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PART I - HYDROLOGY
SECTION A - GENERAL
INTRODUCTION

This section of Appendix A presents the hydrologic studies
that have been undertaken for the Passaic River Basin. These
studies involved consideration of both present and future (1990
and 2040) states of upland watershed development, present and
future volumes of floodplain storage in the Central Basin area,
water resources developments by other (e.g., Monksville
Reservoir, which is presently under construction), and various
flood protection works, all of which could be expected to have
impacts on the extent, duration, frequency and severity of
flooding as well as on the environment in general. The results
reflect coordination with interested parties both in and outside
of the Corps of Engineers.

. SECTION B - GEOGRAPHY AND TOPOGRAPHY
WATERSHED DESCRIPTION

The Passaic River empties into Newark Bay, N.J. Its water-
shed area of 935 square miles lies in northeastern New Jersey
and southeastern New York. The roughly elliptical basin is
bounded on the north and west by the Appalachian Highlands of
New York and New Jersey, on the south by the First Watchung
Mountains, and on the east by the Piedmont Plain. The watershed
is divided into three distinct topographic and hydrologic
regions, designated as the Highland Area, the Central Basin and
the Lower Valley (Figure 1).

TOPOGRAPHIC AND HYDROLOGIC FEATURES

The Highland Area contains 500 square miles of the north-
westerly portion of the Passaic River Basin. It is a
mountainous and heavily wooded section of the Appalachian
Mountain Province. This roughly rectangular area is about 13
miles wide and 38 miles long. It is characterized by a series
of parallel ridges which are separated by steep-sided, narrow
valleys in which flow the Ramapo, Wanaque, Pequannock, Rockaway
and Whippany Rivers and in which are contained a large number of
natural and artificial lake areas. The first three streams join



in a common point near Pompton Plains to form the Pompton

River. The elevation of the Highland Area averages about 900
feet m.s.1l. (map datum), varying from about 1300 feet m.s.l. at
the western rim to 300 feet m.s.l. in the wvalley at the eastern
edge. The average stream slopes vary from 30 to 40 feet per
mile (Table 1 and Figure 2}).

The Central Basin, containing 262 square miles, is a flat,
oval-shaped depression about 10 miles wide and 30 miles long,
lying between the foot of the easterly slope of the Highland
Area and the crescent-shaped Watchung Mountains to the south and
east. Low-lying and marshy lands bordering the various streams
form a floodplain that originally extended over 19,000 acres
above Little Falls and included the Great Piece Meadows,
Hatfield Swamp, Troy Meadows, Black Meadow, and Bog and Vly
Meadows. '

The Passaic River passes through this floodplain from the
southwest and meanders generally to the north and east until it
passes out of the area through the gorge at Little Falls. The
five major tributaries from the Highland Area discharge into the
bottom lands near Fairfield Township and at Two Bridges. The
basin elevation averages 300 feet m.s.1., varying from about 500
feet m.s.1. at the rims of the basin to 160 feet m.s.1l. at the
northeasterly end of the basin. The average stream slope varies
from 19.5 feet per mile in the headwaters above Chatham to 1.4
feet per mile through the floodplain downstream of Chatham
(Table 1 and Figures 1 and 3).

The Lower Valley, containing 173 square miles of the Passaic
River Watershed, lies between Little Falls on the eastern edge
of the Central Basin and Newark Bay. This roughly rectangular
area, about 8 miles wide and 26 miles long, is largely built up
and densely populated. The valley has rolling sides and a com-
paratively flat, wide bottom which narrows down to about 0.75
mile below Dundee Dam. The average elevation of the area is
about 250 feet m.s.l., varying from 500 feet m.s.1. along the
westerly edge of the basin to sea level at the mouth of the
Passaic River. The main stream has a flat stream slope of 2.9
feet per mile with concentrated falls of 33 feet at Beattie’s
Dam above Little Falls, 63 feet at the Great Falls above Pater-—
son and 17 feet at Dundee Dam above the City of Passaic. The
major tributary in this hydrologic area, the Saddle River, joins
the Passaic River 15.5 miles above Newark Bay, and has an aver-
age stream slope of 22 feet per mile. Smaller tributaries join
the main stream at intervals below Two Bridges and are short and
precipitous with average stream slopes varying from 45 to 194
feet per mile. The reach of river downstream from Dundee Dam is
affected by tides from Newark Bay (Table 1 and Figures 1 and 2).
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As indicated by the topographic features, these three regions
of the Passaic River have different flood producing character-
istics. The basins of the Highland Area are the greatest flood
producers in the Central Basin although they contain a large
number of natural and artificial lakes and reservoirs. These
impoundments, which tend to dampen the flood peaks to some
extent, are used principally for water supply and recreational
purposes. The northerly upland tributaries, namely the Ramapo,
Wanaque, and Pequannock Rivers, join to form the Pompton River,
the greatest producer of extreme floods in the Central Basin.
Although the flood peaks are reduced and retarded somewhat due to
the lake and reservoir storage on the tributaries and the valley
storage between Pompton Lakes and the Passaic River at Two
Bridges, the Pompton River peak reaches Two Bridges from 40 to 50
hours earlier than the Passaic River peak during basin-wide
floods. The southerly upland tributaries, namely the Whippany
and Rockaway Rivers, are as precipitous as the northerly
tributaries, but they join the Passaic River at widely separated
points in time which results in desynchronization of their
peaks. Also, they are greatly affected by the large valley
storage in their lower reaches lying wholly or partly in the
Central Basin, and they therefore contribute less to flood peaks
in the Central Basin.

Flooding upstream of Two Bridges is caused by the restricted
river section and control above Little Falls which throttles the
flow into the Lower Valley and causes a partial diversion of the
Pompton River flood flows upstream into the Great Piece Meadows,
part of the Central Basin floodplain. Thus, the combined flow
from the total watershed above Two Bridges raises the water level
in the meadows until it becomes equal to or greater than that at
Two Bridges. As a result, during periods of flood, the
floodplain in the Central Basin acts as a natural detention
reservoir which significantly retards the peak and reduces the
flood intensities in the Lower Valley below Little Falls. The
Lower Valley is also subject to floods due to the short, flashy
streams below Little Falls, which peak much earlier than the
Upper Passaic River. This was indicated by the double-peaked
flood of July 1945, the first peak of which, high and of short
duration, was mainly from the Lower Valley tributaries while the
second peak, low and of long duration, was mostly from the Cen-
tral Basin outflow. The flood stages in the section of the
Passaic River downstream from Dundee Dam are also affected by
the tides from Newark Bay. Pertinent watershed data for the
Passaic River and its principal tributaries are given in Table 1.



SECTION C - CLIMATOLOGY
CLIMATE

The climate of the Passaic River Basin is characteristic of
the entire Middle Atlantic Seaboard. Marked changes of weather
are frequent, particularly during the spring and fall. The
winters are moderate with moderate snowfall and the summers are
moderate with hot, sultry, mid-summer weather and frequent
thunderstorms. The rainfall is moderate and well distributed
throughout the year. The relative humidity is high. The
average annual temperature varies from 490F. at Charlotteburg to
540F. at Paterson, with extremes from 260F. below zero (Canoe
Brook) to 1060F. above zero (Paterson). The growing season
averages 171 days and the mean annual relative humidity varies
from 67 percent to 73 percent. Prevailing winds are from the
northwest with an annual average velocity of 9.7 miles per
hour. Rainy days average about 121 per year, Climatological
data are shown on Figures 3, 4, and 5. Temperature, sunshine
and frost data are given in Table 2. Data for wind, humidity,
evaporation and rainy days are given in Table 3.

PRECIPITATION STATIONS

The Passaic River Basin is presently served by .a network of
41 official U.S. Weather bureau stations. Of these, 14 are
equipped with automatic recording rainfall gages and 27 with
standard, non-recording gages which are read one or more times
daily. The location, period of record, and type of station are
shown on Figure 6, which also includes data on pertinent
discontinued stations.

ANNUAL AND MONTHLY PRECIPITATION

The average annual precipitation for the watershed is
approximately 47.3 inches as derived from a compilation of past
records at U.S. Weather bureau stations in and adjoining the
basin. The observed extreme annual values were 85.99 inches at
Paterson (1882) and 25.26 inches at Morristown (1930). The
monthly extremes were 25.98 inches in September 1882 at Paterson
and 0.02 inches at Plainfield and Jersey City in June 1949. The
distribution of precipitation throughout the year is fairly

uniform with higher amounts occurring during the summer months
(Table 4).



SNOWFALL

The average snowfall of about 34.2 inches for the Passaic
River Basin is equivalent to about four inches of rain. The
average snow season is longest in the Highland Area where it
extends from the middle of October through the middle of April.
The variation of average snowfall over the basin is shown on
Figure 4. The average snowfall for the different areas and at
individual stations is given in Table 5. The depths of snow
given are for freshly fallen snow with an approximate water
content of one inch of water to 10 inches of snow.

STORM TYPES

Storms affecting the Passaic River Basin are characterized
as tropical and extra-tropical events. The tropical storm
arises, not surprisingly, in the tropics: a hurricane is the
most severe, but not the most common, occurrence of this type.
The extra-tropical storm arises from the interaction of a warm
and a cold front; thunderstorm activity is the frequent result
of such interaction, but storms of much greater areal extent
also arise therefrom, for example, the northeaster, so named for
the strong northeast winds which accompany it. The season for
tropical storms runs from about June to November, that for
northeasters from about November to April; thunderstorms are
most frequent in the summer months and, due to rapid convective
circulations, are generally limited in extent and cause local
flooding similarly on flashy streams.

PAST STORMS

A review of great storms which have occurred in the north-
eastern states (Table 6) reveals that the Passaic River basin is
located in the center of the North Atlantic storm belt. Those
storms which have resulted in the worst floods in the Passaic
River Basin or represented a threat to the basin are shown on
isohyetal maps (Figures 7 through 18) and described in the
following paragraphs.

Storm of 20-24 September 1882. This storm was the dgreatest
recorded over the Passalic River Watershed prior to the storm of
October 1903. An extra-tropical event, it resulted in a total
maximum rainfall at Paterson, N.J., of 17.9 inches of which 11.4
inches occurred in 24 hours (Figure 7). The average rainfall
over the Passaic River Basin was about 9.2 inches. The storm
was preceded by light rainfall during the months of July and
August. The ground was reported to be quite dry at the start of
the storm, resulting in high losses due to infiltration. This
storm was less extensive than that of October 1903, and its
destructive effects were generally confined to the Passaic River
Basin.
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Storms of February and March 1902. This storm, a typical
winter event of low intensity, consisted of over six days of
heavy snow and sleet in February, followed in early March by
moderate rains and a general rise in temperature. It is
estimated that a total of 6.2 inches of rain and snow melt
occurred over the Passaic River Basin. The maximum (water
equivalent) precipitation recorded in 24 hours was 3.30 inches
at Hanover, N.J., and 3.03 inches at Paterson, N.J.

Storm of 7-12 October 1903. This storm, one of the worst in
the vicinity of the Passaic River Watershed, occurred following
three months of excessive rainfall which had saturated the
ground and raised groundwater levels throughout the Passaic
River Basin. This extra-tropical storm was comparatively
widespread but centered over Paterson, N.J., where a total of
15.5 inches of rain was recorded (Figure 8). The greatest
intensity occurred during the night of 8 October and morning of
9 October when over 75 percent of the rain fell. A maximum one
day rainfall of 11.45 inches was recorded at Paterson. The
total average rainfall over the Passaic River Basin was about
11.4 inches.

Storm of 9-22 March 1936. This extra-tropical type storm
occurred over the northeastern United States, with separate
centers over the Ohio River and Connecticut River watersheds.
Intense rainfall on 11 and 12 March and again on 16 to 19 March
fell on a heavy snow cover resulting in damaging floods
throughout the northeastern states. The average precipitation
over the Passaic River Watershed was 11.1 inches of which 6.0
inches was rainfall and 5.1 inches was the water content of the
snow cover. A daily maximum rainfall of 2.58 inches was
recorded at Paterson, N.J.

Storms of 16-23 September 1938, These storms comprised a
complex series of events ending with a major hurricane. They
resulted in heavy rainfall over a widespread area with centers
of maximum precipitation over Connecticut and Massachusetts.
The average total rainfall over the Passaic River Watershed was
7.0 inches. A maximum daily rainfall of 2.32 inches was
recorded at Paterson, N.J. Isohyetals are shown on Figure 9.

Storm of 15-23 July 1945. This extra-tropical storm
consisted of six days of moderate rains followed by about 15
hours of heavy showers on 22 and 23 July. The storm centered
over the eastern edge of the Passaic Basin, with maxima of 14.73
inches at Midland Park, N.J., and 14.64 inches at Suffern, N.Y.
(Figure 10). The heavy showers were localized and spotty,
resulting in flash floods on many small streams in and near the
Passaic River Basin. The maximum daily rainfall recorded in the
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vicinity was 7.60 inches at Little Falls, N.J.; 2.36 inches of

rain fell at Wanaque, N.J. in the last three hours of the storm
and 3.51 inches fell at Spring Valley, N.Y. in five hours after
midnight of 22 July. An average of 8.5 inches of rain fell on

the Passaic River Basin.

Storm of 11-16 August 1955. Hot dry conditions over New
Jersey and New York during the summer resulted in drought
conditions in early August 1955. On 3 August a tropical low
which developed into Hurricane "Connie" was first detected in
the Mid-Atlantic Ocean east of the Windward Islands. Moving
slowly northwestward, it entered the mainland near Cape Lookout,
N.C., on 12 August. The storm then moved up Chesapeake Bay,
east of Washington, D.C., and northward through central
Pennsylvania. The hurricane winds diminished and the storm
passed over Central New York on 14 August. As a low pressure
mass, "Connie" deposited 4 to 12 inches of rain over eastern
Pennsylvania, southeastern New York and northern New -Jersey.
During this period, rainfall over the Passaic River Basin ranged
from 11.48 inches to 5.64 inches with an average of over 8§
inches. These rains filled many small, depleted reservoirs and
saturated the soil, resulting in conditions conducive to the
disastrous floods following the heavy rains of hurricane Diane
which struck the area only five to six days later.

Storm of 17-20 August 1955. Hurricane Diane, with greatly
diminished winds, passed about 60 miles west of Washington,
D.C. on the morning of 18 August and turned northeastward to
pass between Harrisburg and Philadelphia that evening. The
center moved eastward across New Jersey during the night, and on
the morning of the 19th was centered a short distance south of
central Long Island. From there it moved east-north-eastward
between Martha's Vineyard and Nantucket. A continued inflow of
tropical air and orographic lifting over the foothills of
Pennsylvania and southern New England added to the storm
rainfall to produce excessive rains over Pennsylvania, New York,
New Jersey and New England on the 18th and 19th. The maximum
daily rainfalls were 4.25 inches at Paterson, 4.92 inches at
Wanague Dam, 6.24 inches at Canistear Reservoir, and 4.84 inches
at Suffern, New York (Figure 11). Average rainfall over the
basin was 5 inches. :

Storm of 14-18 October 1955. A cold front moved into
eastern Pennsylvania and southern New York on the morning of 13
October and became stationary, with a coastal wave moving
northward accompanied by moderate to heavy rains on the 14th and
15th of October. The center drifted slowly northward bringing
abundant rains which continued in the northeast through the
l6th. Concurrently, an extra-tropical storm from the Carolinas
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to New York brought high winds up to 57 m.p.h. on the 14th of
October. These winds were accompanied by heavy rainfall
extending through the 17th of October. The system finally
drifted eastward and the rains ceased on the 19th. Average
rainfall over the Passaic River Basin was about 5.5 inches
(Figure 12).

Storm of 11-12 September 1960. Hurricane "Donna,"
travelling in a northeasterly direction across Long Island,
lashed the new Jersey coast on the 12th of September. As
"Donna" moved northeastward off the Jersey coast, damaging
winds, heavy rains and high tides struck the coastal areas of.
the state. Winds gusting up to 100 miles per hour swept the
coast. Average rainfall over the Passaic River Basin was about
4.5 inches with maximum daily rainfalls of 4.04 inches recorded
at Plainfield, N.J., and 3.86 inches recorded at New Milford,
N.J., (Figure 13).

Storm of 27-31 May 1968. On 27 and 29 May 1968, two small,
low-pressure disturbances formed in the Cape Hatteras area and
moved into the Delaware Bay area. The forming of the second low
pressure system extended heavy rainfall from north of New York
City through the Hudson Valley and into Massachusetts. The
maximum recorded precipitation of 7.96 inches in the Passaic
River Basin occurred at Canoe Brook, with an average rainfall
over the basin of 6.0 inches (Figure 14).

Storm of 27-28 August 1971. The center of tropical storm
"Doria" passed from Delaware Bay over the extreme southern
portion of Cumberland County, thence northward through the
central part of New Jersey in the early morning of the 28th.
From New Brunswick, the storm passed over Newark, then across
the Hudson River into southeastern New York State and
Connecticut. Excessive rainfall occurred over the state for 24
hours just prior to "Doria". The communities hardest hit by
"Doria" were Bound Brook, Manville, and Elizabeth, N.J. Three
deaths by drowning were attributed to the storm. The average
rainfall over the Passaic River Basin was approximately 8
inches. The total rainfall at Newark was 8.01 inches, at
Mahwah, 9.25 inches and at Canoe Brook, 9.20 inches (Figure 15).

Storm of 16-23 June 1972. This was a combined tropical and
extra-tropical event which, while not a major occurrence with
respect to the Passaic River Basin, which it struck only
perlpherally, was such elsewhere in the same hydrologic region
and is therefore indicative of what might be expected over this
basin; the storm actually centered near Harrisburg, Pa., which
is located approximately 150 miles west-south-west of Paterson.
The greatest point rainfall associated with the event exceeded
18 inches, and 12 or more inches of rain was experienced over an
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area several times that of the Passaic Basin. The greatest
3-hour accumulation at Harrisburg, near the storm center, was
4.55 inches. If this storm had, in fact, centered critically
over the Passaic Basin, the isohyetals would have been as shown
on Figure 16.

Storm of 6-8 November 1977. An extra—-tropical storm
travelled into the New Jersey coast on November 6. Strong east
winds with speeds of 50 m.p.h. were experienced at the shore on
November 7, then decreased on November 8. Ralin began on the
evening of November 6 and continued into the afternoon of
November 8. Heaviest rainfall was in the northeastern part of
the state, where 2 inches fell on the 7th followed by 8 inches
or more on the 8th. The average rainfall over the Passaic River
Basin was approximately 5.5 inches, with 9.25 inches at Newark,
6.04 inches at Mahwah and 4.10 inches at Bernardsville (Figure
17).

Storms of March and April 1984. The storm of 28-30 March
1984 was a northeaster of extra-tropical origin. It brought
with it a major tidal surge (March 29th) and significant
precipitation in the form of rain, sleet and snow. The maximum
known accumulation of such precipitation in the Passaic Basin
(water equivalent basis) was 3.87 inches (Little Falls). There
was no snow on the ground at the onset of the storm.

The storm of 4-5 April 1984 was of extra-tropical nature
arising out of a large, low-pressure system moving out of the
Ohio Valley. It entered New Jersey on the 4th where it
intensified towards dawn of the 5th with gale force winds and
near-record rainfalls (there was no snowfall). Storm totals at
the Little Falls, Charlotteburg, and Wanague gages were, '
respectively, 5.34, 6.10 and 4.15 inches. Maximum 3-hour
accumulations at the Little Falls and Charlotteburg gages were,
respectively 1.30 and 1.40 inches. Corresponding 6-hour
accumulations were 2.33 and 2.50 inches Sub-24-hour data 1is
unavailable for Wanague due to the hourly gage malfunctioning.
Isohyetals for this event are shown on Figure 18.

Total precipitation for the two storms, extending over a
10-day period and including rain and the water equivalent of
sleet and snow, exceeded 9 inches at Little Falls, 8 inches at
Mahwah and 7 inches at Charlotteburg, 0Oak Ridge and Canistear
Reservoirs and at Greenwood Lake. For the Passaic Basin as a
whole, the total was probably close to 7 inches. Snow on the
ground at the start of the second storm was apparently minimal
since at those few sites where observations were made, no more
than traces were reported for the preceding day (3 April).



MASS CURVES OF STORM RAINFALL

Mass curves of rainfall for selected storms are given in
Figures 97 through 101. These data were used to evaluate storm
movement across the Passaic watershed.

SECTION D — RUNOFF AND STREAM FLOW
RUNOFF RECORDS

There were, as of September 1984, 33 active gaging stations
in the Passaic River Basin providing records of flood runoff.
Eleven of these were crest-stage gages which establish only the
peak discharges of flood events. The remainder were recording
gages which establish not only peak discharges but also the
discharge-time relations of such events. Record lengths for the
crest stage gages vary from 4 to 48 years; those for the
recording gages vary from 2 to 63 years. The locations and
periods of record of the various stations are given on Flgure
6. Peaks at selected stations are given in Tables 7 and 8.
Responsibility for publishing the data collected lies with the
U.S. Geological Survey.

A number of gaging stations have been discontinued over the
years since the program of systematic gaging began. Where
feasible, data from these gages (which are also included on

Flgure 6) were used to supplement that from stations still in
service.

ANNUAL RUNOFF

The average runoff from the Passaic River watershed is
affected to a considerable extent by diversions for water supply
from the Rockaway, Pequannock, Wanaque and Ramapo Rivers, Canoe
Brook, and the Passaic River itself. Average runoff from the
785 square-mile watershed above Paterson, N.J., is 1.55 cfs rer
square mile exclusive of average water supply diversions
amounting to about 0.35 cfs per square mile, which brings the
total corrected runoff to 1.90 cfs per square mile. This runoff
is equivalent to 25.7 inches per year or 53 percent of the
rainfall. Comparative runoff data for the principal gaging
stations in the watershed are given in Table 8. Seasonal
variation in runoff occurs, with over 50 percent of the annual
amount taking place in the months December through April.

FLOOD RUNOFF

The flood runoff from this watershed is affected by its
topographic and hydraulic features. The great natural storage
that occurs during flood periods over the flat swamps and
meadows above Little Falls has a great effect on the runoff of
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the watershed, especially into the Lower Valley. Because of the
variable flood runoff characteristics, each hydrologic division
of the watershed requires a different treatment for the analysis
of flood runoff such as the unit hydrograph method in the
Highland Area and the Lower Valley, and a combination of the
unit hydrograph and flood routing methods in the Central Basin.

FLOODS OF RECORD

Significant Passaic Basin floods are on record as having
occurred in calendar years 1811, 1865, 1882, 1896, 1902, 1903,
1936, 1945, 1968, 1977, and 1984 (Table 7). Little is known of
the earlier events beyond the fact that the first two were,
respectively, the second and fourth largest at Little Falls,
discounting any changes in ranking that might arise from
adjustments for watershed development. Of the more recent
events, it can be said that some were of basin-wide consequence
while others were of interest only in specific subareas.
Descriptions of selected floods are given in the following
paragraphs.

Flood of March 1902. This was a major winter flood in the
Passaic River Basin. Heavy rains falling on a deep snow cover
and a rise in temperature caused a sudden increase in stream
flow. The estimated peak discharge on the Passaic River at the
S.U.M. (Society for Useful Manufactures) Dam located just
upstream of the Great Falls at Paterson, N.J., was 22,500 cfs on
2 March 1902. A runoff volume of 5.20 inches was reported
during this flood, equivalent to about 83 percent of the total
rainfall and accumulated snow over the watershed. Maximum
discharges for this flood at two other locations in the basin,
as estimated by other agencies, are listed in Table 9.

Flood of October 1903. This flood was the maximum of record
in the Passaic River watershed. The beginning of the sudden
flood rise was almost simultaneous on all branches of the
Passaic River at about 6:00 P.M. on Thursday, 8 October. The
Pompton River reached a maximum at 4:30 P.M. on Friday, 9
October, and continued at a high rate of discharge until noon of
Saturday, 10 October. The peak on the Passaic River reached a
maximum at about 12:00 P.M. at Two Bridges, 4:00 P.M. at Little
Falls and 9:00 P.M. at Dundee Dam on Saturday, 10 October. The
Whippany River at Whippany reached its peak at 5:00 P.M. on
Friday, 9 October. On the same day the upper Passaic River at
Chatham reached a maximum at midnight. Maximum discharges at
various locations in the Passaic River watershed, as estimated
or recorded by various agencies, are listed in Tables 7 and 9.
The peak discharges on the Passaic River were 31,700 cfs at
Little Falls and 35,800 cfs at Dundee dam. The total volume of
runoff at Dundee Dam was 6.50 inches, approximately 56 percent
of the average rainfall over the basin.
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Flood.of March 1936. This was the worst winter flood
occurring between March 1902 and April 1984. The peak discharge
recorded at the S.U.M Dam was 19,700 c¢.f.s. on 13 March. The
peak flow on the Pompton River occurred about 24 hours before
the peak on the Passaic River. The total runoff volume was 5.99
inches, equivalent to about 67 percent of the total rainfall and
accumulated snow cover (water equivalent).

Flood of September 1938. The storm of September 1938 caused
severe flooding throughout the New England States. In the
Passaic River Basin, this flood was only moderate, with a peak
flow of 8,350 cfs on the Passaic River at S.U.M Dam above
Paterson on 23 September 1938. The runoff volume was 1.9
inches, equivalent to about 27 percent of the average rainfall
over the basin.

Flood of July 1945. This was a major flood in the Lower
Valley of the Passaic River. Flash flooding occurred on all
small streams tributary to the Passaic River below Two Bridges.
The peak on the main stem was due to the simultaneous high flows
from the short tributaries, as indicated by the shape of the
flood hydrograph at the S.U.M. Dam. The first peak of 19,500
cfs. was caused primarily by the flow from the small tributaries
below Two Bridges while the second peak of 11,600 cfs occurred
more than 24 hours later and can be attributed to the flow from
the Great Piece Meadows area above Two Bridges. The retardation
and reduction of flood peak effected by this natural reservoir
was clearly shown during this flood. The peak flow on the
Pompton River at Pompton Plains, which has a drainage area equal
to about one-half that just below ‘-Two Bridges, was estimated at
9,690 cfs and the peak time was estimated at one hour after the
first peak in the lower Valley of the Passaic River at S.U.M.
Dam, and 18 hours before the second peak of 11,600 cfs
attributed to the Great Piece Meadows area. The runoff volume

was 5.0 inches, equivalent to 59 percent of the average rainfalil
over the basin.

Flood of August 1955. The storm of August 1955 was not as
severe as some Of the previous storms described. There was some
flooding along the mainstream from Two Bridges to Paterson, but
most of the flooding occurred on the tributaries, 1nclud1ng the
Ramapo, Pompton and Pequannock Rivers and Goffle and Molly Ann’s
Brooks. A peak flow of 9,850 cfs was recorded at S.U.M. Dam
above Paterson on 20 August 1955. The runoff volume was 1.2

inches, egquivalent to about 36 percent of the average rainfalil
over the basin.

Flood of October 1955. The storm of October 1955 caused
flooding which was most severe on the Pompton, Ramapo and
Wanaque Rivers, equalling or exceeding the March 1936 flood.
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The other tributaries were not as severely affected. Peak flow
at Little Falls above Paterson was 11,600 cfs on 18 October
1955. The runoff volume was 3.01 inches, equivalent to about 55
percent of the average rainfall over the basin.

Flood of May 1968. The flooding of May 1968 caused
widespread damage over the Passaic River Basin. Flooding
occurred on the main stream and all major and most minor
tributaries from the headwaters to the City of Passaic, about 12
miles upstream of the mouth. Flooding was most severe on the
Pompton, Ramapo, Wanaque and Pequannock River equalling or
exceeding the March 1936 flood. Peak flow at Little Falls was
13,500 cfs on 31 May 1968. The peak flow on the Pompton River
at Pompton Plains occurred on 30 May 1968 and was estimated at
13,100 cfs.

Flood of August 1971. The storm of August 1971 caused
extensive flooding on the tributary system of the Passaic
River. There was relatively little flood flow at Little Falls
on the Passaic main stem in relation to past floods; however,
tributaries such as the Pompton River were flooded. The Pompton
River at Pompton Plains had a peak discharge of 8,480 cfs. The
Rockaway River above Boonton Reservoir had a peak flow of 3,086
cfs. On the Pompton River at Pompton Plains, the volume was
1.75 inches out of a basin average rainfall of 7.40 inches, or
approximately 24%. This low percentage of runoff is accounted
for by the very long dry period prior to the storm.

Flood of June 1972. Consistent with the location of the
Passaic Basin at the periphery of the storm of June 1972, the
associated flood was a relatively minor event. The peak flow at
Little Falls was 10,300 cfs, which has a return period of 4
years. Had the storm centered over the basin, the peak at
Little Falls would, intuitively, have been many times larger.
Given the fact that the Passaic Basin lies within the same:
hydrologic region as the watersheds severely impacted by the
storm of 16-23 June 1972, the decision was made to attempt to
determine the probable flows attendant upon the centering of
that storm over this basin. This work is discussed below under
the general heading "SIMULATION OF RUNOFF FROM OTHER
HYPOTHETICAL STORMS" and specific heading "Transposed Agnes."

Flood of November 1977. The storm of November 1977 caused
extensive flooding throughout northeastern New Jersey,
particularly in Bergen County. In the Passaic River Basin, the
main tributaries of the basin, which included the Saddle, Ramapo
and Pompton Rivers, were hardest hit. The peak discharges for
various locations include: Ramapo River at Pompton Lakes =
11,000 cfs; Pompton River at Pompton Plains = 11,000 cfs;
Ho-ho-kus Brook at Ho-ho-kus = 6,600 cfs The volume of runoff
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for the Third River during the peak rainfall period was equal to
1.94 inches versus a rainfall total of 3.39 inches,
approximately 57% of runoff versus rainfall over this
tributary’s basin.

Flood of April 1984. The flood of April 1984 resulted, in
part, from high antecedent flows due to the precipitation in
late March. At a number of gaging stations in the northern and
western subareas of the Passaic Basin with 40 or more years of
record, the peaks were the highest or second highest recorded
(Table 9A). Estimated frequencies of the peaks ranged from 25
years at Little Falls to 50 years at Pompton Plains. Discharges
at selected stations are given in Table 7.

SECTION E - ANALYTICAL APPROACH
BASIN SUBDIVISION

Several factors were considered during the development of
the basin subdivisions to be used for the complex 935 square
mile Passaic River hydrologic model. These factors included:
(1), maintaining the logic of the watershed; (2), locations of
damage areas; (3), locations of potential interim study sites;
(4) types of basin-wide flood management measures under
consideration; (5), stream gage locations; and (6), study
scheduling constraints. To adequately address these items.it
was necessary to divide the Passaic River Basin into the
following eight main hydrologic subbasins:

a) Ramapo Subbasin: Ramapo River from Pompton Lakes gage
upstream to the basin’s headwaters;

b) Saddle Subbasin: Saddle River from mouth to
headwaters;

c) Passaic Lower Valley: Passaic River from Beattie’s Dam
downstream to the mouth at Newark Bay, including secondary
subbasins such as the Peckman River, Molly Ann’s Brook, and
Second and Third Rivers;

d) Passaic Central Basin: Passaic River from Beattie’s
Dam upstream to the Chatham gage; Pompton River downstream of
the Pompton Plains gage; Whippany River downstream of the
Morristown gage; and the Rockaway River downstream of the gage
- above Boonton Reservoir;



e) Passaic Highlands: Passaic River from the Chatham
gage upstream to the basin’s headwaters:

f) Whippany Subbasin: Whippany River from the
Morristown gage upstream to the basin’s headwaters;

g) Rockaway Subbasin: Rockaway River from the gage
above Boonton reservoir upstream to the basin’s headwaters;

h) Pompton Subbasin: Pompton River upstream of the

Pompton Plains gage; Pequannock and Wanagque Rivers.

Of these eight subbasins, those within the highland area and
Saddle River watershed were modeled independently with a
consistent analytical approach. The subbasins within the
highland area included the Ramapo, Pompton, Rockaway, Whippany
and Passaic Highland Subbasins. The analyses of the Passaic
Central Basin and Passaic Lower Valley Subbasins were contingent
upon the establishment of boundary conditions resulting from the
completion of the highland area subbasins and Saddle River
models. To permit adequate calibration of the subbasin models
to historical flooding events, each subbasin has its outlet
located at a U.S.G.S. stream gage station (except for the
Passaic Lower Valley which discharges into Newark Bay), as
listed below:

_ a) Ramapo Subbasin - USGS gage No. 0138800 — Ramapo
River at Pompton Lakes.

b) Saddle Subbasin - USGS gage No. 0139150 - Saddle
River at Lodi. '

c) Passaic Lower Valley - No gages located on Passaic
River downstream of Little Falls.

d) Passaic Central Basin - USGS gage No. 0138950 -
Passaic at Little Falls.

e) Passaic Highlands -USGS gage No. 0137950 - Passaic
River at Chatham.

f) Whippany Subbasin — USGS gage No. 0138150 - Whippany
River at Morristown. :

g) Rockaway Subbasin - USGS gage No 0138050 - Rockaway
River above Boonton Reservoir.

h) Pompton Subbasin - USGS gage No. 0138850 - Pompton
River at Pompton Plains.



Each of the subbasins in the highland area and Saddle River
models are therefore calibrated to a gage, insuring viable
boundary conditions for the modeling of the Central Basin and
the Lower Valley. Having each subbasin model calibrated to a
gage also precludes the perpetuation of potential calibration
errors from upstream to ‘downstream subbasins. '

After the division of the Passaic Basin into 8 subbasins,
the next step in the development of the hydrologic model was to
further divide each of the subbasins into a number of subareas
which would serve to define specific Points of Interest (POI)
along various stream reaches. The number of subareas was fixed
by the requirement that subarea boundaries occur at least at
each of the following points of interest:

a. primary stream confluences

b. damage areas

C. Stream gage locations

d. potential reservoir and detention sites.
e. potential tunnel inlet and outlet sites.

The Passaic Basin hydrologic model has a total of 190
Subareas. These range in size from 0.3 to 50 square miles.
Figure 19 shows the 8 main subbasins and their respective
Subareas. The basin physiographic data for each of the subareas
is shown in Table 10. These data include: drainage area,
watercourse length, length to center gravity, slope, impervious
area and point of interest identifier on the river system.

In addition to physiographic characteristics of the basin,
there are many man-made influences on the existing conditions
hydrology. Three main types are existing reservoirs, water
supply diversions and urbanization. Urbanization is fully
described later in the report. Water supply diversions have
little or no effect when calibrating major historic flood peaks
(except insofar as they contribute cumulatively to reservoir
draw-downs) or reproducing hypothetical storms (reservoirs
assumed full). There are 9 reservoirs (10, under post—-base-year
conditions) which are considered in the hydrologic models as
possibly having a downstream impact in reducing flood waves.
The reservoirs are: Splitrock and Boonton Reservoirs in the
Rockaway River Subbasin; Canistear, Oak Ridge, Clinton,
Charlotteburg and Echo Lake Reservoirs in the Pequannock River
Subbasin; and Greenwood Lake and Wanaque Reservoir in the
Wanaque River Subbasin (plus, for future conditions, Monksville
Reservoir, which is now under construction). Only the Boonton
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and Wanaque reservoirs have significant downstream attenuation
effects. The remaining reservoirs have either too little volume
for flood control storage on top of the water supply storage or
their locations are at the headwaters on tributaries to the main
river system. The Boonton, Charlotteburg and Wanaque Reservoirs
would have an impact on the reproduction of the October 1903
flood since they were not in operation at that time, This flood
interrupted the construction of Boonton Dam, which was completed
in 1904, and the Wanagque Reservoir site was a huge detention
area without the present series of dams containing the
reservoir. Detalils on the reproduction of the October 1903
flood are discussed later in the report.

MODELING PROCEDURE

The hydrologic analysis of the Passaic Basin utilized the
HEC-1 Flood Hydrograph Package. The generalized stream system
and diversion options were utilized to determine the rainfall-
runoff interrelationships.

The hydrologic parameters used in the hypothetical storm
runoff simulations are the parameter values determined in the
calibration process. These include TC, R, QRCSN and RTIOR. The
starting discharge (STRTQ) adopted for each subbasin ranged from
1.00 cfs/sg.mi. to 7.5 cfs/sg.mi. Storage-discharge relation-
ships were used for stream routing with the Modified Puls method
where this data was available and the Muskingum routing
technique was applied in the reaches where no storage
information was available. :

The computer model, HEC-1, has a mechanism for ensuring that
the runoff from each subarea of a given basin is consistent in
terms of rainfall with the runoff contributed by other subareas
forming part of that basin. This is accomplished by generating
hydrographs for every downstream location from rainfall totals
that correspond to a specific drainage area size. Precipita-
tion-depth-drainage area relationships developed for each of the
24~hr. duration hypothetical storm events to be evaluated are
presented in Table 18. The values in Table 18 are determined
using Figure 15, T.P. 40 (drainage area vs percent of point
rainfall) for the hypothetical events and also using Plate 9 of
EM 1110-20-1411 for the SPS. Based on these data and discussion
with the Hydrologic Engineering Center, a composite precipita-
tion depth area drainage relationship was developed for the
Passaic Basin Model (Figure 51).

The methodology for computing a hypothetical event flood
hydrograph for a particular subarea involved the initial
computation of five index runoff hydrographs corresponding to
five precipitation depth-drainage area values. A consistent
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flood hydrograph is then determined by interpolating between the
two index hydrographs which bracket the subarea’s drainage

area. Consistent hydrographs at confluences are determined by
interpolation of the combined index hydrographs of the two
streams for the combined drainage area. Additional information
for the index hydrograph computation is presented in the HEC-1
User’s Manual.

In the Passaic Highlands, Lower Valley and the tributary
subbasins, the generalized stream system procedure was used to
develop rainfall runoff interrelationships. However, as noted
previously in Section B, and as discussed in detail in the
calibration results from the Central Basin, in the vicinity of
Two Bridges an unsteady flow condition results in the diversion
of Pompton River flow upstream along the Passaic River. Due to
the occurrence of this flow reversal, the Central Basin modeling
procedure was more involved and required the use of the
diversion option of HEC-1 in addition to the stream system
procedure. Since HEC-1 cannot model unsteady flow behavior
directly, an aid was utilized in the modeling of complex flood
wave routing in the Central Basin. An unsteady flow model,
"DWOPER," was used to gain insight into how flood waves move
through the Central Basin and to provide a basis for determining
lagging and diversion functions, thereby improving the HEC-1
representation of a flood wave movement.

The "DWOPER" model was prepared by HEC (The Hydrologic
Engineering Center, Corps of Engineers, Davis, California) and
documented in it’s Special Projects Memo No. 81 and a revised
Memo No. 82-1 "Unsteady Flow Analysis For the Passaic Central
Basin", which is included as an attachment to this appendix.
"DWOPER" was not used as the final model analyzing the Passaic
Central Basin because: 1), "DWOPER" cannot interface with the
family of HEC Programs used in this investigation; 2), modifying
"DWOPER" to analyze alternative plans is extremely difficult,
requiring detailed modeling changes; 3), "DWOPER" cannot be
readily modified to evaluate future land use changes; 4)
utilizing "DWOPER" for all necessary analyses would be too
costly; and 5) a final product which consists of one modeling
technique (HEC-1) for the entire basin was highly desirable.

Therefore, diversion and lagging functions were used to
simulate the dynamics of flood routing reflected in the "DWOPER"
trial runs for the Central Basin. Diversion was accomplished
with the option in the HEC-1 program which permits the amounts
of flow to be diverted to be specified. Details of these
diversions will subsequently be discussed.



A sample "DWOPER" hydrograph illustrating flow reversal on
the Passaic River upstream of the Pompton River confluence is
shown on Figure 36. Additional discussion of the "DWOPER" model
is also presented in Section B of the hydraulics documentation.

Reservoir Routings. All reservoir routings were done using
the Modified Puls option of HECl. Where hypothetical floods
were involved, the reservoirs were assumed full at the start of
runoff. There are no outflow constraints for any of the
reservoirs so that no flows are held back because of downstream
considerations (the only operable spillway in the basin, that of
Charlotteburg Reservoir, is intended to control headwater, not
talilwater, levels).

One-hour HEC1 Model Time Step. The adopted model time-step
was one hour. This is short enough to adequately define the
peaks of hydrographs that are pertinent to the non—-interior-—
drainage designs of the considered plan of improvement, but not
so short as to preclude generation of a complete hydrograph
given the 300-step limit of HEC1l. The smallest drainage area
tributary to plan provisions is about 80 sdg. miles (upper end of
1mprovement on the Pequannock River), for which a one-hour model
time step is appropriate. It is noted that the model time step
cannot change when the "JD" card option of HEC1l is specified,
precluding adjustment with drainage area. Data on the time
steps appropriate to interior drainage design are given in Part
IT of this report entitled "HYDRAULICS".

One-hour time-step models of the many small component areas
of the Passaic River Basin may fail to define the peaks of their
individual hydrographs. However, this is not significant in the
context of the larger basin model because of the number of such
areas involved, the ranges of their size and unitgraph para-
meters, and the dissimilar routings and/or laggings to which
they are subject before they are combined to obtain a main
stream hydrograph.

MODEL CALIBRATIONS - HISTORICAL EVENTS

Once all of the physical parameters describing the basin had
been defined, the rainfall-runoff response had to be calibrated
such that the runoff approximates the observed results at the
USGS gages. A starting point in the calibration process was to
establish regionalized Clark'’s unitgraph parameters, TC and R.
These values were optimized for 18 unregulated watershed gaging
stations. The method of optimization followed the derivation
sequence guidelines outlined in aAddendum 1 of the HEC-1 Users
Manual. The regionalized values of TC and R were used to
develop plots and regression equations of TC, R and TC+R versus
various combinations of basin characteristics. Regional
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R/(TC+R) ratios were used as a guide in maintaining subarea .
hydrograph responses for a particular subbasin when calibration
adjustments to TC’s and R’S were required.

