[ab]
S
o

MAMARONECK R, AT MAMARONECK N.Y

NS.NORWALK R . AT SOUTH WILTON _ Cr.-

APPROXIMATE BEST-FIT INE

SMAMARONECK, N.Y.
T

i
i
{
[
i

SHENE
A
l

E:

FiQURE 12

R
e
L

w
I
1
[eal
~J
o]
O
g

?.QD m Zeco 4@)5 67 ii&.‘“’b‘.oo

CFS ‘
Peak flow, Norwalk R Q Sootrh Wildoun CF -

2

2
0

iE
..f.{jﬁ_ll. B IO
SO O I R
L
4

]
‘fj;i

8

3

4



e 19X 10 TO THE INCH. 7 X 10 INCHES 46 0780
MV¥& KEUFFEL & ESSER CO. MADEINUSA

R . - [ B - ; ‘ ‘ J i - ‘ T T

: ] ; : !
SRR : : - . e
MAMARONECK. AND SHELDRAKE RIVERS BASIN, NY.| | | ' e S
5 IS IR o T GENERAL RE-EVALUATION REPORT RN IR B . RN e
A () NS O O FLoOD RISK MANAGEMENT STUDY I ‘ ] |

| | _uPDATED, RECORPED AND ESTIMATED T T
bt e e e i ] ANNUAL PEAK FLOWS NIS . TIME. © b ; et
b b et et | MAMARONECK R AT GAGE (HALSTED |-+ | 1+ ‘ —

Tt T AVENUE ) For Froob FREQUENCSY QSuLATION | | T T o SARENERE .
Ao et ook Sl | LMAMARONECK, N FIGURE I3 [ |1t | T I I

-

I, G0o C

N e

—
i~
—

i ! i o ool
L i ; ' ; I e R TR - =4
Py H ) . I | H (e i
' T B e e R e S T A DU [ O R R e B I T o IO B
- - ; ' . L i el
i : T . T T T
i | . : - [

CHApGE.

bis«

-

fe

980 1990




L PROBABILITY X 2 LOG CYCLES
§r\<‘E KEUFFEL & ESSER CO. MADE W U5 4 46 8043

o1
[3¢]
.

9.99 99.9 99.8 99 98 95 90 80 70 60 50 40 30 20 10 0.5 02 01005 001 44

G = DA o O s vt Bl B SRl e B - 9

ST

CIEat D this

Py SN s o

royn
an
)
i
:
7
|

ol
st |
i

v

JIS|CH ARGE C#

A —d )
N~
-
s

TN U

Ll

Lasi R4
[ N

“1”@: Lt E]

e Pt T T MAMARONECK AND SHELDRAKE RIVERS BASIN, NWY. | 3
T A oL T P - GENERAL RE~EVALUATION REPORT
L LR SN TEMATIC. BNERTS FLOOD RISK MANAGEMENT STUDY
[AEE I\ leata [ ea E. IR S 1 EXISTING CONDITIONS PEAK DISCHARGE
) “q_‘ L‘ }{ 4\ l'[ 944 J-."Tl \ T : 1 VS‘ FREQUENC\/CUR\}E: 2
| A s A A e S R | MAMARGON ECK RINER AT MAMARONECK
mnh ‘ NY.(HALSTED AVE- ) USES GAGE 01301000

T | AAAMARONECK, N.Y. FIGQURE 4

i
Pl
- raA vl
- r :% T
¥
d
“N.
ik et hd‘ CIER'R)
> Oy W
N
M iND
|
P
¥
i
T
|
|
|
i

R EXCEEDENCE FREGUENC } H% 2

T finiil ii
10

20 30 40 50 60 70 80 90 95 98 99 99.8 99.9 99.99

001 00501 02 05 1 2 5



€N s
¢ ~ KeE CEREDs et BRIt ! 46 8040 —~ )
/. 4 A%0 99.99 99.9 99.8 i} 99 98 95 20 80 70 60 50 40 30 20 10 5 2 1 05 02 01005 001
9 N B : SR IERREEERE =
8 S = YA = BERS I T ,; 1 et o o el e ol THE Sl - == S e —
7. Tt : ST SR
- - - - 1
6 - i - - - .
5_. 3 ~ ]
4R 2 s =
S&Ldt
SRl =T SSestiet
) : R **\
2 P> \
o~y h ~
y = Sm E,L_", 244 1 2R A T
Ly N TN =Y )
| LMy Sy et ®
/6o ms
9
8
7 '\A’ ’1’ X : 'l“ I’ II{II'I 117
6 2 G Z 1“‘;l i 7 IL.A:; il
5 S : % ’,?:{ 4
4
- k I i M f Vits
G 3 25 1 1 —Ht |
c Fa g ! ool A3 F. 1K)
» ' - : MAMARONECK RIVER N.Y.
m FOAH e TR T 02828 PEAK DISCHARGE VS. FREQUENCY
VT A A inl L b b2l (8 / - 47) R
2 PP el A H O MAMARONECK RIVER GAGE
A (Nl O -+ 4 -
£ ' (HALSTEAD AVENUE)
MAMARONECK: “NEW YorK {
1_.‘ X /C' 'Lﬁ-’ :ﬂ— r-;w’, “ﬂ' W= “- ’f) ﬂ d;l’ﬂ ,F/GURE ’l‘" A