The first areas calibrated in the Passaic Basin were the
Highland area subbasins. The initial ungaged subarea estimates
for TC and R were established from the plots of R vs DA and TC
vs DA which were developed using data from the thirteen USGS
gages within the Passaic Basin and five gages outside the
Basin. However, even with these plots being the major sources
for the relationships, large variance in the TC’s and R'’s
occurred during the calibration procedure. Table 12, which
shows the hydrologic model subarea parameters, gives R/ (TC+R)
values for each subarea. The standard time—-area curve is used
in the Clark method of unitgraph determination.

Consider Figures 20 and 21 which show plots of TC vs DA and
R vs DA. There is some scatter in the TC vs DA Plot; however,
between 10 and 50 square miles, a fairly good fit can be seen.
The large variances from this fit occur at the extreme ends.
Many of the subareas developed for the Passaic Basin existing
conditions HEC-1 model are less than 10 square miles where
adequate data are not available to produce a good relationship.
The R vs DA plot shows much more scatter than the plot of TC vs
DA, and there is no apparent fit from the data. Limited data,
as in the TC vs DA plots, restrict the development of a good
estimate of R for the smaller drainage areas.

Figures 20 and 21 show original estimates of envelope
curves, A and C, for the data and also a "best" fit by eye
curve, B, based on the data points which lie between 10 and 50
square miles. Initial calibration estimates of TC'’s and R’'s
were determined using the B curves. However, as the process to
reconstitute the historical events continued, it was evident
that the initially selected unit hydrograph parameters would
require modification to achieve reasonable calibration results.
Consequently, necessary adjustments were made to the TC’s and
R’s. These adjustments were based on detailed analyses of the
subbasins and the physiographic characteristics of the
individual subareas. The following characteristics were
evaluated from USGS quadrangle maps, aerial photographs, and
pictures and notes taken during site visits: stream length,
slope, general basin shape, number of lakes and ponds, swamp
land (including large wetland areas and smaller areas contiguous
to the channel), park land and general urban or rural land use
types. TC’s and R’s were increased especially for those
subbasins which had numerous ponds and swampy regions in areas
along the downstream reaches of the subbasin. The general trend
was larger TC’s and R’s than originally estimated using the B
curves on Figures 20 and 21.
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The increases in TC's and R's were more pronounced for the
subareas which had smaller drainage areas (i.e., less than 5
square miles). About one-half of the final TC’s adopted lie in
the region between curves A and B on Figure 20, and the others
lie above curve A. The maximum envelope of the final subarea
TC's is shown on Figure 20 by the dashed curve A. The majority
of the final R wvalues lie between the curve A and B or just
slightly above curve A on Figure 21. All but two of the R
values which 1lie above curve A are in the Rockaway River Basin.

The development of the unit hydrograph parameters for the
Lower Valley tributaries was not as difficult as in the Highland
area subbasins because of the fully urbanized nature of the
lower Valley. The initial estimates of TC’s and R'’s were
obtained from Figures 20 and 21, curve D. These D curves were
drawn with more emphasis placed on the urban gaged data than the
"hest" fit curves (B curves) drawn for the Highland area.

Regression equations developed as part of a unit hydrograph
parameter analysis for urban areas were not successful.
Mathematical curve fitting or multiple regression analysis
applied to the available data gave unreasonably low TC’s and R’s
for the smaller drainage areas. As an example, consider the
simple plots of TC vs DA and R vs DA. A regression analysis
would fit the points such that the drainage areas less than 10
square miles would have very small TC’s and R’s. This is a
result of the lack of data plots in the lower drainage area.

The majority of the final unit hydrograph parameters were
unchanged from the initial estimates adopted during the
calibration of the Lower Valley tributaries. However, for a few
subareas, the TC’s were increased to more accurately simulate
the observed events or the trend of observed events at gaged
subareas were applied to ungaged subareas.

The ultimate purpose of calibrating each subbasin with
selected storms was to obtain values of subarea unitgraph
parameters, loss rates, and base flow which would be used to
model hypothetical or specific-frequency floods. This is
discussed in detail below in the "FREQUENCY ANALYSIS" section.

Regionalization of Loss Rates. Once the unitgraph
parameters were determined for each subarea, a regionalized
analysis of loss rates was made for every observed event
investigated. For each of the eight subbasins and for all
calibration storms, the first computer simulation maintained
initial and constant loss rates (STRTL = 1.0 in, CNSTL = 0.10
in/hr) for every subarea within a particular subbasin for a
given storm. Subsequent iterations of calibration included the
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adjustment of individual loss rates within each subarea through
an iterative testing and tuning process. In many cases, the
loss rates initially selected were too small and were increased
to reconstitute the observed hydrographs.

Recession Parameters. The recession parameters, QRCSN and
RTIOR, were determined from the observed hydrographs at the -
gages for the calibration storms. For each observed hydrograph,
the ratio of QRCSN to the peak flow was computed for
application to ungaged subareas. The initial QRCSN ratio and
RTIOR for each ungaged subarea in the Whippany and Rockaway
subbasins were set equal to the values obtained from the
measured hydrograph at the downstream gage. The initial
recession values of the ungaged subbasins for the Passaic above
Chatham and the Ramapo subbasins were set equal to the values
computed from the measured hydrograph at the first downstream
gage. Some recession parameter values for the ungaged subareas
were altered during the calibration procedure. The adjustment
were not only made based on the observed hydrographs but they
were also adjusted based on the characteristics of the subarea.
For example, for an area such as the Central Basin the original
recession parameter value for QRCSN ratio was increased and the
RTIOR decreased (flatter recession slope) to reflect the
predominantly swamp or marsh land of the Great Piece Meadows.
For areas that are highly urbanized the QRCSN ratio was reduced
and the RTIOR was increased. -

Flood Routing Procedures. The selected routing procedures
used were dependent upon the availability of accurate storage
vs. outflow discharge relationships. The Modified Puls method
was used in all the routing reaches where HEC-2 computed
flowlines were developed; this includes approximately 140 miles
of the HEC-2 modeled Passaic River main stem and tributary
streams. The Muskingum method was used primarily in the
upstream reaches where further routing was necessary.

Additional iterations of the calibration process were undertaken
when revised storage vs outflow curves from HEC-2 results based
on HEC-1 discharges deviated from HEC-2 Storage results based on
Q's from the previous iteration. This was evident in the
reaches where the comparisons between the HEC-1 computed
discharges and preliminary discharges and/or the resulting
storage vs outflow curves were not in agreement.

Calibration Hydrographs. Each subbasin outlet (located at a
USGS gage except for the Lower Valley subbasin) was investigated
with at least 4 storms for an acceptable historical calibration
of their respective subarea parameters; that is, the computed
hydrographs for historical events were calibrated against the
observed hydrograph in terms of peak flow, time to peak and
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runoff volume. By matching these 3 criteria, an acceptable
overall shape and visual compatibility between computed and
observed hydrographs was generally obtained. However, as will
be discussed in the calibration results section, not all
subbasins were calibrated with all 4 historical storms
selected. Some subbasins were calibrated by averaging the
results of only 3 storms. This was necessary because not all
recording streamflow gages had complete data for all historical
storms investigated. Another problem was that in some cases
available data was irregular or inconsistent with computed
results, with no valid explanation for the differences.
Additionally, many tributary areas, especially those in the
Pompton Subbasin, are influenced by reservoirs which, depending
on their stage at the start of a flood event, can have varying
impact on stream flow behavior.

Storm Rainfall Records. The rainfall gages used in the
Passaic Basin model are shown on Figure 6. This figure includes
the location of the gage, and an "R" to indicate recording or
"NR" to indicate non-recording. Table 11 lists the total storm
rainfall by gage for the calibration periods investigated. The
storms cover the following days: 8/17-20/55, 10/14-18/55,
5/28-31/68, 4/1-3/70, 8/27-29/71, 12/20-22/73, and 11/7-10/77.
Both the recording and non-recording gages were used to
construct isohyetal maps for the entire watershed for each of
the calibration events. The rainfalls for the calibration
storms were determined from the isohyetal maps for each of the
subbasins. To determine the historical storm rainfall
distribution patterns for each of the eight subbasin’s subareas,
only recording gages were used. The recording gages assigned to
develop the rainfall distribution for each subarea are
subsequently documented in the calibration discussions for the
eight subbasins.

Ramapo River Subbasin (May 1968 Event). The Ramapo Subbasin
model 1is calibrated with Clark unitgraph parameters optimized to
reproduce the 5/68, 4/70 and 11/77 storms at the Ramapo River at
Pompton Lakes USGS streamflow gage No.0138800 (see Figure 22 for
HEC-1 subarea delineations and network model diagram). As noted
above, initial R values were determined from plots of R vs DA.
To maintain similar hydrograph responses in the subbasin’s
subareas, initial values of TC'’s chosen were determined from
regional values of R/(TC+R) based on the optimization results
for the 13 unregulated watershed gaging stations. For this
subbasin the value of R/(TC+R) determined was 0.60. "Once
initial values of TC and R were selected for each of the
subareas it was necessary to make adjustments to these
parameters to reconstitute the historical events investigated.
Adjustments to the hydrograph parameters, which are held
constant for each calibration storm, were based on a thorough
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analysis of the subareas’ physiographic characteristics, as
previously discussed in the "MODELING PROCEDURE" section. With
the adjusted parameters, the subarea R/(TC+R) ratios resulting
from calibration of the subbasin ranged from 0.57 to 0.73.
Adopted values of unitgraph parameters are shown in Table 12.
Table 13 shows the routing parameters used in calibration. The
Modified Puls method was used where storage discharge relation-
ships were available and the Muskingum method was used where it
was felt that further routing was necessary. For this subbasin,
rainfall gage #15 was used for all subareas for the 4/70, and
11/77 storms. For the 5/68 storm, data were also available for
rainfall gage #44. For this storm, gage #15 distribution was
applied to subareas 930, 950, 960, 1040, 1050, 1060, 1070, and
1080 and gage #44 distribution was applied to subareas 935, 940,
970, 870, 985, 990, 1000, 1010, 1015, 1020, and 1030. It should
be noted that both gages #15 and #44 are located outside the
limits of the Ramapo River Subbasin.

The results of the three (3) storm calibrations indicate
that hydrograph peaks for the 5/68, 4/70, and 11/77 storms
reproduced observed values within acceptable limits. &
comparison of the computed versus observed events at gage No.
0138800 is shown in Table 15. A detailed discussion of the
calibration results for the 5/68 storm follows:

The reconstituted hydrograph is calibrated to the Pompton
Lakes gage (HEC-1 POI 59) with reasonable losses to duplicate
the observed hydrograph peak (Figure 33). The subarea values of
STRTL and CNSTL ranged from 0.5 to 1.3 and 0.17 to 0.38,
respectively. The observed peak discharge of 9,530 cfs was
recorded at 10 P.M. on 29 May 1968. The HEC-1 model reconstitu-
tion of the event yielded a flood hydrograph of comparable
magnitude and timing. The computed peak discharge was 9,171 cfs
at 9 p.m. on 29 May. The peak difference of less than 4%,
volume difference of 6% and timing difference of 1 hour are
indicative of the reliability of the model and the assumptions
made concerning loss rates and unitgraph parameters for the
subbasin’s 19 subareas.

Saddle River Subbasin (August 1971 Event). The Saddle River
Subbasin model is calibrated with Clark unitgraph parameters
optimized to reproduce the 8/71, 9/71, 12/73 and 11/77 storms at
the Saddle River at Lodi USGS streamflow gage No. 0139150 (see
Figure 23 for HEC-1 subarea delineation and network nodal
diagram). The sixteen subarea TC’s and R’s, which are held
constant for each calibration storm, were derived initially by
graphical means based on plots of R vs DA and TC vs DA, as
discussed in the "MODELING PROCEDURE" section. Adjustments to
the parameters were based on thorough analysis of the subbasin’s
physiographic characteristics as previously discussed. Adopted
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values of unitgraph parameters are shown in Table 12. Table 13
shows the routing parameters used in calibration. Modified Puls
routing was used in the 5 reaches where storage discharge
relationships were available and the Muskingum Method was used
in 6 reaches were it was felt that further routing was
necessary. For this subbasin for the August 1971 storm,
rainfall gage #5 recordings were applied to subareas 1410, 1413,
1415, 1417, 1420 and gage #44 was used for subareas 1400, 1430,
1440, 1445, 1450, 1460, 1475, 1480, 1490, and 1500; for the
December 1973 storm, rainfall gage #4 was used for subareas
1440, 1410, 1430, 1440,1445, 1450, 1460, 1470, 1475, 1480, 1480,
1490, and 1500 and rainfall gage #44 was applied to subareas
1413, 1415, 1417, and 1420; for the September 1971 and November
1977 storms, rainfall gage #4 was used for subareas 1430, 1440,
1445, 1450, 1460, 1470, 1475, 1480, 1490 and 1500 and rainfall
gage #5 was used for subareas 1400, 1410, 1413, 1415, 1417 and
1420. The results of the four (4) storm calibrations at gage
No. 0139150 (shown on Table 15) indicate that hydrograph peaks
for all events reproduced observed values within acceptable
limits. A detailed discussion of the calibration results for
the 28 August 1971 storm follows:

The reconstituted hydrograph is calibrated to the Lodi gage
(HEC-1 POTI 95) with reasonable losses to duplicate the observed
hydrograph peak (Figure 25). The subarea STRTL and CNSTL
variables ranged from 1.5 to 3 inches and 0.1 to 0.73 in/hr
respectively. The observed peak discharge of 3,535 cfs was
recorded at 7 p.m. on 28 August 1971. The HEC—l model reconsti-
tution of the event yielded a flood hydrograph of comparable
magnitude and timing. The computed peak was 3,350 cfs at 7 P.M.
on 28 August. The peak difference of 5%, volume difference of
5% and no timing difference are illustrative of the reliability
of the model and the assumptions made concerning unitgraph
parameters and loss rates for the 16 subareas. )

Passaic River ‘Lower Valley (May 1968 Event). The Passaic
River Lower Valley is structured for HEC-1 by combining
previously analyzed subbasins with additional subareas. The
Subbasin’s subarea delineation and its schematic representation
are shown on Figure 24. Since there are no streamflow gages
along the Passaic River in this subbasin, the system was
examined by simulating the May 1968 storm. Observed inflow
hydrographs were input for the mainstream Passaic at Little
Falls and for the Saddle River at Lodi. Recording rain gages
used to determine the rainfall distribution patterns were
selected for each subarea by constructing Thiessen polygons for

each rain gage operating at the time of the storm. For this

storm, rainfall gage #1 applied to subareas 1540, 1580, 1600,
1610, 1620,; rainfall gage #8 applied to subareas 1270, 1290,
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1300, 1320, 1350, 1380, 1370, 1385, 1390, 1505, 1510, 1570,
1520, 1525, 1530, 1550, and 1560; rainfall gage #44 applied to
subareas 1310, 1315, 1417; rainfall gage #46 applied to subarea
1280; and rainfall gage #5 applied to subareas 1360 and 1500.
The total rainfall for each subarea was then based on the
isohyetal map constructed for the May 1968 storm. Losses were
assigned based on previously calibrated losses for gaged Lower
Valley subareas. The subarea characteristics are listed in
Table 12 and the routing criteria are given in Table 13. The TC
and R values were obtained graphically from R vs DA and TC vs DA
plots with more emphasis placed on the urban gaged data.

The final outflow response at the mouth of the Passaic for
the May 1968 storm is a triple-peaked hydrograph (Figure 35).
Each peak can be associated with a definable source. The
predominant source of flooding in the Lower Valley results from
the Little Falls observed peak of 13,500 cfs which occurred on
May 31 at 12 noon. This inflow accounts for 762 square miles or
81.6 percent of the entire drainage basin. The wave smooths
somewhat with passage down the Passaic River but attains a
higher peak of 13,900 cfs due to additional runoff. This wave
peak reached the mouth on 1 June at 4:00 a.m. as the final or
third peak on the hydrograph. V

The second peak is caused by the Saddle River which has a
contributing area of 59 square miles or 6.3 percent of the
entire drainage basin. The peak, having been routed to the
Passaic, enters on May 30 at 2 P.m. with a peak flow of 3,350
cfs. The wave tends to smooth without diminishing until
reaching the mouth on May 30 at 10 P.m. 7

The first peak corresponds to flooding from the remainder of
the basin. The timing is earlier than the other peaks due to
relatively little routing taking place before entering the
Passaic River. Therefore, this peak enters the mainstream on
May 29 at approximately midnight. Downstream lag causes the

hydrograph to widen during tributary contributions but without
attenuation.

Passaic River Central Basin (May 1968 Event). The 46
subareas of the Passaic River Central Basin are calibrated with
Clark unitgraph parameters optimized to reproduce the 8/55,
10/55, 5/68, and 4/70 storms at the Beattie’s Dam USGS
streamflow gage No. 0138950 giving due consideration to the
balance of the watershed above the dam. See Figure 25 for the
HEC-1 subarea delineations and network nodal diagram. Initially
selected R and TC values for the 46 subareas were determined
from plots of R vs DA and TC vs DA. The TC and R values were
then further adjusted to reflect the effects of slope, percent




water area, percent swampland and other subarea physical
characteristics as determined from inspection of USGS quad
sheets and aerial photos. The final values of the unitgraph
parameters adopted for the Central Basin, shown in Table 12, are
held constant for each calibration storm. In this subbasin,
rainfall gage #15 was used for subareas 1100, 1110, 1120, 1130,
1140 and 1150; rainfall gage #8 was used for subareas 1155,
1160, 1170, 1180, 1190, 1200, 1210, 1220, 1230, 1240, 1250 and
1260; rainfall gage #46 was used for subareas 390, 400, 410,
420, 430, 440, 510, 520, 530, 540, 560, 570, 580, 140, 150, 210,
220, 230, 590, 600, 610 and 620; and rainfall gage #54 was used
for subareas 130, 160, 170, 180, 190 and 200. The respective
gage recordings were used for all the calibration storms: 8/55,

- 10/55, 5/68 and 4/70.

Following is a detailed discussion of flow behavior and the
HEC-1 modeling procedure adopted to simulate the flood routing
due to the unique flood wave movement in the Central Basin.

Without an understanding of flood wave routing in the
Central Basin, it might be expected that, under existing
conditions, peak discharges occurring at Beattie’s Dam would be
larger than those on the Pompton River at Pompton Plains given
the differences in drainage areas (762 vs 355 sq.mi.). However,
this is not the situation , as illustrated by the fact that the
100 year peak at Pompton Plains is in excess of 32,000 cfs while
the corresponding peak at Little Falls is less than 28,000 cfs.
Thus, the peak for the larger watershed is significantly lower
than that for the smaller one. Also note that flood peaks on

the Pompton at its confluence with the Passaic occur 40-50 hours

prior to the Passaic peaks at this confluence during basin-wide
floods of substantial magnitude.

This phenomenon occurs because downstream of Two Bridges the
Passaic River channel is very constricted, in part because of
the presence of a narrow gorge and Beattie'’s Dam. This
constraint tends to 1limit the flow out of the Two Bridges
confluence to Beattie’s Dam and the Lower Valley and creates a
backwater effect which influences flows upstream. This
backwater causes an energy imbalance which forces the Pompton
River to reverse and flow upstream along the Passaic River into
the Central Basin floodplain as well as downstream towards
Beattie’s Dam. The resulting combined flow from the total
watershed above Two Bridges (Pompton plus Passaic) begins to
fill up the natural storage areas of the Central Basin including
the Great Piece Meadows. Flooding in the Passaic River reach
upstream of Two Bridges is thus caused by both the Pompton and
Passaic River floodwaters. This flow reversal continues until
the water level at Two Bridges becomes equal to or less than
that upstream. In addition to the initial flow reversal there
is a second phase to this phenomenon. This second phase takes
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place when the peak stage along the Passaic River upstream of
Two Bridges occurs 6-12 hours following the Pompton River peak
discharge at Two Bridges. -This peak stage results from the flow
coming down the Passaic and reversed flow of the Pompton River.
This combination produces a higher stage along the Passaic and
lower Pompton Rivers than the individual peaks of the two
streams do. This is due to the decreasing availability of
storage in the Great Piece Meadows and the high coincidental
flows on the Pompton River. Once again, the constrictive
channel downstream of Two Bridges aggravates this flooding
problem. Understanding this concept of flow reversal is
important in order to comprehend the nature of flooding (in
terms of peak discharges and stages) in the Central Basin, and
to allow for a complete evaluation of flood management measures.

Due to the unsteady flow conditions in the Central Basin,
several iterations in the calibration process were required to
simulate this behavior. The preliminary, conventional
calibration of the Central Basin consisted of an HEC-1 model
based on simply adjusting the storage outflow relationships
determined from initial HEC-2 runs. It was found necessary to
increase storages generated with HEC-2 for the lower Pompton
River to produce sufficient delay and attenuation of Pompton
flows to calibrate to the Little Falls streamflow gage. This
was considered unacceptable since such an adjustment of the
storages does not accurately portray flow behavior in the
Central Basin. Therefore, it was determined, through
consultation with HEC, that an unsteady flow program ("DWOPER")
be used to provide insight into the complex flood wave movement
in the basin and to use the "DWOPER" model findings as a tool to
improve the HEC-1 and HEC-2 calibration results and flow
simulation.

Under request by NANPL-P, HEC brepared a "DWOPER" model for
the Passaic Central Basin. The results of this model along with
HEC recommendations towards improving the HEC-1 simulation of
flow reversals are contained in HEC Special Projects Memo
No.82-1 (attached).

HEC simulated the May 1968 event, SPF and an intermediate
flooding event to determine the nature and extent of flow
reversals in the Central Basin. Figure 36 is a typical flood
discharge hydrograph produced with "DWOPER." Other outputs of
the model include flood stage hydrographs. HEC’s recommendation
for the final HEC-1/HEC-2 calibration included the use of diver-
sion functions, revised storage vs discharge relationships, and
revised stage-discharge curves to guide development of HEC-2
rating relationships. Upon analysis of these findings, rating
relationships were developed from the "DWOPER" results to be

used as a guide in the second iteration of developing flow lines
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with the HEC-2 model. This iteration of HEC-2 model results was
then used to develop revised storage outflow relationships for
the HEC-1 model. These revised storage vs outflow
relationships, along with the "DWOPER" hydrographs for the 3
storms were used as an aid in the final HEC-1 calibration.
However, as indicated previously, it was found necessary in the
preliminary calibration of HEC-1 to further increase storage in
the lower Pompton and Passaic Rivers to enable reproduction of
the observed hydrograph at Beattie’s Dam. The additional
storage provided the required delay and attenuation of Pompton
flows. In reality the storage occurs primarily on the Passaic
River upstream of Two Bridges rather than on the lower Pompton.
An alternative to this adjustment was to divert (conceptually) a
portion of the Pompton River flow to a location on the Passaic
River upstream of the Great Piece Meadows. The diversion option
of HEC-1 allows for the diversion of a portion of stream flow
and it also permits the establishment of a threshold flow at
which diversion begins. The diversion flow is withdrawn from one
node location and applied as an input hydrograph at another node
location. The diversion locations are displayed on the
schematic nodal diagram shown in Figure 25.

The "DWOPER" simulated hydrographs were used to develop the
diversion and lagging functions which gave the best reconsti-
tuted flows on the Passaic River at Little Falls and at the
confluence of the Rockaway River for the three storm events
investigated with the "DWOPER" model.

The first diversion simulates the flow reversal in the
Whippany River occasioned by the backup of Rockaway River flow
into Troy Meadows through which the Whippany River flows. Water
is transferred by the hydrologic model from Node 13 on the
Rockaway River to Node 15 on the Whippany where it is combined
with the flow in the latter stream for subsequent routing
through the meadows to the Whippany-Rockaway confluence. A
schematic of the diversion is shown on Figure 27 and the
diversion relationship is given in Table 14.

The second diversion simulates the flow reversal in the
Passaic River above its confluence with the Rockaway and
Whippany Rivers. The stage above this junction is controlled by
the joint discharge of these tributaries which peaks much
earlier and substantially higher than does the Passaic
discharge. Water is transferred by the hydrologic model from
Node 20 at the mouth of the joint tributary watershed to Node 6
on the Passaic where it is combined with the flow in that stream
for subsequent routing downstream to the confluence. Again, see
Figure 27 and Table 14.



The third diversion simulates the flow reversal in the
Passaic River above Two Bridges. A detailed schematic of this
area is shown in Figure 28. A Muskingum lagging without
attenuation is applied to the Pompton outflow at Node 34 to
simulate velocity decreases caused by the junction. The amount
of lagging varies with frequency. A diversion of part of the
lagged hydrograph to the Passaic River above Great Piece Meadows
(Node 34 to Node 23), through which it will be routed following
combination with the Passaic flow, is intended to simulate the
Pompton flow into and out of the meadows; the inflow vs
diversion relationship is shown in Table 14.

The movement into the Great Piece Meadows of Pompton flow
delays the runoff of the joint Passaic-Whippany-Rockaway flow.
The HEC-1 model attempts to account for this delay by lagging
the joint flow without attenuation before it is combined with
the diverted Pompton hydrograph for subsequent routing through
the Great Piece Meadows. This lag does not vary with frequency
(as does that at the mouth of the Pompton) since there was
little noticeable dependency on flood magnitude under basin-wide
flood events.

Two methods of routing are used in the Central Basin;
Muskingum and Modified Puls. The Muskingum method is used for
reaches where storage discharge relations were not developed.
The Muskingum number of routing steps, K coefficient and X
coefficient are presented in Table 13 for eleven reaches defined
by the node or subarea extremities of the reach. The
storage-discharge relationships used in the Modified Puls
routing for seventeen reaches are also given in Table 13. The
storage-discharge relationships were based on HEC-2 modeling and
HEC’s analysis using "DWOPER."

NOTE: The recorded flows from gage No. 0137950 Passaic River at
Chatham, gage No. 0138050 Rockaway River above Reservoir at
Boonton, gage No. 0138150 Whippany River at Morristown, and gage
No. 0138850 Pompton River at Pompton Plains were input as given
hydrographs into the Passaic River Central Basin model for each
historic storm immediately upstream of nodes 1 (Passaic River),

9 (Rockaway River), 14 (Whippany River) and 25 (Pompton River),
respectively. .

The results of the four (4) storm calibrations shown on
Table 15, indicate hydrograph peaks for the 8/55, 10/55, 5/68
and 4/70 events reproduced observed values that were within
acceptable limits. A detailed discussion of the calibration
results for the May 1968 storm follows:



The reconstituted hydrograph is calibrated into the Little
Falls gage (HEC-1 POI 76) with the use of reasonable loss rates
to duplicate the observed hydrograph peaks (Figure 37). The
losses were 1.0 inch for STRTL and 0.30 in/hr for CNSTL. The
observed peak discharge of 13,500 cfs was recorded at 12 noon on
31 May 1968. The HEC-1 model reconstitution of the eventyielded
a flood hydrograph of comparable magnitude and timing. The
computed peak discharge was 13,753 cfs at 6 a.m. on 31 May
1968. The peak difference of less than 1.9%, volume difference
of 2.3% and the timing difference of 6 hours are good indicators
of the reliability of the model and the assumptions made
concerning the 3 diversion functions which simulate the flow

reversals, and the hydrograph parameters and 1oss rates for the
46 subareas.

The results of the existing conditions hydrologic model
calibration for the Passaic Central Basin are considered very
good in light of the extremely difficult modeling procedures
required. A comparlson of computed versus the observed events
at dgage No. 0138950 is shown on Table 15. It will be noted that
peak discharges are within 4%, 11% and 7% for the May 1968,
intermediate flood and SPF events, respectively. The timing of
runoff is also in close agreement. The agreement is to be
expected for the May 1968 event because both models were
calibrated to produce the observed hydrograph for that event.

The fact that agreement is maintained for the intermediate flood
and SPF events indicates that the HEC-1/HEC-2 approach should
provide reliable estimates for outflow from the Central Basin,
which is essential for evaluation of flood damages downstream
from Beattie’s Dam. '

Passaic Highlands Subbasin (August 1971 Event). The Passaic
Highlands is calibrated using Clark unitgraph parameters
optimized to reproduce the 5/68, 4/70, 8/71 and 12/73 storms at
the Passaic River USGS streamflow gage No. 0137950 at Chatham
(see Figure 29 for the HEC-1 subarea delineations and network
nodal diagram). The rainfall distribution patterns for each
subbasin were developed using rainfall gage #51 for all storms.
This rain gage, located outside the Passaic Basin in Watchung,
is the nearest recording station and is situated about 10 miles
southeast of subareas 10 and 15. The thirteen subarea TC’s and
R’s, which are held constant for each calibration storm, were
derived graphically from plots of R vs. DA and (TC+R) vs DA, as
discussed in the "MODELING PROCEDURE" section. Adjustments were
made to these values during the calibration to reflect the
impact of the swampland in the subbasin. This subbasin has two
major wetlands which greatly affect the flows. The Great Swamp,
which encompasses part of subareas 20, 30, 50, 60 and most of
subarea 40 causes the peak flow at USGS gage No. 0137900 Passaic

I-31



River near Millington to often be smaller than flows at gage No.
0137869 near Bernardsville, even though the drainage. area is
over six times larger.

Since all points of interest are located downstream from
this swamp, the outflow of the Great Swamp area is modeled using
a storage-discharge relationship located between nodes 104 and
105. Storage-discharge relationships were derived for each
storm using the modeled flows from subareas 10, 15, 20, 30, 40
and 50 as the inflow and the observed flow at gage No. 0137900
minus the flow from subarea 60 as the outflow. An average
relationship were obtained from these calibrations which
reconstituted the flows at gage No. 0137900 satisfactorily for
all storms. The final values of the unitgraph parameters
adopted for the Passaic Highlands are shown on Table 12.

The second region of swamp (Dead River — Passaic wetland
complex) covers parts of subareas 70, 80 and 90. This region,
when modeled using storage discharge relationships, causes the
peak flows to decrease between Points of Interest 3 and 4. The
travel times between nodes 107 and 108 with the storage-
discharge relationships were used as a guide for estimating the
Muskingum variable AMSKK for the reach between nodes 105 and 106
and for the routing of subarea 80 to node 107. The Muskingum
routing coefficients and the storage discharge relationships are
given in Table 13 for each of the routing reaches.

The results of the four (4) storm calibrations shown in
Table 15 indicated that hydrograph peaks for the 5/68, 8/71,
12/73 and 4,70 storms at gage No. 0137950 reproduced observed
values within acceptable limits. A detailed discussion of the
calibration results for the August 1971 storm follows:

The reconstituted hydrograph is calibrated to the Passaic
River at Chatham streamflow gage (HEC-1 POI 6) with reasonable
loss rates to duplicate the observed hydrograph peak (Figure
38). The loss rates ranged from 1.29 to 4 inches for STRTL and
0.98 to 0.26 in/hr for CNSTL. The observed peak discharge of
2,540 cfs was recorded at 8 a.m. on 28 August 1971. The HEC-1
model reconstitution of the event produced a flood hydrograph of
comparable magnitude and timing. The computed peak discharge
was 2,498 cfs at 7 a.m. on 28 August. The peak difference of
2%, volume difference of 4%, and 1 hour timing difference are
indicative of the reliability of the model and the assumptions

made concerning unitgraph parameters and 1oss rates for the 13
subareas.



Whippany River Subbasin (August 1955 Event). This model is
calibrated with Clark Unitgraph parameters optimized to
reproduce the 8/55, 10/55, and 4/70 storms at the Whippany River
at Morristown USGS streamflow gage No. 0138150 (see Figure 30
for HEC-1 subarea delineations and network nodal diagram). As
noted in the "MODEL CALIBRATION" section, initial R values for
the 8 subareas were determined from plots of R vs DA. To
maintain similar hydrograph responses in the subbasin, the
initial values of TC chosen for the subareas were based on
maintaining the regional values of R/(TC+R). For this subbasin
the value of R/(TC+R) determined was 0.70 to reconstitute the
historical events. Adjustments made to TC's and R’s were based
on the procedures previously discussed in the "MODELING
PROCEDURE" section. With the adjusted parameters the subarea
R/ (TC+R) ratios ranged from 0.77 to 0.82. Final adopted
unitgraph parameters are shown on Table 12. Due to lack of
storage—— discharge relationships, the Muskingum routing method
was used exclusively in this subbasin. The routing criteria
applied between model nodes for the Whippany River Subbasin are
shown in Table 13. For this subbasin, rainfall gage, #51 was
used for subarea 450 and rainfall gage #46 was used for all
other subareas, except during the 8/71 storm for which no data
were avalilable for gage #46 and gage #51 was used.

The results of the three (3) storm calibration indicate that
hydrograph peaks for the 8/55, 10/55 and 4/70 storms reproduced
observed values well within acceptable limits. A comparison of
the computed vs observed event for gage No. 0138150 is shown in
Table 15. A detailed discussion of the calibration results for
the 8/55 storm follows:

The reconstituted hydrograph is calibrated to the Morristown
gage (HEC-1 POI 30) with reasonable losses to duplicate the
observed hydrograph peak (Figure 39). The subarea values of
STRTI. and CNSTL are 0.5 inch and 0.25 in/hr, respectively. The
observed peak discharge of 1,160 cfs was recorded at 10 a.m. on
18 August 1955. The HEC-1 model reconstitution of the event
yielded a flood hydrograph of comparable magnitude and timing.
The computed peak discharge was 1,162 cfs at 9 a.m. on 18
August. The peak difference of an exceptionally low 0.1%,
volume difference of 10% and timing difference of 1 hour
demonstrate the reliability of the model and the assumptions
made concerning loss rates and unitgraph parameters for the
subbasin’s 8 subareas. ‘

Rockaway River Subbasin (December 1973 Event). The Rockaway
River Subbasin is calibrated with Clark unitgraph parameters
optimized to reproduce the 5/68, 4/70, 8/71 and 12/73 storms at
the Rockaway River USGS stream flow gage No. 0138050 upstream of
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Boonton Reservoir. The twenty-five subarea TC'’s and R’s, which
are held constant for each calibration storm, were derived from
plots of R vs DA and TC vs DA, as discussed in the "MODELING
PROCEDURE" section. Adjustments were made to R based on the
number and magnitude of lakes in each particular subarea. The
subareas with increased R values due to the existence of lakes
are 240, 250, 315, 325, 330, 340, 350, 370 and 377. Final
unitgraph parameters adopted for the Rockaway Subbasin are shown
in Table 12. The routing parameters used in calibration are
shown in Table 13. Modified Puls routing was applied throughout
the main stem of the Rockaway River, while the Muskingum method
routings are restricted to the tributaries. For this subbasin,
rainfall gage #15 was used for all subareas for the 8/71 and
4/70 storms. Data were also available at rainfall gage #46 for
the 5/68 and 12/73 storms. For these two storms, gage #13
distribution was applied to subareas 240, 250, 315, 320, 370,
and 375 and gage #46 distribution was applied to subareas 245,
260, 270, 280, 290, 300, 310, 322, 340, 342, 350, 360, 380 and
385,

The results of the four (4) storm calibrations indicate that
hydrograph peaks for the 5/68, 4/70, 8/71 and 12/73 events
reproduced observed values within acceptable 1limits. A
comparison of the computed versus observed events at gage No.
0138050 is shown in Table 15. A detailed discussion of the
calibration results for the December 1973 storm follows:

The reconstituted hydrograph is calibrated to the Rockaway
River above Boonton Reservoir gage (HEC-1 POI 20) with
reasonable losses (considering the seasonal factor) to duplicate
the observed hydrograph peak (Figure 40). The subarea STRTL and
CNSTL values were 0.22 inches and 0.06 inches/hours,
respectively. The observed peak discharge of 4,280 cfs was
recorded at 11 p.m. on 21 December.  The peak difference of 3%,
volume difference of 5%, and no timing difference are good
indicators of the reliability of the model and the assumptions
made concerning unitgraph parameters and loss rates for the 25
subareas.

Pompton River Subbasin (April 1970 Event). The Pompton
River Subbasin is calibrated for 4 historical Storms. The Clark
unitgraph parameters were optimized to reproduce the 8/55, 10/55
5/68, and 4/70 storms at the Pompton River at Pompton Plains
USGS streamflow gage No. 0138850 (see Figure 32 for HEC-1
subarea delineation and network nodal diagram). The subbasin is
separated into 3 main channels 2 of which, the Pequannock and
Wanaque Rivers, have many water supply reservoirs on them; the
third channel, the Ramapo River, was previously calibrated (see
earlier text). The subbasin is divided into 31 subareas of
which many are well calibrated due to the fact that there exist
nine USGS gages within the subbasin.
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Initial estimates of TC and R for the ungaged subareas are
based on the analyses which were discussed in the "MODEL
CALIBRATION" section. The initial R’s were determined as a
function of drainage area from points obtained from the gages in
the Pequannock-Wanaque River watershed. The initial TC’s were
calculated from the value of (TC+R) which was determined as a
function of drainage area using a straight line on a plot of
(TC+R) vs DA for the same gages used in the determination of R.
Slight adjustments were made to TC and R during the calibration
process. To develop similar hydrograph responses in the
subbasin’s 31 subareas, the adjusted TC's attempted to maintain
the determined regional value of R/(TC+R). For this subbasin,
the value of R/(TC+R) is 0.94. With the adjusted parameters the
final subarea R/(TC+R) ratios ranged from 0.53 to 0.94. Final
values for TC and R, which are held constant for each
calibration storm, and STRTL, CNSTL, QRCSN ratio and RTIOR are
given in Table 15 for each of the subareas.

The routing criteria for this subbasin, shown in Table 13,
were based primarily on using the Muskingum method for stream
reaches and the Modified Puls method for reservoirs. One
exception to the latter is the Greenwood Lake routing where the
Muskingum method was used because the Modified Puls data
supplied by the reservoir operator proved unsuccessful in
reproducing observed hydrographs at the downstream gage. Also,
there is an absence of Muskingum routing parameters in Table 13
for the reach between nodes 8 and 9 during the 5/68 and 4/70
storms, since the Charlotteburg Reservoir was in use during
these events. However, during the 8/55 and 10/55 storms, the
Charlotteburg reservoir was not yet constructed and the
Muskingum routing method was used. In all of the reservoir
routes, data such as the storage-discharge relationships and
starting elevations were obtained from the various reservoir
operators or from Dam Safety Inspection reports. The
storage—discharge relationships for the reservoirs are given in
Table 13.

The recorded flows from Gage No. 0138800, Ramapo River at
Pompton Lakes, were input as given hydrographs into the model
for each storm immediately upstream of subarea 1090. For this
subbasin, the rainfall distribution patterns were developed
using rainfall gage #15 for all subareas for all calibration
storms.

The results of the four (4) storm calibrations indicate that
hydrograph peaks for the 8/55, 10/55, 5/68 and 4/70 events
reproduced observed values within acceptable limits. A
comparison of the computed vs observed event at gage No. 0138850
is shown in Table 15. It should be noted that, for this
subbasin, there was a scarcity of accurate rainfall measurements
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in the northwest portion of the Pequannock-Wanagque watershed for
the April 1970 storm and it was necessary to use a rain gage
recording in New York to complete the isohyetals. Recording
gage #15 (Wanaque-Raymond Dam) was used for all four calibration
storm distributions. A detailed discussion of the calibration
results for the 4/70 storm follows:

The reconstituted hydrograph is calibrated into the Pompton
Plains gage (HEC-1 POI 61) with reasonable losses to duplicate
the observed hydrograph peak (Figure 41). The losses ranged
from 0.1 to 1.5 inches for the STRTL variable and 0.02 to 0.30
in/hr for CNSTL variable. These losses are low but reasonable
because of the antecedent runoff of a prior storm. The observed
peak discharge of 8,630 cfs was recorded at 7 a.m. on 2 April
1970. The HEC-1 model reconstitution of the event yielded a
flood hydrograph of comparable magnitude and timing. The
computed peak discharge was 8,728 cfs at 8 a.m. on 2 April
1970. The peak difference of less than 1%, volume difference of
5% and timing difference of 1 hour are indicative of the
reliability of the model and the assumptions made concerning
loss rates and unitgraph parameters for the subbasin’s 31
subareas.

RESULTS OF CALIBRATION TO HISTORIC EVENTS

Based on the successful calibration results of the eight
subbasins as previously described, the Passaic River Basin
existing conditions hydrologic model was deemed capable of
satisfactorily synthesizing hypothetical or other historical
flooding events.

HYPOTHETICAL RAINFALL DISTRIBUTION PATTERNS

Reproductions of specific-fequency flood peaks were based
upon the use of like-frequency rainfalls, the patterns for which
were determined using the procedures and Plates contained in
U.S. Department of Commerce Technical Paper No. 40, "Rainfall
Frequency Atlas of the United States." Standard Project rainfail
was determined in accordance with guidance provided in EM
1110-2-1411, Civil Engineer Bulletin NO. 52-8, dated March 1952
and revised March 1965.

The point rainfall depths for the 1, 2, 5, 10, 25, 50 and
100 year storms were obtained from the isopluvial maps contained
in Technical Paper No. 40. These depths, tabulated in Table 19,
are for the 1, 2, 3, s, 12, 18 and 24-hour durations. It should
be noted that the 18-hour point rainfall depths were determined
graphically by plotting depth vs the 1, 2, 3, 6, 12 and 24-hour
durations as it is not contained in Technical Paper No. 40. The
500-year storm depths were obtained graphically by plotting the
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log of the return period vs log of the depth for each of the 1,
2, 3, 6, 12, 18 and 24-hour durations and extrapolating the
results.

The 24-hour point rainfall distribution pattern was
developed for each storm frequency by using the duration depths
noted in Table 19. These distribution patterns are given in
Table 20. The order of intensities of each of the four six-hour
time blocks was obtained from EM 1110-2-1411, Civil Engineering
Bulletin No. 52-8. Within the most intense six-hour time block
the one-hour and three—hour depths were determined from
Technical Paper No. 40 and the remaining three hours were
calculated based on the percentages given for these hours on
Plate No. 11 of EM 1110-2-1411. The remaining one-hour values
were calculated for each of the remaining three six-hour time
blocks by scaling the hourly values from a smooth curve.

The Standard Project Storm rainfall depth and distribution
pattern for the planning area were developed using the
procedures and plates from EM 1110-2-1411, Civil Engineer
Bulletin No. 52-8. The 200 square mile, 24 hour precipitation
index for the basin is 10.25 inches.

FREQUENCY ANALYSIS

A frequency analysis was performed on all USGS gages in the
Passaic River Basin using procedures described in "Hydrologlc
Frequency Analysis," EC 1110-2-249 dated 5 June 86. This
document incorporates Water Resources Council Bulletin 17 B,
nquidelines for Determining Flood Flow Frequency" utilizing the
Log—Pearson Type IIT distribution method for the statistical
analysis of the gaged data. The expected probability and
partial duration adjustments were made to all gages to obtain
the final adopted frequency curves. For the partial duration
adjustment to the curve, the Langbein method was used. To
justify the use of this method, a Weibull plotting position
analysis was performed on secondary annual peak flows which are
above a base flow for 11 USGS gages in the Passaic River Basin.
The plotted results were closely matched with the more simple
Langbeln method for each gage, as subsequently discussed in
detail in the partial duration analysis section.

Record Homogeniety. Stream flow records at the gages
pertinent to the considered main-stem plan of 1mprovement
(Section G below) are fairly homogeneous. This is a function of
the spatial and temporal patterns of urbanization and to a great
extent the remaining natural areas. See Section F -
Urbanization and Preservation of Natural Storage. This
homogeniety was demonstrated by rainfall-runoff comparisons.
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Adjustments to Statistical Parameters. Table 41 shows the
statistical parameters based on station data and also any
indicated adjustments based on consideration of generalized
skews, historical flood peaks and (where the record at a
pertinent gaging station was too short to provide reliable
results) correlation with another, long term, station. Source
for the generalized skews was Special Projects Memo 480 of the
Hydrologic Engineering Center entitled "Generalized Skew Study
for State of New Jersey" and dated December 1977.

Annual Series. It should be noted that the frequency curves
at the gages were statistically developed without separating the
hurricane and non-hurricane events. There were many peak flows
at the gages which did not occur during the hurricane season.
The plotted frequency curves fit the historical data well
without resulting in a high skew. Figures 42 through 48 show
the frequency curves in addition to the following information:
drainage area above gage, DA; mean logarithm of the annual peak
flows, M; standard deviation of the logarithms, S; adopted skew
coefficient of the logarithms, G; the number of annual peak
flows, N; and the plotted confidence limits, which provide a
measure of uncertainty in the discharge for a selected
frequency. A brief summary of the 7 gages follows:

a) Passaic River at Chatham, DA = 100 sg.mi., N = 55
years, Feb. 1903 to Dec. 1911 and Oct. 1937 through 1984,

b) Rockaway River above Boonton Reservoir, DA = 116
sg.mi., N = 47 years, Oct. 1937 through 1984; with estimated
Oct 1903 historical flood peak, N = 81 years.

Cc) Whippany River at Morristown, DA = 29.4 sg.mi.,
N = 64 years, Aug. 1921 through 1984; with estimated Oct. 1903
peak, N = 81 years.

d) Ramapo River at Pompton Lakes, DA = 160vsqemif,
N = 63 years, Oct. 1921 through 1984; with estimated Oct. 1903
peak, N = 81 years.

e) Pompton River at Pompton Plains, DA = 355 sg.mi,
N = 44 years, May 1940 through 1984; with estimated Oct. 1903
peak, N = 81 years.

f) Passaic River at Little Falls, DA = 762 sg.mi.,
N = 88 years, Sept. 1897 through 1984.

g) Saddle River at Lodi, DA = 54.6 sqg.mi., N = 61 years,
Sept. 1923 through 1984; with estimated Oct. 1903 peak, N = 81
years.



The USGS gage on the Mahwah River at Suffern was the only gage
adjusted to reflect a longer period of record (that for the USGS
gage on the Ramapo River at Mahwah). Details are given in the
Mahwah/Suffern Interim Report, Phase I, General Design
Memorandum, dated March 1983.

The hypothetical flood hydrograph peaks developed in the
hydrologic model were matched within reasonable limits against
the peak flows for each flood event at all USGS gages. The
hypothetical rainfall distribution patterns were developed from
Technical Paper No. 40 (TP40) for the l-year through the
100-year flood frequency events and from EM 1110-2-1411, Civil
Engineering Bulletin No. 52-8. The 500-year event is
extrapolated from the above frequencies.

The Standard Project Flood (SPF) rainfall was derived solely
from EM 1110-2-1411, as discussed above in the "HYPOTHETICAL
RAINFALL DISTRIBUTION PATTERNS" section. Whereas the historical
flood calibrations used actual rainfall data in the model, the
hypothetical storms were modeled with the depth-area
relationship applied to the TP-40 point rainfall pattern for all
frequencies. This method is explained in Addendum 2 in the
HEC-1 User Manual as the Stream System (or Multiple Flood
Computation) procedure. The relationship of rainfall vs area
for each frequency storm analyzed is included in Table 18. Once
the hydrologic models of the hypothetical storms were calibrated
to the USGS gage for all frequencies analyzed, the frequency-
discharge relationships, at a minimum, were obtained for all
previously identified points of interest in the subbasin in
addition to the gage locations. The frequencies analyzed were
the 1-, 2-, 5-, 10—, 25—, 50—, 100—- and 500-year events. Table
23 shows the peak discharge for each investigated frequency at
ungaged locations (HEC-1 nodes) in the 8 subbasins.

The subarea unitgraph and routing parameters developed in
the historical storm calibration process were used in the
hydrologic model for the various specific-frequency storms. The
rainfall loss rates were adjusted in each subbasin to reproduce
the peak flows at the gages. The 1loss rates were adjusted to be
within acceptable limits in order to obtain acceptable
reproductions.

Partial-duration Analyses. The stream flow gages used to
develop the partial duration series are the following:

Passaic River at Millington, gage No. 0137900

Passaic River at Chatham, gage No. 0137950

Rockaway River above Boonton Reservoir, gage No. 0138050
Whippany River at Morristown, gage No. 0138150

Ramapo River at Mahwah, gage No. 0138750
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Ramapo River at Pompton Lakes, gage No. 0138800
Pompton River at Pompton Plains, gage No. 0138850
Passaic River at little Falls, gage No. 0138950
Ho-ho-kus Brook at Ho-ho-kus, gage No0.0139100
Saddle River at Lodi, gage No. 0139150

Second River at Belleville, gage No. 0139250

The data used for the analysis is in the "WATSTORE" peak
flow file that was obtained from the USGS, Reston, Virginia.
The flows were the annual peak and partial peaks for each gage
above the current base flow as determined by the USGS. The
flows were again checked for accuracy using published data and
telephone conversations with the USGS office in Trenton, New
Jersey.

In the development of the partial duration curves,
historical peaks were not included and all of the historical
records were continuous. The flows were arranged in descending
order for each gage using a computer sorting routine. This
formulated the y variable that corresponds to the flow in cfs,
and x variable used in the plotting of the partial duration
curves. The plotting positions were determined using the Weibull
formula

P = M/(N+1)

where P = plotting position (exceedence frequency/100 years),
M = order number of the event and N = number of years.

For each gage we now have an x variable (Weibull plotting
position) and a y variable (flow in cfs). With the use of a
computer plotting routine, both variables are converted to their
respective logs (base 10) and plotted. Sample partial duration
curves are shown on Figures 49 and 50. Also plotted on the same
graph is the annual frequency curve for the particular gage.

Table 16 shows the results of the comparison between the
annual event frequency and the partial duration frequency for
‘the same flow value. There exists some variation in wvalues
obtained from different gages and the average of all of the
gages is slightly greater than the theoretical values developed
by Langbein. The theoretical values are based on the assumption
that a large number of independent (random) events occur each
year. If the number of events is small, the average values in
Table 16 are expected to be smaller than the theoretical
values. If the events are not independent (large events tend to
cluster in some years and small events tend to cluster in other
years), the average values in Table 16 would be expected to be
larger than the theoretical values.
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Table 17 shows the results of each gage’s partial duration
frequency divided by the theoretical Langbein value for each
annual event frequency. The results do not show any clear trend
of the ratios with respect to hydrologic (slope, land use,
upstream regulation, drainage area, main stem, etc.) or
geographic (highland, flood plain, etc.) similarities.

For example, three gages that might be expected to have
similar highland area characteristics are Nos. 0138050 (Rockaway
River above Boonton), 0138150 (Whippany River at Morristown) and
0138750 (Ramapo River at Mahwah). However, if the ratios on
Table 17 are examined, moving from left to right on the table,
there exists no trend or pattern of how the Passaic partial
duration frequencies compare to the Langbein partial duration
frequencies. The two main stem gages, Nos. 0137950 (Passaic
River at Chatham) and 0138950 (Passaic River at Little Falls),
have ratios that move in opposite directions in magnitude as one
scans the table from left to right. Gages close to each other
geographically such as gages No. 0138800 (Ramapo River at Pom
ton Lakes) and No. 0138850 (Pompton River at Pompton Plains)
also do not show any similarities in theilr comparisons to the
theoretical Langbein formula.

The total basin average of the ratios of the Passaic station
partial series frequencies divided by the Langbein partial
series frequencies i1s 1.05. This value is an average of how all
of the gages tested compared with the Langbein formula values at
annual event frequencies of 0.080 through 0.900. The degree of
difference between the the data values and the Langbein wvalues
is shown in Table 17, where the averages are listed above the
Langbein values for annual event frequencies of 0.080 through
0.900. Because the results differ from the Langbein theoretical
formula by only 5 percent, the Langbein theoretical curve is
drawn on Figures 49 and 50 for purposes of comparison. The
validity of the Langbein partial duration analysis was evaluated
by the Passaic Study economist against historical damages and
was found to be acceptable. Overall, the results of the partial
duration analysis indicate that the Langbein method is a sound
approach for the Passalc River Basin gages.

GAGED VERSUS MODELLED FREQUENCY RELATIONS

The hydrologic models of the Passaic River and its
tributaries were able to closely reproduce, at all calibration
gages and most other gages in the Passaic Basin,
specific-frequency flood peaks from discharge-frequency
relations updated through water year 1984 (Table 22). Thus, the
models can be used with confidence (1), to determine
specific-frequency flood peaks at sites remote from gaging
stations under existing conditions, (2), to predict future
discharge-frequency relations and (3), to evaluate the impact on.

I-41



discharges of various plans of improvement. With respect to
future-conditions relations, it is noted that rainfall losses
used to develop the updated 1984 relations will also apply in
the future inasmuch as such losses are taken with respect to
pervious watershed components only. Thus, any increases in
specific-frequency flows in the future will be the result of
shortened basin response times (reflected in unitgraph
parameters) or larger runoff volumes (due to increases in
impervious watershed surface areas).

Four of the calibration gages are located at the downstream
limits (outlets) of subbasins within the Highland Area.
Downstream of these outlets, flow enters the Central Basin.
These 4 USGS gages are: (1) Passaic River at Chatham: (2)
Rockaway River above Boonton Reservoir; (3) Whippany River at
Morristown; and (4) Pompton River at Pompton Plains. The fifth
gage, Ramapo River at Pompton Lakes, is in the Highlands Area
and 1s upstream of the gage on the Pompton River at Pompton
Plains. The remaining gages are located on the Passaic River at
Little Falls and the Saddle River at Lodi. The results of the
frequency analysis at each of the seven gages are discussed in
the following paragraphs:

Passaic River at Chatham. The modeled hypothetical storm
flow values for each frequency are within + 6 percent of the
frequency curve developed statistically from the gaged data.
The loss rates used to reproduce all frequencies reflect the
fact that this subbasin contains significant wetland areas,
including the Great Swamp, which signifies that very little
water would be lost (Table 21). Rather, most of the water is
temporarily stored, as can be seen in the relatively high R
values for each subarea unitgraph (Table 12). There is also
considerable overbank storage in the routing reaches. The Oct.
1903 flood peak was measured at the Chatham gage and is actually
included in the frequency analysis. The computed station skew
at Chatham is 0.36 and the adopted skew is 0.30. Table 22
compares the hypothetical storm values statistically developed
from the gage with the HEC-1 modeled hypothetical storm values.

Rockaway River above Boonton Reservoir. The modeled
hypothetical storm peaks are very similar to the gaged flow data
for all frequencies. This subbasin contains a great deal of
natural storage volume other than the wetland or swamp type of
storage. This storage is in the form of numerous small lakes
and ponds. The subareas of this subbasin are relatively long
and narrow in shape resulting in flat broad unitgraphs as shown
by the relatively high Clark’s R values (Table 12). The base
flows in the subareas are high due to the natural sStorage as
reflected in the QRCSN and RTIOR wvalues. The computed inclusion
of the historical Oct. 1903 flood peak in the statistical

I-42



analysis has the effect of increasing the 100 year flood peak by
approximately 900 cfs more than the frequency curve without
inputting this flood into the statistical analysis. The skew
coefficients used are: regionalized = 0.30 and final adopted
=0.40. The adopted skew is based on a weighting procedure of
the regionalized skew with the station computed skew. The
regionalized skews are based on the "Generalized Skew Study for
the State of New Jersey" done by HEC in 1977. The values are
either 0.3 or 0.4 for gages in the Passaic River Basin. Table
22 compares the hypothetical flood wvalues statistically
developed from the gage data with the HEC-1 modeled hypothetical
flood values. Table 21 lists the Rockaway Subbasin loss rates
for hypothetical flows.

Whippany River at Morristown. The modeled storm peaks
approximate the statistically derived gage data for all
frequencies. The loss rates used in all of the subbasins’
subareas are very similar for all frequencies but do have a
downward trend for the CNSTL value for the 5-year through
500-year frequencies (Table 21). Only the 1- and 2-year
frequency loss rates seem relatively low. There is a moderate
amount of storage indicated by high Clark's R values for the
subarea unitgraphs and low Muskingum X values of 0.02 in the
routing reaches (Tables 12 and 13). The base flow is moderate
with QRCSN = 0.15 and RTIOR = 1.5 in all subareas. The
inclusion of the Oct. 1903 computed flood peak has no impact on
the statistical frequency curve. This storm did not affect the
southwest portion of the Passaic Basin as intensely as the
remaining parts of the Passaic Basin. The adopted skew
coefficient is 0.10, which is weighted from a regional value of
0.3 and a station skew of 0.05, resulting in a frequency event
curve with a relatively small positive skew. The SPF peak flow
is thus close to the 0.01 percent exceedence frequency mainly
due to the low skew in theé curve. A comparison of the
hypothetical storm values statistically developed from the gage
data with the HEC-1 modeled hypothetical storm values is shown
on Table 22.

Ramapo River at Pompton Lakes. The modeled storm peaks are
very close (+ 4%) to the gaged data (Table 22) for all
frequencies. Loss rates used in modeling are given in Table
21. There is a moderate amount of storage due to rural land use
in the subareas as indicated by moderate unitgraph Clark’s R
values and base flow parameters where QRCSN = 0.20 and RTIOR =
1.5 for the subareas (Table 12). The Ramapo River analysis used
different floods of record than the rest of the Passaic Basin.
Here, those of March 1936 and October 1955 (the two largest of
record) were used because the subbasin was closer to the centers
of these events. The inclusion of the Oct. 1903 computed flood
peak in the frequency analysis had a moderate impact on the
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statistical analysis. The adopted and regionalized skews are
0.40 with the SPF being approximately equal to the 500 year
flood.

Pompton River at Pompton Plains. The modeled hypothetical
flood peaks are fairly close to the statistically derived gage
data (Table 22). The loss rates used to match the gaged data
are generally reasonable for the entire subbasin which includes
the subareas above the Ramapo River at Pompton Lakes gage,
previously discussed (Table 21). There is a great amount of
storage in the basin due to the large number of reservoirs in
the Wanaque and Pequannock River watersheds (Table 13). The
high Clark’s R values in the subareas’ unitgraphs and relatively
high base flow in which QRSCN =-0.2 and the RTIOR = 1.2 reflect
the natural storage throughout the subbasin (Table 12). The
Oct. 1903 computed flood peak has a small impact on the final
statistical frequency curve. The adopted skew coefficient is
0.2 which is weighted from a regionalized value of 0.4. The SPF
discharge of 53,311 cfs is very close to the 500-year flood
discharge of 54,153. '

Passaic River at Little Falls. The modeled hypothetical
floods are fairly close to the gaged data for all frequencies
(Table 22). The percent difference in peak flows for the
modeled flows versus the gaged data vary from +1% for the 100
year flood to -11% for the 1 year flood. The loss rates used to
match the gaged data peaks are reasonable for all frequencies
(Table 21). There is considerable storage in the Central Basin
in the form of large wetland areas upstream of the Little Falls
gage (Table 13). 1In the Central basin, the upstream boundaries
are identified by the following 4 USGS gages ; Passaic River at
Chatham, Rockaway River above Boonton Reservoir, Whippany River
at Morristown and Pompton River at Pompton Plains. The
downstream 1limit of the Central Basin is the Passaic River at
Little Falls USGS gage. The drainage area of this basin is 262
square miles. For the hydrologic model, the Central Basin is
divided into 46 subareas and 17 routing reaches which contain
measured storage-outflow relationships. The hydrologic model
inputs hydrographs for each of the frequencies from the 4
upstream streamflow gages, previously mentioned, and proceeds to
model the Central Basin. The baseflow in the Central Basin is
moderately high with QRCSN = 0.3 and RTIOR = 1.3 for all
subareas and high Clark’s R values for all subarea unitgraphs

(Table 12). Flow reversals are modeled by diversion and lagging
functions in the Two Bridges area and the Rockaway-Whippany-Troy
Brook area (Table 14). These areas of flow reversal made the

Central Basin an extremely complex subbasin to model and
analyze. The October 1903 and the almost equally large March
1902 floods were measured and included in the frequency analysis
at the Little Falls gage. The gage has 90 years of record for
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deriving the adopted frequency curve, the longest record for all
gages in the Passaic Basin. The adopted skew coefficient is 0.5
which is weighted from a regionalized value of 0.4. The SPF is
approximately a 400-year flood.

Saddle River at Lodi. The modeled hypothetical floods are
very close to the gage data for all frequencies (Table 22).
Three USGS gages in the Saddle River Subbasin above Lodi were
also analyzed for reproducing each frequency from the hydrologic
modeling process. These gages are: Saddle River at Ridgewood,
Ho-ho-kus Brook at Ho-ho-kus and Sprout Brook at Rochelle Park.
The loss rates vary to reflect markedly different land use
patterns in various parts of the subbasin for all frequencies and
are reasonable, although the constant 1loss rates are relatively
low at the rarer frequencies above the 50-year storm (Table 21).
The subbasin is basically urbanized with a moderate natural
storage area at the Sprout Brook confluence and proceeding
upstream toward the Ho-ho-kus Brook confluence. The subarea base
flows are moderately low with QRCSN = -0.16 and RTIOR = 2.0
(Table 12). In the statistical analysis of the gaged data, the
computed October 1903 flood peak has a significant impact on the
final frequency curve in which the 100 year flood is increased by
840 cfs (from 5,890 to 6,730 cfs) above the discharge generated
by exclusion of this historic event. The regionalized and
adopted skew coefficients are both 0.40.

Passaic Lower Valley Tributaries. The Passaic Lower Valley
extends from the USGS gage at Little Falls downstream to the
mouth of the Passaic River at Newark Bay. The main tributaries
of the Passaic in the Lower Valley are the Peckman River, DA =
9,78 sgq.mi.; Molly Ann’s Brook, DA = 7.94 sq. mi,; Saddle River,
DA = 59.14 sg.mi.; Third River, DA = 12.77 sq.mi.; and Second
River, DA = 11.60 sg.mi. The total drainage area of the Lower
Valley, including the Saddle River Basin, is 172.43 square
miles. The recording USGS gages used in the Lower Valley portion
of the hydrologic model are: Little Falls at the upstream
boundary, Saddle River at Lodi, Weasel Brook at Clifton, Second
River at Belleville and Third River at Nutley. There are 1o
streamflow gages located on the Passaic River downstream of
I.ittle Falls with which to compare modeled results. Therefore,
the HEC-1 modeled peak discharges for each frequency were
determined from subarea parameters which have been calibrated
from the remainder of the Passaic River Basin and from measured
routing parameters. See Table 21 for the sub—- area 1loss rates
used in the development of hypothetical flows.

) Typical Specific-frequency Hydrographs. A typical hypotheti-
cal hydrograph is shown for the 100-year flood at each of the
hydrologic subbasin outlet gages (Figures 64 through 69 plus 81).
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Other, Non-boundary Conditions Gages. The hydrologic model
was able to closely reproduce specific-frequency discharges at
many other, non-boundary conditions, gages. This, too, will be
apparent from review of Table 22. Greatest departures will be
found in connection with gages on small streams tributary to
Wanaque Reservoir, but these are gages not specifically sited
with a view to determining peak flows (their function was
apparently to provide low-flow data for water supply purposes).

SIMULATION OF RUNOFF FROM NON-CALIBRATION HISTORIC STORMS

Runoff from the October 1903 storm, the April 1984 storm,
and the transposition of Hurricane "Agnes" (June 1972) from the
Susquehanna River Basin to the Passaic River Basin was simulated
using the calibrated HEC-1 Passaic River Basin hydrologic
model. The purpose of this work was to permit evaluation of the
considered plans of improvement against large events.

Storm of October 1903. For the 8-9 October 1903 storm, the
basin-wide isohyetal pattern was developed from various’
non-recording rain gages and is shown on Figure 8. The hourly
distribution of the rainfall used is represented by the Newark
hourly recording rain gage for the entire basin. The subarea
loss rates were adjusted in the model to reconstitute the
recorded discharges. On the Rockaway River, the HEC-1 model
predicted an instantaneous flood peak of 8,050 cfs at Boonton
Reservoir under present conditions vs a recorded peak daily
average of 7,560 cfs at the USGS gage just downstream of the
present dam. On the Pompton River at Pompton Plains, the
reproduced peak of 29,048 cfs is equivalent to a recorded peak
of 28,340 cfs. It was assumed that there was a significant
natural detention area at the site of the future Wanaque
Reservoir. This assumption is based on the relatively low annual
flood peak events on the Wanaque River at the Wanaque USGS gage
from 1913 to 1927, which is prior to construction of the
reservoir. The October 1903 storm is generally about a 100 year
flood event throughout the Passaic River Basin, but is closer to
a 50 year event in some areas. From the isohyetal map, the
total rainfall from each subarea in the Basin is shown in Table
26. The hourly distribution from the Newark gage is shown in
Table 27. The peak discharges at various USGS gages and points
of interest are shown in Table 28. For comparative purposes,
the 100 year discharges calculated by the HEC-1 model at these
points are also given in this table. There were some USGS gages
in operation in 1903, for which recorded discharges are given in
Table 9. Hydrographs with and without the recommended plan of
improvement are shown on Figures 89 through 91.




Storm of April 1984. The hydrologic model discussed above
was used to reproduce the flood of April 1984 with a view to
evaluating the impact thereupon of the considered plans of
improvement. The reproduction did not attempt to model the
basins tributary to the upstream—most gages, but used the
hydrographs at these gages as boundary conditions because the
considered plans of improvement were all located downstream of
these gages. Results of the reproduction effort and improvement
evaluation are shown on Figures 52 and 86 through 88.

Transposed "Agnes". The transposition of Tropical Storm
"Agnes" (June 1972) from the Susquehanna River Basin Jjust north
of Harrisburg, Pennsylvania to the Passaic River Basin was made
to permit simulation of the effects of a great tropical storm on
the Pagsaic Bagin and evaluation of the impact on the flood
accompanying such a storm of the considered plans of
improvement. It should be noted that "Agnes" was a hurricane in
the Gulf before entering the western Florida mainland. The
isohyetal map for Tropical Storm "Agnes" was obtained from the
National Weather Service and post-flood reports. The isohyetal
pattern was placed over the Passaic in various orientations
until a worst—case centering was found. The isohyetals ranged
from 9" to 18". The worst-case centering was over Pompton
Lakes. The total rainfall and peak rates of rainfall are much
greater for the transposition of "Agnes" than for the October
1903 storm. Thus, as expected, Transposed "Agnes" caused a
flood which was greater than the Standard Project Flood (SPF)
for the Pompton River Basin and for the Passaic River below Two
Bridges. The. other tributary areas to the main stem produce
peak discharges which are near the SPS. The loss rates selected
for the simulation of the Transposed "Agnes" storm are the
losses used in the 100 year storm events in the HEC-1 model.

The isohyetal map of Transposed "Agnes" centered over the
Passaic Basin is shown in Figure 16. Rainfall totals in every
subarea from the isohyetals are tabulated in Table 24. The

Thourly rainfall distribution based on the Harrisburg recording

rainfall station is shown in Table 25. Hydrographs with and
without the recommended plan of improvement are shown on Figures
92 through 94.

TIDAL FLOODING AND STORM-SURGE MODELING.

The Passaic River from its mouth upstream to Dundee Dam, a
distance of 17.4 miles, is subject to tidal flooding.
Consequently, the stages on the Passaic River from the mouth at
Newark Bay to Dundee Dam are influenced both by fluvial and
tidal conditions. The tidal flood of 12 September 1960
(Hurricane "Donna") caused a water level of 8.33 feet NGVD at
the East Newark tidal gage on the lower Passaic River (see
Figure 53 for the location of tidal gages in New York Harbor).
This 8.33 foot tide coincided with a fluvial discharge of 2,700
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cfs, about 50% of the peak discharge of 5,340 cfs recorded at
Little Falls during that storm. Extreme high stages recorded at
the East Newark gage vs coincidental discharges at the USGS gage
at Little Falls are shown in Table 31.

As part of the 1972 Passaic River Report, a study was made
of the synchronization of high tides and peak floods on the
Passaic River in order to determine what tide elevation should
be used in Newark Bay for the design floods. The times of
occurrence of the two highest flood peaks per year at S.U.M. Dam
for the period 1893 through 1955 and at Beattie'’s Dam for the
period 1955 through 1960 were compared to the times of
occurrence of the corresponding high tides in Newark Bay for the
month and year in which the floods occurred. A short—term
record was correlated to the long-term record at Fort Hamilton
to determine a correction that was applied to the Fort Hamilton
records to synthesize the Newark records from 1893 to 1938. The
study revealed the following:

a. The tides synchronizing with the peaks of
experienced floods were about 30 percent less than the peak tide
of the month and closely approached the value of the mean high
tide of the month. The mean high neap tide is 2.45 feet NGVD,
the mean high spring tide is 3.60 feet NGVD and the mean high
tide is 3.02 feet NGVD;

b. Fifteen percent of the peaks of all floods, which
ranged from 2,700 to 19,500 cfs, occurred with tide elevations
between 4 and 5 feet NGVD, and over 75 percent occurred with
tide elevations between 2 and 4 feet NGVD ;

C. The greatest flood of record, namely that of October
1903, occurred with a tide elevation of less than 4 feet NCVD.

As per NADPL-F (21 Oct 81) 1lst Ind dated 10 November 1981,
Subject: NAD-NANEN-P meeting regarding Passaic River Basin
hydrology, NAD indicated the following: a), in accordance with
ER 1105-2-111 a Standard Project Tidal Flood is required when
alternatives are to be formulated for tidal flood protection in
urban areas, and b), ocean and bay storm-surge modeling would be
necessary per guidance in DAEN-CWE-H multiple letter dated 22
June 1978, Subject: "Hurricane Surge Analysis".

The decision to develop a comprehensive ocean and storm
surge model to obtain tidal stage-frequency relationships for
the Passaic River was also included in NAD comments on the
"Passaic River Status of Plan Formulation Report" inclosed in
NADPL-F (30 April 82) 1lst Ind dated 30 July 1982. In NADPL-F
(22 Jan 82) 2nd Ind of the "Hackensack River, N.J. & N.Y.
Reconnaissance Report", dated 2 August 1982, the need for
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coordination between tidal surge studies for the Passaic and
Hackensack Basins was indicated. A joint study of the two
basins was proposed in the 25 August and 3 September 1982
NANPL-P letters, Subject: Tidal Surge Study for the Passaic and
Hackensack Rivers, and was subsequently approved via DAEN-CWE-HD
(25 Aaug 82) 2nd Ind dated 16 September 1982. The purpose of this
study was to develop a stage-frequency curve for hurricanes and
northeasters and their combined effects along the tidal reaches
of the Passaic River up to Dundee Dam for the presently existing
conditions. The study utilized Monte Carlo Joint Probability
techniques for both hurricanes and northeasters.

The study used two calibrated and verified numerical
hydraulic models, an offshore surge generation model which used
a finite-difference grid with a five nautical-mile resolution to
simulate from meteorologic driving forces the storm surge
generation on the continental shelf portion of the New York
Bight and within Long Island Sound, and a second, hydrodynamic,
model linked to the offshore model to provide a finer spatial
resolution in the study area. This near-shore surge propagation
model used a link-node discretization of the embayments and
waterways to simulate the surge propagation up to and along the
Passaic River. A large number of synthetic storms (252
hurricanes and 43 northeasters) were simulated from meteorologic
inputs to derive the final frequency-elevation curves. In this
manner, accurate and hydrodynamically consistent frequency
curves were developed along the entire coastline. Analyses of
the measured maximum elevations at tide gages were used only for
comparison and verification.

The methodologies and models used in the Passaic River surge
study were expanded and adapted from the Flood Insurance Study
for the City of New York performed for the New York State
Department of Environmental Conservation. The flood insurance
study was funded by the Flood Insurance Administration (FIA) of
the Federal Emergency Management Agency (FEMA). In the flood
insurance study, extended calibration and verification of both
the open coast and inland models was performed. Sensitivity
analyses showed that the results of the offshore simulations of
the synthetic storms were directly applicable to the Passaic
River Study.

However, the inland model required extension and
modification to accurately simulate Newark Bay and the Passaic
and Hackensack Rivers. Hydrographic considerations show that
simulation of storm surges along the Passaic River is greatly
affected by the adjacent Hackensack River and the Meadowlands
complex. Therefore, while this study is primarily focused on the
Passaic River, the network was extended to include the effects
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of the Hackensack River. Although the Hackensack River -
Meadowlands portion of the model was only calibrated so as to
accurately portray the effect of the Meadowlands on the Passaic
River in the present study, complete calibration of the
Hackensack portion of the network will only require minor
additional geometric adjustments to the network in a future
phase of the study and will not affect the results of the
Passaic Study.

The Passaic portion of the investigation was completed on
schedule in October 1983 and the results have been incorporated
into the findings of this current study. The results of the
tidal study represented 1983 conditions, which are being used as
existing conditions. Figure 54 shows the final East Newark
stage—-frequency curve as well as curves for 1990 and 2040.

- These latter curves were developed using an estimated rise in
sea level of 0.1 feet per decade. This estimate was coordinated
with WES (Waterways Experiment Station, Vicksburg, Miss.), which
concurred that it was an acceptable estimate for this area.

SECTION F - URBANIZATION AND PRESERVATION
OF NATURAL STORAGE

INTRODUCTION

Many parts of the Highland and Central Basin areas of the
Passaic River Basin are presently undeveloped. Future land use
projections, as discussed in the ECONOMICS portion of this
report, indicate increased development in the undeveloped
regions. An investigation was made of the impact that such
development would have on future flood flows in the potential

-project area. The analysis was performed in two steps as
follows: ’

1. The impact of future urbanization on changes in unit
hydrograph parameters and flood volumes (the latter a
consequence of increasing imperviosity) was first determined
for the entire watershed, except for development projected for
the wetland areas of the Central Basin.

2. The hydrologic and hydraulic impacts of future
development on changes in flood storage in the Central Basin

wetlands was determined incrementally to the urbanization
effects.

Historical urbanization of the Passaic River Basin prior to
the 1970’s has had no significant impact on stream discharge
entering the major areas of interest, the Pompton Valley, the
Central Passaic Basin and the Lower Valley from Beatties Dam to
Dundee dam. There are two primary reasons for this. The first,
and by far most important reason is the fact that development
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prior to 1970 significant development did not take place in the
Pompton/Ramapo tributary valley that generates the bulk of the
flood flows to the project area. Historical development was
essentially confined to the areas from Beatties Dam to the mouth
and isolated areas in the upper Passaic watershed. The Lower
Valley areas were initially developed to a great degree at the
turn of the century and ongoing redevelopment reflected an
intensification of urban development. Essentially one type of
impervious surface was traded for another. Although the Upper
Passaic watershed experienced some growth prior to 1970, this
area generates flood peaks that are greatly attenuated by the
natural storage areas of the Central Basin, and equate to only
about one third of the Pompton Valley flows. The second primary
reason was that any residual development which did take place
was not linked by a well-defined channel or storm water system
to an established watercourse. This development tended to drain
to permeable surfaces which resulted in significant absorption.
A series of statistical analyses were performed at the gages
entering the major areas of interest to confirm this. Both
rainfall and streamgage records prior to 1978 were analyzed. It
was found that the relative rate of change in rainfall was
greater than the relative rate of change in streamflow
indicating that urbanization changes were not significant in
estimating the Basin’s hydrologic response.

A great deal of the Passaic River basin is impermeable under
natural conditions, or nearly so. The soil cover over bed rock
in the mountains and on valley sides slopes is often thin with
little water absorption capability. The water table in many
areas 1is very close to the surface, again leaving little
absorption capability, particularly in the vast Central Basin
wetlands and floodplains. These areas are underlain by organic
meadow mat and extensive clay deposits. In the Lower Valley,
the coastal areas have been densely developed since the turn of
the century. Obviously, the paving of such areas would have
little negative impact even when considered cumulatively.

Future development will continue to occur in the Central
Basin and Highland areas in a less haphazard manner. It will
include positive drainage provisions which could result in
increased stream runoff. The methodology used to assess future
urbanization treats all such areas for which development is
projected as being linked by these drainage provisions.

The future loss of Central Basin natural storage was
evaluated as a separate step because of the need to determine
the feasibility of protecting such storage as a Federal flood
damage reduction measure. The combined effects of both impacts
were evaluated as without-project conditions for the watershed.
Fach of these studies are discussed in this section.
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URBANIZATION

An investigation was made of the impact that future
development would have on runoff throughout the Passaic River
Basin for the years 1990 and 2040 without 1local mitigation of
hydrologic impacts via stormwater management or other local land
use controls. Development beyond 2040, which is not expected to
be significant, has been assumed to be subject to such controls,
precluding further changes in discharges. Table 32 presents a
summary of the development acres expected through the vyear
2040. Further information regarding the land use projections
for the Passaic River Basin is contained in Part V of the
Supporting Documentation - "ECONOMICS."

Methodology. The estimates given herein are based on a
procedure which accounts for changes in hydrograph parameters
and runoff volumes that are associated with future urbanization.
This procedure lends itself to application to the Passaic River
Phase I Study grid cell data bank and the HEC "HYDPAR" utility
file program. The grid cell data bank variables contain
information on subarea physiography, existing land use, and
projected land uses for 1990 and 2040. The "HYDPAR" program
accesses this grid cell data and computes, for subsequent use,
hydrologic parameters that permit determination of precipitation
losses and surface runoff response. The parameters that can be
generated are those required for the U.S. Soil Conservation
Service (SCS) curve number technique and for watershed modeling
using subarea imperviousness and the Snyder unit hydrograph
procedure.

Impact on Unitgraph Parameters. The urbanization effects on
the hydrograph parameters TC and R were derived using the
"HYDPAR" program in conjunction with the grid cell data bank.
Through "HYDPAR," the SCS basin lag times were obtained for each
subarea for each of the land use scenarios (existing
conditions, 1990 and 2040). The relative changes in SCS basin
lag times were then related to proportional changes in basin lag
times used for the Snyder unitgraphs (with the Snyder peaking
coefficient CP being held constant in all cases). Both the SCS
and Snyder methods physically define basin lag from the center
of excess rainfall to the peak of the synthetic unitgraph
(although the computed lags are unequal due to computational
differences between the methods). The HEC-1 program was then
accessed to convert the existing HEC-1 Clark model unitgraph
parameters to equivalent Snyder unitgraph parameters. Thus,




based on the percent change of the SCS basin lag times between
the existing and each of the two future conditions, proportional
adjustments were made to the Clark model equivalent Snyder basin
lag times. Table 33 gives subarea unitgraph parameters for
base-year, 1990 and 2040 conditions.

Impact on Runoff Volumes. The urbanization effects on
runoff volume, a function of a subbasin’s imperviousness, were
also derived using HYDPAR in conjunction with the grid cell data
bank. The existing HEC-1 Clark model was calibrated without
using the RTIMP option (percent impervious is equal to 0%).
Therefore, to account for urbanization effects on runoff
volumes, the differences between the percent imperviousness for
existing and projected future conditions in each of the subareas
were computed. These computed increases in percent impervious
(Table 33) were then used to modify the RTIMP variable of the
corresponding future conditions hydrologic model. It is noted
that volume changes can also impact on peak discharges.

conclusions. As can be seen from Table 32 the number of
acres developed in the Basin is expected to increase in the
future, with accompanying increase in stream discharge.
Compared to historical growth in the Passaic River Basin, the
future acreage projected to develop is relatively small.
Although comparatively more acres were developed in the past
than projected for the 1990 to 2040 period, the incremental
effect on frequent flooding would be more significant, as
reflected by the 6.6% increase expected for the 1 year flood at
I,ittle Falls for 2040 conditions. The less frequent events to
be used as design storms in this study would not signifi- cantly
increase along the mainstream, as seen by the 2.3% increase in
the 100-year flood at Little Falls resulting from development
changes through the year 2040. Also, as shown in
Table 32, residentially- developed acres are expected to have the
largest 1ncremental increase from 1983 to 2040, with most of
this change in the Highland Area. The results shown in Table 34
and on Figures 55 through 61 indicate that urbanization would
tend to have a greater impact on the more frequent flooding,
especially the 1-,2- and 10-year events. For example, a
comparison can be made at the USGS gages in the wvarious
subbasins for the l-year and 100-year floods from the following:




INCREMENTAL RUNOFF PERCENTAGES
PRESENT VS FUTURE

1990 2040
Conditions - Conditions

_ One— 100- One- 100-
Locality (USGS Gage) Year Year Year Year
Passaic River at Chatham 2.63 1.40 6.70 3.21
Whippany River at Morristown 4.92 3.04 21.10 13.71
Rockaway River above Boonton 5.31 3.16 19.87 10.80

Reservoir

Pompton River at Pompton Plains 6.71 -1.18 17.03 1.21
Ramapo River at Pompton Lakes 6.69 2.06 17.78 4.74
Passaic River at Little Falls 5.23 -0.02 12.16 2.26
Saddle River at Lodi 4.70 0.94 9.20 1.64

These results indicate that the Highland areas are most
vulnerable to increased development, whereas the Central Basin
and Saddle River Basin are already suburbanized and semi-
developed. The exception to this observation is the Passaic
River Basin above Chatham. This portion of the Central Basin
contains large tracts of undeveloped land but there is a
significant amount of floodplain (including the 8,500 acre Great
Swamp) which currently provides attenuation of flood waves and
which would minimize the impact of potential urbanization.

STORM WATER MANAGEMENT

The State of New Jersey passed a Storm Water Management AcCt
in 1981 (PL 1981C.32). 1In response to this legislation the N.J.
Department of Environmental Protection issued storm water
management regulations which became effective in February 1983.
These regulations require all municipalities to develop and
enforce storm water management plans and ordinances, under
certain conditions. One of these conditions is the
appropriation by the State of 90% of the cost of developing
these plans. Between 1983 and 1985, virtually no progress was
made in implementing storm water management plans, with the
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exception of Bergen County, since no monies had been appro-
priated by the State to fund the development of the plans. 1In.
1985, however, $2,000,000 was appropriated, $1,000,000 for
counties and $1,000,000 for municipalities. State-wide to date,
NJDEP has approved grants to 6 counties and has received
applications for grants from an additional 2 counties and 93
municipalities.

The effects of such storm water management plans were
considered in the formulation of Corps flood control plans. The
only such management plan implemented to date is in Bergen
County. Under Bergen County’s program, all "applications for
development that propose one acre or more of additional
impervious surfaces are required to detail, on the plans
submitted, stormwater management facilities to retain/detain the
additional stormwater runoff being generated by the developed
properties if downstream drainage has been determined to be
inadequate to meet design standards." The design storm for all
retention or detention facilities is the 25 year storm. AlsoO,
according to Bergen County, such stormwater management
facilities should not allow any incremental increases in runoff
for the more frequent events (i.e. the 1-, 5-, and 10-year
events).

With these stormwater management requirements and
information from the county regarding the effectiveness of the
program to date, the Corps’ hydrologic model for the Saddile
River Basin was modified to simulate the effect of the county
program. Review of information received from the county
indicated that only 40% of the total acreages developed since
the adoption of these rules required the incorporation of
stormwater management measures into their plans. Based on this,
projected 1990 and 2040 stream discharges were modified to
reflect the estimated 40% effectiveness of the program on storms
up to the 25 year event.

As shown in Table 35, the results indicated that for the
Saddle River, stream discharges between now and 2040 exhibited
increases only slightly less with the stormwater management
program in place as opposed to having no program. For instance,
the one year discharge under the program would be only 2.4% less
than it would be without the program, while the 25 year
discharge would be only 1% less. Applying these results basin
wide, it was determined that storm Water Management Programs
would not change the design level of the overall plan and would
have no significant effect on Expected Annual Damages.



LOSS OF CENTRAL BASIN NATURAL FLOOD STORAGE

Currently, the wetland areas in the Central Basin are
primarily undeveloped and function as natural detention areas
storing a significant volume of flood water. The loss of these
areas to development would reduce the volume available for flood
storage and would worsen the existing flood problems downstream.
Preservation of wetlands is generally applicable throughout the
watershed, but is of special significance within the Central
Basin because 11 remaining major wetlands and other, inter-
mittent pockets of open-space floodplain are located in this
portion of the Passaic River Basin. The 11 wetlands of
significant size are presented on the Passaic River basin map

"shown on Figure 62. Table 36 presents the acreage totals for
the major wetlands.