001 00501 02 05 1 2 5 10 20 30 40 5 60 70 80 9 9% 98 99 998999 9999



[55]

» S

%‘LJ}AQ FPROBABILITY X 2 LOG CY
MYZ:  KEUFFEL & ESSER CO.

99.95 99.5 99.8 99 a8 02 01005 001

o : e i ERE %
= I ' :
: \ ‘ i - E
| | [ MAMARONECK AND SHELDRAKE RIVERS BASIN, N.Y. |
' G| GENERAL RE-EVALUATION REPORT
T i i FLOOD RISK MANAGEMENT STUDY

ERRE RN A (ARAARREARSRARAN A NN ~EX1STING CONDITIONS
e ' e | PEAK DISCHARGE Vs. FREQUENCY CURVES
EERNI T | MAMARONECK RINER AT GAGE (Hm.gg@g@y;}
R A R LR _ 2010 GRR VsS. 1989 GDM\

P :ID Boces i GeR SRE ' MMAMARONECK, N.Y. FIGURE 4B
O S AT > " FEERE EEEE i it aCCa N e B R o e 1

7= B . oty - e F B 1T : i Rk x L . i o . ]L Lo - . ..'1,_.'.), LEtt R S 9

10,000, -

g:&?

2\ o
&
)

B iV 4

{

y

K
RO
Y

¥

y 4

7

r

Y

)

o4

89 &DA

4+ 34N

L pe
7

— = 34 EF N ™ bl g - " e Y b b o (e fn $ | A [ et j— - | — o §
1 Al

L ] |

.1
0.01 0.05 0.1 0.2 0.5 1 2 5 10 20 30 40 50 ©0 70 80 20 95 95 99 . 89.8 99.9 99.99




PEAK DISCHARGE CFS

§

;

=3
i
L

:
I

[y

i T e PR 5115 O N R SO R
; l (). S> !'_ LILKAALT A #‘\JZE
| : o =
: 5
sy bt :“‘ R e
. MAMARONECK AND SHELDRAKE RIVERS BASIN NoY. |-
QENERAL RE-EVALUATION REPORT
FLoOD RISK MANAGEMENT STUDY
EXISTING COND ITIONS PEAK Dis— || 7
YRR | CHARGE VS. FREQUENCY CURVES
i MAMARONEC K, RIVER
1 L MMAMARONECK, N.Y. FIGURE IS | _
3 | a i ALl I -
- : o |
TP == n L S.0S LIMIT cuRve
o | N A 3 Lk L= = e WL
= e ITREHCIY | 2 (e ’ palmoeng Pk
‘ ______ [ 4 - - H J ¥ "( P\ﬁ P - (@F i C‘,q Lﬁ&r ﬂT NE! ...
L 1
0.01 005 0.1 0.5 10 20 30 40 50 60 70 80 S0 95 98 99 99.8 89.9 $9.99



PEAK DISCHARGE CFS

\

)

46 8043

I e
i N‘\ —
7 .
T
4 ERRIIEE
>~ o
]
3 !
2000 | -
- 1 -
| | By
_ - | 08l LNM = L. ‘R
ISHE E T e e L
Lo00 Do 4 10 T8 LIMIT CURVE
N F B %
9 AHE D K - -
a = NN E (‘ :
, =
&
4
3 MAMARONECK. AND SHELDRAKE RIVERS BASIN, NoY.
GENERAL RE~EVALUATION REPORT
FLOOD RISK MANAGEMENT STUDY
EX1SNNG CONDITIONLS PEAK. DISCHARGE
2. NS FREQUENCY CURVES : MAMARDNETK)

R. U/S SHELDRAKE RINER, SHELDRAKE|

R.DIS OF EAST BRANCH
AMAMARONECK, N.Y'. FIGURE |6
‘ 1 ,i' Eo
u =3 E AR N F i 4
) | )
001 005 0.1 0.2 5 95 %8 99 99.8 99.9 - 99.99