Methodology The hydrologic and hydraulic analyses of
preserv1ng natural storage areas involved predicting the
increase in flows and stages if the natural storage areas were
lost to development in accordance with the most probable future
conditions. Development of the floodplains would eliminate the
natural storage which attenuates flood flows, thereby increasing
both discharges and water surface elevations in downstream
areas. As the natural storage is eliminated along the entire
river, the adverse impacts are compounded.

For this analysis, the loss of storage areas was considered
in the following areas: Passaic River from Pompton River
confluence at Two Bridges upstream to the Dead River confluence;
Pompton River from the mouth upstream to the Ramapo River
confluence; Rockaway River from the mouth upstream to the Vail
Road Bridge in Lake Hiawatha; and Whippany River from the mouth
up to the Morristown border. Figures 63 and 64 relate the
impacted reaches to hydrologic model schematics.

The loss of floodplain lands to development would result in
two types of impact that must be modeled differently. These
impacts are: (1), the changes in unitgraph parameters of and
runoff volumes from the lost floodplains would result in
increases in streamflow derived from the hydrologic (HEC-1)
model; and (2), the loss of floodplain storage would change the
storage vs discharge relatlonshlps used in the HEC-1 flood

routing and reflected in the hydraulic model (HEC- 2)
encroachments.



It was suspected that the effect of (1) above was not
significant as compared to the increase that would result from
(2) above, since the relative area affected (floodplains to be
developed) was small compared to the total areas considered.
Therefore, impact (1) was tested through a sensitivity analysis
to confirm the magnitude of its maximum effect.

In this test it was assumed that all of the wetlands in the
Central Basin (including one outside the Central Basin area of
interest) became commercial development sites in the computation
of the revised unitgraph lag times and runoff volumes when
determining the increased area runoff. Thus, if such a test for
the entire basin does not produce significant increases, the
impact from the Central Basin would clearly not be significant.
This test is similar to the method used in predicting future
land use runoff as described in the "URBANIZATION" section of
this report. Basically, the land use in all areas in the
Passaic Central Basin which contain wetlands was converted to
commercial development in the grid cell data bank. The HEC
program, "HYDPAR", accesses the data bank and yvields the
increased ratio of 1mperv1ousness and decreased lag time for
each change or adjustment in a given subarea. The results show
that for the 100 year flood, there is only a very small increase
in discharge by the time the peak flow is in the Central Basin.
With only a small increase at Little Falls, it is demonstrated
that the impacts due to runoff changes in the wetlands are not
significant compared to the increases due to changes in flood
storage when routing with the Modified Puls method. Thus, the
remaining analysis focused on the storage changes due to
floodplain development.

With respect to the second impact, the method of analys1s
involved identifying the total available natural storage in the
floodplains, determining the protective status of these areas,

"and then testing the potentlal impact of losing specific areas.

The natural storage areas in the inventory include both
frequently inundated open areas of the floodplain and wetlands.
Natural storage areas which are considered to be protected

generally fall into one of the following categories: {(a),
Federal, State or local parks and refuges; (b)), land w1th1n
off1c1a11y designated floodway areas; (c), 1and in the Flood

Hazard Area (but outside of the floodway) Wthh is partially
protected by the N.J. Flood Hazard Regulation, and (d4d), land
locally zoned or designated for conservation purposes. Table 36
presents a summary of the major floodplaln wetland acreages and
their protection status.



Current N.J. Flood Hazard Regulations were adopted on 21 May
1984 and provide that the volume of net fill and structures to
be placed on an applicant’s site in the flood hazard area is
limited to 20% of the total volume between the natural ground
surface and the level of the flood hazard design elevation. The
degree to which storage was eliminated was based on projections
of developable storage areas and was analyzed by simulating
development encroachments from the point where the Flood Hazard
Area runs out at high ground to a point 45 percent of the way
toward the most probable floodway delineation boundary. The 45
percent figure defines the horizontal extent of a volume of
triangular cross-section that approximates the 20 percent fill
volume that could be placed in the fringe area as part of New
Jersey Flood Hazard Area Regulations (FHAR). For example, along
the Passaic River, every stream cross-section used in the
hydraulic model which has floodplain storage in the section was
revised to simulate the encroachment of development placed on
one or both river banks (the storage on each bank, where two
were involved, was reduced to 80 percent of bank total). Thus,
if there was 1000 feet of floodplain on the left overbank ]
between the high ground and floodway of a particular section, an
encroachment station was inserted 450 feet from the outer
floodplain limit to simulate the 20% fill volume that could be
placed on the left bank of that cross-section. A preliminary
hydraulic (HEC-2) run was then made to obtain revised storage vs
discharge relationships for the hydrologic (HEC-1) analysis.
Table 37 provides a summary of the routing reaches for which
the storage-discharge relations were recomputed to reflect the
loss of natural storage for 1990 and 2040. Figure 79 presents
storage—discharge relations for the Great Piece Meadows reach
under existing conditions and also under future conditions (with -
loss of storage) as an example of encroachment impact. The
discharges obtained from the resulting HEC-1 analysis, using the
revised storage-discharge curves were then input into the
hydraulic model to obtain final HEC-2 water surface profiles,
reflecting the projected development in the floodplaln

In accordance with the most probable future conditions,
encroachments are expected to occur over a number of yvears and
development would begin at the outer fringes of the floodplains
and proceed inward towards the river, depending on the ease of
obtaining building permits and the cost of extending roads and
utilities in each municipality. Based on the most probable
future analysis by the years 1990 and 2040 approximately 430 and
3870 acres, respectively, of Central Basin flood plain storage
areas would be filled over and above 1984 conditions.



Results. The results of this analysis show that projected
development of the Central Basin natural storage areas will have
a significant impact on increasing stream discharges along the
Passaic River downstream of Pine Brook. The development of the
8620 acres (resulting in the filling of 3870 acres as shown in
Table 36) of unprotected Central Basin floodplain, as identified
in the most probable future conditions discussion would cause
the 100-year flow at Little Falls to increase from 27,533 cfs to
33,053 cfs, as shown in Table 34. This 20% increase from
existing conditions would result in about a 1.5 foot increase in
water surface elevation for the 100-year flow at Little Falls.
Figures 65 through 76 show the impact of urbanization and
storage loss on hydrograph peaks, volumes .and timing.

PRESERVATION OF NATURAL STORAGE

An analysis was undertaken to determine the areas to be
protected to offset the increases in flood discharges and stages
due to the loss of Central Basin natural storage. The
hydrologic model was utilized to test the sensitivity of
preventing the development and filling of various floodplain
areas. For this analysis, the storage-discharge relationships
of the Central Basin routing reaches were held at 1990 levels
and the results were compared to the flows representing full
loss of storage under 2040 conditions. Evaluation of these
findings indicates that 5350 acres of developable natural
storage on the Great Piece, Bog and Vly, Lower Pompton, Troy and
Black Meadows, Hatfield Swamp South, and Canoe Brook floodplains
provide the significant portion of flood storage due to their
location and topography. Table 37 provides a listing of the
routing reaches for which natural storage was at 1990 levels and
corresponding storage-discharge relations were utilized. The
flows resulting from protecting these floodplains at 1990
extents of development are presented in Table 38 along with the
flows resulting under the without-project conditions (with a
loss of storage in these areas). The results demonstrate that
maintaining the natural storage in these key floodplains would
limit the 2040 flows for the 100 year design event at Little
Falls to 28,398 cfs or 86% of flows at 2040 projected
development. As shown in Table 38, there is a similar result
for other flow frequencies as well. The preservation of the
floodplain storage in these key areas was found economically
feasible and was recommended as a project element in this
report. Therefore, the design discharges for the Dual Inlet
Plan were based on future (2040) land use conditions with these
floodplain areas preserved as natural storage.



SECTION G - PROPOSED PLAN OF IMPROVEMENT
GENERAL

The proposed plan of improvement has been formulated and
developed through the combination and integration of the most
effective features of several flood control measures presented
in the Stage 2 Report on the Passaic River Basin. This section
therefore reports on the hydrologic modeling of the Dual Inlet
Tunnel Diversion Plan. This plan is the most cost-effective one
as defined in terms of National Economic Development: (NED).
Because of the complexity of the Passaic River Basin hydrology
and the impacts that future floodplain development will have on
the flooding problem, the proposed plan is also complex and,
when implemented, will greatly alter stream flows in the Passaic
and Pompton Rivers. The formulation and evaluation of the
proposed plan is presented in the Main Report and in Appendix C,
YPLAN FORMULATION.Y" Hydrologic results which aided in the under
standing of potential plan effects and led to many of the
decisions which have shaped the plan are presented in that
appendix. These results include data generated for plan
alternatives, optimization of plans, and refinement of design of
plan components and alternative components. Hydrology was also
critical dquring Stage 2 planning in determining the effective-
ness of several measures which are no longer under
consideration.. This effort is summarized below in Section H.

DUAL INLET TUNNEL DIVERSION PLAN

The key feature of the Dual Inlet Tunnel Diversion Plan is a
13.5 mile-long, 39-foot-diameter tunnel from the Pompton River
down to the Lower Passaic River. This plan includes inlet and
diversion works located in Wayne Township on the upper Pompton
River below the confluences of the Pequannock, Wanaque and
Ramapo Rivers. A second inlet would be provided by means of a
1.3 mile long, 22-foot diameter spur tunnel from Two Bridges to
the main tunnel. The tunnel would divert floodwaters from the
upper Pompton River and from the central Passaic River area to
an outlet near the Third River-Passaic River confluence at the
Clifton-Nutley border, as shown on Figures 77 and 78 (hydrologic
model schematics). The underground tunnel would be about 125
feet below the Two Bridges inlet, and about 155 feet below the
outlet. At its deepest point, under the Watchung Mountains in
the area of the Little Falls-Clifton border, the tunnel would be
about 450 feet underground. Tunnel proflles are presented in
Supporting Documentation Part II- "HYDRAULICS".



With the Pompton Inlet located where it will divert the bulk
of the flood flows away from the major Pompton Valley flood
damage area, no other structural flood control works will be
required downstream along the Pompton River. Approximately 3.5
miles of levee, 0.7 miles of floodwall and 4.8 miles of channel
modification upstream of the Pompton inlet would be required to
direct flood flows to the inlet and to protect upstream areas.
The Pompton and Passaic River channels would be deepened for 0.3
and 0.8 miles from upstream of the Two Bridges spur tunnel inlet
to divert flood flows to the inlet. Upstream of Two Bridges
along the central Passaic River and tributaries, up to a
500-year level of protection will be provided at intermittent
locations by systems of setback levees and floodwalls. These
systems would consist of approximately 9 miles of levee and 0.5
miles of floodwall. In the Central Basin, the levees would have
an average height of 8.4 feet and the floodwalls would have an
average height of 9 feet.

From the Saddle River down to Newark Bay, the plan calls for
14 levee/floodwall systems including 11.2 miles of levee and
12.8 miles of floodwall. Diverting floodwaters through the
tunnel from the Central Passaic Basin would significantly reduce
the need for structural flood protection along the Passaic River
from Beattie's Dam downstream to just above the Saddle River.
No measures are proposed in this reach.

However, downstream of the Saddle River, levees and
floodwalls are required to protect against flooding from tidal
events and increased stages due to tunnel discharges. Tidal
levees are required from the mouth of the Passaic River to Route
280. .They would provide protection against a 500-year tidal
flood. Levees and floodwallas to protect against the tunnel
discharges are required from the Second River to the Saddle
River. They would provide protection against a 100-year flood.
A tunnel diversion plan could not be constructed without the
implementation of flood control measures to protect against
tides as well as tunnel discharges in the outlet area.

The Dual Inlet Tunnel Diversion Plan would provide
protection up to a 100-year flood event in the Pompton Valley
and along the Passaic River from Two Bridges to the Second
River. A 500-year level of protection would be provided against
tidal flooding on the Passaic River downstream of Route 280.
Protection against 100-year to 500-year events would be
provided above Two Bridges along the central Passaic River and
tributaries.



Tunnel Elements. The function of the tunnel with its spur
and two diversion inlets is to divert flood flows from the upper
Pompton River and from the Passaic River at Two Bridges and
reintroduce them into the estuarine portion of the Passaic River
at its confluence with the Third River at Clifton and Nutley.
The main tunnel would be 13.5 miles long and have a 39-foot
diameter.

This plan was developed to make more efficient use of the
Pompton Tunnel with the expectation that flows could be further
reduced by a second inlet at Two Bridges, while operating the
tunnel with a priority diversion at the Pompton River inlet.
This mode effectively captures the Pompton River flows which are
the major cause of flood damages in the Pompton Valley, the
Great Piece Meadows area and the upper portions of the Lower
Valley of the Passaic River. The spur tunnel inlet at Two
Bridges takes advantage of the difference in timing, as much as
2 days, of the flood peaks to make more effective use of the
tunnel. The objective is to direct as much flow as possible
into the Pompton River inlet and then, if the tunnel is
operating at less than capacity, allow additional flow to enter
the tunnel at Two Bridges by manipulating gates in the Two
Bridges inlet gate diversion spillway. This further reduces
flows into the Lower Valley and flood stages in the vicinity of
Two Bridges by diverting central Passaic River flow into the
tunnel.

. These flows are then discharged into the Lower Valley at the
mouth of the Third River in the Passaic estuary, almost doubling
peak flows in those reaches downstream and increasing flood
stages in these reaches and also upstream, the latter effect due
to backwater. The net effect is to reduce flows in the Pompton
Valley, Central Basin, and Lower Valley above Dundee Dam, but
increase peak flows and advance the peak to an earlier time
downstream of the tunnel outlet. This is discussed in detail
later in this section.

Channels. There are channels at two plan locations, those
of the Pompton and Two Bridges inlets. The channels serve to
provide a hydraulic transition from the natural channels to the
inlets so that flows are directed effectively to the inlets.
These channels are extensive upstream of the Pompton inlet along
the Pequannock, Wanague and Ramapo Rivers with a total length of
4.9 miles, and alter hydrologic characteristics in these
reaches. Transition channels at Two Bridges along the Passaic
and Pompton Rivers total only 1.1 miles, and their effects are
considerably less due to the overwhelming effect of the tunnel
inlet on stages and extremely flat stream slopes in the area,
which minimize any hydrologic effect of the channels.
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Levees and Floodwalls. Systems of levees and floodwalls are
proposed in four locations: the mouth of the Passaic River; the
reach between the Second and Saddle Rivers; the Central Basin;
and upstream of the Pompton inlet. Hydrologic effects on stream
flow are discussed below for each system. Interior flood
control hydrology is discussed in Part II - "HYDRAULICS."

At the mouth of Passaic River, the purpose of those systems
is to protect from tidal surges caused by extreme wind
conditions. The large navigation channel in this reach is
capable of carrying the peak tunnel discharges with no increase
in flood stages. The design of these improvements is therefore
based upon the results of the tidal surge model reported on in
Section E above and are not considered in the HEC-1 model.

The next reach extending upstream from the Second River to
the Saddle River contains levees and flood walls to protect
against increased river stages caused by tunnel discharges and,
flood stages caused by tidal surges. Because of the narrow
valley in this reach, these levees and floodwall systems have
only minimal hydrologic effect in terms of flood plain storage
loss. Therefore, no hydrologic parameters are modified in this
reach to reflect the presence of these structures.

The Central Basin levee systems are extensive and do have
hydrologic effects on Central Basin flows. While there are
several levee systems contributing to a loss in floodplain
storage, the Passaic River System 2A removes a portion of the
Township of Fairfield from the floodplain. The remaining
systems protect small pockets of development on the edge of the
floodplain and are not measurable in comparison to the large
floodplain storage volumes in those reaches. The impacts of
these smaller losses, however, are more than offset by lowered

‘flood stages throughout the Central Basin resulting from tunnel

diversions.

The levee systems upstream of the Pompton inlet are
extensive and warrant inclusion in the plan to work with the
channel modifications to safely convey flood flows to the
Pompton Tunnel Inlet.

Preservation of Natural Storage. The importance of this has
been discussed in the previous section. However, the effects of
preservation are important in the Central Basin both with and
without the plan. In the Central Basin, the impact of Passaic
River System 2A levees offsets a small portion of the beneficial
effects 6f preservation in the Great Piece Meadows area. The
storage increment affected by this levee is not a '"natural flood
storage" area, but rather consists of developed areas of the
Township of Falrfleld floodplain. Results are discussed later
in this section. Figure 79 shows the variation of storage with
differing scenarios for a given discharge from the Great Piece
Meadows, the most critical storage element.
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Great Piece Weir. The function of this component is to
preserve the environmental resources of the Great Piece‘Meadows
area and to train Passaic River flows to the Two Bridges Inlet
transition channel. The design and operation of this structure
would not affect flows during the critical periods of a flood
event. The purpose of the structure is to sustain a one-year
flood stage in the lower half of the Great Piece Meadows onlyn
after flood stages have receded to that level and for a duration
to be determined by those managing the environmental resources
of the Great Pilece Meadows. Because the weir functions only
after the critical period of a flood event, it would not affect
flood peaks and is therefore not reflected in output of the
hydrologic model presenting peak discharges.

Pequannock Weir. The Pequannock Weir is located on the
transition channel at the Morris Canal Feeder Dam on the
Pequannock River. It would consist of two 85 feet wide, 15 feet
high bascule gate sections which would be raised under normal
conditions and lowered during a flood event. This design would
preserve the existing flow conditions over the existing
spillways but effectively breach the structure during flood
events and direct flows to the Pompton Inlet. In addition, by
lowering and raising these gates gradually, it is possible to
assume the inundation of the one year flood. Due to the
negligible effect which the Pequannock Weir has on the
hydrologic model, it was not included in the HEC-1 analysis.

OPERATION OF THE PLAN

Overall Rules. The fundamental components of the plan are
the tunnels and their inlets and joint outlet sited in the most
cost effective locations. The operation of the overall plan is
therefore based on the Operation of the tunnels. The pPurpose of
the two tunnel diversion inlets is to divert flood flows away

ip timing in the flood flows along the Pompton and Passaic
Rlveys, thgreby making the most effective use of the tunnel. 1In
preV}ous dlscussions, it was noted that the larger flows

Grgat Piece Meadows, and Lower Valley. The result is that
priority is given to putting maximum filow into the Pompton inlet
at all times. Because the Pompton peak OoCcurs as much as two
days before the Central Basin Passaic River peak, its flow is

Fime the Passaic River peak'occurs at Two Bridges. Thus, there
1s adequate_capac1ty to carry these flows through the tunneil.
However, while the Pompton inlet is'basically an uncontroliled
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operation, the gates at the Two Bridges inlet must be opened and
closed during a large flood event to assure that priority is
given to Pompton flows. Changes in this rule, for example,
during the hypothetical 100-year event, giving priority to the
Two Bridges Inlet would result in larger bypassed Pompton flows
which would increase Two Bridges flows and also result in closer
synchronization of peak flows. In terms of project component,
this would require a larger tunnel below Two Bridges and
possibly levees and floodwalls or channel improvements in the
Pompton River Valley. For this reason, the Pompton Inlet
priority is key to tunnel operation because it makes most
effective use of tunnel capacity.

In addition to the preceding, there are additional rules
that are part of the plan. The tunnel 1s only to be operated
during flood events. A flood event is defined as condition
where river flows are increasing and there is good probability
or expectation that flood stages will exceed the one-year level.
Gates are to be opened as soon as this is perceived to be the
condition and then they are to be closed when this condition has
passed. Other rules include a bypass flow rule that requires a
minimum release of 500 cfs downstream of the Pompton inlet and
100 cfs downstream of the Two Bridges inlet during a flood event
until peak flows have receeded below damaging stages. Only the
increment of flow above this minimum would be diverted to reduce
flood flows downstream. Both of these flows are insignificant
during flooding events and to eliminate them would not reduce
flood stages. It is also noted that another part of the rule
will require that the one-year flow be bypassed once flood
stages have fallen below the one-year level and only on the
descending limbs of the input hydrographs upstream of the tunnel
inlets. These releases are also made so that they will not
affect flooding stages downstream. It is noted that when design
flows exceed tunnel capacity, excess flows are bypassed.
Flooding occurs, but flood stages downstream are reduced by the
flows carried in the tunnel.

Operational Facilities. An operations center will be
located near the Two Bridges inlet with supporting facilities
located at the Pompton inlet and other locations to assure the
proper functioning of the plan. Real-time hydrologic data such
as reservoir and stream stages, snow on the ground, rainfall,
temperature, direction of storm movement, and tide stages are
all vital information that will be fed to this center. Some of
the information will be available through the flood warning
system that is authorized and will be put into operation in the
coming year by the Corps and NOAA. The balance of the data will
come from the USGS and local sources. Not only will the center
assure the proper operation of tunnel components, but it will
issue warnings and orders to make certain that the closure
structures and interior drainage facilities are tended to and
functioning properly. After the peak of the flood event has
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passed, the center will also make decisions as to when the Great
Piece weir will be closed to maintain wetlands and when tunnel
diversion gates will be closed to increase downstream bypass
flows for stream channel flushing. Finally, in the event of
flows in excess of the design (100-year) flood, warnings will be
given.

Rules to be Simulated. The structure of the HEC-1 model and
utility programs in the plan simulation include only those rules
that affect flood discharge peaks because these are the primary
determinants of flood stages. The remaining rules are generally
related to protecting environmental resources and would only be
put into effect when weather conditions were appropriate and
flood stages were at or below the annual event. Care was taken
to ensure that the operation rules would not result in increases
to residual flood damages.

The plan simulation will begin diverting flows into the
Pompton and Two Bridges inlets only when their respective
minimum bypass flows of 500 and 100 cfs have been exceeded and
the diversion will only be the increment of flow exceeding the
bypass flow. The priority of diversion will be to utilize
tunnel capacity to the maximum for Pompton River flows at the
Pompton inlet:. Any additional capacity will be utilized for
diversion of Passaic River flows at Two Bridges.

There are no other rules in the simulation. The remaining
rules do not affect downstream peak flood stages and damages

during the modeled hypothetical events and would not affect
real-time events.

PLAN EFFECTS AND DESIGN

Overall Plan Effects. The plan effects are summarized in
Table 38 which lists peak flows for all major nodes, for each
frequency, and compares. them with ex1st1ng condltlons A
simplification of plan results is shown in Table 39, which
compares the improved condition flows with existing condltlons
for the design level of protection in the 100- vyear frequency.
This table also gives the time of peak flows.

At the first location, the Pompton River upstream of the
inlet, we notice that flows are increased due to the loss of
flood plaln storage from the channel and levee systems. The
inlet is also at this location and there is a total diversion
scenario shown which considers that it is possible to divert all
flow into the tunnel. This scenario gives a measure of what is
possible in terms of maximum flow reduction downstream. A total
diversion is shown at Two Brldges as well. In general, flows
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are reduced by more than 80 percent in the Pompton Valley. Note
that the peaks of the plan in this reach occur later than the
smaller peaks of the total diversion scenario which are caused
by the residual flows that can not be diverted because the
tunnel is operating at capacity during this time period. This
tunnel is thus operating near maximum effectiveness in the
Pompton Valley.

At Two Bridges, flows are reduced by 60 percent. Because
the tunnel at this location controls the flow over Beatties’
Dam, whether diverting or not diverting, the second inlet at Two
Bridges is located at node 41 at Little Falls in the HEC-1
model. This is also the natural division between the Central
Basin and Lower Valley models. Table 38 therefore places the
Two Bridges tunnel diversion downstream of Little Falls.

Maximum flows and tunnel diversions occur at Two Bridges in the
later hours of the flood event while the maximum bypass flow for
the plan occurs earlier, in the 38th hour. This results from
the tunnel operating at capacity at the Pompton Inlet and thus
all flows are bypassed at Two Bridges between the 26th and 44th
hours as shown in the hydrographs for the Pompton and Two
Bridges inlets, Figures 80 and 81. It is not until the 107th
hour that the maximum flow would enter the tunnel at Two Bridges
as the capacity of the spur tunnel increases with the decreasing
flows into the Pompton Inlet.

In the Lower Valley, there is a considerable reduction of
flood flows (Table 38) ranging from 70 to 30 percent down stream
to the Saddle River confluence in Wallington with the dominance
shifting from the second peak in the Lower Valley to the first
peak which is caused by tributary flow that is not controlled by
the tunnel. The 2040 "without condition" columns illustrate the
influence of the Central Basin in creating the second peak which
is both larger than the first peak and occurs much later as
described earlier in this section of the report. The function
of the tunnel is therefore to minimize the inflows to the Lower
Valley from the Central Basin and contain the second flood flow
peak.

Downstream of the Third River, we observe a considerable
increase in flow due to the return of tunnel discharge to the
Passaic River. Not only is the flow increased by nearly 50
percent but it is also advanced in time to an earlier hour in
the flood event. The hydrographs shown on Figure 82 near the
mouth of the Passaic River dramatically illustrate this
occurrence. Navigation channels in this reach have enlarged the
natural capacity of the river channel in this reach and
therefore reduce these impacts to a great degree.

Figures 83 to 85 show the functioning of the plan under the
Standard Project Flood.
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Tunnel Size. The size of the tunnel was determined by
applying formulation principles to select the most cost
effective plan. Various sized tunnels ranging from 33 to 40
feet in diameter were simulated in the HEC-1 models and the
tunnel utility program. With a reduction in size the tunnel
becomes less effective in the Pompton and Lower Valleys and at
the smallest size, the use of a second inlet at Two Bridges
becomes a marginal consideration because its capacity to balance
the level of protection between Pompton and Lower Valleys was
minimal. By controlling the Pompton River, the flow at Two
Bridges is considerably reduced and the timing of the peak
Passaic and Pompton flows become less closely aligned in time so
that the spur can function to contribute significantly to the
level of protection in the Lower Valley.

Spur Tunnel Size. Based on the hypothetical storms, it was
confirmed that by controlling the Pompton River, flood flows are
considerably reduced throughout the downstream areas. For
example, the hydraulic optimum size for the spur tunnel with the
39 foot main tunnel would be about 13 feet in diameter. This
size spur tunnel will not allow peak flows larger than 9300 cfs
to be bypassed into the Lower Valley in the 100-year event, but
neither will a 22 foot or a 39 foot diameter spur tunnel. This
amount will be bypassed in the 39th hour of this flood event
because the main tunnel is filled with Pompton flows and will
accept no flow from a Two Bridges spur tunnel under our
operating rule. The notable difference is that the 13 foot spur
tunnel will bypass flows ranging from 7000 to 9300 cfs over a
period of 90 hours due to its size limitation and, therefore,
may prolong damaging flood peaks in the Lower Valley which does
not have a full 100 year level of protection. The 22 foot and
larger spur tunnels, however, would only bypass flows of that
magnitude for no more than 11 hours during which the main tunnel
is filled to capacity by Pompton flows. Beyond that time there
is capacity in the main tunnel and the bypass flow quickly falls
to under 1000 cfs.

In addition, the 22 foot spur tunnel provides significant
additional capacity, over and above that provided by a 13 foot
capacity, necessary to handle infrequent events centered over
the upper Passaic River. Such an occurrence is discussed on
page I-71 regarding the simulation of the 1903 flood event.
Another factor in the selection of the 22 foot diameter spur
tunnel is its performance without the Pompton Inlet as a
functioning entity. This would occur with phased construction
of the tunnel whereby effort would focus on completion of the
main tunnel up to the Two Bridges spur while the balance of
construction upstream to the Pompton inlet continued.
Economically, this would provide a benefit return to offset
interest during construction until the entire project was
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completed. Because there are no Pompton flows in the main
tunnel, the spur is utilized .to its hydraulic capacity and the
22 foot spur diverts almost 15,500 cfs of 28200 cfs while the 13
foot spur is limited to 4500 cfs. Thus the considerable
benefit of using a spur tunnel of 22 feet during this brief
period justifies the additional cost of the larger capacity.

Bypass Flows. Minimum bypass flows were determined to be
necessary to meet minimum stream flow requirements during a
flood event. While the primary function of the plan is to
reduce flows downstream as much as possible to maximize project
benefit return, it was found that, for example, a 500 cfs bypass
flow at all times would not increase flood flows to damaging
stages in the Pompton Valley up to the design flood level. This
results from the larger flows which occur when the tunnel
capacity is surpassed and all residual flows are bypassed far
exceeding the 500 c¢fs minimum. This is shown in Table 39 where
Pompton River flows of the Total Diversion scenario are the
absolute minimum flow that can occur with a tunnel plan. Note
the Dual Inlet plan at the same locations in the Pompton Valley
where the maximum peaks occur in the 42nd and 47th hours during
the periods of the largest bypass flows. The first peak moving
downstream between 20 and 26 hours does not exceed those later
peaks despite the 500 cfs bypass flow. It is noted that further
studies in the design stage, both hydrologic and environmental,
could further define these constraints and requirements.

At Two Bridges, the peak flows downstream would be affected
by all bypass flows because the first flood peak around 20-24
hours into the flood event in the Lower Valley 1is the larger
peak with the tunnel in place as shown in Table 39. Therefore,
a nominal 100 cfs was selected as a bypass flow to maintain flow
in the upper reach of the Lower Valley during a flood event.

Levees and Floodwalls. In the Central Basin of the Passaic
River, the flow reversal caused by large Pompton River flows no
longer occurs except for larger—-than-design events. Therefore,
flood stages have been lowered in this area because of the
greater flood plain storage available for Passalic River flows.
Design of levees and floodwalls results in less extensive works
and reduced interior drainage in the systems in Fairfield along
both the Passaic River and Deepavaal Brook. The opposite is
true in the Lower Valley downstream of Dundee Dam. Downstream
of the tunnel outlet, flood flows are increased by about 50
percent as shown in Table 39. While levees and floodwalls are
needed for protection against tidal flooding in this reach, the
requirement is made mandatory due to the increased fluvial flows
which increase flood stages for the 100 year design events up to
5 feet at the outlet near the Third River. Levee and floodwall
systems downstream of the Second River are unaffected because
the larger navigation channel in this reach contains these flows
adequately.
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Preservation of Natural Storage. The recommended plan was
modeled both with and without the future preservation of the
wetlands in the Passaic River Central Basin. The difference
between the performances of the project in these two future
conditions is due to the loss of flood storage under the without
preservation conditions. Flows under the without preservation
conditions increase, with a resulting decrease in project
performance. Additional flows resulted at Two Bridges and at
downstream reaches in the Lower Valley. The peak flow is
prolonged and its timing is advanced, with the resulting
discharge increase at the mouth of the tunnel by as much as 2000
cfs. Thus, the inclusion of the preservation of natural storage
in the project allows an additional increment of protection at
Two Bridges and downstream in the Passaic River Lower Valley.

Pompton Inlet Flow Restrictor. The flow restrictor is
designed to function as a constraint on downstream flows only up
to the 100-year design flow. Beyond that point, with the
increasing flows, the two gates on each side of the center
section are opened to prevent overtopping the flow restrictor at
the 57,948 cfs SPS. Without downstream backwater effects, the
SPS would pass through the flow restrictor without surpassing
its crest. However, the backwater downstream is also
controlling flow through the restrictor and the water surface
elevation difference between the upstream and downstream faces
decreases as bypass flows increase to a point where the
restrictor is submerged by the backwater and the elevations have
equalized. At the SPS, the restrictor is submerged with a
downstream stage of about 188 feet NGVD or 5 feet depth. The
bypassed flow for the SPS is 29,750 cfs which is less than the
100-year existing conditions flow of 32907 cfs. While the
embankment is stabilized against the lesser flows, the failure
of the embankment could not release a flood wave at greater
flows because there is no storage of flood flows to be
released.

Two Bridges Inlet. -This inlet is designed to function at
capacity with downstream control based on the existence of a
rock—-ledge channel bottom at approximate elevation 153.0 about
1000 feet upstream of Beattie’s Dam in Little Falls. Thus,
should Beattie’s Dam fail or be removed for any reason, the
tunnel would function at design capacity without increasing
flows downstream or stages upstream of the inlet. It is noted
that the existence of a tunnel inlet will reduce the probability
of Beatties Dam failure because flows will never approach
pre-project conditions in a flooding event and if failure should
occur, flows would be considerably less and downstream impacts
would be minimal. It is also noted that Beattie’s Dam was
inspected as part of the National Dam Safety Program in 1981.
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While there were some structural repairs recommended, the report
concluded that failure of the dam would cause a threat of loss
of life to few, if any, people. However, the hazard
classification is considered to be significant because failure
of the dam would interrupt inflow to the Passaic Valley Water
Commission’s water treatment plant, which is a public utility.

EFFECTS OF PLAN ON RUNOFF FROM HISTORIC STORMS

To measure the performance of the plan under situations
other than the hypothetical storm events, the plan was
incorporated into the models of three storm runoff reproductions
described earlier in the report. The models included the same
operating rules as well as all necessary adjustments to storage-
discharge relationships to simulate the plan in the year 2000.
The three storms are different in character and each illustrates
a different plan effect and also highlights plan limitations.
The 1984 storm was a moderate event that was smaller than the
100-year storm and the tunnel was able to divert all flows. The
1903 flood was larger than the 100-year storm on the Passaic
River and illustrates how the plan can still function when a
storm beyond design levels is encountered. Finally, the 1972
transposed "Agnes" event, which would be larger than the SPS
over much of the basin, shows the plan under an extreme
occurrence which it reduces in magnitude to about the SPS,
under which reference flood levels of protection are exceeded
throughout the basin.

1984 Storm Event. This event is a recent occurrence that
was the largest flood in many decades (Table 9A). This storm
event was centered over the Pompton River and its tributaries,
resulting in large flows on the Pompton at a frequency under 50
years while the Passaic River at Chatham experienced flows at
about the 10- year frequency. The hydrographs show that the
plan would have very capably transported all flows in excess of
the bypass requirements to the mouth of the Passaic River, as
shown on Figures 86 through 88.

1903 Storm Event. The 1903 storm event differed from the
hypothetical 100-year event in that Passaic River peak flows
upstream of Two Bridges were exceeded and the volume of flow
coming down the Passaic was considerably larger. In contrast,
the Pompton River was a less than 100-year event. To
demonstrate the effectiveness of the tunnel plan, hydrographs
for the Pompton and Two Bridges inlets and the mouth of the
Passaic River are shown both with and without the plan on
Figures 89 to 91. The result was that the tunnel capably
transported all Pompton flows with the peak bypass flow held to
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the 500 cfs requirement while large volumes of floodwater around
the time of peak flow had to be bypassed at Two Bridges because
there was little excess capacity in the tunnel to allow
diversion of flows at Two Bridges. Nonetheless, peak flows
below Two Bridges and Little Falls were reduced to just more
than a 10-year frequency equivalent flow. Thus the Pompton
Valley was provided full protection while the upper part of the
Lower Valley experienced significantly reduced flows. At the
mouth, the flows are increased by approximately 50% but are
still contained within the freeboard of the mitigation and tidal
levees. No significant tidal storm surges have been recorded
with major fluvial events assuring that these flows would be
contained within the levees,

Tt should be noted that the 22 foot spur tunnel had adequate
capacity (15,500 cfs) throughout the 1903 event to divert flows
up to the available capacity in the tunnel at all times and
minimized the bypass flow to the Lower Valley at all times, see
Figure 90. However, a 13 foot diameter spur tunnel would have
limited capacity (4500 cfs) for diversion into the main tunnel
and the bypass flow into the Lower Valley would be above
damaging stages (caused by flows greater than 9500 cfs) for four
days or longer as compared to one half day for the larger
selected spur size.

1972 Transposed "Agnes" Event. The magnitude of this A
historic event relocated over the Passaic River Basin equals the
SPS on the Passaic River upstream of Two Bridges and exceeds
that level significantly on the Pompton River and in the. Lower
Valley. Runoff from this storm overwhelms the project in all
areas including overtopping of most levees. While the tunnel
reduces flows in the Pompton and Lower Valleys by almost one
third (Figures 92 and 93) the resultant flows are about the SPS
magnitude. Flows, however, are increased at the mouth of the
Passaic River due to the tunnel discharge (Figure 94).

EFFECTS OF OTHER FLOOD CONTROL PROPOSALS

There are local flood control projects proposed by the Corps
of Engineers in the Passaic River Basin which are described in
detall in their respective reports. As of this date, there are
four areas where flood control projects are proposed. They are:

1. Ramapo and Mahwah Rivers at Mahwah, New Jersey and
Suffern, New York;

2. Ramapo River at Oakland, Pompton Lakes, and Wayne, New
Jersey:



3. Molly Ann‘’s Brook at Haledon, New Jersey;
4. Lower Saddle River in Bergen County, New Jersey.

In all four of these reports, the downstream project effects
were analyzed. The results in each case indicated that flow
increases were not significant downstream of the local projects
and, therefore, no downstream improvements to protect against
such increases were required. Consequently, these projects will
not affect the hydrology of main stem projects.



SECTION H - ALTERNATIVE PLANS OF IMPROVEMENT

In previous planning of this study, several alternative
measures were investigated including channels, levees and flood-
walls, reservoirs and reservoir re-regulation, and several tunnel
route alternatives. The effectiveness of these plans was measur-—
ed hydrologically while some plans were investigated in further
detail with multiple frequency HEC-1 simulations while many
others were tested at a selected design frequency. Plans were
not optimized in these studies. However, the results of some of
these investigations were updated and included as part of the
formulation process which led to selection of the recommended
plan. The following presents a summary of the plan concepts
developed and their hydrologic effect on basin stream flows.

CHANNEL MODIFICATION PLANS

Channel modification plans were investigated both in the
Lower Valley and in the Central Basin along the Pompton River.
It was determined early in the study that a channel Plan on the
Passaic River upstream of Two Bridges would be costly in
proportion to benefits received so no further study was made of
this element. Channel improvements in the Pompton Valley were
effective but, because of the extremely flat stream slopes, were
supplemented by levees and floodwalls to provide a 100-year level
of protection. This plan reduced floodplain storage considerably
and resulted in flows at Little Falls increasing from 27,000 cfs
to over 36,000 cfs.  This condition eliminated the flow reversal
along the Passaic River upstream of Two Bridges as well, which
required that channels be included in the Lower Valley as well to
mitigate for larger flows from the Central Basin as well as to
reduce flood stages for the existing flows. Because the plan
would also move the peak flow up in time, it would more closely
coincide with Lower Valley flood peaks which would result in
flows of over 43,000 cfs near the mouth of the Passaic River.

This compares with 48,000 cfs for the recommended plan discussed
earlier.

TUNNEL PLANS

Tunnel plans were evaluated in several configurations and
sizes combined with channels and levees and floodwalls. A full
discussion of the evaluation process is included in the Plan
Formulation (Appendix C) portion of the Main Report. The tunnel
plan concepts evolved into three single inlet plans with the
inlet located at Beattie’s Dam, at Two Bridges, or at the
confluence of the upper tributaries where they form the Pompton
River. The fourth planwas a dual inlet plan which included
inlets at Beattie’s Dam and on the upper Pompton River. This
pPlan has now evolved into the recommended plan with the lower
inlet moved from Beattie’s Dam to Two Bridges.
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A single inlet tunnel with the inlet at Beatties Dam or Two
Bridges, while very effective in the upper. Lower Valley does
little to reduce flood stages in the major damage centers of the
Pompton Valley. These inlets were therefore developed with a
channel and levees upstream of the inlet to the Pompton
tributaries. This had the same effect in those damage areas as
the channel/levee/floodwall plan described in the preceding
paragraphs. The large flows would be diverted into the tunnel
and transported into the Lower Valley to the outlet into the
Passaic River at the Third River confluence. The single inlet
plans were comparable in hydrologic effect because the Two
Bridges inlet tunnel substituted additional tunnel length for the
3.6 miles of channel between Two Bridges and Beattie’s Dam. The
Pompton inlet carried the channel trade-off concept further by
replacing the Passaic and Pompton channels and levee/floodwall
systems with additional tunnel length. The commonality of these
plans is in controlling the Pompton River which is most important
in causing flooding in the Passaic River Basin. The single
Pompton inlet plan is not as effective in the Lower Valley
because the smaller but later-arriving Passaic River peak at Two
Bridges is not controlled.

The second inlet solved this problem making this plan as
effective in the Lower Valley as the other plans. All plans
eliminate the reversal of flows upstream along the Passaic River
at Two Bridges and lower flow stages in the Passaic River in the
Great Piece Meadows with minor reductions further upstream.
Because there are no levee/floodwall systems along the Pompton
River with the Pompton inlet plans, there is no concern of
overtopping from floods exceeding design flows. The hydrologic
effects in the Lower Valley include the considerably reduced
flows in the upper reaches of the Lower Valley. In the lower
reaches around Dundee Dam the 100-year flood event is only
effectively reduced to a 50-year event because of the inflow from
the intervening tributaries in the Lower Valley which cannot be
controlled by the tunnel. The largest impact 1s downstream of
the tunnel outlet where flows are increased by about 50 percent.
This effect, although minimized by the existence of a navigation
channel in this reach, still requires levee/floodwall systems to
mitigate for these flow increases. Many of these effects are
similar to those of the recommended plan but the formulation
process has determined that these plans are less cost-effective
and they are not presented in detail.



RESERVOIRS

The effectiveness of two types of reservoir plans were
analyzed. The considerations were to propose new reservoirs or
to perform a water supply vs flood control trade-off analysis
between two reservoirs. Originally, there were five proposed
sites under consideration. They are: a) the Myers Road site,
which is located on the upper Passaic River near the Dead River
confluence; b) the Monksville site located on the Wanagque River
between Greenwood Lake and the Wanaque Reservoir; c¢) the
Darlington site located on the Ramapo River between Mahwah and
Oakland; d) the Washington Valley site located on the westerly
branch of the headwaters of the Whippany River: and e) the
Longwood Valley site in the headwaters of the Rockaway River.
The Myers Road site is no longer under consideration because of
the potential environmental destruction of a large tract of
wetlands on the Dead River and in the Great Swamp National
Wildlife Refuge. The Darlington site is no longer available
because of the extensive development occurring within the flood
pool that makes the plan no longer feasible. The Longwood
Valley site appears to be feasible and is hydrologically
independent from the Main Stem Study and is now being considered
in a separate study underway in this office for the Upper
Rockaway River. The Washington Valley site is now being
designed as a water supply reservoir and, as such, is preempted
from use. Hydrologic simulation showed that this reservoir
would have little impact downstream on the Whippany River. The
remaining site, the Monksville site, was completed recently as a
water supply reservoir for the North Jersey District Water
Supply Commission. This site is dedicated for water supply and
a significant reallocation of its storage for flood control is
not institutionally practical. Because of public interest in
the effects of this site for flood control, the results of this
study are discussed here.