LY Sn PIUBARILILY A 2 LU LYULES
3f\<4}£ KEUFFEL & ESSER CO. MADE IN U.SA 46 8043

PEAK DISCHARGE IN CFS

99.99 90.9 90.8 jele o8 95 80 80 70 60 50 40 30 20 10 5 2 1 0.5 0.2 01005 0.01
— e e EE B e e e o RRE RN S - = ]
CROCES SES St =
- ] —
N
W
P~ T L/ 1
N
- oY
~N. ™ A
g B ‘\
. § P NSADAL T
TGN, C SHELD KE| RINER ATFa N1/ KD,
il N
P W b
\o,{‘\' N EE B SIE L AL
/ i -~ - tw
R #_ AN ‘\\NN “’n,\
- N ‘\,\N N 1
29
- . = = : i 1 l_"7 I = vﬁﬁig
RS = = = - — 7
o ki ] S —
. ) R J ‘7, 6
— — 5
== = 4
= 3
- MANARGNECK AND SHELDRAKE RIVERS BASIN, NY 7
I GENERAL RE~BVALUATION REPORT
FLOOD RISK MANAGEMENT STUDY 5
,,,,,, EXISTING ConNDITIONS PEAK DISCHARGE. ||
SHELDRAKE RIVER AT FENIMORE ROAD
MAMARONEC.K, N.Y . FIQURE |74
e , | |
=X C = NN = ks JENCY] TN § SCEN | |
Ll ! T l | 1
0.01 0.05 0.1 0.2 0.5 1 2 5 10 20 30 40 50 60 70 80 90 95 98 99 99.8 99.9 99.99



PEAK DISCHARGE IN CFg

LtaSl FUDSABSILILY X & LUG LYULES
il‘\“»é KEUFFEL & ESSER CO. MADE IN U5 A 46 8043

99.99 99.9 99.8 99 98 95 20 80 70 60 50 40 30 20 10 5 2 1 0.5 0.2 01005 001
o lb ik LET R B EEESEESEE f =
5. e B— -
Bood -

- | =)

; -
20 BIApCS
- -0, 44
~ 8 .
K -y - ot e A
LW g, Aph SHELDRAKERINER AT MO
e L - T4 o~ | v
0,1at nan: SOAS 4] =
BRI = At S Ny <~ 1. SO AN
<~,U b \\\ h 8 ]
1ood A ™ _ \\~“~~~.. ™
9 = —
8 ’7 - —..,7 - -" = NPl é:é
7 i B = e
oY -
180
6.
4 : =
4 4
3 —| 3
MAMARONECK AND SHELDRAKE RIVERS BASIN , NLY.
GENERAL ReE-EVALUATION REPORT
2 FLOOD RISK MANAGEMENT STUDY ’
| EXISTING conbd Monts PEAK BISCHARGE
NS -FRESUENCY CURNEL I
_SHELDRAKE RNER AT NNOUTH
MAMARONECK, N.Y'. FIGURE 17
EXCEEPENCE  ARE@UENAY [N TLESIN
1 L I | Ll 1

001 00501 02 0.5 1 2 5 10 20 30 40 50 60 70 80 90 95 98 99 99.8 99.9 99.99



PEAK DISCHARGE CFS

PROBABILITY X 2 LOG CY

WKEUFFEL 2 ESSER CO. MATF 1

I TN
LI

o8

1
1
/
{
1
1
1
I
}
s
Lin
i r
by .
5 51
1)
=
A
el
m
I

a— .y . _ - -
e . A I bt -
e —~ E
1 - ! s, § M-‘..ﬁ .. - 3
sl + g L e
| T |kl i

i i — |

\ et n ! b | L
| ] | PR S

; h

\

[¥a)

cURVE

i ;

it S
i H
1

/0,140 CFS -

10,080 /16 | 5PF | ’ NN SRR npan IR Anse iy
9 R : G ENE e e EERacE e e o i AR N AR MAMARONECK AND SHELDRAKE RIVERS BASIN ; NoY. | -1

1

H
§
i
}

TR GENERAL RE~EVALUATION REPORT
ST T 1 FLoOD RISK MANAGEMENT STUDY | =
7L : EX\STING CONDITIONS PEAK DISCHARSE |

\S. FREQUENCY CURVES: ,
MAMARONECK R DS SHELDRAKE R. | -

FIGURE I8

MAMARONECK, N.Y'.

Po .. A’- 4C s st
N T i) RN 0 o o e sl
NEIRERY , N i 098 [LIMTTCURYE
EXCEE DENCE | FREQUANCN INIFERCENT | | |11 R
IQ{QD |

001 00501 02 05 1 2 5 10 20 30 40 50 60 70 80 90 95 93 99 © 99.899.9 - 99.9¢

3



PEAK DISCHARGE IN CFS

K¥E keSrres s Esser co. mewr i ser 46 8043
lO.bb .99 99.9 99.8 99 98 95 90 80 70 60 50 40 30 20 10 5 2 1 0.5 02 01005 0.01 10
X » %{ S E— | ‘ =
s“ :E Y i — - i - —
Jood— T = =
— EEEY. =
= 6
——— N -
400 O3 Ry MAMARS KRR R AT AN ETE] NERUE =
SN N S moan
77777 \\ = r P ) A -
300 —_— ) ! - b .3
— .D\‘ \ N
— LAY | -
OS5 ! —
< -y N =; —
a, ™ S b
200 = 2
s ~ i B il o o
THN R s T e DS A MITHEHRVE-
OS5 LT EdRVE
10,000 (1000 ||| SAF 1o
9QE‘ yL e .
8
Toba B
N\ - 5= - . : I e S 1 R i -—&mt i~
6 N ¥\ A= - = T5S = A L] ¥ A = ST ALY - ! mv T
= “ S E i L § . - - - [ '} A“l‘ “E' ‘{E
5‘ s . 4 LS . L N ! i )
== = = MAMARONECK AND SHELDRAKE RIVERS BASIN N.Y. |
B R i GENERAL Re-EVALUATION REPORT
4obo g AS 4SS = FLOOD RISK MANAGEMENT STUDY
s Ve ] NE | _FUTURE UNIMPROVED ConDITIONS
: = PEAK BISCHARGE VS. FREQuENC
3obo s o CURNES : MAMARONECK RIVER
- o~ ] s AT WINFIELD AXE. HRUWAY
Vs MMAMARONECK, N FIGURE 194
{— AN < < _
3 ™ ™
] EEENYORNE
N P 1
™| . ]
J R | i e | o). e --5' L .l 'A' B i = (; %
.1, il s L] et =
L X EENCE e NN TN CE iniing {E —F T —
1 T | Ml
001 005 0.1 02 0.5 1 2 5 10 20 30 40 50 60 70 80 90 95 98 99 99.8 99.9 99.99



rd
L4

PEAK DISCHARGE IN CFS

—

|Lf<<#EC—: EEC)JF?/E-Z\E ‘g ‘E‘SYSE)}; éoljU(:Az:L; TNLI:._StA.S 46 8043
0. .99 99.9 99.8 99 98 95 S0 80 70 60 50 40 30 20 10 5 2 1 0.5 02 01005 0.01 10
v B e e e ! CETEE E B
9 B LESSRERSERCOSORSSESSS — = = g
8. - i E= ] — i .8
7. & : + .7
%% T —
6 — T o A 4 .
4 N K xéf 7N A Y - 7 A-OF - NHE]L a =
c’t‘.. N . S U j;
3. b S e —] 3
- e A Q B, N
Ny - ~ 3
~
\ 3 ~N
S y
2 - NS < anuRRi N 2
N N -y )
N N
77777 aly e ™ T~
SN I — ~ ™ |
N an T ™1 oy
N R AR i i Olos LT dueNE |
N - . ke WY Tt
N N TIT | 11 3
1 .q\\ N b P o 6 O S e i oo [ S Ny N N [P
10 N AT N 98 LIMVTTICIURN 1
9 E =
=5t e 8
7 & R - = e I
6 I— - i Y e =
B —EIATT CURNE =
So0- 5
4 = Eee o 1 : SN S C RKEAM-DE EA. —B A L 4
- o 7”2 ,A
3 o  { . P ! o 3
-] MAMARONECK AND SHELDRAKE RIVERS BASIN, N.Y. ||
GENERAL RE~EVALUATION REPORT
- FLooD RISK MANAGEMENT STUDY
| _FUTUR E UNIMPROVED ConD tTIONS
2 PEAK DISCHARGE VS.FREQueNSY | 2
CURNES 1 MAMARONECK R . v[S SHEDRAKE
i -SHELDRAKE R+ DOWMNSTREAM oR EASTBR -
SAAMARONEC.K, N.Y- FIGURE 19-8
EXCEEDE] = [FREQUENCY TN & NT
1 1 | i VAT 4y
0.01 0.05 0.1 0.2 0.5 1 2 5 10 20 30 40 50 60 70 80 90 95 98 99 99.8 99.9 99.99



- . NUBADILILY A £ LS CYULES
|K¢”E ;EUFFEL & ESSER CO. MADE IN USA. 46 8043

PEAK DISCHARGE (N CFS

99.99 99.9 99.8 a9 98 95 90 80 70 60 50 40 30 20 10 5 2 1 05 0.2 0.1 0.05 0.01 10
} el . . . - L
b == SE= = —i 9
- - “‘;; 8
- N — .6
=
doos | LepE = =
‘ ,c‘ﬂ.\
> e -+ 3
e A
- i~ ‘ dp. —
N q ~
™ > ™ i I'p oo - 2
VVVVV i L N i N Nl < i"i i g Q‘l\‘ :{2 { Nli‘l‘ y—
~ N An N = N g~ A A
4 N, N e XY e . ALX
- / N
\ .
b L ]
- N L Ny L
™ & ‘\\\ Py Ry 1
— 9
L | %W — _l LAEINI] N = 8
” = o 7
- ] . N B - | o RN F': 6
N —|..5
e o ! B =+ L B N 2
“1= 1] MAMARONECK AND SHELDRAKE RIVERS BASIN , N.Y.
- GENERAL RE-EVALUATION REPORT”
— FLOoOD RISK MANAGEMENT STUDY
. . FUTURE UNIMPROVED CoNDITIONS | 3
— : PEAK DISCHARGE VS. FREQuUENCY
CURNES : SHELDRAKE RINER AT
e _FENIMORE RoAD
MMAMARONECK, N.Y. FIQURE 19-C| ,
E =1=ys3 S FREQUERNC ) =5 'y
LT L I