" The analysis of the management of Monksville and Wanaque
Reservoirs for flood control purposes was undertaken in the
context of hypothetically testing their response to basin-wide
Passaic River flooding. They were not evaluated as solutions to
more localized types of flood problems. The focus of the
analyses were, therefore, the larger, less—-frequent floods such
as the 50- and 100-year flood events.

There are two basic approaches to controlling the flooding
problems along the Wanaque River. Both of these utilize either
the Monksville or the Wanaque Reservoirs to create flood storage
by balancing water supply needs with flood control. Flood
reduction effects obtained by using these sites would be
intended to have regional benefits along the Pompton River.

I-76



Pompton River flooding is caused by the influence of waters from
the Wanaque, Pequannock and Ramapo Rivers. Because of the
complex hydrologic conditions in this subbasin, it is wvery
difficult to exactly describe the effect of each river on the
Pompton River flood flows. 1In very general terms, the
Pequannock River contributes roughly 20%, the Ramapo River -
contributes a little more than 55%, and the Wanagque contributes
about 25% of the Pompton River?!s flood flows.

The results of the analyses of the Wanaque River Subbasin
indicate that the Monksville site would have minimal effect on
the Wanaque River and negligible effects on the Pompton River
flood stages for large events. A flood reduction/water supply
trade-off using Wanaque Reservoir is very effective along the
Wanaque River, but has minimal benefit on the Pompton River.
Since neither of these sites would achieve the Federal objective
of providing a high basin-wide level of protection, utilizing
Monksville and Wanaque Reservoirs for flood damage reduction was
screened from further consideration as part of this flood
control study.



TABLE 1

{ PERTINENT WATERSHED DATA PASSAIC RIVER BASIN, N. J.

Elevation in

Distance Above Tributary Feet m.s.l. Vertical Streambed Drainage
Stream Locality Mouth Passaic Length (b) Fall Slope(c) Area
: River (Miles) (Miles) Mouth Source (Feet) (Ft./?‘li.) (Sq. Mi.)
Passaic River Mouth, Newark -0 87.6 -40 7.9 935.0

Above Saddle River 15.5 72.1 0 9.0 815.5
Dundee Dam, Clifton 17.4 70.2 25.4 17.0 8.9 809.9
S.U.M. Dam, Paterson 25.2 62.4 114.5 63.0 8.6 785.0
Beatties Dam, Little Falls 29.7 57.9 157.6 33.0 8.5 762.2
Two Bridges 33.0 54.6 157.6 9.0 740.8
Chatham 64.5 23.1 200 19.5 100.0
Millington 75.8 11.8 210 37.3 55.4

Source 87.6 - - 650 0 0
Saddle River Mouth 15.5 23 0 505 22.0 60.6
At Lodi (U.S.G.S. Cage) 18.3 - 17 505 24.2 54.6
Above Hohokus Creek 25.8 - - 48 505 36.0 23.3
Hohokus Creek Mouth 25.8 11.5 48 570 45.4 19.5
Weasel Brook Mouth ’ 14.2 5.0 -5 590 119.0 7.1
At Clifton (¥.S.G.S. Gage) 16.0 - 65 590 194.0 4.5
Diamond Brook Mouth 22.2 4.0 24 330 76.5 3.1
Goffle Brook Mouth 23.3 7.2 24 560 74,4 8.9
Molly Ann's Brook Mouth 25.8 6.7 108 560 67.5 8.6
Slippery Rock Brook Mouth 26.1 2.5 115 550 174.0 0.9
Peckman River Mouth 28.2 7.7 115 660 70.8 9.8
Singac Brook Mouth 31.8 8.5 150 810 77.6 11.5
Pompton River Mouth (Two Bridges 33.0 44.8(a) 157.6 1100.0 21.0 378.1
At Mountain View _ 34.4 43.4 157.6  1100.0 21.6 377.3
i At Pompton Feeder Dam 40,0 . 37.7 175.5 1100.0 8.0 26.5 353.8
I "Paquannock River Mouth . 39.7 30.8 165.0 1250.0 35.2 192.6
" Macopin Intake 50.3 20.0 583.7 1250.0 33.3 63.7
Wanaque River Mouth 41.8 25.0 175.0 1000.0 33.0 108.1
Above Wanaque Dam 46,6 20.2 300.3 1000.0 90.0 34.6 90.4
Ramapo River Pompton Lakes Dam 41.9 35.8 200.9 1100.0 25.0 25.1 160.0
Mahwah (U.S.G.S. Gage) 53.9 24,3 255.0 1100.0 34.8 118.0
Rockaway River  Mouth 47.0 43.0 160.0 1314.0 26.8 205.7
Above Boonton . 55.2 34.8 305.4 1314.0 29.0 116.0
Whippany River . Mouth . 48.2 21.0 160.0 1090.0 44,3 72.0
. Near Morristown (USGS Gage) 60.2 9.0 280.0 1090.0 90.0 29.4
Green Pond Brook At Picancinny Lake Dam 76.0 6.3 710.0 1260.0 87.2 8.7
Meadow Brook At Lake Denmark Dam 78.0 3.4 818.0 1222.0 118.9 4.2

a. Source of Pompton assured to be the Ramapo. b. At location indicated.

c. Slope from location indicared to source.



TABLE 2

TEMPERATURE, SUNSHINE AND FROST DATA, PASSAIC RIVER BASIN, N, J.

A - MONTHLY AVERAGE, ANNUAL AVERAGE AND EXTREME TEMPERATURES

Refer- Years Temperature

ence Elevation of Degrees
No. Statien (fr.,msl) Record F. Winter Spring Summer Fall sanual
(a) Jan., Feb. Mar. Apr., May June July Aug. Sept. Oct. Nov. Dec.
26 Boonton, N.J. 280 1914-1925 Max. 71 73 83 93 96 99 102 103 104 88 80 69 104
1936-1977 Min. -5 =20 -3 8 26 32 42 36 24 16 8 -21 =21
Aver. 28 29 37 49 59 68 73 70 64 53 43 31 50
38 Canoe Brook, N.J. 180 1931-1977 Max. 73 76 86 94 95 102 103 104 96 93 84 74 104
Min. -25 =26, -6 12 26 31 41 35 26 13 8 -16 -26
Aver., 28 29 38 49 59 68 73 71 65 54 43 31 51
19 Charlotteburg, N.J. 760 1914-1977 Max. 71 73 85 92 96 99 105 100 100 90 81 70 105
Min. -19 =25 -10 6 23 29 36 32 25 0 -1 -19 =25
Aver. 27 28 36 48 57 66 70 69 62 52 42 30 49
2 Jersey City, N.J. 135 1914-1977 Max. 70 74 85 94 97 101 105 106 99 93 8l 68 106
Min. -4 =14 8 12 33 42 42 47 36 27 11 -12 -14
Aver. 31 32 40 51 60 70 75 73 67 57 46 34 53
8 Lictle Falls, N.J. 157 1914-1977 Max. 73 76 87 95 101 101 105 103 105 92 84 72 105
Min. -13 -18 3 11 29 36 . b4 40 31 18 10 -9 ~18
. Aver, 30 32 40 51 61 70 75 73 66 56 45 33 53
1 Newark, N.J. 11 1914-1925 Max. 74 . 74 89 94 98 - 102 105 105 105 93 85 72 105
1936-1977 Min. - =5 =7 4 13 33 41 52 48 35 25 16 -~13 -13
Aver. 31 33 41 52 62 71 76 75 68 58 46 35 54
7 Paterson, N.J. 100 1914~1974 Max. 72 75 90 95 97 103 1105 104 106 92 79 71 106
: CLOSED 10-74 Min. -12 -16 3 13 31 42 48 43 32 24 12 -13 -16
Aver. 32 32 40 51 62 71 76 74 66 56 45 34 53
50 Somerville, N.J. 75 1914-1977 Max. 73 76 86 94 99 101 104 108 105 92 84 72 108
. Min. -5 =-16 =1 11 26 -34 44 38 29 20 8 -18 -18
Aver= 30 32 40 51 61 70 75 71 66 55 44 33 52
58 West Point, N.Y. 360 1914-1977 Max. 71 70 86 96 97 102 104 105 105 85 81 67 105
Min. -1 -7 =2 12 27 41 44 42 31 22 17 -16 -17
Aver. 27 29.1 37.8 50 60.5 69.9 74.7 -72.8 65.7 55.3 43.3 30.6 51.4
- Entire Passaic Basin - -— Max. 74 76 90 96 101 103 105 108 106 93 85 74 108
Min. -25 =26 -~10 6 23 29 36 32 24 0 -1 -21 ~-26
Aver. 29 31 39 50 60 69 74 72 65 55 44 32 52
- State of New Jersey -— —— Max. 84 80 92 98 102 106 110 108 109 97 88 77 110
Min. -32 -26 -15 6 18 29 33 32 19 9 -7 =21 =32
Aver, 32 33 40 51 61 70 75 73 67 57 46 34 53

SUNSHINE - PERCENT POSSIBLE

Passalc Watershed? . ’ 1895-1977 Percent

Possible 54 58 60 61 63 65 67 66 65 64 57 52 61

DATES OF EARLY AND LATE FROST

Spring Fall _ Days In
Location Normal Latest Normal Earliest Growing Season
Highland Area® May 3 June 10 Oct. 6 Sept. 10 156
Central Basin® April 27 May 25 Oct. 16 Sept. 21 173
Lower Va].leye April 15 May 10 Oct. 25 Sepr. 27 194
Entire Passalc Area April 25 June 10 Oct. 16 Sepc. 10 174

a. These reference numbers refer to Figure 6.

b. Based on records at New York, N. Y., Atlantic City, N. J., and Trenton N. J.

c. Based on records ac Dover, Charlotteburg, Sussex and Boontom, ¥. J. (1893-1977).
d. Based on records at Somerville, Plainfield and Little Falls, N. J. (1893-1977).
e. Based on records at Paterson, Newark and Jersey City, ¥. J. (1893-1977)



TABLE 3

IN, N. J.
TA FOR PASSAIC RIVER BASIN,
WIND, HUMIDITY - RAINY DAYS AND EVAPORATION DA
N A = WIND VELOCITY AND RELATIVE HUMIDITY DATA
B
Elevatton Period Month e
Feet of
Lovaliey (m.s.1.) Record Item Jan. Feb. Mar. Apr. May June July aug. Sept. tct. Sov. Dec. Annual
Trentun, N. T, 190 1967-1977 Wind Velocity (m.p.h.)
Average 10.7 11.0 11.7 11.2 9.6 8.9 R.2 8.0 8.3 9.1 10.0 0.4 to.1
Maximum 70 70 64 55 60 62 72 51 58 56 56 64 72
Relative Hu‘mldityJ 71 70 68 66 68 72 73 74 74 7 73 71 71
Prevailing Wind NW W N N ¥ W N N Y N NW NW W
Sandy Hook, N. J. 22 1915-1945 Wind Velocity {m.p.h.)
Average 15.5 15.1 15.6 -l4.4 12.1 1.9 1Il.e 12.0 12.4 13,6 15.0 15.3 1.7
Maximum 56 61 56 55 49 50 54 55 72 53 62 9 2
Relative Humidity 73 74 73 71 71 73 74 75 74 71 72 73 73
Prevatling Wind W W Y Y H s s SW s N SW W NW
New York, Clry, N. Y. 138 1967-1977 Wind Velocity (m.p.h.)
Average 16.4 16.7 17.0 15.3 13.4 12.7 11.9 tl.6 12.4 14.0 15.5 16.4 14,4
Maximum 89 72 70 68 68 94 73 59 81 13 68 58 113
Relative Humid!.':yJ 67 66 63 61 63 66 &7 69 70 66 67 66 67
Prevailing Wind NW N N N N N sW sW N N NW Nu NW
B - DATA ON PREVAILING WIND DIRECTION AND RAINY DAYs®
Highland Areab 900 1913-1948 Wind N N NW NW v W W w W w N NW NW
1914-1953 Rainy Days 10 9 10 11 12 12 1l 10 8 8 9 10 120
Central Basin® 300 1914-1948 Wind Ll N W N SW SW W W N N NW N W
1914~1953 Rainy Days 11 10 10 11 12 11 11 1t 9 8 .9 10 123
Lower Valleyd 250 1914-1948 wind W BW L uw SW sW sW sW sW W NW NW N
1914~1977 Rainy Days 11 10 11 10 12 12 10 10 8 7 11 13 125
wind N N W W Y sW sw sw W NW NW N NW
Rainy Days 11 10 10 11 12 1L 11 10 8 8 9 10 Lz1
C = AVERAGE MONTHLY EVAPORATION
Runyon, N. J. 18 1924-1958 Mean Temperature = °F 49.3 59.6 69.0 74.0 72.1 65.0 53.9 43.1
Total Wind Movement - Miles 1983 1356 759 626 639 635 809 1258
Total Evaporation - lnches & 4.00 5.15 5.29 5.81 46.99 3.78 2.5l 1.80 [T
Average Precipitation - Inches 3.79 3.59 3.79 3.9% 4.70 3.78 3,56 3.57 30.69
Pleasantville, N. J. 11 1924~1958 Mean Tempecature ~ °F 49.7 59.6 69.0 73.9 72.5 66.4 35.9 45.3
Total Wind Movement - )‘llese 2630 1849 1361 1209 1177 1188 1347 842
Total Evaporation - Inches 4.19 5.86 6.23 6.46 5.53 4.02 2,73 1.82 16.84
Average Precipitacion - lnches 3.65 3.37 3.12 3.80 5.37 13.37 3.45 3.97 30.10
Canoe Brook, N. J. 172 1931-1977 Mean Temperature - °F 48.1 58.8 68.3 73.2 7L.3} 64.6 54.0 42.9
- Total Wind Movemenct - Miles 1336 749 488 415 360 379 513 607
Total Evaporation - Inches 3.46 459 4.56 5.06 4.27 3.01 1.9 1.29 8.1
Average Precipitation - Inches. 3.79 4.17  3.53 4.8¢ 4.8l 3.84 3.10 1.29 33,13
Entire Passaic Area Mean Temperature - °F 30 31 39 50 60 69 74 72 65 55 44 33 52
Average Rainfall - Inches 3.55 3.45 3.92 3.82 4,98 3.91 4.89 4.88 4.04 3.73 13.58 13.66 8.:11
Total Basin Evaporation £ .63 .65 .87 1.25 2.87 3.48 4.47 3.86 2.44 1.33 1.02 .79 231.3
Water Surface l-:vapnrar.lcu\e 2.91 3.90 6,01 4.36 3.66 2.70 1.79 1.23
D - ESTIMATED FREE WATER SURFACE EVAPORATION DURING CRITICAL DRY PERIGD OF RECORD
1964
Locality Elevation (Feet m.s.l.) Icem Apr. May June July Aug. Sept. Oct. Nov Apr. ~Nov.
Meyers Road Reservolr 225.0 Average Temperacure of
Total Evaporation - Inches 47.5 61.0 66.2 73.0 68.3 65.6 5.08 43.9
Total Rainfall - Inches 1.46 5,17 3.94 4.52 3.92 3.64 1.82 0.93 25.40
Rainfall Deficiency ) 5.94 1.20 3.62 7.11 0.19 1.32 1.08 2.67 23.13
. Rainfall Excess 3.97 0.32 3.73 2.32 Q.74 11.08
Peried Deficiency 4,48 2.59 1.74 8.31
Two Bridges Reservoir’ 174.0 (Plan D)* average Temperature of
183.0 (Plan III Total Evaporacion - Inches 48.9 63.8 68.% 75.0 71.2 67.5 53.0 47.6
180.0 (Plan IV) Total Rainfall - Inches . 1.49 5.17 3.94 4.32 3.92 3.64 1.82 0.9 25.44
Rainfall Deficiency .22 1.1&4 2.73 5.0l 0.60 1.31 1.29 2.33 21,13
Rainfall Excess 4.03 .1.21 3.32 2.33 0.53 11,32
Period Deficiency 4.73 0.49 1.89 7.
1965 1966
otal for
.}pr. May June July Aug. Sept. Oct. Nov. Apr.-Nov. Apr. May June July. Aug. Sept. Oct. Nov. Apr.-Nov. Pertind
36, A3, . . . .
.43 36 2 25 67 ;g 7‘1‘ 57 7.2 65.6 SL.1 42.1 45.3 SS5.7 69.6 75.3 72.8 62.9 S51.6 44.9
. . EN .6 3.98 2.53 1.78 0.87 25.72 L.09 3.47 4.20 6.12
2.84 1.62 1.41 2.51 4.61 2.55 4.20 2.05 21.7 i . ‘s . 406 2.78 1.8 1.01 2i.61
s . . . 2, . 2. 1.79 2.21 5.41 0:34 1.00 2.70 9.41 4.43 351 29.51
0.22 2.93 2.87 2.16 8.18 3.36 5.12 1.35 Q.84
0.3 0.02 2.42 1,18 4.25 1.12 1.9% 6.63 2.33 2.30 l4.74
48,2 5 . )
2.56 6,5.8_ 7?(3 73.9 73.3 67.9 53.3 44l 7.6 58.2 72.2 77.8 V4.7 64.7 53,9 47.3
3.06 a.lS) <./_B 4.67 1,98 2.53 1.79 0.82 25.67 1.08 3,47 4.20 6.12 4.06 2.78 1.88 1.09 24.58
2.2 1.30 .46 L.17 1474; 2.86 4.56 1.62 19.03 2.07 4.71 0.71 1.39 1.87 10.79 4.55 4.32 30.41
0.92 3.15 2.84 13.50 0.24 . P - 3.49 4,73 2,19 10,41
0.33 2.78 0.80  3.91 0.99 1.24 8.01 2.67 3.23 la.l4
a.  Day with rain Gf 0.0l tnches ot greater.
b. Based on records at Charlotteburg, Sussex and Boonton, N. J.
c. Based on records ac Little Falls, Plainfield and Somerville, N. J.
d. Based on records at Newark and Paterson, .N. J.
e. Evaporacrfon from U. S. Yeather Sureau Standard Land Pan. In northeastern scates, che evaporation frca
: E:rz? ho:y of uvater averages about 0.75 of value given by land pan in Passaic basin. Refer :o
; r::in::a; Paper No. 37, Evarzoratiun Maps of che_ L. S. Weather Buredu, U. S. Dept. of Cormerce, Place * 3.
Jf- Fsceimated from evaporation formulae developed for Passaic River, X. J., in Geological Surver Zemort .f
Nev Jersev on Wacer Supply, Volume 3, in 1894.
%. Ffstimated from U. 5. Weather 3ureau records for the three stations noced in Table (C) averaged ind

aulciplied by 0.75.

The critival period.

Normal water surface --elévacion in feet m.s.1.
Records to 1943,
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RAINFALL DATA, PASSAIC RIVER BASIN, WDW JERSEY

A - MCOITHLY AVERAGE, ARWUAL AVERAGE AND EXTREME RAINFALL { INCHES) BY STATIONS

Date of Max, and

Min, Malnfull

Ratnfall {n Inches (Monthly)

Period

Klevetion

tafer-

Annual

Value

Monthly

of

Record

ence

Value

Annual

M1l

Suneser

Spring

Winter

Item

Station {re.,mel)

no,
(s)

Peb, Mar, Apr. May June July Aug. Bept. Oct, Mov. Dec,

Jan,

1903
1965

Aag 1843

9.01 11.51

0.h2

11.%
0.39

16k3.192%  ax.

1935-1

1

Wavark, N, J.

June 1949

0.01
3.8} 1.9

3.70

Min.
Aver.

1919

1962

1871-1878 . Max.

133

Jorsey City, W.J

oct 1913

June 1949

52.87
26.49

h3.64

Min,
Aver.

1905-1966

1927

1935

Awg 1955

58.03

Mex .

1916-1923
1925-1960

6o

Midgelield, N.J.

3.

June 1949

5T

45.98

Min.
Aver,

1987
1965

Aug 1955

June 1949

5).6k

16.01

h2.68

6
Min, [}
Aver. 3

1919-1966  Max,

12

Wev Milford, W.J.

1945
1965

July 194$
oct 1924

61,01

6.57
0.20

3.27

1919-1966°  Max.

103

31.37
k3.67

Min.
Aver.

Wocdcliff Lake, N.J,

1882
1935

Sept 1882

June 1949

16.19
0.25
1.78

25,98
0.33
LIS 1

a,
h7h

12,68 1h.65

0.51
k.80

0.24

k.02

13,46 11,7h
0.71
k.25

100

Puterson, R, J.

194$
1965

July 1943
June 1949

<17

68
29.6h

9.15
0.

1h.12 12,66
0. 0.

13.62
021
LY U

1,55
0.(0

1.07
NSk

8.20 16,52
0.V6

11.10
0.

1,17
k.18

7.

157

Littls Falle, N.J.

Y72 §7.59

N7

393

he72

.90

3.95

1919

oct 1903

723

So™m

-

853

R
288
- )

~\o

aoR

RO,
AR K.al

193

Powpton Plaina, N.J,

11

1918

Sept 1914

& ho

1913

35.27

9.30
(1)
3.h9

A6
62
+59

(3
0
3

.03 -
.18

(V]
[}
b

10.19

8.08
.37
LYY

Max, 5
1
3

1903-1914

25)

Mabveh, N.J.

1964

June 1903
by 10

32,14
k3,92

0.4)
lar

Aver,

1956-1966 . Min.

Charlotteburg, N.J.

19

Bevfoundland, N.J.

1920

1918

Mox,

1911-1923

1060

Ocean Mark, N.J.

21

July 1919
Bept 191k

57.16
F. 3

k2.79

Aver,

1893-1966  pax,

Min.

870

Ok Ridge, M.J,

Aver.

1952
1965

Aug 1935
oct 1963

21,76

10.9%
1.02
478

11.79

1040

23

1.26
5.16

0.6}
L.sh

Canlatesr, ®.J.

1952
1965

July 1919

Dne 1955

260

Boonton, N.J.

1903
1895

June 190}
Oct 1904

69,25

Max,

1885-1944

600

nJ.

Dover,

35.33
49,52

Aver,

1902
155

Aug 190}
Hay 190}

171.56
36.75
50.58

10.72 1.95
0.61 0.7} 1.35
3.92 .61 3.96

10,44

9. 771
1,17
LT

1888-1903

21}

nJ.

Nanover,



193
19
1902
1895
1927
1930
1945
1965
1945
1917
1889
1895
1942
196k
1502
1965
1945
1965

1859
1965
1952
190
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Cance Brock, N.J.
Bo-orvlll;, n.J.
Plainfield, N.J.
Elizabeth, N.J,
Bav York, N.Y., VB
West Potnt, N.Y.

Bussex, N.J.

6llletts, M.J.

Chatham, K.J.

Morrietown, N.J.
Moseland, N.T1.
Verona, K.J,

k3]
3
36
»
39
L)
A8
>0
32
33
57
38

3.63 h6.TT

3.59

Oct, ~ Dea.
1.4
10.84
10.53
10.88
23.3

3.66

s,01

l.7.9
Bummer

July - Bapt.
1354
14,20
13.21
13.61
9.1

(W38
“Ipring
1.8
11.37
11,20
1.8)
200
USRS

April - June

3.82
wver, Morristovn, Roseland, Canoe Brook, Chathas,

3.8
Mi0eanath

3.60
W¥inter
Jun, - Maroh
10.91
1o.h
10.83
10.85
2).2
Pinintiaia

3.67

Annual
AT.67
\7.18
v3.85
8677
100.00

388

B - GFASONAL AVIRAGE RAINPALL (INCHXS) BY RIGIONS

3.3)

Wrona. Bnuervills.

c
a
Percentags

Location
Puscd on records at Mshwsh, Charlotteburg, Mevfoundland, Ocean Park, Oak Ridge, Caniatear, Dover,

These reference numbers rafer to Flgure A6,
Bussex, Mov Jersey; and Veat Polint, Mev York.
Bosod on records at Mevark, Jersey City, Rldgefisld, Mev Xilford, Woodcliff Lake, Yaterson,

Bused on records at Pompton Plaine, Boonts

Clllette.
tittle Fulla,

.,
b,
o,
4.

Lover Valley
Entlre Peseals Area

Centrel Basin

Bighland Area ©

Aversge



TABLE 5

SNOWFALL DATA, PASSAIC RIVER BASIN, N. J.

Elevation Years of
Locality (Ft., m.s.1.) Record Jan. Feb. Mar. Apr. Oct. Nov. Dec. Annual

AVERAGE MONTHLY AND ANNUAL SNOWFALI (INCHES) BY STATIONS

Dover (discont. in 1945) 600 \ 48  10.3  10.5 6.9 1.7 0.1 2.3 7.3 39.1
Charlotteburg 760 : 79 10.2  11.2 6.5 1.6 0.1 1.9 7.6 39,1
Newton 565 81 11.1  11.9 6.9 1.4 T 2.4 7.9 41.9
Sussex ' 440 73 10.8  11.5 6.3 1.2 0.1 2.1 7.6 40.1
Warwick, N.Y. (discont.'74)  680. 54 12.5 13.9 8.4 1.8 0.1 2.3 10,7 50,2
Boonton | 280 32 6.7 10.0 6.5 1.4 T 1.3 5.9 32.0
Chatham (discont. in 1966) 185 19 7.6 9.2 7.5 1.7 0.1 1.3 6.9 34.2
Elizabeth (discont. in 1970) 33 73 7.5 9.6 5.2 1.0 0.1 1.1 6.0 30.3
Plainfield 120 85 8.0 9.8 5.5 0.9 0.1 1.2 6.6 32.2
Somerville 75 80 7.5 8.3 5.2 0.8 T .9 5.0 27.9
Little Falls 157 68 7.8 8.5 5.7 1.0 0.1 1.0 6.3 30.6
Paterson ' 100 78 8.4 10.0 6.0 1.1 T 1.2 6.7 33.5
Newark ' 11 74 7.7 9.4 5.6 1.2 0.1 1.2 6.6 31.7
Jersey City (No Change) 135 58 6.5 7.8 4.7 1.1 T 0.7 5.3 24,7
Ridgefield (discont. in 1962) 80 43 7.9 9.4 6.5 1.1 0.1 1.1 7.2 33.1
New York, N. Y. 132 93 7.1 8.5 5.7 0.8 T 0.7 5.6 28.0
AVERAGE MONTHLY AND ANNUAL SNOWFALL (INCHES) BY REGIONS
Highland Area” , | 10.3  11.5 6.9 1.5 0.1 2.1 7.8  40.4
Central Basig 7.7 9.1 5.8 1.1 0.1 1.1 6.2 31.0
Lower Valley 7.5 9.0 5.7 1.1 T 1.0 6.3 30.2
Entire Passaic Area 8.6 10.0 6.2 1.2 0.1 1.4 6.8 34.3

a. Based on records at Dover, Charlotteburg, Newton, Sussex, Boonton, N.J., and Warwick, N.Y.
b. Based on records at Chatham, Elizabeth, Plainfield, Somerville and Little Falls, N.J.
c. Based on records at Paterson, Newark, Jersey City, Ridgefield, N.J., and New York, N.Y.
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TABLE 6
GREAT STORMS OVER THE NORTHEASTERN STATES
: Average Percent of Total
Distance ’ Maximum Rainfall Rain Falling in
(Miles) and Storm Over Period Indicated#® Area of
Direction of Rainfall Passaic 9-inch
Storm LOCQS%O“ Storm Center .at Center Area Maximum Maximum ° Ischyetal
No. Date i Storm Center Thru Paterson Typée of Storm (inches) (inches) 1-day 2-day (sq. mi.)
1 July 17-18, 1942 : Port Allegheny, Pa. 219 N.W. Extra-tropical 35.0 1.3 100 100 1,250
2 Aug. 31-Sept. 1, 1940 Ewan, N.J. 100 S.W. Extra-tropical 24.0 1.5 100 100 1,450
3 August 19, 1939 Manahawkin, N.J. 85 S. Extra-tropical 18.0 1.9 100 100 2,800
4 Sept. 20-24, 1882 Paterson, N.J. 0 Extra-tropical ©17.90 9.2 - 82 2,756
5 Sepr. 2-6, 1935 Easton, Md. 180 S.W. Hurricane 16.68 2.5 50-63 89-95 8,663
6 ‘Aug. 20-26, 1933 Peekamoose, N.Y. 71 N.W. Hurricane 15.98 5.8 49-69 66-83 5,959
7 July 26-29, 1897 Jewel, Md. 192 S.W. Hurricane 15.80 4.5 - - 256
8 Sept. 16-23, 1938 Hubbardston, Mass. 151 N.E. Hurricane 15.60 7.0 43-65 65-79 14,226
9 Oct. 7-12, 1903 Paterson, N.J. 0 Extra-tropical 15.51 11.4 50-81 90-98 3,565
10 July 15-23, 1945 Midland Park, N.J. 6 N.N.E. Extra-tropical 14.73 8.5 28-59 35-70 440
11 July 6-13,1935 Hector, N.Y. 179 N.W. Extra-tropical 14.23 2.5 44-73 78-90 1,946
12 Sept. 16-23, 1938 Storrs, Conn. 115 N.E. Hurricane . 14.16 7.0 31-51 56-71 14,226
13 Aug. 20-26, 1933 York, Pa. 149 S.W. Hurricane 14.01 5.8 43,70 79-83 5,959
14 Aug. 9-13, 1928 Cheltenham, Md. 206 S.W. Hurricane 13.29 0.8 52-83 88-100 2,050
15 Sept. 14-17, 1933 Provincetown, Mass. 221 N.E. Hurricane 13.27 3.3 43-75 67-95 1,585
16 July ‘19-23, 1919 Boonton, N.J. 13 S.W. Hurricane 12.97 7.8 25-65 50-78 1,223
17 Oct. 3-4, 1869 Canton, Conn. 91 N.E. Extra-tropical 12.35 4.0 - 100 900
18 May 17-25, 1894 Bridgeton, N.J. 117 S.W. Extra-tropical 12,07 2.6 - - -—
19 Mar. 9-22, 1936 Plymouth, N.H. 226 N.E. Transcontinental 11.18 6.0 28 30 -
20 May 17-25, 1894 Moorestown, N.J. 81 S.W. Extra-tropical 10.41 2.6 - - 230
21 Sept. 26-28, 1942 Elka Park, N.Y. _ 86 N. Extra-tropical 10.40 3.0 58 100 . 20
22 July 11-15, 1897 Southington,. Conn. 81 N.E. Hurricane 10.30 4,3 80-90 100 -
23 Mar. 9-22, 1936 Fitchburg, Mass. 166 N.E. Transcontinental 9.70 6.0 33 37 154
24 Nov. 2-6, 1927 Somerset, V. 151 N.E. Hurricane 9.68 3.0 72-100 95-100 400
25 Mar. 9-22, 1936 Southbridge, Mass. 135 N.E. Transcontinental 9.29 6.0 36 48 141
26 Aug. 17-20, 1955 Westfield, Mass. 138 N.E. Hurricane 19.75 5.0 62-92 95-98 -
27 Oct. 14-18, 1955 West Schokan, N.Y. - 115 N. Extra-tropical 17.80 5.5 25-87 26-87 -
28 Sepr. 12, 1960 ' Cold Brook, N.Y. 80 N. : Hurricane 8.39 4.5 47-70 81-99 ' -
29 May 29, 30, 1968 Newark, N.J. 5 S.E. Extra-tropical 7.3 4.5 60 100 -
30 Aug. 27, 28, 1971 Bound Brook, N.J. 20 S.W. Hurricane 9.2 8.0 55-85 100 -
31 June 17-24, 1972 Harrisburg, Pa. 125 W. Hurricane 18.3 . 3.5 10-30 50-75 -
32 Aug. 23,1973 Watchung, N.J. 10 S.W. Local 8.0 2.2 95 100 -
33 Sept. 23-27, 1975 Westminster, Md. 200 S.W. Extra-tropical 14.3 7.7 25-35 45-65 -
34 Nov. 7, 8, 1977 Sandy Hook, N..I. 155 S.E. Extra-tropical 8.2 5.5 80 100 -



ANNUAL PEAK DISCHARGES

TABLE 7

SELECTED GAGES
PASSAIC RIVER BASIN, N.J.

MAIN STREAM

{PASSAIC RIVER)

GAGES

WATER
YEAR

1811
1865
18382
1896
18938
1899
1800
1901
1902
1903
1904
1905
1906
1907
1908
1909
1910
is11
1912
1913
1914
1815
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925

MILLINGTON, N.J.

(55.4 SQ.MI.)

MONTH
AND PEAK
DAY FLOW

(CFS)

OCT 10 2,077

JAN 09 2,000

MAR 04 1,320

MAR 18 2,000

JUL 24 2,000

MAR 07 548

MAR 17 700

APR 07 1,100

FEB 25 718

c 0 N

CHATHAM, N.J.
(100 SQ.MI.)

MONTH
AND PEAK
DAY FLOW
(CFS)
OCT 09 2,310
JAN 09 3,000
APR 16 1,190
MAR 138 2,880
FEB 28 1,600
FEB 25 1,360
MAR 04 2,260
NOV 05 525
T N U

LITTLE FALLS,
PATERSON, N.J.

JOINT RECORD

(762/785 SQ.MI.

N.J.

MONTH
AND PEAK
DAY FLOW
(CFsS)
NOV 24 27,000
JUL 17 22,500
SEP 24 19,000
FEB 07 16,700
FEB 22 9,500
MAR 06 7,330
FEB 14 9,430
APR 23 9,270
MAR 02 23,400
DEC 23 11,000
OCT 10 31,700
MAR 22 8,760
MAR 05 6,110
MAR 19 8,100
NOV 08 9,190
FEB 25 6,490
APR 27 8,980
APR 06 3,370
MAR 16 10,400
"MAR 28 7,450
MAR 29 7,980
JAN 14 7,800
APR 01 6,130
MAR 28 4,530
FEB 28 6,490
JUL 24 8,630
MAR 18 11,600
MAR 04 6,244
MAR 09 6,563
MAR 18 7,675
APR 08 10,787
FEB 16 6,036
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TABLE 7

(CONT'D)

MAIN STREAM (PASSAIC RIVER) GAGES

WATER
YEAR

1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1836
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
13850
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960

MILLINGTON, N.J.
(55.4 SQ.MI.)

MONTH

AND PEAK
DAY FLOW
(CFS)

FEB 26 668
FEB 26 490
FEB 24 700
FEB 28 735
MAR 08 565
MAR 30 460
MAR 28 665
SEP 16 934
MAR 05 972
FEB 17 504
MAR 12 1,480
DEC 20 602
SEP 22 1,040
FEB 04 585
MAR 15 938
FEB 08 493
AUG 14 1,360
DEC 31 916
APR 25 574
FEB 27 748
JUN 03 800
APR 06 549
NOV 09 762
DEC 31 1,300
MAR 24 395.
MAR 31 740
JUN 02 813
MAR 16 728
DEC 15 335
AUG 19 977
OCT 16 704
APR 07 704
MAR 01 725
oCT 27 439
APR 05 682
c ol N

CHATHAM, N.J.
(100 SQ.MI.)

LITTLE FALLS,

PATERSON, N.J.
JOINT RECORD

(762/785 SQ.MI.

MONTH
AND PEAK
DAY FLOW
(CFS)
SEP 21 1,810
FEB 05 972
MAR 15 . 1,090
FEB 09 756
AUG 16 2,020
DEC 31 1,420
APR 26 964
FEB 27 1,040
JUN 04 1,040
APR 05 869
NOVv 12 1,410
JAN 01 1,710
MAY 23 670
APR 03 1,010
JUN 01 1,290
MAR 16 1,150
DEC 14 651
AUG 19 1,390
OCT 16 1,150
APR 07 1,100
MAR 02 1,140
OCT 26 770
SEP 12 1,110
T I U

MONTH

AND PEAK

DAY FLOW
(CFS)

FEB 26 5,519
SEP 03 8,707
OCT 21 5,965
MAR 07 5,116
MAR 09 3,614
JUN 18 3,953
APR 02 4,650
Nov 21 8,480
APR 02 5,660
DEC 02 3,950
MAR 13 19,200
FEB 23 5,400
SEP 23 9,350
DEC 07 5,670
APR 10 5,620
" FEB 08 5,070
AUG 18 7,050
JAN 01 7,490
APR 25 5,080
"JUL 23 19,500
DEC 27 7,090
APR 06 5,490
NOV 08 5,220
JAN 01 8,960
MAR 24 4,320
APR 01 12,400.
JUN 03 12,000
JAN 26 7,430
MAY 11 2,970
AUG 20 9,850
OCT 18 11,600
APR 09 5,270
APR 08 6,330
MAR 07 3,600
APR 07 7,140

D

N.J.



TABLE 7 (CONT'D)

MAIN STREAM (PASSAIC RIVER) GAGES

LITTLE FALLS, N.J.
PATERSON, N.J.

MILLINGTON, N.J. CHATHAM, N.J. JOINT RECORD
(55.4 SQ.MI.) (100 SQ.MI.) (762/785 SQ.MI.)
MONTH MONTH MONTH

WATER AND PEAK AND PEAK AND PEAK
YEAR DAY FLOW DAY FLOW DAY FLOW
(CFS) (CFS) (CFS)

1961 FEB 26 990 FEB 27 1,290 FEB 27 7,610
1962 MAR 13 972 MAR 12 1,450 MAR 15 4,960
1963 MAR 07 768 MAR 09 980 MAR 10 3,250
1964 JAN 10 496 JAN 09 872 JAN 26 3,420
1965 FEB 09 636 FEB 10 980 - FEB 05 4,630
1966 FEB 15 650 FEB 13 1,010 FEB 14 3,630
1967 MAR 08 801 MAR 07 1,320 MAR 14 5,720
1968 MAY 29 1,070 MAY 29 2,560 . MAY 31 13,500
1969 MAR 26 714 JUL 258 1,640 MAR 26 5,210
1970 APR 03 980 APR 02 1,420 APR 05 9,110
1971 AUG 29 1,670 AUG 28 2,540 AUG 29 8,010
1972 JUN 23 1,070 JUN 22 1,520 JUN 25 10,300
1973 NOV 09 1,090 AUG 02 3,200 FEB 05 10,600
1974 DEC 21 990 DEC 21 1,400 DEC 23 8,910
1975 SEP 27 1,340 SEP 27 2,520 SEP 27 9,640
1976 = JAN 28 858 OCT 19 1,240 JAN 30 6,390
1977 MAR 23" 850 MAR 22 1,390 "MAR 25 8,440
1975 MAR 27 1,010 AUG 12 = 1,540 MAR 19 10,100
1979 JAN 25 1,300 JAN 26 1,710 JAN 27 10,200
1980 - MAR 25 740 MAR 25 1,370 APR 11 9,870
1981 MAY 12 621 MAY 13 899 FEB 21 4,370
1982 JAN 04 882 JAN 04 1,240 JAN 06 4,230
1953 APR 17 1,030 MAR 21 1,380 MAR 22 9,740
1984 APR 05 1,370 APR 06 1,930 APR 07 18,400

1l/ MEAN DAILY FLOW.



TABLE 7

(CONT'D)

RAMAPO RIVER GAGES

MAHWAH, N.J. POMPTON LAKES, N.J.
(118 SQ.MI.) (160 SQ.MI.)
MONTH MONTH
WATER AND PEAK AND PEAK
YEAR DAY FLOW DAY FLOW
(CFS) (CFS)
1882 SEP 15 7,200 SEP 25 10,500
1886 FEB 14 8,100 FEB 14 12,000
1896 FEB 08 6,100 FEB 038 8,730
1902 MAR 02 4,300 MAR 02 7,050
1904 OCT 09 12,400 OCT 09 17,092
1905 ocT 22 2,300
1906 MAR 04 2,200
1907 MAR 18 2,810
1908 gcT 30 3,250
1909 FEB 20 3,450
1910 JAN 22 5,200
1911 AUG 29 3,650
1912 MAR 13 3,450
1913 “MAR 27 . 2,810
1914 OCT 25 3,250
1922 MAR 07 - 5,900
1923 MAR 17 1,520 MAR 18 2,270
1924 APR 07 4,150 APR 07 6,800
1925 FEB 12 2,410 FEB 12 3,200
1926 FEB 26 1,490 FEB 27 2,020
1927 SEP 02 5,140 SEP 02 7,220
1928 NOV 04 3,100 NOV 04 3,930
1929 MAR 06 1,560 MAR 06 2,040
1930 MAR 09 1,390 MAR 09 1,720
1931 MAR 09 1,040 . MAY 09 1,420
1932 MAR 238 1,420 MAR 29 1,870
1933 . AUG 24 5,650 AUG 24 5,680
1934 MAR 05 1,930 MAR 06 2,650
1935 DEC 01 1,400 DEC 01 1,840
1936 MAR 12 7,780 MAR 12 12,300
1937 DEC 20 3,450 FEB 22 3,510
1938 SEP 22 6,720 SEP 22 6,620
1939 DEC 06 2,480 DEC 06 3,260
1940 MAR 31 2,030 APR 09 2,940
1941 FEB 038 1,560 FEB 08 1,860
1942 AUG 18 1,590 AUG 18 1,960
1943 DEC 31 2,080 DEC 31 2,740

1944 NOV 09 1,380 NOV 10 2,200

C 0] N T I N 19) E D



TABLE 7 (CONT'D)

RAMAPO RIVER GAGES

MAHWAH, N.J. POMPTON LAKES, N.J.
(118 SQ.MI.) (160 SQ.MI.)
MONTH , MONTH

WATER AND PEAK AND PEAK
YEAR DAY - _ FLOW DAY FLOW

(CFs) (CFS)
1945 JUL 23 4,330 JUL 23 8,560
1946 MAY 28 1,920 MAY 28 2,520
1947 MAR 15 2,050 MAR 15 2,540
1948 MAR 17 1,830 MAR 18 2,360
1949 DEC 31 4,200 DEC 31 5,520
1950 MAR 23 1,290 MAR 24 1,780
1951 MAR 31 6,940 MAR 31 8,520
1952 MAR 12 4,150 JUN 02 4,780
1953 JAN 25 2,520 JAN 25 3,190
1954 DEC 15 1,260 DEC 15 1,360
1955 AUG 19 8,580 AUG 19 8,570
1956 OCT 16 10,900 OCT 16 12,000
1957 APR 06 1,950 APR 06 2,540
1958 DEC 21 3,800 DEC 21 4,750
1959 MAR 06 1,620 MAR 07 1,640
1960 AUG 20 3,450 AUG 20 3,550
1961 FEB 26 3,120 FEB 26 3,950
1962 MAR 13 2,360 MAR 13 2,520
1963 NOV 11 1,370 NOV 11 1,310
1964 JAN 26 1,380 JAN 26 1,360
1965 FEB 08 1,980 FEB 09 2,160
1966 FEB 14 1,360 FEB 14 1,460
1967 MAR 12 1,180 MAR 12 1,380
1968 MAY 29 8,770 MAY 29 8,530
1969 MAR 25 3,000 MAR 26 3,160
1970 APR 02 3,380 APR 03 4,540
1971 AUG 28 6,700 AUG 28 6,420
1972 JUN 23 2,630 JUN 23 3,190
1973 FEB 03 4,340 FEB 03 5,580
1974 DEC 21 6,050 DEC 21 7,040
1975 SEP 27 2,940 SEP 27 3,380
1976 JAN 28 2,740 JAN 28 3,090
1977 MAR 23 4,100 'MAR 23 5,290
1978 NOV 08 11,800 'NOV 08 10,300
1979 JAN 25 4,750 JAN 25 5,130
1980 MAR 22 6,520 MAR 22 6,700
1981 FEB 20 3,270 FEB 21 3,630
1982 JAN 05 2,520 JAN 05 2,590
1983 MAR 19 4,480 MAR 19 5,160

1984 APR 05 15,500 MAY 05 15,400




TABLE 7(CONT'D)

OTHER GAGES

ROCKAWAY RIVER

BELOW RESERVOIR WHIPPANY RIVER SADDLE RIVER
BOONTON, N.J. MORRISTOWN, N.J. LODI, N.J.
(119 SQ.MI.) (29.4 SQ.MI.) (54.6 SQ.MI.)
MONTH MONTH MONTH

WATER AND PEAK AND PEAK AND PEAK

YEAR DAY FLOW DAY FLOW DAY FLOW

(CFS) (CFs) (CFS)

1882 SEP 25 4,850

1896 - FEB 08 5,500 FEB 08 2,600

1902 MAR 02 4,590 MAR 02 2,100 MAR 02 4,500

1904 ocT 10 7,560 1/ OCT 10 2,444 OCT 09 6,500

1913 ~ JAN 04 1,560 1/

1914 MAR 29 1,200 1/

1915 JAN 14 1,480 1/

1916 FEB 26 1,060 1/

1917 MAR 29 698 1/

1918 FEB 21 1,060 1/

1919 JUL 24 2,670 1/

1920 MAR 14 2,120 1/

1921 ~ JAN 16 993 1/

1922 MAR 09 1,870 1/ JUL 01 1,020

1923 MAR 18 994 1/ MAR 16 815

1924 APR 058 1,950 1/ APR 07 1,530 APR 07 1,280

1925 FEB 15 684 1/ AUG 01 975 FEB 12 980

1926 . FEB 26 688 FEB 25 783 FEB 26 741

1927 AUG 29 759 NOV 16 450 SEP 02 1,630

1928 AUG 27 1,110 AUG 26 2,000 JUL 07 829

1929 APR 26 759 FEB 07 1,290 FEB 08 - 903

1930 MAR 09 659 MAR 08 570 APR 08 418

1931 JUL 11 1,000 . JUL 11 552 APR 24 549

1932 MAR 29 - 900 MAR 28 604 MAR 29 686

1933 NOV 20 2,150 NOV 19 1,820 NOV 20 1,320

1934 SEP 30 1,460 MAR 05 847  MAR 06 850

1935 JUL 11 1,790 OCT 06 467 oCcT 11 614

1936 MAR 12 3,750 MAR 12 1,500 MAR 12 1,720

1937 MAY 16 914 DEC 20 491 MAY 15 1,060

1938 SEP 22 1,860 SEP 22 1,170 SEP 22 1,680

1939 DEC 07 993 APR 19 529 DEC 06 760

1940 'APR 09 1,010 MAR 15 1,500 MAR 15 1,380

1941 FEB 08 652 FEB 08 679 FEB 08 1,030

1942 AUG 10 1,000 AUG 14 1,220 AUG 10 820

1943 DEC 31 1,270 DEC 30 540 DEC 31 1,020

1944 APR 25 1,130 MAR 07 . 640 APR 25 998

1945 JUL 21 1,270 JAN 01 460 JUL 23 3,500

1946 JUL 24 1,110 MAY 13 1,020 MAY 28 1,100



TABLE 7 {CONT'D)

OTHER GAGES

WATER
YEAR

1947
1948
1949
1850
1951
1852
1853
1954
13855
1956
1957
1558
1959 -
1960
1961
1962
1863
1964
1965
1366
18567
1968
1969
1870
1971
1972
1973
1874
19875
1976
1977
1978
19798
13880
iss1
1982
1983
1884

ROCKAWAY RIVER

BELOW RESERVOIR

BOONTON, N.J.
(119 SQ.MI.)
MONTH

AND PEAK

DAY FLOW

(CFS)
MAR 15 1,140
MAR 17 1,080
DEC 31 2,360
MAR 24 756
MAR 31 1,910
JUN 21 2,670
JAN 25 1,590
MAY 09 418
AUG 21 1,870
OCT 16 1,810
APR 06 1,060
APR 07 1,230
MAR 07 924
SEP 13 1,730
FEB 26 1,500
MAR 13 1,530
“APR 04 294
JAN 26 835
APR 12 150
MAR 06 735
AUG 05 1,230
MAY 29 3,450
MAR 25 1,450
APR 03 2,640
AUG 28 2,380
JUN 01 2,780
FEB 03 2,680
DEC 22 2,710
SEP 25 1,620
JUL 01 1,990
MAR 23 2,620
MAR 27 2,020
JAN 25 4,380
MAR 22 2,350
MAY 12 2,090
FEB 04 1,320
APR 17 2,940
APR 06 4,260

WHIPPANY RIVER

MORRISTOWN, N.J.

(29.4 SQ.MI.)

SADDLE RIVER

MONTH

AND PEAK
DAY FLOW

- (CFS)

MAY 26 591
NOV 08 829
DEC 31 1,350
MAR 23 375
MAR 31 938
JUN 01 1,360
JAN 24 804
SEP 11 282
AUG 19 1,160
OCT 15 900
MAY 14 613
FEB 28 925
AUG 09 509
SEP 12 684
FEB 26 475
MAR 12 1,160
MAR 06 367
NOV 07 401
FEB 08 716
SEP 21 640
MAR 07 500
MAY 29 956
JUN 15 624
APR 02 1,310
AUG 28 2,280
JUN 19 946
FEB 03 1,360
DEC 21 1,450
SEP 25 1,020
JAN 27 752
MAR 22 1,480
NOV 08 1,140
JAN 25 2,080
FEB 22 1,100
JUL 27 1,240
JAN 04 871
APR 16 1,250
APR 05 1,680

LODI, N.J.
(54.6 SQ.MI.)
MONTH

AND PEAK
DAY FLOW
(CFS)

APR 06 1,010
NOV 09 830
DEC 31 1,030
MAR 24 452
MAR 31 2,530
JUN 02 1,740
MAR 14 1,860
SEP 12 1,270
AUG 19 2,200
OCT 16 1,530
NOV 02 795
FEB 28 1,760
MAR 07 306
SEP 13 1,190
FEB 26 952
MAR 13 1,670
MAR 07 824

JAN 10 702"
FEB 08 1,490
SEP 22 1,600
MAR 07 800
MAY 29 3,330
MAR 25 1,540
APR 03 2,130
SEP 12 3,770
JUN 19 2,240
FEB 03 3,210
DEC 21 2,940
JUL 14 2,270
JUL 01 2,440
FEB 25 3,130
NOV 09 4,500
JAN 21 2,890
APR 10 2,470
MAY 12 1,900
JAN 04 1,980
APR 16 2,550
APR 05 3,350

1/ MEAN DAILY FLOW.



Stream

Passalc
Passalc
Passalc
Pagsalc
Passalc
Passaic
Passalc
Whilppany
" Rockaway
Rockaway
Pequannock
Pequannock
Pequannock
Wanaque
Wanaque
Wanaque
Wanaque
Wanaque
Wanaque
Wanaque
Ramapo
Ramapo
Ramapo
Ramapo
Saddle
Pompron
Pompton
Ringwood Cr.
Cupsaw Br.
Blue Mine Bu.
Weasel Br.
West Br.
Scecond River

Gaging Station

ti1llington
tillington
Chatham

Chatham
Paterson (S.U.M.
Litrle Fallsf
Paterson (S.U.M.
Morristown
Boonton)
Boonton)
Macopin Dam

Macopin Dam

Macopin Dam

Awosting (Greenwood Lake)
Awosting

Wanaque

Wanaque

Wanaque

Monks

Monks

Mahwah

Mahwah

Pompton Lakes

Pompron Lakes

Lodi

Pompton Feeder Dam
Pompton Feeder Dam
Wanaque

Wanaque

Wanaque

Clifton

Wanaque

Belleville

0AM)

0AM)

Below Reservolr

=)

Drainage

(% €mi.)

55.4
55.4
100.0
100.0
785.0
762.0
785.0
29.4
119.0
119.0
63.7
63.7
63.7
27.1
27.1
90.4
90.4
90.4
40.4
40.4
118.0
118.0
160.0
160.0
54.6

—

—

TABLE 8

COMPARATIVE RUNOFF DATA - PASSALZ RIVER BASIN, N. I.

Operating
Agency

U.S.G.S.

u.Ss.G.S.

U.S.G.S.

U.S.G.S.

U.s.G.S.

U.S.G.S.

U.S.G.S.

U.S.G.S.
J.C.W.D.-U.S.G.S.
J.C.W.D.-U.5.G.5.
N.W.D.~U.S5.G.S.
N.W.D.-U.5.G.S.
N.W.D.-U.S5.G.S.
N.J.D.W.S5.C.-U.S.
N,J.D.W.S8.C.-U.S.
N.J.D.W.S.C.-U.S.
N.J.D.W.S8.C.-U.S.
N.J.D.W.S.C.~U.S.
U.S.G.S.

U.S.G.S.

U.S.G.S.

U.S.G.S.

U.S.G.S.

U.S.G.S.

U.S.G.S.

U.S.G.S.

U.S.G.S.

U.S.G.S.

U.S.G.S.

U.S.G.S.

U.S.G.S.

U.S.G.S.

U.S.G.S.

Corrected for water supply diversions and storage.
b. Averages were based on the water yea

Years of
Record

Nov.1903~July 1906
Nov.1921-Sept.1977
Feb.1903-Dec.1911
Jan.1938—Sept.l977
1877-1893
Sept.1897—Sept.l977a
Sept.1897-Sept.1953
Sept.1921-Sept.1977
Jan.1906-Sept.1977
Jan.1906-Sept.1953
Jan.1892-Sept.1922
Oct.1922-Sept.1977
Oct.1922-Sept.1953
May 1919-Sept.1977
Oct.1934-Sept.1953
May 1912-May 1915
Sept.1929—Sept.197;
May 1919-Sept.1953
Jan.1935-Sept.1977
Jan.1935-Sept.1953
Feb.1903-Dec.1906"
Sept.1922-Sept.1977
Sept.l921—Sept.l97;

" Dec.1953-Sept.1966

Sept.1923—-Sept.l977d
June 1940-Sept.1977
June 1940—Sept.1953a'
Jan.1935-Sept.1977
Jan.1935-Sept.1958
Jan.1935~-Sept.1958
Mar.1937-Sept.1962
Jan.1935-Sept.1977
May 1937-Sept.1964

r extending from October through September,

with the exception of Ramapo River at Pompton Lakes which is' based on the

calendar year.

¢. Records from 1907-1914 consiat of gage

U.S. Weather Bureau.

4. Records available from March 1903 to December 1904,

e. Average daily value.

f. Record at Paterson (dralnage are

Operating Agenc {us:

velghts only, published by

a 785.0 square miles) prior to October 1955.

U.5.6.5. - U. §. Geological Survey
1.C.W.D. - Jersey Clry Water Department
N.W.D. - Newark Water Dupartment

N.J.D.W.S.C. - Norch Jersey District Water Supply Commission

Peak
Discharge
C.F.s.

2,000
2,000
5,150
5,150
31,700
31,700
31,700
3,200
7,560
7,560
6,100
6,100
6,100
1,300
1,190
11,100
11,100
11,100
3,640
2,660
12,400
12,400
15,800
15,800
7,000
28,340
28,340
1,150
536
458
556
1,900
3,300

e

Date

Oct. 10, 1903
Oct. 10, 1903
Oct. 9, 1903
Oct. 9, 1903
Oct. 10, 1903
Oct, 10, 1903
Oct. 10, 1903
Oct. 10, 1903
Oct. 10, 1903
Oct. 10, 1903
Oct. 10, 1903
Oct., 10, 1903
Oct. 10, 1903
Oct. 16, 1955
Mar. 31, 1951
Oct. 9, 1903
Oct. 9, 1903
Oct. 9, 1903
Aug. 19, 1955
Mar. 31, 1951
Oct. 9, 1903
Oct. 9, 1903
Oct. 9, 1903
oct. 9, 1903
Oct. 9, 1903
Oct. 9, 1903
Oct. 9, 1903
Mar. 30, 1951
Mar. 11, 1936
Mar. 30, 1951
Mar. 12, 1962
Mar. 30, 1951
Jul. 23, 1938

Average Discharge (C.F.S. per S5q. Mi.)
Annual Average

Dally
Max. Min.
31.6 0.144
30.0 0.007
29.6 0.020
21.2 0.022
35.7 0.00
35.7 0.00
51.4 0.143
29.4 0.00
29.4 0.00
33.4 0.00
33.4 0.00
46.1 0.00
41.0 0.00
17.5 0.144
58.2 0.006
58.2 0.006
71.8 0.000
49.5 0.000
45,6 0.093
65.6 0.068
65.9 0.00
60.9 0.5
49.1 0.110
79.8 0.056
79.8 0.132
40.1 0.00
55.0 0.00
70.8 0.00
37.5 0.00
56.1 0.017
47.0 0.198

Monthly

Max.

8.12
7.76
7.00
7.13
6.37
8.61
9.30
7.31
8.48
9.17
8.47
9.24
10.38
9.45
9.36
5.21
8.38
9.86
10.17
10.30
8.08
9.75
10.40
7.22
6.15
6.28
5.60
6.84
9.34
7.25
4.67
10.10
3.87

Min.

0.277
0.013
0.047
0.052
0.269
0.038
0.113
0.251
0.000
0.117
0.036
0.00

0.005
0.000
0.000
0.313
0.008
0.000
0.086
0.000
0.350
0.094
0.108
0.068
0.206
0.096
0.009
0.015
0.00

0.00

0.044
0.051
0.406

Max.

1.94
2.82
2.68
2.87
2.64
3.53
3.71
2.99
2.33
3.35
3.07
1.79
3.19
3.30
3.30
2.44
2.57
3.08
3.19
3.20
3.91
2.91
2.98
2.49
2.86
2.45
3.09
2.78
2.79
2.21
2.16
3.28
2.07

Min.

1.62
0.531
0.696
0.644
1.11
0.356
0.966
0.830
0.062
1.01
1.26
.003
0.904
0.775
0926
2.09
0.026
0.887
0.804
1.32
1.84
1.03
0.523
1.01
0.947
0.341
1.38
0.754
1.05
0.882
0.796
0.992
1.24

Average
for
Period

1.81
1.59
1.73
1.68
1.91
1.52
1.90
1.74
1.13
1.89
2.03
0.81
1.93
1.93
1.98
2.23

.87
1.86
2.00
2.07
2.59
1.93
1.87
1.92
1.81
1.34
2.02
1.73
1.83
1.36
1.34
2.03
2.03



TABLE 9

COMPARATIVE FLOOD DATA - MAXIMUM -FLOODS OF RECORD, PASSAIC RIVER BASIN, N. J.

COMPARISON OF REPRODUCED AND OBSERVED DATA, FLOOD OF OCTOBER 1903

Gross F]OOd;yREg;SSUCEd Observed or Estimated
Drainage by ‘Other Agencies

Stream and Area Peak Discharge Day and Hour Peak Discharge Day and Hour

Localicy (Sq.Mi.) (c.f.s.) of Peak (c.f.s.) of Peak Authority
Passaic R. at Millington 55.4 2,777 = a - -
Passaic R. at Chatham 100.0 3,232 Hre 2 em 2,400 10th, 12 am D
Passaic R. at Chatham - - 9ch, 12 pm A
Passaic R. at Chatham - b llch, 7 am B
Rockaway R. at Boonton -119.3 2,014 2rd 7 #m 7,560 10ch, 4 am D, E
Rockaway R. at Boonton - 5,76&a 10cth, 4 am A, B
Whippany R. at Morristown 29.4 2,244 - - -
Whippany R. at Whippany 38.0 2,500 9th, 12 pm D
Whippany R. at Whippany - - 9ch, 5 pm A
Ramapo R. at Mahwah 118.0 (%,22% o 3 wer 12,400a 9ch E, F
Ramapo R. at Pompton Lakes 160.0 11,902 9r= % fen 9,000 9¢th, 1 pm A, B
Wanaque R. at Wanaque 90.4 <z -4 - -
Wanaque R. at Pompton 108.1 8,440a 9th, 12 am A, D, F
Pequannock R. at Macopin Dam 63.7 S,BOOC 10cth, 4 am D
Pequannock R. at Macopin Dam - 6,100 10th E, F
Pequannock R. at Pompton AR - - - -
Pompton R, at Pompton 353.8 o7d ) 28,3002 10th, 6 am® D, ¥
Pompton R. at Mountain View 377.3 23,400‘:l 9th, 4:30 pm to A, F

- 10th, 12 am
Passaic R. at Little Falls 762.2 31,379 T D e 31,700 10th, 4 pm A, C, F
Passaic R. at Little Falls - 32,700 10th, 6 pm G
Passaic R. at Patersorn 785.0 31,53 28,000 10th F
Passaic R. at Dundee 809.9 32, 250 35,800 10th, 9 pm A, E, F
= New Jersey State Geologist, Report of 1903. a. Estimated value
= Northern New Jersey Flood Commission, Report of 1904. b. HMaximum daily discharge.

OmmoOw»
1]

nonon

= U. S. Geological Survey, Water Supply Paper MNo. 92 (1904).
New Jersey State Water Policy Commission, Report of 1931,
U. S. Geological Survey, Water Supply Paper No. 799 (1936).
U. S. Geological Survey, Watér Supply Paper No. 847. ‘
New Jersey Dept. of Conservation and Development (C C Vermoule) 1928.

¢,  Maximum daily discharge, 5,360 c.€f.s.

COMPARATIVE DISCHARGES OF MARCH 1902 AND OCTOBER 1903 FLOODS
JEO __I
Lictle Falls - Beatties Dam Clifton - Dundee Dam |
D.A. = 762.2 sq. mi. D.A. = 809.9 sq. mi. }
Discharge Volume Discharge Vo lume J
Source of Data Peak Time Limits Peak Peak _... .. Time Limics. i
(c.f.s.) Peak Time Inches From To (c.f.s.) | Time Inches From To -—}
October 10, 1903 1‘
crober 1V, 1990 1
U.5.G.5. 1904 31,675 2 pm - g pm? 6.61 10/8 6 pm 10/17 6 am 35,000 9 pm 7.83b 10/8 6 am /17 9 an
6 pm
U.s.G.S. 1937 31,700 - - - - 35,800 - v e - -
Vermoule 1903 - 2 pm " e - - IL,510 8 pm 7.12 - -
Vermoule 1928 32,628 6 pm 6.22 - - 3L,sl0 - 6.24 - - ;
N.J.F.C. 1904 - - - - - 37,300 9 pm 7.10 10/9 4 am 0717 19 o=
Adopted 31,700 2 pm 6.22 10/8 6 pm 10/17 6 am 35,800 9 pm 6.50 10/8 6 am L0/L7 9 im g
March 2, 1902
U.S.G.S. 1902 23,600 12N 6.35 2/25 12 N 3/6 6 pm 25,000 6 pm 6.93¢ 2/25 12 8 ¢33 A
U.s.c.s. 1937 21,200 - - - = 25,000 - - - -
Vermoule 1902 21,207 9 am - - - 22,677 7 pm 5.35° - ! -
Vermoule 1928 - 21,207 12 N - - - 22,677 - - - -
N.J.F.C. 1904 - - - - . - 26,000 6 pm 6.25 /25 12 0% 503 A e
Adopted 21,200 12 N 5.94 2/25 12 % 3/8 6 pm 24,000 6 pm 5.82 2/25 12 0% 34 A=

U.S.G.5 - United States Geological .Survey - W. S. & I Paper 92 -(1904 Report) (Pages 9, 16 and 17).
Reported as 7.83 lnches of Runoff on Page L9 Reference (a).
Reported as 7.10 Inches of Runoff on Page 19 Reference (a).

Cevlogi

al’ Survey of New Jersey (1903 Report) by C.C. Vermoule (Page 24).
~ Northern New Jersey Flood Commission.

a
b

<

d.  New Jrrsey Deparcment of Conservation & Development (1928 Report) by C.C, Vermoule {(Page 13).
o :

t



TABLE 9A :
RANKINGS OF APRIL 1984 FLOOD (A)
AT
LONG-TERM GAGING STATIONS
PASSAIC RIVER AND TRIBUTARIES, N.J. AND N.Y.

BASIN STATION

OR GAGING YEARS OF RANKING
SUB-BASIN STREAM STATION RECORD (B) OF FLOOD
Rockaway Rockaway Above 47 Highest

: Reservoir

Pompton Pequannock Macopin 49 Second (C)

" Wanaqgue Awosting 66 , Highest

" " Monks 50 Highest

" " Wanague 66 Highes*%

" Ramapo Mahwah 62 Highest

" " Pompton Lakes 63 Highest

" : Pompton PomptonvPlains 44 Second (C)
Passaic Passaic | Little Falls 52 Fifth (C)

(A) Reference floods unadjusted for urbanization effects, if any.
(B) Period of continuous record through water year 1984.
(C) Highest flood occurred prior to start of continuous record.



TABLE. 10 SUMMARY OF SUBAREA DATA, PASSAIC RIVER BASIN, N.Y. & N.J.

‘Stream Length to Subarea Average

Subarea Point of Drainage Watercourse Slope Center of Slope Imperviousnes

Number Interest Area Length (ft/mi.) Gravity (%) (%)
(sq.mi.) (mi.) (mi.)

10 3.27 2.23 24.2 . 1.41 6.66 11.23
15 5.56 3.01 69.8 1.7% 9.93 10.00
20 3.97 1.62 - 35.8 0.61 2.85 24.39
30 25.8 9.56 9.56 6.00 4.53 18.43
40 12.6 6.95 6.10 3.61 3.38 21.40
50 1.33 1.69 15.7 0.63 2.29 22.57
60 1 2.87 0.58 86.7 0.31 3.69 21.18
70 2 2.50 0.79 31.7 0.40 3.24 16.20
80 3 20.5 7.61 10.4 3.21 3.85 13.96
90 4 11.8 1.09 24.2 0.39 4.23 21.38
100 3.40 1.13 18.2 0.40 5.00 29.1
110 5 4.60 3.60 56.8 1.03 5.78 28.85
120 6 1.80 0.90 88.9 0.13 5.85 16.60
130 3.76 1.48 108.0 0.62 2.97 34.32
140 7 2.80 3.32 63.7 2,02 4.80 13.75
150 8 1.50 2.88 59.4 2.32 3.23 20.70
160 9 2.38 2.64 125.0 1.54 7.61 13.95
170 10 3.37 2.48 125.0 1.37 4.61 17.41
180 1.78 0.49 240.0 0.32 2.83 - 31.63
190 11 2.72 2.35 12.5 1.71 2.93 25.69
200 12 10.2 1.10 18.2 0.63 2.24 28.17
210 13 3.85 3.42 105.0 1.48 3.97 22.17
220 14 0.41 0.81 33.3 0.59 3.00 15.33
230 15 6.42 0.79 16.7 0.41 3.16 23.82
240 23.1 14.2 35.9 9.71 12.84 10.23
245 7.70 1.11 106.0 0.53 9.22 16.97
. 250 14.9 10.8 51.2 5.68 10.65 30.36
260 16 0.91 0.34 156.0 .21 3.93 35.95
270 4.59 3.00 120.0 1.32 7.78 16.64
280 17 1.30 1.41 93.1 1.42 5.96 22.10
290 2.90 0.84 120.0 0.53 8.87 35.83
300 4.90 5.09 74.6 2.86 8.78 16.69
310 18 3.55 1.37 122.0 0.22 6.65 26.51
315 5.00 2.35 56.7 2.01 9.92 20.24
320 3.38 3.22 135.0 - 1.89 11.20 7.44
322 1.02- 1.14 134.5 €.29 10.63 5.6%
325 8.10 5.09 75.6 2.26 11.23 9.832
330 5.35 3.88 96.2 1.36 7.99 28.77



"TABLE 10 SUMMARY OF SUBAREA DATA, PASSAIC RIVER BASIN, N.Y. & N.J-

k\N (Continued)
Stream Length to Subarea Average
Subarea Point of Drainage Watercourse Slope Center of Slope Imperviousnes
Number Interest Area  Length (ft/mi.) Gravity (%) (%)
(sq.wmi.) (mi.) ’ (mi.)
340 105 7.36 6.57 40.6 3.28 8.97 18.15
342 1.18 1.87 14.0 0.89 5.92 27.55
345 1.20 0.38 193.0 0.08 4.45 27.92
350 19 3.07 2.39 41.3 0.98 6.93 22.57
360 : 1.04 0.34 57.8 0.18 9.56 13.87
370 4.88 4.72 28.4 2.39 10.75 14.23
373 0.58 0.74 41.4 0.28 10.00 9.59
375 2.95 2.89 73.8 1.79 11.68 6.95
377 3.67 3.57 79.6 1.75 9.06 11.93
380 0.68 0.79 28.3 0.51 8.48 13.93
385 2.69 1.29 159.0 0.79 10.33 15.92
390 21 3.00 2.19 80.0 0.87 3.85 54.74
400 1.76 0.49 187.0 0.29 5.03 23.74
410 22 7.71 . 6.23 43.9 3,03 9.44 16.05
420 3.36 1.18 94.4 0.69 1.91 33.31
430 23 1.59 2.10 17.1 1.08 4.04 17.82
440 24 0.85 0.32 178.0 0.21 2.06 34.94
450 -14.0 6.11 77.4 3.59 9.75 11.33
455 2.31 0.78 , 38.3 0.38 9.14 15.88
\\l’ 460 25 3.55 4.18 85.1 3.21 9.90 13.56
: 470 26 0.63 1.50 52.4 0.91 5.14 26.41
480 27 1.94 2.74 219.0 1.29 10.36 14.71
485 1.53 1.90 180.4 0.84 9.27 19.98
490 29 3.31 2.14 : 54.0 0.88 8.59 25.76
500 30 2.13 0.60 66.7 0.37 3,38 43.63
510 9.02 5.51 31.8 3.10 2.72 29.95
520 10.4 2.68 4.41 1.37 2.43 27.79
530 . 1.38 0.69 3.91 0.73 1.68 34.5
540 31 11.6 6.51 69.9 3.58 3.07 ©30.70C
550 32 1.31 2.71 37.5 1.31 2.12 18.31
560 1.89 0.82 3.31 0.42 1.00 32.56
570 34 4.04 2.50 10.7 1.00 1.79 24.17
580 36 0.58 1.21 6.66 0.92 . 1.00 30.19
590 38 3.09 3.10 120.0 2.21 5.59 24.30
600 39 0.62 0.59 62.2 0.41 4£.22 35.19
610 2.27 1.50 4.41 0.82 1.34 26.79
620 40 11.3 1.61 5.82 0.69 3.15 28.06
630 6.47 5.91 49.7 4.10 10.01 5.98
640 5.51 4.18 57.1 2.10 9.22 14.63
650 1.37 0.62 24.4 0.12 11.83 9.71
660 5.40 2.31 59.7 0.31 10.71 9.53



TABLE 10 SUMMARY OF SUBAREA DATA, PASSAIC BASIN, N.Y. & N.J.

(Continued)
Stream Length to Subarea Average
Subarea Pointof Orainage Watercourse Slope Center of Slope Imperviousnes
Number Interest Area Length (Ft./mi.) Cravity (%) (%)
(sq.mi.) (mi.) (mi.)

670 2.81 2.81 < 74.8 1.20 12.89 5.84
680 1.33 2.27 159.0 1.09 10.53 3.64
690 3.59 0.79 281.0 0.18 10.74 25.21
700 5.42 1.52 127.0 0.61 7.37 14.69
710 10.3 6.10 35.0 3.08 10.56 14.93
720 2.35 1.44 55.2 0.31 8.94 8.97
730 6.66 4.91 20.1 0.83 11.72 8.38
740 5.11 1.71 115.0 0.91 11.49 17.58
750 4.54 2.37 44.4 1.21 8.59 19.20
760 0.90 g.27 403.0 0.10 17.06 3.74
770 1.91 1.41 185.0 0.73 ' 15.8 11.41
780 10.7 1.49 187.0 0.80 13.01 18.00
790 _ 7.08: 6.43 87.5 3.51 10.16 20.22
800 41 3.60 2.00 199.0 0.41 11.38 18.91
810 ‘ - 27.1 8.51 42.4 0.19 13.29 19.06
820 13.3 2.73 103.0 1.01 16.01 6.19
830 19.1 10.4 59.9 4.59 16.03 10.51
840 4.38 3.31 97.0 1.41 13.65 12.43
850 11.8 4.89 179.0 2.21 12.81 9.29
860 1.71 1.92 275.0 1.61 15.16 5.00
870 13.02 1.04 261.0 0.42 12.82 30.91
880 : 5.84 6.13 98.4 2.71 14.58 12.61
890 1.80 0.82 193.0 0.14 11.62 22.23
900 . 8.09 7.77 118.0 - 4.10 11.33 15.93
910 42 0.65 1.31 3.08 0.81 2.18 30.78
920 44 2.05 1.18 44.4 0.53 4,57 27.64
930 45 8.58 4.71 56.7 1.52 7.74 17.56
935 50.9 17.95 15.60 7.16 15.45 12.89
940 18.1 9.27 71.7 4,88 13.92 9.18
950 46 3.55 3.02 153.0 1.82 15.93 15.3¢4
960 47 1.84 3.00 66.7 2.49 13.56 6.47
970 49 1.05 0.69 514.0 0.51 15.45 14.79
980 50 8.66 1.48 245.0 1.37 18.28 11.10
985 12.3 5.78 26.4 2.51 12.43 12.09
990 51 7.38 2.01 98.0 0.69 7.71 18.71
1000 0.63 0.40 300.0 0.22 4.39 43.66
1010 3.59 4.20 65.5 1.51 4.52 31.22
1015 0.76 0.95 33.5 0.40 6.53 23.51
1020 55 0.65 0.49 160.0 0.21 9.95 43.4
1030 56 20.1 2.17 296.0 0.83 12.63 10.52
1040 54 7.82 5.48 35.2 2.71 6.99 22.3%



,‘f “TABLE 10 SUMMARY OF SUBAREA DATA, PASSAIC RIVER BASIN, N,Y. & N.J.
: N (Continued)

Stream Length to Subaresa Average
Subarea Point of Drainage Watercourse Slope Center of Slope Imperviousnes
Number Interest Area Length (ft/mi.) Gravity (%) (%)

(sq.mi.) (mi.) (mi.)

1050 2.13 0.79 642.0 0.29 13.16 9.50
1060 0.71 0.61 1622.0 0.21 13.98 9.28
1070 58 4,59 1.11 194.0 0.20 10.62 18.93
1080 59 6.66 1.20 101.0 0.57 7.67 34.25
1090 60 1.11 0.61 160.0 0.21 6.18 31.65
1100 61-A 2.60 0.81 25.0 0.37 2.38 32.36
1110 62 1.58 1.02 42,7 0.58 2.28 24.04
1120 3.54 3.11 23.7 5.87 6.92 10.91
1130 63 2.25 3.08 62.4 2.21 9.41 10.35
1140 64 4.37 4.11 40.7 2.43 7.19 18.80
1150 65 2.30 1.61 16.7 0.62 6.04 20.76
1155 0.34 0.41 33.3 0.21 1.00 23.25
1160 2.38 0.79 8.30 0.59 3.67 29.36
1170 ~ 66 1.96 1.80 14.8 0.80 6.11 30.10
1180 67 1.90 0.83 41.7 0.41 4.99 33.46
1190 68 0.89 0.90 25.2 0.61 2,30 34.89
1200 70 1.89 2.21 144.,0 2.02 5.07 17.86
KJ’ 1210 71 2.16 1.49 107.0 1.12 5.00 27.74
g 1220 72 1.52 1.44 3.81 0.41 - 1.29 42.87
1230 73 1.71 0.79 5.00 0.51 2.45 49.96
1240 74 6.90 4,69 36.0 2.62 6.72 24,27
1250 75 4.35 2.81 78.6 0.41 4,17 33.06
1260 76 4.03 1.11 42.4 0.21 4.41 42.95
1270 0.72 0.61 100.0 0.32 2.89 66.22
1280 77 2.02 1.52 28.4 0.79 6.10 18.25
1290 78 4.36 1.81 66.7 0.50 6.40 - 34.18
1300 79 3.40 0.79 217.0 0.21 5.94 31.70
1310 1.45 1.39 76.2 0.61 6.42 21.27
1315 3.66 1.73 70.6 0.88 9.03 21.09
1317 0.54 1.21 297.0 0.64 9.39 42.03
1320 2.29 0.79 183.0 0.22 7.22 38.58
1330 82 4.31 2.00 147.0 0.73 7.07 33.93
1340 83 8.71 6.89 51.0 4.21 5.14 27.83
1350 3.73 0.83 50.0 0.27 5.33 57.26
1360 84 2.97 2.47 16.0 2.11 3.52 35.88
1370 85 1.31 1.09 30.3 1.09 2.10 52.05
1380 6.64 1.43 28.6 0.22 2.54 51.46
1385 1.37 1.40 19.0 0.95 1.43 50.91
1390 3.57 3.21 8.19 1.31 2.73 52.24
1400 21.6 10.2 39.0 6.13 5.59 21.17
1410 86 1.40 ©0.41 73.3 0.22 1.73 28.44
1413 2.63 4.717 50.3 2.42 4.21 21.98
1415 9.11 4.35 24.5 2.12 3.84 24.57



TABLE 10 SUMMARY OF SUBAREA DATA, PASSAIC RIVER BASIN, N.Y. & N.J.

(Continued)
Stream Length to Subaresz Average
Subarea Point of Drainage Watercourse Slope Center of Slope Imperviousnes
Number Interest Area - Length (ft/mi.) Gravity (%) (%)
(sq.mi.) (mi.) (mi.)
1417 3.10 2.58 1.51 1.32 .3.26 27.32
1420 87 2.02 1.06 56.00 0.64 5.41 29.81
1430 88 3.12 0.61 200.0 0.42 3.02 32.54
1440 90 2.02 1.29 8.21 0.62 1.50 37.18
1445 1.28 0.76 10.0 0.49 1.95 31.35
1450 91 1.12 1.01 8.04 0.79 1.03 44.64
1460 92 4.97 5.32 8.79 2.31 2.23 40.35
1470 93 0.59 0.41 57.6 0.18 1.71 68.29
1475 0.30 0.45 40.6 0.22 1.32 39.61
1480 94 0.46 0.68 7.61 0.63 1.50 65.36
1490 95 0.88 1.08 24.2 0.31 1.65 43.28
1500 96 4.54 0.81 25.0 0.29 3.18 48.91
1505 4.45 2.05 68.3 1.29 5.58 47.96
1510 97 2.04 0.67 - 33.0 0.35 1.89 50.51
1520 98 2.28 1.23 25.6 1.21 2.47 43.18
1525 0.41 0.81 86.7 0.49 2.11 40.15
1530 99 6.55 6.09 30.6 3.31 4.09 35.65
1540 100 2.74 0.48 - 235.0 0.23 2.98 35.37
1550 101 2.51 1.57 55.8 0.49 3.51 43.46
1560 0.97 0.79 133.0 0.08 1.92 62.08
1570 3.57 0.53 26.7 0.32 2.95 50.44
1580 4.24 0.59 107.0 0.32 3.43 49.65
1590 102 10.81 4.21 61.0 2.33 4.50 41.25
1600 103 0.79 0.42 167.0 0.22 2.02 48.25
- 1610 7.88 2.79 5.51 1.92 1.85 45.09
1620 104 13.0 1.10 82.6 0.39 1.91 59.01



TAELE 11 - CALIBRATION STORM RAINFALL IN INCHES
({BAGING STATION RECQRDG)
FASEAIC RIVER BASIN: M.t aNI N.Y.

GAGING STATION 7 STORM QF

HO 1/ LOCATION TYFE 2/ BAG 10755 L/6B 4770 B/71 12773 11777

1 HEWARK R 2427 2099 4,22 1,98 7.97 2,15 7.46
2 JERSEY EITY MR 0,90 4.54 1,57 2.62 4,00
3 RILSEFIFELD NE 2.20 4.24 : .

4 MEW MILFORTD R 13 4,02 4,836 1,84 4.13 2,23 8.07
3 WORRCLIFE LAKE R .24 4,73 4,14 2,13 7.21 0 2,92 .07
7 PATERSON MR 4,93 4,13 5.15 5:46 3,80

8 LITTLE FaALLS R 4:31 0 4.92  4.41 2,20 9.4 3.34 7.7¢
@ CEDAR GROVE NE 2.87 GT.BS

HAHWAH NR £.:44 8.25 3.23 5.04
WAMARUE R
RINGW3ROD MR
GREENWOOR LARKE - NR
HACORFIN 1AM NE
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19 CHARLOTTERURG NR 3/ 6.73 2 5,95 7467 3,40 G.50
22 ARk RIDGGE RES HE f.861 7041 $ 32 .12 2,34 Z.20
23 CAMISTEAR RES HE 7700 7470 4,42 671 2465 325
24 BILTON _ MR L1 4,69 4,14 6.10
23 HORRIS FLAINS MR p 22 5.00 G463 .72 2,89 4.33
28 ROOMTON CONE 7 535 6.24 3.74 0 2.96  4.08

4 5,32 5.28 7485 3,18 4,15

29 SFLIT ROQCK FOND MR

7 QRANGE R
A8 CAMDE BROOK MR
kY CHATHAN NR
4

4,19
4,07 7.94 ?:+20 2,78 G.17

- -

P R B RS R I B
-

-

O oo~ B0 Lh

44 SUFFERN MR b4 430 8.44 3,11 7.84
47 HINLANR FPARK NR = G4 6,79 8.33 3.43 4.78
44 ALLENDSLE R b2 .73 2,3% 7.91 3.21

450 RENARRBEVILLE NR 2468 ?.33 2.82 10
44 ESSEX FELLS R 2,31 4,73 4048 2,07 7.48 3,00 7,11
47 UHARTON NR 4,58 7469 3,03 2,43
4R SUSSEX NR 8:10 6005 2,64 6,38 2,40 .54
49 NEWTON R 7+.44 4,89 2,57 3,17 5.84 2,75 2.08
=50 SOMERVILLE MR 3.80 S.84 3,97 .37 2,31 3.34
a1 WATCHUNG E Jv63 3044 5,42 2,00 8.75 2,42 5,45
52 FLAINFIELD MR £.32 4,37 4A.13 g.87 2,50 4.73
33 WESTFIELD R 2.81 4.34

o4 SPRINGFIELD ki 3,22 340B 6.30 1,99 9.45 2,70 T.14
] ELIZARETH NR 2:323 524 4,586

b - ELIZARETHRORT R 1.93  3.48

a7 : CENTRAL PARK R 1.88 2,49 4,92 G946 2,45 9.54
we WEST POINT A MR 4,86 7.30 3.30 “5.48  1.18 S.0%
a4y WARNILCE NE 3.87 6.17 4,28 ' 2.93

1/ SEE FIGURE &.
2/ R = RECORDING: NR = NOM-RECORLING,
3/ RECORNING FOR 12/7F ANL 11/77 EVENTS,



TABLE 12 HYDROLOGIC MODEL SUBAREA PARAMETERS
PASSAIC RIVER BASIN, N.J. - N.Y.
RAMAPO RIVER SUBBASIN, Page 1

Subarea DA T |- R R QRCSN RTICR STRTL CNSTL
(TC+R) | 5/68 | 4/70 {11/77 5/68 | 4/70 |11/77 5/68 | 4/70 |11/77 5/68 | 4/70 {11/77
930 8.58 | 5.6 7.6 .58 —.20> -.20 | -.20 1.5 } 1.2 1.5 .80 15 ] 1.3 .23 1 .05
4935 50.9 [11.5 |15.5 .57 -.20 { -.20 | -.20 1.5 } 1.2 1.5 .80 151 1.3 .23 A1 .05
940 18.1 7.4 ]10.0 .57 -.20 —.20 -.20 1.5 } 1.2 1.5 .80 .15 ] 1.3 .23 11 .05
950 3.55 ;1.1 5.5 .57 -.20 | -.20 | -.20 1.5 } 1.2 1.5 .80 151 1.3 .23 11 .05
960 1.84 | 3.3 4.5 .58 -.20 { -.20 | -.20 1.5 } 1.2 1.5 .80 .15} 1.3 .23 11 .05
970 1.05 | 3.0 4.5 .60 ~-.20 { -.20 | -.20 1.5 1.2 1.5 .80 151 1.3 .23 A1 .05
980 8.66 5;6 7.6 .58 -.20 | -.20 | -.20 1.5 | 1.2 1.5 .80 151 1.3 .23 1 .05
985 12.3 3.0 8.2 73 -.30 | -.20 | -.20 1.5 1.2 1.5 1.3 .10 ] 1.2 .17 .05 .08
990 7.38 5.3 | 7.2 .58 ~.20 | -.20 | -.20 1.5 | 1.2 1.5 .80 .15 ) 1.3 .23 A1 .05
1000 0.63} 2.5 4.5 .64 -.20 | -.20 } -.20 1.5 { 1.2 1.5 .8 .15 ] 1.3 .23 1 .05
1010 3.59 | 4.1 5.5 .57 -.20 | -.20 | -.20 1;5 1.2 1.5 .80 .15 .50 .23 q1 .03
1015 0.76 | 2.7 } 4.7 .64 ~.20 | -.20 } -.20 1.5 | 1.2 1.5 .80 .15 .50 .23 A1 .03
1020 0.65]1 2.6 | 4.5 .63 -.20 | -.20 | -.20 1.5 [ 1.2 1.5 .80 15 1 1.3 .23 11 .05
1030 20.1 5.6 ]10.5 .65 -.20 | -.20 | -.20 1.5 | 1.5 1.5 .50 .15 1.25 .38 .06 .50
1040 7.82 13.8 |5.1 .57 -.20 | -.20 | -.20 1.5 | 1.5 1.5 .50 15 1 1.25 .38 .06 .50




TABLE 12 (CONT'D)  HYDROLOGIC MODEL SUBAREA PARAMETERS

PASSAIC RIVER BASIN, N.J. - N.Y.
RAMAPO RIVER SUBBASIN, Page 2

Subarea DA TC R R . QRCSN ‘ RTIOR STRTL | CNSTL
(TC+R) | 5/68 | 4/70 {11/77 5/68 | 4/70 {11/77 5/68 | 4/70 |11/77 5/68 | 4/70 |11/77
1050 2.13 12.0 | 3.4 .62 -.20 | -.20 | -.20 1.5 | 1.5 | 1.5 .50 .15 1 1.25 .38 .06 .50
1060 0.71 | 1.0 | 3.4 77 -.20 | -.20 | -.20 1.5 | 1.5-]1.5 50 .15 1 1.25- .38 .06 .50
1070 1459131 | 425 .58 -.20 | -.20 | -.20- 1.5 [ 1.5 | 1.5 .50 .15 | 1.25 .38 .06 .50
1080 6.66 | 3.8 | 5.1 .57 -.20{-.20 | -.20 | 1.5 | 1.5 | 1.5 .50 .15 | 1.25 .38 .06 .50




TABLE 12 (CONT'D)

HYDROLOGIC MODEL SUBAREA PARAMETERS

PASSAIC RIVER BASIN, N.J. - N.Y.