001 00501 02 05 1 2 5 10 20 30 40 50 60 70 80 90 95 98 99 99.8 99.9 99.99



PEA K DISCHARGE IN CFS

L7 $o PIUSABILILY X 2 LUG LYCULES
H*E@ KEUFFEL & ESSER CO. MADE IN U.5A 46 8043

N
[

99.9 99.8 99 S8 a9h 90 80 70 60 50 40 30 20 10 5 0.5 02 01005 001 T
9 . I — Ai,, j - Sl — i - ) i - £S5 + == -
—. N =" ] — I Es =i EE —7”7
- . _6
| 5 =S
2
Fa
il
X NP N
h, < - -~ » L o d -
~ {4 E‘ p LS L D p.A“é‘& ! 3 4 T ] ’A\‘\) ».l' T
] Bany N YR, .
I L TR [Agp= AL, )
P S ’-‘ ~ L) \\ ) N AY
RRR ‘b !?'nl‘\»~ i +id
o ] Vet \\\ ST
==
—= : ( TAALT ( —
8- — == e e i e s s i
7 = = IERm
N ] AT 8
6 i T PV E v
LY. = 5
4 1= = s s S Mo I
S e MAMARONECK, AND SHELDRAKE RIVERS BASIN, N.Y.
- GENERAL RE~EVALUATION REPORT”
FLOOD RISK MANAGEMENT STUDY
3- bt _FUTURE UNIMPROVED CoNDITIONS | 3
- . : PEAK DISCHARGE NS.FREQuUENCY
- H CURNES ; SHELDRAKE RWER
; AT MOUTH
> = | MMAMARONECK, N.Y. _FIGQURE 19-D| ,
EXCEEINE SREQUENCY ROENT
1 I i l 1

0.01 005 0.1 02 05 1 2 5 10 20 30 40 50 60 70 80 90 95 98 99 99.8 99.9 99.99



a$s PUDABILILY X 2 LUG LYULES
‘%«%é KEUFFEL & ESSER CO. MADE IN 054 46 8043

PEAK DISCHARGE , CFS

99 99.9 99.8 99 98 95 a0 80 70 60 50 40 30 20 10 5 2 1 05 02 01005 001

e e 68 GdGe Nb. OiBujoon .
= ; = k1 “‘“ @ ] s LA L ¥ 13}3?& £ E*Eq T =2 § A - '%‘K 4 ¥ = i z’ > -

z ¢ b ANENGED DOWNSTREAMCOF SHEDRAKE RWER— | °

il T 5 = I 17 — S f = — — 4
7 e —

B - ¥»3

- ™ 1
P~ -

- BRNS NN AN = = O 1 5 =2
(DL LW TAURN E-

y! 1Oy YCES | 1
71l — .9
S N b ) ; 8

- H-AM NEQ TERTAT =
= :-:.;?; z 7 AALY SE== =i —
=5 Fyss T - S MAMARONECK, AND SHELDRAKE szzsaﬁsm,u-}q
— iy = = : GENERAL RE-EVALUATION REPORT 3
¥, > £S5 FLOOD RISK MANAGEMENT STUDY 4
- RN | FUTURE UNIMPROVED ConDITIONS |
(Y - T A i
o *® - =| PEAR DISCHARGE VS.FREQuENCSY
N - CUFNE,S__AMWM% 3
: LT DouNSTREAM OF SHELDRAKE RN
N 3 /MAMARONECK, N.Y. F‘Q‘URE 9E
~ & I~y P = i _
- TR Tt " = 2
\%4 -, Pt Tt . |9 i A\ o E:W
1 B i Ll -“'"""""«4 T T T
N | QE ¢ UNA T e Ve
[ ! - [ =t 20y £ 3 AR A
X C(REEDEBENCH HRE ENCY T ITNPE =l
0 |

0.01 0.05 0.1 0.2 0.5 1 2 5 10 20 30 40 50 60 70 80 90 95 98 99 99.8 99.9 99.99



44 i ” L ; ! ,, J-n--. S o
1iE TITIT , o iz s = X
L L i
| | ﬂww Z mm %
Hin | §¢p 0% S
il ) o i h Wwo) ¢ %
b2 o m_nRM W P4 m‘q
r gzgaao W
i . T ] W 0] < Z >
- Y s W
e 8 O
il NEEE EUN-
iy .W z i .
i D Ll < , w S
,ﬁ HER = ; , .
: T N O35 2
: ; g Z Wy
. A NMEEA Sk “IRY)
it 1 | | o< z
ﬂ prsf } | S S e 9o
| = | z 40 % 4
ki $id wZ
HnBINh. : w& o m
; N fan, T W 1 , T
N m csv | ,” -y
N = | |5l b ik
N . i ] | |
| ‘ : T il
| . M i
Y g | ] 1
Mw ! , o B Lo | m u
- ™ ..lln ” , _. .
J , | ERARR RS
| ! | ' A i R |
i | ; A F ,, ,
! > o , H ! W
Z | | T | i
L | RIIEH-. 3 | ; N ]
. mm ! , i AR i , , ; Wit ,
| il n il ! b \ ! 1
P ey i Y- FW- , i
,AM , L ,;Onn_ﬁ . , . \\
- | «%] ! ! 1 ¢ 3
%. H “m PU ! , ™ . ; L_\
e ” M-, U o u.m. mw\\ - y
1l 305 > ¥ E | L
e D I il il ‘
ke | HIRAR ey ST Wz | d C
2w L] 28 ol o A
4 iy CHIBRE Ry i 72 g i C
ﬂ IL— _E& nmw A MW mhw Nu ﬁ Aﬁ hl‘ MH A” | | ‘\‘\\,\ H A”V
I I 31k b 2 e d M g= LA 0 L
R, ﬂl FA et ol -, : |8 3 | |
gt ho | 958 e b Ay Ezle 9 il
bt | B CE TS REE | TN ] - B o |l NN
j. [ Al .rn = «\J HDW WA Ly B¢ it e bk imnf
I 22 [ LGOS AT 2 U | =
i % 7 4= a CTHEH N g Sk |58, W i
i i 0 | m“ 7 L = N (L T SRz« | i
flli $R . 327 eaq SURAINE S st SELEZ S il
R T N Za N
m Al
T 1 MJ\ : W
e
o ﬁlv P
7l
9%

|

oy

Pt W Vs
N ARAT

¥}
I
o

V'S'ANIIAVW "OD MEASST % T344NIM =7, 4 |
0L61 L¥ S3HONI §1 X 01 e HONI FH.L O4 02X T} U%vl



e ]

Ltk i i 2 S. 2
Z ln_‘..‘ | W W ! NJ : H_ E
B frieee ‘ ; o |gkE v & ¥
= |88p 23 5
O > w%s ¢ &
W NNM _nl- Mu& 18
| | gig g T
) mw 27D
i =  w b Gﬂ Q, V..
23 LQ pa
L a \ Y NW 4 -
Q NRS l-M w X
ib=~¢ R A Y, ,” , m
ot K T
| g vegw ¢ oz
i bl zigx u g
m ; T “ Ly Wo>
< = |
, N _”“ . _ [EERAE
\ Hinmm |
] ] // , m,_
SHIEE
L /// : : | |
\ | i
24l Q S &
3 ik : 3 3 : TN A
N i 4 s EANRNNN ¢ 4
w e 5 Hi |
w il
i W i W |
ﬁ | M H
| ., T i |
| ‘ , il
ze § | N
il Z
P = ” i~ .v , i i "
il ud I B o /
N QN D LT HE-auin G o &
358 et AR L et A L
N “m ) v | LT a mw o \\ Y
,W H “H md AUQ i fn MH.U h(w «J .M" \ \ ul
§ 0 s W ATa AVl | % v y ShRe 0§
ST il
S 2 TOE L EELeE 0 s
< nmm U v Z < .o & g & ﬁ” ,”1
=T rR N LR == ” LI L e
10 § 4 S N W
It ..Alm .lm 7| px by < < , O > hw
RR ol =S I & 4 Mm “n
.hv A& Alv < - < < = !
B | P | Sl Bl 2
il | r
m T W
q & i
|l
<0
bl
o)
all T

0461 LY

V'S NLICVIW "OD YESS3 B N344N3N
SZHONI &1 X0 e HONJ 3H.L OL 0Z X ¢}




[P}
e 0L
]
iNL

14

T )
L | Han o o
= | | | 2 &

. | z o

f | | iR ¥

" A, W K 88 = N, « D

. ! I ” 4 lgun O o @

- , Yo 3

5 | - | i SYcE F O3

c , , ﬂ 2z2 2 i

T T i : ol n w

! AR W ~t i M ,

, H | Y = :

| , LT o Vi <wZ 3

4 _ 1 i 290 w

| | | ] 14 ,

! L i | , m A 9 a .

‘, , L , | qu. ] w W W V..