POMPTON RIVER SUBBASIN, Page 1

Subarea DA TC R R QRCSN RTIOR STRTL CNSTL
(TC+R) | 8/55 110/55 | 5/68 [ 4/70 | 8/55 |10/55 | 5/68 | 4/70 | 8/55 10/55 | 5/68 [ 4/70 | 8/55 {10/55 | 5/68 | 4/70
630 6.47 | 2.0 |13.0 .87 -2 | -2 | =2 | =2 1.2 1.2 1.2 [ 1.2 .8 .86 | 1.25 1 .7 .38 1 .35 .08
640 5.51 | 2.0 J12.0 .86 -2 | =2 -2 | -2 1.2 1.2 1.2 | 1.2 .8 .86 | 1.25 7 .38 11 .35 .08
650 1.37 1 1.6 | 7.4 .82 -2 | =2 | =2 | =2 1.2 1.2 1.2 | 1.2 .8 .86 | 1.25 .7 .39 1 .35 .08
660 5.40 } 2.2 |11.8 .84 -2 | -2 -2 | =2 1.2 1.2 1.2 [ 1.2 .8 .86 | 1.25 7 .39 .11 .35 .08
670 2.81 { 1.5 | 9.5 .86 -2 | -2 -2 | -2 1.2 1.2 1.2 1.2 .8 .86 | 1.25 7 .38 1 .35 k.O8
680 1.33 1 1.6 | 7.4 .82 -.2 -.2 -2 -2 1.2 1.2 1.2 1.2 .8 .86 1 1.25 .7 .38 1 .35 .08
690 3.59 | 3.0 [10.0 77 -2 | =2 —.2 -.2 1.2 1.2 1.2 | 1.2 .8 .86 | 1.25 | .7 .39 .11‘ .35 .08
700 5.42 2.0 J12.0 .86 -2 | -.2 -2 | -2 1.2 1.2 1.2 [ 1.2 .8 .86 | 1.25 .7 .38 11 .35 .08
" 710 10.3 3.0 j14.7 .83 -2 ] -2 -2 | -2 1.2 1.2 1.2. ] 1.2 .8 .86 | 1.25 '.7 .39 A1 .35 .08
720 2.3511.6 | 8.9 .85 -.2 -.2 -2 | -2 1.2 1.2 1.2 1.2 .8 .86 | 1.25 .7 .38 11 .35 .08
730 6.66 .2.5 12.5 .83 ~.2 -.2 -2 | -2 1.2 1.2 1.2 1.2 .8 .86 | 1.25 7 .37 A1 .35 .08
740 5.11 | 2.0 J11.5 .85 -.2 -.2 -2 | -.2 1.2 1.2 1.2 | 1.2 .8 .86 | 1.25 .7 .37 1 .35 .08
750 4.54 | 2.5 [11.0 .81 -2 | -2 -2 | -2 1.2 1.2 1.2 1.2 .8 .86 | 1.25 7 .37 1 .35 .08
760 0.90 | 1.5 7.0 .82 -2 | -2 -2 -2 1.2 1.2 1.2 1.2 .8 .86 1 1.25 Vi .37 A1 .35 .08
770 1.91 | 3.0 7.0 .70 ~-.2 -.2 -2 | -2 1.2 1.2 1.2 1.2 .8 .86 | 1.25 7 .37 .11 .35 .08




TABLE 12 (CONT'D)  HYDROLOGIC MODEL SUBAREA PARAMETERS
PASSAIC RIVER BASIN, N.J. - N.Y.
POMPTON RIVER SUBBASIN, Page 2
Subarea DA TC R R __QRCSN RTIOR STRTL CNSTL

(TC+R) | 8/55 |10/55 | 5/68 | 4/70 |.8/55 |10/55 | 5/68 | 4/70 | 8/55 |10/55 | 5/68 | 4/70 | 8/55 |10/55 | 5/68 | 4/70
780 10.7 ;1.0 15.0 .79 -2 |-2 |=2 |-2 {12 1.2 )12 |1.2 .9 .55 | 1.3 .15 .20 .07 1 .56 .02
790 7.08 | 3.0 }13.0 .81 -2 (-2 j-2 ]-2 1.2 1.2 |12 |1.2 .8 .55 ] 1.3 .15 .20 .07 | .56 .02
800 3.6 | 3.5 [10.5 .75 -2 (-2 |-2 (=2 |12 |12 |12 }1.2 -9 .55 | 1.3 .15 .20 .07 | .56 .02
810 27.1 | 5.0 |35.0 .88 -2 (-2 |=-2 (-2 |12 {12 |12 |1.2 4 | 1.0 .6 .5 .02 .01 .15 .02
820 13.3 | 3.5 | 4.0 .53 -2 |-2 |~-2 | -2 |12 '1.2 1.2 1.2 .5 .4 .6 .5 .08 .09 .22 .02
830 19.1 | 1.8 |27.8 .94 -2 (-2 |=-2 |-2 |12 j1.2 |12 |1.2 .45 .55 .5 .6 A7 .03 .23 .02
840 4.38 | 1.03}| 9.27 -2 (=2 §-=2 |-.2 1.2 1.2 1.2 | 1.2 .8 | 3.3 .5 .6 .26 .02 .10 .09
850 11.8 | 1.03 [16.0 -2 |-2 (=2 (-2 12 {12 |l.2 |1.2 .32 .35} .43 .45 .1 04 ] .43 .09

- 860 1.71 | 1.03 | 8.33 -2 (-2 |-2 (-2 |12 jlz |1l.2 |~1.2 .65 1 1.45 | .5 .8 28 .09 .1 1

870 13.02 | 3.0 | 4.0 -2 (=2 -2 |-2 |12 |12 |1l.2 1.2 .9 | 2.0 5 1.5 .18 .35 | .05 .3
880 58123 |75 -2 | =2 | =2 |-2 }1.2 i.2 1.2 } 1.2 .5 .45 1 1.3 .1 .09 .04 ] .6 .02
890 1.80 1.7 | 5.0 -2 |-2 -2 |=-2 |12 |12 j1.2 1.2 .5 451 1.3 .1 .09 .04 | .6 .02
900 8.09 | 3.0 }15.0 -2 | ~2 -2 | -2 1.2 1.2 1.2 1.2 .5 .45 | 1.3 .1 .09 .04 .6 .02
910 0.65 | 2.5 | 4.5 -2 -2 |=-2 }-2 |12 |12 1.2 }|1.z2 .5 .45 | 1.3 .1 .09 .04 .6 .02
920 205115 | 4.5 -2 | -2 | -2 |-2 {12 (12 |12 |1.2 .5 451 1.3 .1 .09 .04 .6 .02




TABLE 12 (CONT'D)

HYDROLOGIC MODEL SUBAREA PARAMETERS

PASSAIC RIVER BASIN, N.J. -~ N.Y.
POMPTON RIVER SUBBASIN, Page 3

Subarea DA TC R R QRCSN RTIOR ! STRTL CNSTL
‘ (TC+R) | 8/55 [10/55 | 5/68 | 4/70 | 8/55 |10/55 | 5/68 | 4/70 | 8/55 [10/55 | 5/68 | 4/70 | 8/55 [10/55 | 5/68 | 4/70
‘1090 1.11 § 2.0 j 4.5 -2 | -2 | -2 |=-2 |12 1.2 1.2 1.2 .5 .45 | 1.3 .1 .09 041 .6 .02




TABLE 12 (CONT'D)

HYDROLOGIC MODEL SUBAREA PARAMETERS

PASSAIC RIVER BASIN, N.J. - N.Y.
ROCKAWAY RIVER SUBBASIN, Page 1

Subarea DA TC R R QRCSN RTICR STRTL CNSTL
(TC+R) | 5/68 | 4/70 | 8/71 12/73 | 5/68 | 4/70 | 8/71 {12/73 | 5/68 4/70 | 8/71 |12/73 | 5/68 | 4/70 8/71 (12/73
240 23.1 | 4.0 22.5 .85 =20 -2 -2 |-3 1.4 1.2 1.2 1.2 1.75 197 2.1 .22 .29 .06 | 1.0 .06
245 7.7 | 3.0 [15.0 .83 -2 | =2 -.2 -.2 1.4 1.36 | 1.2 | 1.2 1.75 19 1 2.1 .22 .29 .06 | 1.0 .06
250‘ 14.9 [ 3.0 j22.1 .88 -5 | -5 | -5 |-5-]1.4 1.36 | 1.2 1.2 1.75 19 | é.l .22 .29 .06 | 1.0 .06
266 0.91 | 1.0 7.00 | .88 -2 | -2 ]-2 -2 1.4 1.36 | 1.2 1.2 1.75 Jd9 | 2.1 .22 .29 .06 | 1.0 .06
270 4.59 | 2.0 J13.1 .87 -2 ) =2 -2 | -2 |14 |1.36] 1.3 1.2 1.75 Jd9 ) 2.1 .22 .29 .06 | 1.0 .06
280 1.30 [ 1.5 | 8.5 .85 -2 | =2 -2 -2 ]1.4 {136 1.2 1.2 1.75 9§ 2.1 .22 .29 .06 | 1.0 .06
290 2.9 | 2.5 (10.1 .80 -2 | =2 =2 | -2 ]1.4 |13 | 1.2 1.2 1.75 Jd9 | 2.1 .22 .29 .06 | 1.0 (;
300 4.9 | 2.5 |13.6 .84 -2 | =2 -2 | -2 1.4 1136 1.2 1.2 1.75 19121 <22 .29 .06 | 1.0 .06
310 3.55 | 2.0 (12.1 .86 -2 =2 | -2 | -2 ]1.4 1.36 | 1.2 | 1.2 1.75 194 2.1 .22 .29 .06 | 1.0 .06
315 5.00 | 2.0 [15.0 .88 =S | =5 | -5 -5 1.4 |1.35|1.2 1.2 1.75 19 2.1 .22 .29 .06 | 1.0 .06
320 3.38 ] 2.0 [12.0 .86 -3 |-.2 -2 | -2 1.4 11.36 | 1.2 1.2 1.75 19 ) 2.1 .22 .29 .06 | 1.0 (;
322 1.02 ] 1.5 | 8.5 .85 -2 | =2 =2 | -2 | 1.4 {1.36]1.2 1.2 1.75 Jd9 | 2.1 .22 .29 .06 | 1.0 .06
—
325 8.10 ] 2.6 {17.6 .87 -5 -5 | -5 1-5 [1.4 1.36 | 1.2 1.2 1.75 19 (2.1 .22 .29 .06 | 1.0 .06
330 5.35 [ 2.2 |15.3 .87. =5 | -5 -5 |-5 [1.4 |13]1.2 1.2 1.75 19 4 2.1 .22 .29 .06 l.b .06
340 7.36 | 2.7 [16.9 .86 -5 [ -5 | -5 | -5 1.4 1.36 1.2 1.2 1.75 Jd9 1 2.1 .22 .29 .06 | 1.0 .06




TABLE 12 (CONT'D)  HYDROLOGIC MODEL SUBAREA PARAMETERS

PASSAIC RIVER BASIN, N.J. - N.Y.
ROCKAWAY RIVER SUBBASIN, Page 2

Subarea DA | TC R R ' QRCSN ~_RTIOR STRTL CNSTL

‘ (TC+R) | 5/68 | 4/70 | 8/71 |12/73 | 5/68 | 4/70 | 8/71 |12/73 | 5/68 | 4/70 | 8/71 {12/73 | 5/68 | 4/70 | 8/71 |12/73
342 1.18 | 1.5 | 8.6 .85 -2 -2 | -2 |-2 1.4 13612 1.2 |1.75 Jd9 1 2.1 .22 .29 .06 | 1.0 .06
345 1.20 | 1.5 | 8.7 .85 -2 | -2 -2 —.é 1.4 11.36 1.2 } 1.2 1.75 19 ] 2.1 .22 .29 .06 | 1.0 .06
3%0 3.07 é.O 12.5 .85 -5 -5 1-51-51]1.4 1‘.36 1.2 [ 1.2 | 1.75 A9 1 2.1 .22 .29 .06 | 1.0 .06
360 1.04 | 1.0 | 9.2 .90 -2 | =2 [-2 |-2 1.4 1.36v 1.2 | 1.2 1.75 A9 1L.75 .22 .29 .06 | 1.0 .06
370 4.8 | 2.0 {15.0 .88 -4 | -4 | -4 | -4 |14 | 1.36]|1.2 |1.2 |1.75 19 2.1 .22 .29 .06 | 1.0 .06 |
373 0.8 1.0 | 8.4 .89 -2 | =2 { -2 |-2 1.4 | 1.36 | 1.2 | 1.2 1.75 A9 | 2.1 .22 .29 .06 | 1.0 .06
375 2.95 | 2.0 {11.5 .85 -2 | -2 =2 -2 1.4 | 1.36 l.é 1.2 | 1.75 Jd9 2.1 W22 .29 .06 | 1.0 .06
377 3.67 | 2.4 |13.1 .85 -4t -4 | -4 | -4 | 1.4 13612 |12 1.75 A9 | 2.1 .22 .29 .06 | 1.0 .06
380 0.68 1.0‘ 8.1 .89 -2 | =2 | -2 |-2 1.4 {136 | 1.2 | 1.2 1.75 A9 1 2.1 .22 .29 .06 | 1.0 .06

385 2.69 | 2.0 |11.5 .85 -2 | =2 | =2 | -2 1.4 1.36 [ 1.2 | 1.2 1.75 19 ] 2.1 .22 .29 .06 | 1.0 .06




TABLE 12 (CONT'D)  HYDROLOGIC MODEL SUBAREA PARAMETERS

PASSAIC RIVER BASIN, N.J. - N.Y.
WHIPPANY RIVER SUBBASIN, Page 1

Subarea | DA | TC | R R QRCSN RTIOR STRIL CNSTL

(TC+R) | 8/55 [10/55 | 4/70 8/55 [10/55 | 4/70 8/55 |10/55 | 4/70 8/55 |10/55 | 4/70
450 140 | 5.0 |25 0.83 | -.15 | -.15 | .15 1.5 | 1.5 | 1.5 5 |10 | .28 25| .47 | Lot
455 231 {20 |89 0.8 |-15]|-15]-.15 1.5 | 1.5 | 1.5 5 |10 | .25 25| .47 .01
460 3.55 | 2.7 [102 {078 | -15 | -.15 | -.15 1.5 | 1.5 | 1.5 5 |10 | .25 251 47| Lot
o o6 |15 |54 |0 |15 15| 15 1.5 |15 | 1.5 5 |10 | .25 25| 47| .01
480 19421 |84 |08 |-15|-15] -1 1.5 [ 1.5 | 1.5 5 1.0 | .25 25| 47| Lot
485 1.53 1.7 | 7.8 |0.82 |-.15]-15] -.15 1.5 [ 1.5 | 1.5 5110 | .25 251 47| .ot
490 3.31 | 2.3 |10.0 {0.81 | -.15]|-.15]-.15 1.5 |15 | 1.5 5110 | .25 25| 47 .ot

500 2.13 | 2.1 7.0 [0.77 -.15 | -.15 | -.15 1.5 | 1.5 1.5 .5 1 1.0 .25 .25 .47 .01




TABLE 12 (CONT'D)  HYDROLOGIC MODEL SUBAREA PARAMETERS

PASSAIC RIVER BASIN, N.J. - N.Y.
PASSAIC RIVER HIGHLAND AREA, Page 1

Subarea DA T |'R R QRCSN RTICR STRTL CNSTL

(TC+R) | 5/68 | 8/71 [{12/73 | 4/70 | 5/68 | 8/71 {12/73 | 4/70 | 5/68 | 8/71 |12/73 | 4/70 | 5/68 | 8/71 [12/73 | 4/70

10 3.27 | 1.50 | 2.97 } 0.66 |-0.2 |-0.2 |-0.2 |-0.2 }2.0 |2.0 |2.0 2.0 .9 | 4.0 .53 .01 .51 .08 .13 .01

15 5.56 | 1.50 | 2.97 | 0.66 |-0.2 |-0.2 |-0.2 }-0.2 |2.0 } 2.0 2.0 }2.0 .9 | 4.0 .53 .01 .51 .08 .13 .01

20 3.97 1.5 | 6.00}0.8 }-0.2 [-0.2 |-0.2 |-0.2 1.7 | 1.7 | 1.7 | 1.7 .90 | 2.9 .05 .01 .26 .27 .01 .01

30 25.8 | 6.00 j20.0 {0.77 |-0.2 |-0.2 |-0.2 |-0.2 } 1.2 1.2 1.2 } 1.2 .90 | 2.9 .05 .01 .26 .27 .01 .01

40 12.6 | 6.00 {16.0 | 0.73 |-0.2 |-0.2 0.2 |-0.2 1.2 ] 1.2 1.2 | 1.2 .90 | 2.9 .05 .01 .26 27 .01 .01

50 1.33 | 1.34 j10.0 | 0.88 |-0.2 |-0.2 [-0.2 [-0.2 1.7 | 1.7 1.7 1.7 | .90} 2.9 .05 .01 .26 .27 .01 .01

60 2.87 1.1.50 |15.0 0.91 -0.2 |-0.2 |-0.2 |-0.2 1.7 1.7 1.7 | 1.7 .90 | 3.0 .05 01 .26 | .27 .01 .01

70 2.50 | 1.40 | 9.10 { 0.87 |-0.2 |-0.2 [-0.2 |-0.2 1.6 | 1.6 1.6 | 1.6 151 1.2 .10 .01 .05 .40 .04 .01

80 20.5 |5.00 |18.5 |0.79 |-0.2 [-0.2 |-0:2 (0.2 |1.7 [1.7 | 1.7 |1.7 .15 1.25 .10 .01 .05 .40 .04 .01

90 11.8 | 3.20 {15.3 } 0.82 ' }-0.2 [-0.2 |-0.2 |-0.2 1.7 | 1.7 1.7 | 1.7 .20 | 1.25.] .10 .01 .09 .40 .04 .01

100 3.40 | 1.50 | 5.50 { 0.79 |-0.2 |-0.2 [|-0.2 |-0.2 1.7 | 1.7 1.7 | 1.7 .25 | 1.25 .10 .01 .25 .40 .04 .01

110 4.60 | 2.00 | 5.60 | 0.74 |-0.2 |-0.2 |-0.2 {-0.2 | 1.7 | 1.7 | 1.7 |1.7 251 1.25 ) .10 .01 .25 | .40 .04 .01

120 1.80 | 1.40 | 4.10 } 0.75 |-0.2 |-0.2 !-0.2 {-0.2 1.7 | 1.7 | 1.7 1.7 .25 | 1.25 .10 .01 .25 .40 .04 .01




TABLE 12 (CONT'D)

PASSAIC RIVER BASIN, N.J. - N.Y.
PASSAIC RIVER CENTRAL BASIN, Page 1

HYDROLOGIC MODEL SUBAREA PARAMETERS

Subarea DA TC R R QRCSN RTIOR STRTL CNSTL
(TC+R) | 8/55 |10/55 | 5/68 | 4/70 | 8/55 {10/55 | 5/68 | 4/70 | 8/55 |10/55 | 5/68 | 4/70 | 8/55 [10/55 5/68 | 4/70
130 3.76 | 1.1 5.6 {0.83 -3 -3 ]-3]-3 1.3 1.3 1.3 1.3 1.5 | 2.0 1.0 0.2 0.5 05 ]0.3 0.1
140 2.8 | 1.0 5.0 |0.83 -3 | -3 -3 | -3 1.3 1.3 1.3 1.3 1.5 | 2.0 1.0 0.2 0.5 {05 0.3 [0.1
150 1.5 | 1.0 | 4.2 |o0.81 -3 [ =-3 ]-3 -.3 1.3 1.3 1.3 1.3 1.5 | 2.0 1.0 0.2 0.5 105 0.3 (0.1
» 160‘ 2.38 1 1.1 4.7 (0.8 -3 | -3 -3 | -3 1.3 1.3 1.3 1.3 1.5 } 2.0 1.0 § 0.2 0.5 | 0.5 j0.3 {0.1
170 3.37 ] 1.1 5.5 | 0.83 -3 | -3 -.3 -.3 1.3 1.3 1.3 1.3 1.5 | 2.0 1.0 0.2 [0.5 (0.5 [0.3 |0.1
180 1.78 | 1.5 5.0 |0.77 -3 | -3 -3 {-3 1.3 1.3 1.3 1.3 1.5 | 2.0 1.0 j 0.2 0.5 | 0.5 }0.3 |o0.1
190 2.72 1 1.0 5.0 | 0.83 -3 | -3 -.3 -.3 1.3 1.3 1.3 1.3 1.5 } 2.0 1.0 | 0.2 0.5 | 0.5 0.3 |o0.1
200 10.2 | 2.5 |12.0 | 0.83 -3 | -3 -.3 -.3 1.3 1.3 1.3 1.3 1.5 } 2.0 1.0 | 0.2 0.5 | 0.5 j0.3 0.1
210 - 3.85 | 1.2 5.6 | 0.82 -3 -3 -3 -.3 1.3 1.3 1.3 1.3 1.5 | 2.0 1.0 | 0.2 0.5 | 0.5 0.3 jo0.1
220 0.41.[ 1.0 | 4.0 | 0.80 -3 | -3 -.3 -3 | 1.3 1.3 1.3 1.3 1.5 | 2.0 1.0 | 0.2 0.5 | 0.5 }0.3 {0.1
230 6.42 | 2.5 {11.0 | 0.81 -3 }-.3 -.3 -.3 1.3 1.3 1.3 1.3 1.5 | 2.0 1.0 | 0.2 0.5 0.5 0.3 |0.1
400 1.76 { 1.0 [ 4.3 | 0.81 -3 | -3 -3 -.3 1.3 1.3 1.3 1.3 1.5 | 2.0 1.0 } 0.2 0.5 | 0.5 0.3 | 0.1
410 7.71 1 1.5 7.3 | 0.83 -3 | -3 -.3 -.3 1.3 1.3 )13 1.3 1.5 | 2.0 1.0 } 0.2 0.5 | 0.5 }10.3 0.1




TABLE 12 (CONT'D)

HYDROLOGIC MODEL SUBAREA PARAMETERS

PASSAIC RIVER BASIN, N.J. - N.Y.
PASSAIC RIVER CENTRAL BASIN, Page 2

Subarea DA TC R R (RCSN RTIOR STRTL CNSTL

(TC+R) | 8/55 }10/55 | 5/68 | 4/70 | 8/55 110/55 | 5/68 | 4/70 | 8/55 {10/55 | 5/68 | 4/70 | 8/55 |10/55 | 5/68 | 4/70
420 3.36 | 2.0 7.2 | 0.78 -3 -3 -3 | -3 1.3 1.3 1.3 1.3 1.5 | 2.0 1.0 {0.2 }0.5 |0.5 0.3 0.1
430 1.59 | 1.0 | 4.2 0.81 -3 ~.3 -.3 -.3 1.3 | 1.3 1.3 1.3 1.5 | 2.0 1.0 0.2 0.5 {05 |0.3 0.1
440 0.85 | 1.0 /| 5.0 | 0.83 -3 -3 -3 } -3 1.3 1.3 1.3 1.3 1.5 2.0 1.0 j0.2 }0.5 |05 {0.3 [0.1
510 9.02 2.0 |9.7 }0.83 -3 1-.3 -.3 -.3 1.3 1.3 1.3 1.3 1.5 | 2.0 1.0 y0.2 0.5 [0.5 {0.3 0.1
520 10.4 | 2.5 |11.0 | 0.8l -3 {-.3 -.3 -3 1.3 | 1.3 1.3 1.3 1.5 | 2.0 1.0 1 0.2 Jo.5 {05 0.3 0.1
530 1.38 1 2.0 5.0 |0.71 -3 | -3 -.3 -.3 1.3 1.3 1.3 1.3 1.5 1 2.0 1.0 | 0.2 0.5 {05 ]0.3 0.1
540 11.6 | 2.0 | 8.0 | 0.8 -3 | -3 -3 -3 1.3 1.3 1.3 1.3 1.5 | 2.0 1.0 0.2 0.5 [0.5 |0.3 0.1
550 1.31 | 1.0 | 4.0 | 0.80 —.3; -.3 -.3 -.3 1.3 ] 1.3 1.3 1.3 1.5 } 2.0 1.0 {02 }0.5 0.5 0.3 |0.1
560 1.89 { 1.5 | 9.0 | 0.86 -3 |-.3 -3 -3 1.3 1.3 1.3 1.3 1.5 | 2.0 1.0 (0.2 }0.5 {05 ]0.3 0.1
570 4.04 1 2.3 | 8.7 |0.79 -3 ]-.3 -3 | -3 1.3 1.3 1.3 1.3 1.5 {-2.0 1.0 0.2 J0.5 0'5' 0.3 0.1
580 0.58 | 1.1 6.Q 0.85 -3 ]-.3 -3 |-3 1.3 | 1.3 1.3 1.3 1.5 | 2.0 1.0 0.2 0.5 [0.5 |0.3 0.1
590 3.09]1.0 |54 |0.84 -3 -3 -3 | -3 1.3 1.‘3 1.3 1.3 1.5 | 2.0 1.0 |02 }0.5 0.5 |0.3 0.1
600 0.62 | 1.0 | 4.0 | 0.80 -3 | -3 -3 | -3 1.3 | 1.3 1.3 1.3 1.5 } 2.0 1.0 y0.22 705 |0.5 0.3 0.1
610 227120 |87 |0.81 -3 (-3 {-3 |-3 1.3 1.3 1.3 1.3 1.5 | 2.0 1.0 | 0.2 0.5 | 0.5 [0.3 0.1
620 11.3 | 3.0 |16.0 { 0.84 -.3 -—.3‘ -3 -.3 1.3 1.3 1.3 1.3 1.5 2.0 1.0 | 0.2 0.5 | 0.5 (0.3 0.1




TABLE 12 (CONT'D)  HYDROLOGIC MODEL SUBAREA PARAMETERS

PASSAIC RIVER BASIN, N.J. - N.Y.
PASSAIC RIVER CENTRAL BASIN, Page 3

Subarea DA TC R R ORCSN RTIOR STRTL CNSTL

(TC+R) | 8/55 [10/55 | 5/68 | 4/70 | 8/55 |10/55 | 5/68 | 4/70 | 8/55 |10/55 | 5/68 | 4/70 | 8/55 |10/55 | 5/68 | 4/70
1100 2.6 1.0 | 5.0 |0.83 -3 -3 |-3]-3 1.3 1.3 1.3 | 1.3 1.5 | 2.0 1.0 | 0.2 0.5 | 0.5 0.3 | 0.1
1110 1.58 | 1.0 | 4.0 | 0.80 -3 (-3 ]-3 ]-3 1.3 1.3 1.3 1.3 1.5 | 2.0 1.0 | 0.2 0.5 | 0.5 0.3 | 0.1
1120 3.54 | 1.2 5.5 [ 0.82 -3 -.3' -3 -3 1.3 1.3 1.3 1.3 1.5 | 2.0 1.0 | 0.2 0.5 | 0.5 0.3 }0.1
1130 2.25 1 1.1 4.5 10.82 -3 | -3 | -3 |-.3 1.3 1.3 1.3 | 1.3 1.5 | 2.0 1.0 | 0.2 0.5 ] 0.5 0.3 |0.1
1140 4.37 | 1.2 5.8 | 0.83 -3 -3 |-3 -3 1.3 1.3 1.3 1.3 1.5 2.0 1.0 } 0.2 0.5 | 0.5 0.3770.1
1150 2.3 1.0 4.6 | 0.8 -3 | -3 -3 | -.3 » 1.3 1.3 1.3 1.3 1.5 | 2.0 1.0 | 0.2 0.5 } 0.5 0.3 7{0.1
1155 0.3 } 1.0 §3.5 |0.78 -3 -3 (-3 |-3 1.3 1.3 1.3 1.3 1.5 | 2.0 1.0 [ 0.2 0.5 | 0.5 0.3 ]0.1°
1160 2.38 { 1.1 4.7 0.81 -3 -3 ]-3]-3 1.3 1.3 1.3 1.3 1.5 | 2.0 1.0 | 0.2 0.5 | 0.5 0.3 {0.1
1170 1.96 [ 1.0 | 4.4 | 0.81 -3 (-3 }-31]-3 1.3 1.3 1.3 | 1.3 1.5 | 2.0 1.0 ] 0.2 0.5 | 0.5 0.3 0.1
1180 1.9 [ 1.0 | 4.4 |0.81 -3 | -3 |-3 -3 1.3 1.3 1.3 1.3 1.5 1 2.0 1.0 | 0.2 0.5 | 0.5 0.3 0.1
1190 0.89 | 1.0 | 4.0 | 0.80 -3 |-3 }-3]-.3 1.3 1.3 1.3 1.3 1.5 | 2.0 1.0 | 0.2 0.5 | 0.5 0.3 | 0.1
1200 1.89 { 1.0 | 4.4 | 0.81 -3 [-3 ]-3 }|-3 1.3 1.3 1.3 1.3 1‘.5 2.0 1.0 | 0.2 0.5 | 0.5 0.3 [0.1
1210 2.16 { 1.0 | 4.5 | 0.82 -3 -3 1-3 -3 1.3 1.3 1.3 } 1.3 1.5 | 2.0 1.0 | 0.2 0.5 | 0.5 0.3 | 0.1
1220 1.52 2.0 | 6.0 |0.75 -3 |-3]-3]-3 1.3 1.3 1.3 1.3 1.5 2.0 1.0 0.2 0.5 | 0.5 0.3 0.1
1230 1.71 | 1.0 4.0 | 0.80 -3 | -3 (-3 (-3 1.3 1.3 1.3 1.3 1.5 | 2.0 1.0 | 0.2 0.5 | 0.5 0.3 0.1




TABLE 12 (CO

NT*D)

HYDROLOGIC MODEL SUBAREA PARAMETERS

PASSAIC RIVER BASIN, N.J. - N.Y.
PASSAIC RIVER CENTRAL BASIN, Page 4

Subarea DA TC | R R CRCSN RTIOR STRTL CNSTL
(TC4R) 8/55 10/55 | 5/68 | 4/70 | 8/55 |10/55 . 5/68 | 4/70 | 8/55 |10/55 | 5/68 | 4/70 | 8/55 {10/55 | 5/68 | 4/70
1240 6.9 11.4 7.0 |0.8 -3 -3 }~-3 [-3 j1.3 | 1.3 | 1.3 | 1.3 1.5 {2.0 |1.0 |0.2 JO.5 |05 0.3 |O.1
1250 4.35 | 1.0 | 6.0 | 0.86 -3}t-31}-31{-3413 {13 |13 (13 |15 2.0 |1.0 JO.2 [O0.5 [0.5 {0.3 |O.1
1260 4.03 | 1.0 | 6.0 | 0.86 -3 (-3 }-3[|-3]13 (|13 |13 (1.3 |1.5 |20 1.0 |0.2 }0O.5 (0.5 J0.3 |O.1
390 3.0 {1.0 |53 |0.84 -3 |-31}-31{-3 (13 {13 {13 {13 j1.5 |[2.0 J1.0 {0.2 0.5 |05 ]0.3 |O.1




TABLE 12 (CONT'D)  HYDROLOGIC MODEL SUBAREA PARAMETERS

PASSAIC RIVER BASIN, N.J. = N.Y.
PASSAIC RIVER LOWER VALLEY SUBBASIN, Page 1

Swarea | DA | TC | R R QRCSN RTIOR STRTL CNSTL
(TC+R) | 5/68 | 5/68 5/68 | 5/68
1270 | 0.72]1.0 2.0 | 67 | -2 1.5 1.0 0.3
1280 2202 (1.1 |23 70 | -1 2.0 1.0 0.3
1290 4.36 | 1.35 | 2.95 | .69 | -.1 2.0 1.0 0.3
1300 3.40 [1.25 | 2.70 | .68 | -.1 2.0 1.0 0.3
1330 431 1.5 |28 .65 | -1 1.5 1.0 0.3
1310 1.45 | 1.0 | 2.10] .68 | -1 2.0 1.0 0.3
1315 3.66 | 1.28 | 2.8 | .69 | -.1 2.0 1.0 0.3
1317 0.54 [ 1.0 | 2.0 | .67 | -1 2.0 1.0 0.3
1320 2,29 1.2 | 2.6 68 | -1 2.0 |10 0.3
1350 3315 |27 | .6 | -2 1.5 1.0 0.3
1340 871 {1.85]37 | .67 |-.16 : 2.0 1.0 0.37
1360 297 |12 |26 | .68 |-.16 2.0 1.0 0.37
1380 6.64 | 1.5 | 3.4 | .69 | -.20 | 1s 1.0 0.3
1370 131 (1.0 |20 | .67 | -.16 2.0 1.0 0.37
1385 1.37 1.0 {2.0 | .67 | -.20 1.5 1.0 0.3




TABLE 12 (CONT'D)

PASSALIC RIVER BASIN, N.J. - N.Y.
PASSAIC RIVER LOWER VALLEY SUBBASIN, Page 2

HYDROLOGIC MODEL SUBAREA PARAMETERS

Swarea | DA | TC | R R QRCSN RTIOR STRTL CNSTL
(TC+R) | 5/68 5/68 ‘ 5/68 5/68

139 35715 |26 | .63 |-.2 1.5 1.0 0.3

1500 4.54 | 1.35 | 3.0 | .69 | -.16 2.0 5 0.05

1505 445|255 |55 | .69 |-.16 2.0 1.0 0.4

1510 2.04 | 2.8 |44 | 61 |-.16 2.0 1.0 0.4

1570 357 |15 {26 | .63 | -2 1.5 1.0 0.3

1520 2.28 (1.1 [2.4 | .69 |-.16 2.0 1.0 0.3




TABLE 12 (CONT'D)

PASSAIC RIVER BASIN, N.J. - N.Y.
PASSAIC RIVER LOWER VALLEY SUBBASIN, Page 3

HYDROLOGIC MODEL SUBAREA PARAMETERS

Subarea DA TC R R CRCSN RTIOR STRTL CNSTL
(TC4R) { 5/68 5/68 5/68 5/68
1525 0.41 | 1.0 2.0 .67 -.16 2.0 1.0 0.3
1530 6.55 ] 1.65 | 3.5 .68 -.16 2.0 1.0 0.37
-'1540 2.74 1 1.2 2.65 .69 -.16 2.0 1.0 0.37
1550 2.51 | 1.17 | 2.6 .69 -.16 2.0 1.0 0.37
1560 0.97 1 1.0 2.0 .67 -.16 2.0 1.0 0.37
1580 4.24 1 1.4 2.8 .67 -2 1.5 1.0 0.3
1590 10.81 | 1.5 | 2.8 .65 -.16 2.0 1.0 0.49
1600 0.79 | 1.0 1.5 .6 -.16 2.0 1.0 0.49
1610 7.88 | 2.0 3.5 .64 -.2 1.5 1.0 0.3
1620 13.0 2.5 | 4.5 .64 -2 1.5 1.0 0.3




TABLE 12 (CONT'D)

HYDROLOGIC MODEL SUBAREA PARAMETERS

PASSAIC RIVER BASIN, N.J. - N.Y.

SADDLE RIVER SUBBASIN, Page 1

Subarea | DA | T¢C | R R QRCSN ‘ RTIOR STRTL CNSTL

(TCHR) | 8/71 | 9/7L |12/73 {11/77 | 8/71 | 9/71 |12/73 (11/77 | &/71 | /71 [12/73 [11/77 | &/71 [ o/71 [12/73 [11/77
100 |21.6 | 4.4 |40 | 48 |-16|-16]-16|-16]2.0 ]2.0 |20 |20 |30 {24 | 5 |10 | 6] 3] 11| .25
1410 14 |10 |21 | 68 |-16]-16]-16]-16]2.0 |20 |20 [20 |15 {10 | 15| 5 | .1 1| .04 .40
1413 26315 [2.2 | .59 |-16]-16]|-16|-.16 2.0 | 2.0 |2.0 {2.0 |22 |22 | .14 5 | .3 | .09| .o5| .06
1415 0.11.9 |37 | .66 |-16|-16]-16]-.16]2.0 | 2.0 |20 |20 |32 {20 | 36| 5 | 73] 37| 17| .2
1417 21012 |27 | .69 |-.16|-.16|-16|-.16]2.0 |2.0 {20 |2.0 |22 {22 | .14 5| .3 | 08| .05| .11
1420 | 2.02|1.05 | 2.45| .7 -16 | ~.16 | ~.16 | -.16 [ 2.0 | 2.0 [2.0 [2.0 |22 |22 | 25| 15| .3 | .08 .1 | .11
1430 31212 |27 | .69 |-.16|-16]|-16|-.16 2.0 |2.0 }2.0 {20 [15 {10 | .15{ 5 | .1 | .1 | 04| .4
1440 222011 |23 | 68 |-16|-16]-16]-16)2.0 [2.0 |20 |20 {15 |10 | 5] 5 | .1 | .1 | 04| .4
1445 1.28 | 1.0 | 2.1 -.16 | -.16 | -.16 | -.16 [ 2.0 | 2.0 | 2.0 |20 {20 (10 | 15| 5 | 5| .1 | .04 .4
1450 11210 |20 | 67 |-16|-16]-16|-16]2.0 |20 |20 [2.0 |2.0 [1.0 | 15| 5| 5| 1| 04| .4
1460 497 |14 {31 | 69 |-16|-.16]-.16|-.16 |2.0 [2.0 | 2.0 | 2.0 | 2.5 5| .25 5] 7] a7 17| .
1470 0.59 1.0 |20 | .67 |-16|-.16|-.16|-.16 | 2.0 [2.0 | 2.0 | 2.0 | 2.5 51 .25 5| .7 ] 7| 17| .4
1475 03|10 {20 | 67 |-16|-16]-16]-16]2.0 [2.0 |2.0 2.0 |15 {10 | .15} 5 | 25| .1 | 04| .4
1480 0.46 | 1.0 |20 | .67 |-16|-.16]-16|-16 2.0 | 2.0 |20 |20 |15 |10 | 5| 5| 25| 1| 04| .4
1490 0.88 |10 |20 | 67 |-.16|-.16|-.16|-.16 |2.00 | 2.0 [2.0 | 2.0 {15 |10 | .15 .5 | .25 .1 | 04| .4




TABLE 12 (CONT'D)  HYDROLOGIC MODEL SUBAREA PARAMETERS

PASSAIC RIVER BASIN, N.J. - N.Y.
SADDLE RIVER SUBBASIN, Page 2

Subarea DA TC R R QRCSN RTIOR STRTL CNSTL
(TC+R) | 8/71 | 9/71 |12/73 (11/77 | 8/71 | 9/71 |12/73 |11/77 | 8/71 9/71 {12/73 (11/77 | 8/71 | 9/71 |12/73 |11/77

1500 4.54 { 1.35 1 3.0 .69 -.16 | -.16 | -.16 | -.16 | 2.0 | 2.0 2.0 |20 1.5 1.0 .15 .5 .25 .1 .04 .4




TABLE 13 (PAGE 1 OF 8)

ROUTING PARAMETERS

- RAMAPO RIVER SUBBASIN -

MODIFIED PULS ROUTING

MUSKINGUM ROUTING

NODES

7-8

1010-9

11-12

12-13

13-14

14-15

15-16

16-17 .