T | ” | | o a % Y o -

T ; i AL s z%0w 7 o X

! | | o s Al Al th LIy = & &

4 ! TNl R HY —l” .
| i Y ! X = A N
| T m W : \Y) o Q (73 (o ) ]
i | ™ h i u Q R o 1
i W ﬂ.f . ..L..\ i Z W O =~ |
, ; i ™, F=d 5 % 2 3 VA M,, i
ot ) , \d L w 2 W
i wi. A% ,
w1 \ o) ] ] ber . & . <€
v Il N ™2 . 3
r\..k | T | 59 SEYN S} | hid
| ; m ”‘\ ! : / ! QQ (.Y AJ i i ﬁ
ik al=z ; [l
i i S
| il mn , BT T ; ,
] H 2l : R R i IR
THa
, HH ifARERRRRAL I RERARS
3 T " >
v 1
{ O . s O n& o :
¢ S5 o ) P il [ |
3 .u:w. L K i N ] ;
: m - J.“Uv, | ! , W”
| : i \
W il
M i
! m HIARHHI ¥ len
| T , S -
5 — il
| : , L) st 1T zwu
. M:m fm L=

M W e J rw. 2 ”

| ”, , M ot WM >}

I il JHISIRN- BN & WHS |

| | w : by W

Bhagtad Ll A |
; RN : Al Ay - (n |
| 2 B Tl Al
™ It e fom| Hral 1 Jebde b =
, m Z W W 4 .N,\ i ) bl 5| va
END § \,v.\\:, ||| MR LY
| Ll WTUN kg N 1.— 7 €l 18 MK%\ i i
m AL i o ]2 ‘ 1l el
i f / N B (@R 18 o Y g . N
: i , eEged YuE2 9 w P O
T , v | > < G.‘ﬁ < \t rn ks i el LR
L] L N T g h == M e g2 W - ,
Al B 33284 <gug8os NESS 9

ui A Iiin 248 a 23ha TR of | 2 : ,

: i M.h. 3 ”rM.”. 2 e .,rl.w 7 | W ! Al Mm Mw— ....W N

& oot e I Egogu w

| bl o Hil HERG | A e x 20

W vl (L S ikt | |

”.— w.ﬁ ..._w. | 4 - Vi : 1 : ﬂ ﬂ §

T il Ll ! H W ==
HoIB A EaNIs Lo 1L S m
ARG TN H W | W i} ,
_um,,m.fwr.., il i | i ﬁ
ol Gl £ 4lE I

Vil It | | | I i
, AM I ﬁK” Ln.u ; W i , ! i :
o ‘| i | i) ”, , W L | i L
i I NN T.u .:.._ +t W o i ! i i N
e - Y B i B O\
il | L , i ! _, i,,,, ﬁJn
H #i- iny | | i oo
0 Qe I il i

ﬁ , | W ” R e W
| . m I i , Jh
S , | ﬁ AT il

[ : : : i i | ol !

H i | B
m | | o
i o , W — ,ﬂ " O
W L R | i B
6 | ! ANABETa W |
| o HOMNI 1 | |
N | i | 1

VST NIV 0D HESST 8 13AANAN
0461 LY SAHONI 61 X 01 « HONI JHL OL 0Z X 2l w,1v3



L/o§S 10 X 10 TO THE INCHe 7 X 10 INCHES
[ﬁ*’g KEUFFEL & ESSER CO. M‘ADE EY S 46 0780

I Pop

S NN S SN U S

MAMARONECK AND SHELDRAKE RIVERS BASIN ; N.Y -
GENERAL RE-EVALUATION REPORT

FLoOD RISK MANAGEMENT STUDY
__EXISTING CONDITIONS

PEAKDISC HARGE VS. DRAINAGE AREA
MAMARONECK RINER

/V\;sMARONECK.N.Y. FIGURE 23




L/ 10 X 10 TO THE INCHe 7 X 10 INCHES
llﬁg KEUFFEL & ESSER CO. M:\DE WUSA ¢ 46 0780

, T S— T : T T ‘ J
s N | ‘ ‘ -
T ; - : ' ‘ RN ! ! l s i ; MAMARONECKAND_;HELDQAKE RIVERS BASIN, NWY. |
A B 0 0 B A : g R GENERAL RE-EVALUATION REPORT
- Lty T i . I FLOOD RISK MANAGEMENT STUDY RN
> Tt NI I R 1 R T EXISTING CONDITIONS |7~
R N i NN RN | PEAK DISCHARGE. VS DRANAGE AREA
et ‘ s | AT SHELDRAKE RIVER
- MMAMARONECK, N.Y'. FIGURE24 | -
B R T 7 * | I T LT
-~ : EEn
! |
i H 1 i
i l» ICd T
i — P f et
- l,. ‘ — *,,: ,4:;7 — i po — \J‘:,,
H [ 7‘737 K Lo o i
- g ‘ : ‘
i i R r B
P ' L L : % ! ; ;E




“AJ

Bl Town of Mamaroneck
Westchester County, NY

Bridge Modifications:

1) Ward Avenue - Remove

2) Waverly Avenue - Rem ove/Replace
3) Center Avenue Footbridge - Remove
4) Footbridge #1 - Remove

5) Footbridge #2 - Remove

Culvert inlet just upstream ofthe
confluence in the Mamaroneck River

Mamaroneck and Sheldrake Rivers LEBE:I‘ e
i T ——
Flood Risk Management Study &smmsm St
Alternative #17Z with Bridge Modicion
1 ‘m— Fetairing Walls
US Army Corps of Engineers VE-Proposed Culvert in Confluence I v o
New York District 0250 500 1,000 1,500 2,000 --Igwm

| == s ————— R annel Slape

FIGURE 25: SELECTED PLAN FOR MAMARONECK & SHELDRAKE RIVERS)


e3plfka3
Highlight


Return Period in Years

10000 3 = ST R T S I - 0 I I ol I e B < S B B =1 11 B =0
o ele — | < —i — - | 4 N~ N Bl DN 3l k=1 s S
L | — — (V] 8
/ 2
Y,
’/
e
.~
P - /
/ /,
/, - /
— > ”/
& -=-F--7 - //
o _____ NS . N ______,_-——/
o [
ED 1000
LL
X
[4v]
o)
(ol
Note: Mamaroneck River at upper 5 %
Winfield Avenue in Mamaroneck NY lower 95 %
(WINFLD) D.A. = 15.35 sq. mi. _ _
" " .. — — —Partial Duration Curve
(Under "Present" Improved Conditions) | | | | | | |
100 —g559 999998 99 98 95 90 80 70 60 50 40 30 20 10 4 2 1 05 0201005 001

Exceedance Probability in Percent

FIGURE 26: PEAK DISCHARGE VS. FREQUENCY CURVE FOR TENTATIVELY SELECTED PLAN AT WINFILED AVENUE
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FIGURE 27: PEAK DISCHARGE VS. FREQUENCY CURVE FOR SELECTED PLAN AT NY THRUWAY
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FIGURE 28: PEAK DISCHARGE VS. FREQUENCY CURVE FOR SELECTED PLAN AT MAMARONECK/SHELDRAKE CONFL.
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FIGURE 29: PEAK DISCHARGE VS. FREQUENCY CURVE FOR SELECTED PLAN AT SHELDRAKE R. & EAST BRANCH
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FIGURE 30: PEAK DISCHARGE VS. FREQUENCY CURVE FOR SELECTED PLAN AT FENIMORE ROAD BRIDGE (UPST.)
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FIGURE 31: PEAK DISCHARGE VS. FREQUENCY CURVE FOR SELECTED PLAN AT FENIMORE ROAD BRIDGE (DOWN.)
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FIGURE 32: PEAK DISCHARGE VS. FREQUENCY CURVE FOR SELECTED PLAN AT MOUTH OF SHELDRAKE RIVER
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FIGURE 33: PEAK DISCHARGE VS. FREQUENCY CURVE FOR SELECTED PLAN AT USGS GAGE 301000
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FIGURE 34: PEAK DISCHARGE VS. FREQUENCY CURVE FOR SELECTED PLAN AT MAMARONECK RIVER AT MOUTH
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FIGURE 35: PEAK DISCHARGE VS. FREQUENCY CURVE FOR SELECTED PLAN AT WINFILED AVENUE
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FIGURE 36: PEAK DISCHARGE VS. FREQUENCY CURVE FOR SELECTED PLAN AT NY THRUWAY
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FIGURE 37: PEAK DISCHARGE VS. FREQUENCY CURVE FOR SELECTED PLAN AT MAMARONECK/SHELDRAKE CONFL.
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FIGURE 38: PEAK DISCHARGE VS. FREQUENCY CURVE FOR SELECTED PLAN AT SHELDRAKE R. & EAST BRANCH
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FIGURE 39: PEAK DISCHARGE VS. FREQUENCY CURVE FOR SELECTED PLAN AT FENIMORE ROAD BRIDGE (UPST.)
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FIGURE 40: PEAK DISCHARGE VS. FREQUENCY CURVE FOR SELECTED PLAN AT FENIMORE ROAD BRIDGE (DOWN.)
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FIGURE 41: PEAK DISCHARGE VS. FREQUENCY CURVE FOR SELECTED PLAN AT MOUTH OF SHELDRAKE RIVER
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FIGURE 42: PEAK DISCHARGE VS. FREQUENCY CURVE FOR SELECTED PLAN AT USGS GAGE 301000
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FIGURE 43: PEAK DISCHARGE VS. FREQUENCY CURVE FOR SELECTED PLAN AT MAMARONECK RIVER AT MOUTH