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

1100

51

542

161

167
2160

2156
2580

93
2720

66
2770

199
2770

1320

2850

142
2080

60
620

304

6760

4039
7450

273
7840

150
8000

579
8000

1713
8250

179
2660

111
792

441
11800

5579
11100

411
11100

224
10900

761
10900

1854
10900

310
4500

162
1340

480
12900

6436
14100

634
14960

398
15200

1036
15200

2179
15600

418
6160

181
1840

582
16600

7722
18100

787
19100

519
19400

1351
19400

2524
20000

794
12800

247
3810

1002
29000

12089
31000

1255
32700

1049
33300

2308
33300

3337
34300

AMSKK X
NODES | STEP 5/68 | 4/70 | 11/77 | 5/68 | 4/70 | 11/77
930%-2 1 9.53 | 9.53 | 9.53 | .2 18 | .2
2-4 1 .67 | .67 67 | .2 18 | .2
4-5 1 3. 3. 3. .2 18 | .2
6-7 1 2.1 | 2.1 2.1 .2 18 | .2
*SUBAREA




TABLE 13 (PAGE 2 OF 8)

ROUTING PARAMETERS

- POMPTON RIVER SUBBASIN -

MODIFIED PULS ROUTING

MUSKINGUM ROUTING

CANISTEAR
RESERVOIR

OAK RIDGE
RESERVOIR

CLINTON
RESERVOIR

CHARLOTTEBURG
RESERVOIR

ECHO LAKE
RESERVOIR

(CON'T)
WANAQUE
RESERVOIR

(CON'T)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

4170

5670

8000

7390

2800

6956

45420

16

102130
17210

3423.

7390

11700

10800

9100

4870

7286

4192

63326
16

104675
23110

7690
840

12200
1241

11490
1026

9440
5875

5144
163

84701
16

8000
2375

12600
3723

11560
3021

9850
11000

5426
482

90931
16

8322
4365

13100
7132

12200
32000

5716
918

92343
820

8644
6720

13600
11430

6014
1440

94736
3560

8971
9391

14100
16435

6320
2039

97130
7340

9315
12345

15000
27225

6634
2681

99615
11910

NODES STEP AMSKKL x1
2-4 1 3.5 0.05
5.7 1 4.0 0.08
6-7 1 4.5 0.05
8-9 1 4.02 0.072
9-11 1 3.5 0.10
10-11 1 4.0 0.10
11-12 1 4.0 0.08
12-13 1 4.0 0.10
GREENWOOD 1 5.8 0.03
LAKE
14-15 1 2.5 0.20
18-19 1 3.0 0.10
19-20 1 4.0 0.10
21-22 1 5.0 0.10

1CONSTANT FOR ALL CALIBRATION STORMS
28/55 AND 10/55 STORMS ONLY




TABLE 13 (PAGE 3 OF 8)

- ROCKAWAY RIVER SUBBASIN -

ROUTING PARAMETERS

MODIFIED PULS ROUTING

MUSKINGUM ROUTING

NODES

2-3

3-4

4-5
10f12
12-13
13-17
17-18

18-19

STORAGE (A-F)

DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

0 28
0 688
0 66
0 688
0 93
0 1030
0 206
0 | 1370
0 318
0| 1370
0 245
0 | 1370
0 143
0| 1370
0 176
0 | 1530

55
1490

153
1490

214

2240

555
2960

797
2960

487
2960

289

2960 .

258
3320

58
1597

168
1597

232
2399

619
3168

877
3168

515
3168

306
3168

268
3550

69
1934

214
1934

292
2904

796
3838

1079
3838

606
3838

354
3838

304
4300

83
2310

266
2310

369
3470

965
4580

1283
4580

699
4580

404
4580

338
5130

99
2730

366
2730

459
4100

1155
5410

1488
5410

809
5410

457
5410

375
6060

157
3930

604
3930

770
5910

1702
7800

1986
7800

1091
7800

613
7800

482
8740

AMSKK
NODES STEPL | 5/68 | 4/70 | 8/71 | 12/73 X2
12 | 1 |20 |40 | 40 | 40 | .2
6-7 1 1.88 | 1.88 | 1.88 | 1.88 | .2
7-8 1 1.88 | 1.88 | 1.88 | 1.88 | .2
8-9 1 1.88 | 1.88 | 1.88 | 1.88 | .2
11-12 1 1.88 | 1.88 | 1.88 | 1.88 | .2
14-15 1 1.88 | 1.88 | 1.88 | 1.88 | .2
15-16 1 1.88 | 1.88 | 1.88 | 1.88 | .2

1STEP REMAINS CONSTANT FOR ALL CALIBRATION STORMS
2X REMAINS CONSTANT FOR ALL CALIBRATION STORMS




TABLE 13 (PAGE 4 OF 8)

- WHIPPANY RIVER SUBBASIN -

ROUTING PARAMETERS

MUSKINGUM ROUTING

NODES STEP AMSKK X
8/55 | 10/55 | 4/70 | 8/55 | 10/55 | .4/70 | 8/55 | 10/55 | 4/70

450%-450% 1 1 2 2 2 2 .02 .02 .5
101-102 1 1 1 1 1 1 .02 .02 .5
103-104 1 1 2 2 2 2 .02 .02 .5
104-105 1 1 1 1 1 1 .02 .02 .5
106-107 1 1 3 3 3 3 .02 .02 .5
107-108 1 1 1 1 1 1 .02 .02 .5

*SUBAREA




TABLE 13 (PAGE 5 OF 8)

ROUTING PARAMETERS

- PASSAIC RIVER HIGHLAND AREA -

MODIFIED PULS ROUTING MUSKINGUM ROUTING
NODES
NODES STEP | AMSKK | 5/68 | 8/71 | 12/73 | 4/70
104-105 STORAGE (A-F) 0 91 | 207 | 1650 | 2650 | 5350 | 8200 | 13996
DISCHARGE (CFS) o| 185 | 270 | 650 | 850 | 1400 | 2000 | 3200 {101-102 1 1 .40 .40 | .40 .40
107-108 STORAGE (A-F) 0 | 1204 | 3576 | 5978 | 7243 |10806 102-103 1 3 .10 .10 | .10 .10
DISCHARGE (CFS) 0 | 1119 | 2327 | 3495 | 4089 | 5732
105-106 1 13 0 0 0 0
108-109  STORAGE (A-F) 0| 305 | 710 | 1145 | 1360 | 1950 ‘
DISCHARGE (CFS) 0 | 1028 | 2139 | 3212 | 3758 | 5269 80%-107 1 8.7 0 0 0 0
109-110 STORAGE (A-F) 0| 176 | 362 | 550 | 664 | 994
DISCHARGE (CFS) 0 | 1130 | 2350 | 3530 | 4130 | 5790 *SUBAREA




TABLE 13 (PAGE 6 OF 8)

- PASSAIC CENTRAL BASIN -

ROUTING PARAMETERS

MODIFIED PULS ROUTING

MUSKINGUM ROUTING

NODES

13795-1
(130)

7-8
(200)

8-9
(230)

9922-23
(610)

23-24
(620)

40-41
(1260)

11-12
(420)

12-13
(440)

19-20
(580)

13815-14
(510)

14-15
(530)

15-18
(570)

16-17
(560)

13885-25
(1100)

25-26
(1110)

30-31
(1160)

33-34
(1190)

(SUBAREA)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

STORAGE (A-F)
DISCHARGE (CFS)

oo oo oo oo oo oo oo oo oo oo

oo [ o] [N ) oo oo oo oo

706
5300

3082
2800

2523
2100

1883 -

5400

16057
5500

1869
13100

1345
4300

686
5400

1112
5400

1533
2450

692
2280

5145
2150

3859
2150

1557
12900

2220
12100

5640
12700

1654
12400

861
6800

4174
3000

4798
3300

3767
8300

36801
9500

3694
22700

2563
6800

1358
8900

2176
8900

2226
3970

1208

" 3670

10410
4360

7808
4360

4553
29500

6846
26800

14614
26800

3216
26500

2467
10500

10210
6700

9833
5400

7152
15600

73862
16500

7319
37500

7175
13900

3421
16400

3538
16400

6349
6300

2210
6290

19131
6860

14348
6860

8385
46500

14386

44000

24809
43900

5271
43400

NODES STEP | AMSKK | X
| 140%-2 1 1.4 0.2
3-4 1 1.1 0.2
4-5 1 1.3 0.2
10-11 1 1.4 0.2
590%-22 1 1.0 0.2
600*-22 1 1.0 0.2
27-28 1 1.0 0.2
28-29| 1 1.6 0.2
1170*-32 1 1.1 0.2
37-38 1 2.0 0.2
1240%-39 1 4.0 0.2
*SUBAREA




TABLE 13 (PAGE 7 OF 8)

ROUTING PARAMETERS

- PASSAIC LOWER VALLEY SUBBASIN -

MODIFIED PULS ROUTING

MUSKINGUM ROUTING

NODES

1-22  STORAGE (A-F)
DISCHARGE (CFS)

2-32  STORAGE (A-F)
DISCHARGE (CFS)

3-41  STORAGE (A-F)
DISCHARGE (CFS)

176-177 STORAGE (A-F)
DISCHARGE (CFS)

1MOLLY ANNS BROOK
2pECKMAN RIVER
*SUBAREA

ol 15
0| 650
0 79
0| 827
0 48
0| 748
0| 130
0 | 1140

30
1760

407
2313

135
1887

374
3280

37
2343

592
2935

182

2257

426
3580

43
2797

801
3458

311
2876

807
4840

50
3426

1035
4155

426
3404

985
6150

71
4700

1538
5389

674
4424

1495

7860

102
6410

2120
7384

3632
13600

NODES STEP | AMSKK
LITTLE
FALLS-100 1 0.65 .20
100-200 1 1.40 .20
1-21 1 1.0 .20
200-300 1 1.0 .20
300-400 1 2.4 .20
400-500 1 0.9 .20
1385*-450 1 0.9 .20
1505*-101 1 1.5 .20
500-600 1 2.2 .20
1520%-201 1 1.0 .20
1530%-301 1 1.5 .20
301-302 1 1.0 .20
302-303 1 1.0 .20
600-700 1 1.6 .20
1590*-401 1 1.0 .20
700-800 1 2.0 .20




TABLE 13 (PAGE 8 OF 8)

- SADDLE RIVER SUBBASIN -

ROUTING PARAMETERS

MODIFIED PULS ROUTING

MUSKINGUM ROUTING

NODES

STORAGE (A-F)
DISCHARGE (CFS)

1701-171
1460-1729 STORAGE (A-F)
DISCHARGE (CFS)

1729-173 STORAGE (A-F)
DISCHARGE (CFS)

175-176  STORAGE (A-F)
DISCHARGE (CFS)

176-177 STORAGE (A-F)
DISCHARGE (CFS)

0 86 200 322
0 970 | 2108 | 2903

0 13 34 63
0 245 563 771

0 13 25 42
0 263 574 788

0 59 | 122 | 179
o | 1000 | 2183 | 3013

0 112 211 319
0 | 1008 | 2212 { 3044

675

4204,

115
1053

85
986

350
4296

522

4236

1347
5323

208

1508

152
1447

578
5400

786
5392

2175
6796

324
2122

270
2061

830
7007

1135
6864

4265
13464

697
3449

781
3339

2086
13377

3008
12492

4397
14119

738
3775

995
3663

2161
13929

3180
12907

NODES STEP AMSKK X
166-1661 1 4.5 0.2
1669-167 1 2.0 0.35
167-1671 1 1.0 0.2
1671-168 1 2.5 0.2
169~170 1 1.92 0.2
170-1701 1 3.5 0.15




TABLE 14 HEC1 DIVERSION FUNCTIONS FOR THE PASSAIC CENTRAL BASIN MODEL

HISTORIC CALIBRATIONS

DIVERSION #
1* NODE 13-15 |DIVERSION: TO NODE 9913 - THRESHOLD FLOW = O cfs

DIS Q (cfs) 0O 2000 4000 6000 8000 10000 15000 20000
FRAC DIV. 0.8 0.6 0.4 0.3 0.2 0.1 0.1 0.1
2* NODE 20-8 DIVERSION: TO NODE 9920 - THRESHOLD FLOW = 0 cfs
DIS Q (cfs) 0 2000 4000 6000 8000 10000 15000 20000
FRAC DIV. 0.8 0.6 0.4 0.3 0.2 0.1 0.1 0.1
3* NODE 34-23 |DIVERSION: TO NODE 9923 - THRESHOLD FLOW = 5,000 cfs
DIS Q (cfs) 0 1500 2500 3300 4400 7500 13000 20000 40000 90000
FRAC DIV. 0.9 0.9 0.8 0.8 0.7 0.65 0.6 0.4 0.27 0.2
ROUTING PARAMETERS DIVERSION 3
Modified PULS Muskingum
R1* STORAGE (A-F) 0 2608 5217 8602 AMSKK X
DISCHARGE (cfs) - 0 5400 8300 15600
R2* 8.0 hr. 0.5
R5* STORAGE (A-F) 0 21857 48401 85282
DISCHARGE (cfs) 0 5500 9500 16500 R4*  Function of 0.5
Flood Magnitude
2.0 to 6.0 hr

*REFER TO FIGURES 29 and 30 FOR SCHEMATIC REPRESENTATION OF DIVERSION LOCATIONS




TABLE 15 _HTSTORIC FLOOD CALIBRATIONS
COMPUTED VERSUS OBSERVED PARAMETERS AT GAGES
N.J. AND N.Y.

PASSAIC RIVER BASIN,

! GAGING STATION ! I PEAK ! VOLUME - | PEAK I
e | e ———— | e e !} TIME LAG |
| NUMBER | STREAM !} EVENT | COMP | 0OBS ! ¢ DIFF | COMP | 0BS | 4 DIFF | (HOURS) |
| ! ! | | B | | ! | }
} 0138800 | RAMAPO RIVER AT | 5/68 | 10413 | 9530 | +9 } 297000 | 340000 | -12 ] -1 !
! | POMPTON LAKES {4770 | 3481 | L4s40 | -23 | 177000 | 253000 |} =30 ! -6 !
! I 1 11777 | 10398 | 10300 | +1 | 326000 | 328000 | -1 ! 3 !
| | | | | | | | o | !
| 0139150 | SADDLE RIVER AT | 8/71 | 3350 | 3535 | =5 | 102000 | 97200 | +5 } 0 !
o | LoDI b9/71 f 3812 | 3770 - | +1 [ 94500 | 98000 | -4 ! 0 |
| | | 12773 | 2728 | 2940 | -7 | 65600 | 65500 | 0 ! -2 !
! ! b 11777 | 4822 | 4500 |  +7 ! 110000 | 113000 | -3 ! +1 !
| ! | | | I | ] ] ! |
| 0138950 | PASSAIC RIVER AT | 8/55 | 10216 | 9u4o | 8.2 ] 736111 | 760702 | =3.2 | -5 !
| ! LITTLE FALLS ! 10/55 | 11639 {11600 | 0.3 11287697 11329838 | -3.2 | -15 !
! | 1 5768 1 13753 13500 | 1.9 1100463 }1125895 | -2.3 | -6 l
! ! I /70 | 9212 | 9108 | 1.1 1134105 |1167017 | -2.8 | -3 |
! ! ! | | | ! ! I ! |
| 0137950 | PASSAIC RIVER AT | 5/68 | 2686 | 2560. .1 +5 ! 222667 | 237174 | -6 ! +5 !
| | CHATHAM ! 8771 | 2498 | 2540 | -2 | 289989 | 303079 | -4 ! +1 !
! | ! 12773 } 1386 | 1400 | -1 } 142734 | 151261 | -6 ! +1 !
| | ! 4/70 )} 1441 } 1470 )} -2 ! 157161 | 186230 | -16 ! +3 !
! J : ! o ! ! ] | ] : !
} 0138150 | WHIPPANY RIVER . | 8/55 | 1162 }| 1160 | +0.1 | 32114 | 29052 | +10 ! -1 !
! ! AT MORRISTOWN | 10/55 | 886 | 900 } =2.0 |} 23314 | 23165 | +1 ! -2 !
i ! !} u/70 | 1306 | 1310 | ~0.3 | 38013 }| 34013 | +12 ! -2 |
| ! | ! ! | I ! ! ! !
| 0138050 | ROCKAWAY RIVER | 5/68 | 3187 | 3020 | +6 ! 115861 | 127358 | -9 | 1 g
| | ABOVE RESERVOIR | 4/70 | 3170 | 2850 ! +11 ! 133606 | 151312 | -12 ! 0 -
I ! 1 8/71 ) 3439 | 3550 | -3 I 142309 | 144163 | -1 | 3 !
. ! ! 12773 | 4142 | w280 | -3 ! 181904 | 191252 | -5 ! 0 !
b | ! ! g i | ! ! | |
| 0138850 | POMPTON RIVER AT | 8/55 | 12507 112900 | -3 ! 552000 | 641000% | -114 -5 !
! { POMPTON PLAINS l 10/55 | 15501 }15800 | =2 ! 890000 !1040000% | -1} ! -6 !
| ! ! 5/68 | 14631 113100 | +12 ! 657000 ! 579000 ! +13 ! +3 !
! | ' 4770 V 8728 | 8630 ) 41 | 509000 | 535000 | -5 ' +1 !
: ! ! i { ! ! ! ) l i
#  VOLUME ESTIMATED FROM AVERAGE DAILY FLOW DATA



TABLE 16

SUMMARY OF PARTIAL DURATION RATIOS

PARTIAL DURATION FREQUENCIES
GAGE FOR ANNUAL EVENT FREQUENCIES OF
STATION .08 .10 .20 .30 .40 .50 .60 .70 .80 .90
0137900 .080 | .100 | .219 | .354 | .476 | .634 | .912 |1.32 .76 .43
0137950 .080 | .100 | .229 | .347 | .479 | .661 | .977 {1.51 |2.00 .55
0138050 .080 | .100 | .251 | .412 | .562 | .813 |1.20 {1.68 .37 72
0138150 .085 | .112 | .294 | .483 | .646 | .871 |1.12 }1.48 .70 .23
0138750 .083 | .107 | .226 .380 .536 | .756 |1.05 |[1.07 .51 .04
0138800 .085 | .110 | .251 | .372 | .511 | .693 | .912 |1.23 .70 .28
0138850 -049 | .082 | .259 | .442 | .646 | .933 11.27 {1.80 .48 .80
0138950 .080 | .100 | .224 | .339 | .447 | .575 | .759 |1.00 .29 .91
0139100 .085 | .107 | .214 | .324 | .436 | .562 | .759 | .953 |1.09 91
0139150 .091 | .123 | .323 | .507 | .692 | .902 |l.12 |1.32 .57 .87
0139250 .080 | .100 .250 .316 | .427 | .537 | .716 |1.00 912 11,12
AVERAGE .080 | .104 | .245 | .389 | .533 | .722 | .981 |1.31 .67 .44
LANGBEIN | .083 | .105 | .223 | .356 | .510 | .693 | .917 |1.20 .61 .30




TABLE 17  RATIO OF PARTIAL DURATION FREQUENCIES
AND LANGBEIN PARTIAL DURATION FREQUENCIES

RATIO OF PARTIAL DURATION FREQUENCIES
GAGE FOR ANNUAL EVENT FREQUENCIES OF
STATION .080 | .100 | .200 | .300 | .400 | .500 | .600 | .700 | .800 | .900

0137900 .964 | .952 | .982 | .994 | .933 | .915 | .995 {1.10 |1.09 |1.06
0137950 .964 | .952 |1.03 975 | .939 | .954 |1.07 |1.26 |1.24 |[1.54
0138050 .964 | .952 |1.13 |1.16 |1.10 |1.17 {1.31 [1.40 |1.47 |1.62
0138150 1.02 |1.07 |1.32 |1.36 |1.27 |1.26 |1.22 |1.23 |1.06 .970
0138750 |1.00 .791 [1.01 |1.07 |1.05 |1.09 |[1.15 .892 | .938 | .887
0138800 |1.02 °{1.05 |1.13 |1.04 {1.00 11.00 .995 [1.03 |1.06 .991

0138850 .590 | .781 |1.16 [1.24 |1.27 |1.35 |1.39 1.50 |[1.54 |1.65
0138950 .964 | .952 |1.00 .952 | .877 | .830 | .828 | .833 | .801 | .830
0139100 {1.02 |1.02 .960 | .910 | .855 | .811 | .828 | .794 | .677 | .830
0139150 [1.10 |1.17 |1.45 |1.42 |1.36 |1.30 |1.22 |1.10 .975 | .813
0139250 ‘.964 952 | .900 | .888 | .837 | .775 | .781 | .833 | .567 | .487

AVERAGE -964 | .991 |1.10 |1.09 |1.05 |[1.04 |[1.07 |1.09 |1.04 |1.06

TOTAL PASSAIC RIVER BASIN AVG.
FOR ALL FREQUENCIES TESTED = 1.05




TABLE 18 - PRECIPITATION DEPTH AREA RELATIONSHIPS
24 HOUR DURATION

AREA (Miles?) 0.20 . 20 50 100 1000*

% RAINFALL 99.9 97.2 95 93.3 83
1-YR (2.65") 2.65 2.58 2.52 2.47 2.20
5-YR (4.25") 4.25 4.13 4.04 3.97 3.53

10-YR (5.10") 5.00 4.96 4.85 4.76 4,23

25-YR (5.70") 5.69 5.54 5.42 5.32 4,73
50-YR (6.45") 6.44 6.27 6.13 6.02 5.35

100-YR (7.20") 7.19 7.00 6.84 6.72 5.98

500-YR (9.00") 8.99 8.75 8.55 8.40 7.47
SPS [%] [117.9] [114.5]] [110.5]] [106] [84]

(10.25") RAIN 12.08 11.74{ 11.33| 10.87 8.61

*-DEPTHS FOR 1000 SQ.
CURVE ON FIGURE 51

MILE AREA CORRESPOND TO COMPOSITE




: TABLE 19
POINT RAINFALL FOR HYPOTHETICAL STORM EVENTS

Duration lyr Syr 10yr 25yr 50yr  100yr  500yr*=
{(hours) (1nches)
1 1.20 1.75 2.10 2.40 2,70  3.00 3.65
2 1.45 2.20 2.70 3.15 3.35  3.70 4,65
3 1.65 2,60 2.95 3.45 3.75  4.25 5.15
6 1.90 3.15 3.60 4.15 4,55 5,20 6.30
12 2.30 3.65 4,30 = 5.10 5.45 6.25 7.70
18* 2.50 | 4,00  4.75 5.50 6.00 6.80 8.40
24 2.65 4,25 5.10  5.70 6.45 7.20 9.00

*]8-hours storms done by graphical interpolation for each return period

**500-yr storms done by extrapolation according to procedures contained in
Technical Paper No.40 for return periods longer than 100 years.




TABLE 20 24-HOUR POINT RAINFALL DISTRIBUTIONS
FOR HYPOTHETICAL STORM EVENTS

Frequency Storm

Hour ] 5 10 25 50 100 500  SPS
1 .02 .03 .04 .01 .06 .03 .06 .03
2 .02 .03 .05 .02 .06 .05 .08 .04
3 .02 .04 .06 .02 .07 .07 .09 .05
4 .03 .04 .06 .03 .07 . .07 A1 .07
5 .03 .05 .07 .05 .09 .08 .12 .08
6 .03 .06 .07 .07 .10 .10 14 .09
7 .06 .06 .07 - .13 .11 .12 17 .12
8 .06 .07 .09 14 .12 .14 .20 .14
9 .07 .07 .11 15 .14 .16 .21 .16

10 . .07 .08 .12 .16 .15 .18 24 .18

11 .07 .10 .14 .18 .18 .21 27 .22

12 .07 12 .17 .19 .20 .24 .31 .34

13 .08 .17 .20 21 .24 .29 .35 .80

14 .09 .20 .23 .26 .29 .34 42 .96

15 .25 .46 .60 .75 .65 .70 1,00 l.21

16 1.20 1.75 2.10  2.40 2.70 3,00 3.65 3.05

17 .20 .40 .25 .30 .40 .55 .50 1.13

18 .08 .18 .22 .23 .21 .32 .38 .88

19 .05 .10 .13 .15 .15 .15 21 .17

20 .04 08 .09 .10 .10 .10 .16 .14

21 .03 .06 .07 .06 .08 .08 12 .12

22 .03 .05 .06 .04 .08 .08 .09 .10

23 .03 .03 .06 .03 .07 .07 .07 .09

24 .02 .03 .04 .02 .07 .07 .05 .08

Rainfall in Inches



TABLE 21
SUBAREA LOSS RATES FOk HYPOTHETICAL FLOWS
PASSAIC RIVER BASIN, N.J. AND N.Y.

Beturn Period (Yrs) i Std.
Proj.
1 2 5 10 psi X0 100 500 Flood

Subarea
S14 CHx ST N s1 CX S CH ST CN o1 CH ST CH S CH ST CH

PASSAIC RIVER ABOVE CHATHAM

10-60 1.00 0.04 1.00 0.05 1.00 0.08 1.00
70-120 1.00 0.01 1.00 0.01 1.00 0,08 1.00

o O
- -

23
538

——
&
[ ]
xR
o
g3
[ ~]
N
——

HHIPPANY RIVER ABOVE MORRISTO®N

450-500 1,00 0.16 1.00 0.17 1.00 0.24 1.00 0.21 1.00 0.19 1.00 0.17 1.00 0.18 1.00 0.16 1.00 0.16

ROCK#®AY RIVER ABOVE BOONION

240-385 1.00 0.39 1.00 0.39 1.0 0.38 1.00 0.38 1.0 0.29 1L.® 0.23 1.0 0.23 1. 0.16 1.00 0.16

RARAPD RIVER ABOVE POMPTON LAKES

930-980 1.00 90.27 1.00 0.2% 1.00 0.23 1.00 .17 1.00 ¢.10 1.00 0.03 1.00 0.01 1.0¢ 0.01 1.00
985 1.00 0.60 1.00 0.58 1.00 0.55 1.00 0.52 1.00 0.40 1.00 0.28 1.00 0.25 1.00 0.24 1,00 0.2
990-1080 1.00 0.27 1.00 0.25 1.00 0.23 1.00 0.17 1.0¢ 0.10 1.00 0.03 1..00 0.01 1.00 0.01 1.00 0.0l
POMPTON RIVERX ABOVE POMPTON PLAINS
630-770 1.0 0.70 1.00 0.32 1.00 0.29 1.00 0.19 1.00 0.11 1.00 0.08 1.00 0.07 1.00 0.06 1.00 0.06
780-800 1,00 0.19 1.00 0.18 1.00 Q.16 1.00 0.10 1.00 0.07 1,00 0.02 1.00 0.02 1.00 0.02 1.0¢ 0.02
810 1.00 0.6 1.00 0.60 1.00 0.40 1.00 0.38 1.00 0.17 1.00 0.10 1.00 0.02 1.00 0.01 0.01
820 1.00 0.30 1.00 0.44 1.00 0.33 1.00 ¢.28 1.00 0.17 1.00 0.10 1.00 0.02 1.00 0.0l 0.0]
§30-920 1.00 0.19 1.00 0.18 1.00 0.16 1.00 0.10 1.00 0.07 1.00 0.02 1.00 0.02 1.00 0.02 1.00 0.02
10% 1.0 0.19 1.0 0,18 1.00 Q.16 1.00 0.10 1.00 0.07 1.00 Q.02 1.00 0.02 1.00 Q.02 1.00 0.02
PASSAIC RIVER CENIRAL BASIN
130-230 0.3 0.14 0.30 0.14 0.50 0.13 0.50 0.12 0.50 0.10 0.50 0.10 0.50 0.10 0.50 0.10 0.50 0.10
3%0-440 0.50 0.14 0,50 0.14 0,50 0.13 0.50 0.12 0.30 0.10 0.5¢ 0.10 0.50 0.10 0.30 0.10 0.50 0.10
510-62¢ 0.50 0.14 0.50 0.14 0.50 0.13 0.0 0.5¢ 0.10 0.50 0.10 0.5¢ 0.10 0.30 0.10 0.50 0.10
1100-1260 0.50 0.14 0.50 0.14 0.50 0.13 0.50 ¢.12 0.50 0.10 0.50 0.10 0.50 ¢.10 0.3 0.10 0.50 0.1¢




TABLE 21 (CONT'D)
SUBAREA LOSS KATES FOR HYPOTHETICAL FLOWS

(CONT)

PASSAIC RIVER BASIN, W.l1. AND N.Y.

Std
Proj.

{Yrs)

Return Period

Flood

100

10

500

Subarea

(i ST N ST [N ST CH ST (N

sI

CH

T4 O ST N ST (N Sl

SADDLE RIVER ABOVE LODI

[ Rl
3 o~
. = =
o O o
o o <2
o OO
- = e
— o o~
MHSO
— o
.  ®
o o o
o Qo
P = =]
- & =
— ot —
wy 1 oo
O~
. & =
o o o
8283

<
° »
— ot -
) NN
e = ]
« * =
o o o
<
23
«
——t —
[~ — -
Dy —
s = e
oo O

223
———
L
AUloo
232
— o —
883
o oo
283
———
%%.w
PEPPSS
g53
—
TE
L=

o o

888
23
—t ot -
z20
g%
114.
o
—
-
—

.07

.
D o O

288
- s =
——
53 3
OAU-O
<o o <
AU..Oﬂwo
—

<8Rg
oo OO
€328

oo O

1417-142
1430-143
1460-147
1473-14%0

0
. . . .0
00 0.26 1.00 0.11 1.00 0.02 1,00 0.02 1.00 0.15 1.00 0.10

PASSAIC RIVER LOWER VALLEY

10 1,00 Q.10

1

0.

00 0.24 1,00 0.20 1.00 0.15 1.00 0.10 1.00 0

.10 0,10 0.10
0.10 1.00 0.10
0.10 1.0¢ 0,10

1
1.00

<

J5 01
02 1.0
0.15 1.0¢ 0.10

00
%Y
00

-
—

0 0.2l
¢ 0.1

oo
« .

24 1
6 1

.30 1.00 0,20 1.00 0.15 1.00 0.10 0.10 0
0
0

0
0

00
.00
100

1.
1
1

v o <O
°

0.3
0.3
0.3

1.00 0.10 1.00 0.10

3 1.00 0.10 1,00 0.06 1.00 0.03 1.00 0.03 1.00 0.03
4 1.00 0.21 1.00 0.15 1,00 0.10 1.00 0.10 1.00 0.10

ll

1.00 Q.21

24
'1
02

0
0
0

.00
00
loo

1
1'
1

1590-1600
1610-1620

&% ST = starting loss {inches); CN = constant loss (in/hr)



TARLE 22
HYFOTRETICAL FLOQL FEARS %
IHCLUDTHG
MODELED VS GAGED WHERE AFFROFRIATE
FASSAIC RIVER BASIN: H.Jd, ANDUN.Y.

RETURMY FERIQN (YRS)

57O,
GaGE LOCATION FRad.
' 1 -2 .g 10 235 30 10¢ 00 FLOgL
PARSAIC RIUER-ABGUE CHATHAN
(1379000 FHEEAIC RIVER HOIEL 710 227 1150 1387 1499 1952 2274 R 4133
HEAR MILLINGTOM  GAGE §90 923 1129 1350 1700 1§70 2270 RUEY -
ZDIFF 2)9 052 2;\‘:\ 1)9 '0;6 "1)0 V2 -0, -
01379500 PASSAIC RIVER HOREL 1104 1613 1891 2342 2933 3316 4074 3473 7130
HEAR CHATHAM GAGE 1130 1600 1900 2350 3000 3330 4130 790 ---
ZRIFF -L)3 059 ‘O)S "On—_‘: '1)5 —Oiq '1’3 'Srl T
WHIPPANY RIVER ABOVE MORRISTOUM
01381500 WHIFPANY RIVER HOOEL 711 1008 1299 14408 2057 2430 2839 3891 373
AT HORRISTOWN GAGE PRARS 1010 1280 1590 2040 2410 2810 RE ---
ARIFF {l - 02 0.7 .1 - 0.8 0.7 1.7 044 ---
ROCKAWAY RIVER ARGVE BDONTON
21330300 ROCEAWAY RIVER MODEL 1434 2242 3072 40%4 5471 £661 2450 17429
ARDVE RCONTON GAGE 1467 2230 3205 4490 3450 8700 BOGO -
RERERVOIR ADIFF -0.,8 0,5 -4,1 0.1 0.4 -048 00 ---
RAMAFQ RIVER ARQUE POMPTON LAKES
01387450 MAHWAH RIVER HOLEL 423 619 k889 1217 1712 2134 2543 4882 RN
AT SUFFERN GAGE - 403 590 880 1140 1430 2110 2710 435¢ ---
ZBIFF 4+4 4)(‘? 100 4&9 3)9 0)7 _:)5 T,‘-_", I
01387500 RARAFD RIVER HODEL 2449 3346 3300 7402 10546 14197 17127 29557 23778
NEAR HAHWAH GAGE 2350 3400 5450 7180 10500 139540 17904 1400 -
ZRIFF Sbl 4’3 Ot? 3» 00\5 2‘1 '4&3 'lr\.-T\ ==
N1388CY  RAMAPO RIVER MODEL 2057 4193 6490 8803 12484 17042 20742 I8411
AT POHPTON LAKES GAGE 2800 4150 4339 004 12900 16600 21500 --=
::DL:F 2; 0»8 167 '2»2 '1) 2»7 '3)5- ===




TRELE 22 (CONT‘LU
HYPQTHETICAL FLOOR FEARS ¥
INCLURING
MODELED VS GAGED WHERE APFROPRIATE
PASSAIC RIVER RBASIN: NuJ. AND MY,

RETURN PERICD {YRS) ST

GAGE  LOCATION ' PROJ,
1 2 5 10 25 50 120 360 FLOaD

FONPTON RIVER AROUE POKPTON PLAINS

01722500 PEQUANNOCK RIVER HODEL 534 1345 2070 3004 4530 9331 8714 9231 13281

AT MACOPIN INTAKE GAGE 306 1280 1930 2210 4280 3360 6460 2000
IlAH ZDIFF 9&5 5»2 703 3;2 558 306 450 2'6 -
01363500 WANAQUE RIVER - NQDEL 377 5%0 1001 1390 2235 2942 4077 7143 7457
AT AWQSTING GAGE 375 583 985 1340 2180 3020 4050 7710 —--
ZRIFF 0.3 0.9 1.6 2.2 2.3 =2+6 0.7 =74 ---
£1324000 WANAQUE RIVER  HOIDEL 874 1337 2143 2881 4134 3249 4876 11839 12044
AT HONRS GAGE 8?5 1350 2150 2840 4180 3450 6920 11800 -—=
ZDIFF ‘001 “1»0 "0»3 097 -1.1 "3»3 "0»6 053 ===
01384500 RINGWOOL CREER HOREL 406 583 837 1173 1483 1831 2114 34618 3833
HEAR WANARUE %  GAGE 413 &3 808 1050 1400 1700 2040 2980 -—-
ZDIFF -1.7 -7+3 &1 11.7 3.9 77 3+b 21,4 -=-
413850060 CUFSAN BROOK HOLEL 244 370 336 730 906 1079 122 2087 2153
HEAF WANAGUE %%  GAGE 148 257 340 o28 82 1140 1560 3174 -
CADIFF 78.4 44,0 48,9 34,3 2.3 -5.4 -21,2 -34.2 =
01384000 WEST RROOK MOREL 428 802 881 1202 1489 1833 2117 3283 3793
NEAR WANRQUE GAGE 470 460 8%a 1140 1550 18%0 2270 3380 -
ZBIFF “809 '858 '1 ré 357 '393 "390 "657 650 -
01286500 RLUE MINE BROOK  fDLEL 115 160 232 314 330 463 527 891 713
NEAR WANAQUE %  GABE 93 17¢ 212 300 449 399 792 1300 -
LDIFF 21.1 -39 744 4,7 -13.1 -22.7 -33.3 ~40.,4 ==
01387000 WANAQUE RIVER MOREL 789 1661 2713 3928 3674 74687 9844 18784 18927
AT WANAQUE BAGE 939 1900 2360 3600 5380 73%0 §3510 13909 ---
ZDIFF 503 "12r6 15»0 901 157 400 357 18:2 -

01332500 FOMPTON RIVER HODEL 1992 6462 10049 13979 19870 26788 32315 25332 4686
' AT POMPTON FLAINS GAGE 4320 £600 10400 14100 20300 25409 32400 33100 -=-
AUIFF =74 -1 -2 -0.9 -2:1 3,8 0.4 4,2 -



TARLE 22 (CONT'IL
HYFOTHETICAL FLOOD FEAKS #
TNCLULING
MONELED WS GAGEDR WHERE APFRQFRIATE
FASSAIC RIVER BASIN: MoJy ANHD NuY,

RETURN PERIOD (YRS) a7,
GAGE LOCATION - FROJ,
1 2 3 10 23 30 100 a0 FLoOn

FASSAIC RIVER CEMTRAL BASIN

01337500 FASSAIC RIVER HOREL 3486 7787 16332 133534 18190 22941 27333 44471 44408
AT LITTLE FALLS  GAGE 5140 8100 11230 13900 18700 22700 27200 40404 ---

ADIFF -10.7 =3.9 -8,2 -39 =247 i +2 7.3 ---
SADDLE RIVER ARUVE LODI
Q1390500 SADDLE RIMER HOREL 814 1268 1733 2447 3923 2274 4781 11719 13838
"~ AT RIDGERQOD GABE 749 1330 1730 24560 3710 4970 4600 12400 ---
'/-DIFF 6;1 '4}7 . 0}3 7”5 5»7 \I.\):’ . 508 '7»1 -
01391000 HOHOKUS BROOK HOREL 774 1142 1630 2330 338t 4373 RERS] 10179 11642
AT HOHOKUS GAGE 772 1290 1467 2320 3420 4310 00 14900 ===
ZDIFF 0;5 "909 ‘1»1 0»5 ‘1»1 1&4 Ous _'f\)? -
0139425 SPROUT BROOK HODEL 275 403 331 721 1072 1510 2118 1042 1412
AT ROCHELLE PARE  GAGE 271 410 326 723 1106 - 1530 2180 3230 ---
WDIFF 1.3 -1.7 4,8 L =28 -1,3 -2.8 =4, ==
013915300 SALDLE RIVER HODEL 1007 1544 2174 2042 4228 322 8583 1152a 12944
AT LODI BAGE 10640 1700 2210 3050 4410 23é &700 111460 --
ZBIFF ‘5»0 "9)2 ‘1!5 "0&3 -4,2 '2»5 =20 1.8 - -
FASSAIC RIVER LOWER VALLEY
Q1392200 WEASEL RROOK HODEL S 22 424 827 1051 128 1601 2499
AT CLIFTON GAGE 317 490 500 779 1030 1290 1570 2400
"-RIFF '1»9 '13+9 400 \5»2 0.0 "0&3 2;0 4,1 -
G1392300 SeCOMD RIVER HODEL 1850 2330 2836 3712 4424 3385 &I&Z 9527 10344
AT BELLEVILLE GAGE 1490 2430 2820 3370 4580 430 4380 9070 ---
ADIFF -2.4 -4.1 -0.8 4,0 10 -8 -3 a3l ---

¥ IH CURIC FEET PER SECOND.
%% GAGE NOT CPECIFICALLY CITED FOR HEASURING PEAK FLOWS.
SEE 'OTRER MON-BOUNDARY CONDITICNS GAGES® IN TE¥T,




PASSAIC RIVER BASIMy M. J, AND M.Y.
EXISTING CONDITIONS

TABLE 23 _
FREQUEMCY US DISCHARGE FOR UNGAGEL LOCATICNS

RETURH PERIOD (YRS) ST
POI HEC-1 PR,
HORE 1 2 K 10 25 30 100 04 FLOqn
PHSSAIC RIVER ARDVE CHATHAN
1 103 710 927 1159 1387 1690 1952 2276 074 4135
2 106 630 858 1043 1287 1568 1814 2117 2840 Jgig
3 1497 1024 1417 1447 2014 251 1030 I534 4543 8420
4 108 943 1325 1447 1743 2129 2538 2924 3953 3125
5 110% o34 755 933 1134 1402 14631 1889 2413 3231
& 1103% 1104 1413 1851 2342 2955 3514 4074 3493 7130
WHIPPANY RIVER ARDUE HORRISTOWN
25 4480 188 263 333 413 w24 813 720 953 1424
26 104 184 261 332 413 329 421 729 ?81 1498
27 104 352 493 632 789 1006 1183 1338 1849 2848
28 197 - 630 918 1174 14463 1872 2207 2595 3520 5394
29 108 468 944 1219 1507 1927 2274 25678 3539 590
10 149 711 1008 1290 1608 2057 2430 2839 1891 3973
ROCEAWAY RIVER ABQUE BOONTON
14 2 729 987 1381 1834 2442 2971 337 5352 8144
17 280 &% 83 114 153 202 244 293 314 504
18 3 1073 1445 013 2678 3434 4149 4938 7304 10923
103 340 191 232 353 A&B 819 753 702 1313 1521
19 13 1531 2044 2809 3722 4963 A04% 7283 10828 153997
20 19 436 2262 1072 4094 37 £é81 8050 12002 17828
RAMAFQ RIVER ABQVE FOMPTOM LAKES
50 3 2049 2912 4327 5085~ 2404 11574 13898 23794
o 7 733 1045 1350 2089 2927 34681 4483 7924
32 8 7329 1044 1358 2113 2918 3490 4492 7997
53 ¢ 2469 362 343 723 902 1213 1478 2713 2864
a4 1t 7468 1383 2075 2797 3811 4822 GR43 10384 11198
o 12 2449 3244 3340 7403 10386 141%7 17127 29557
gé 13 2640 28584 eSS 8147 11771 15858 19237 33775
iy a 2770 4044 4272 8494 12232 14522 20030 15383 s
ot i 2803 4101 6337 8612 12425 16715 20308 33360 :
a7 17 2957 4183 4490 8802 12484 17042 20742 36782 4411



TARLE 23 (COHT' Dy
FREGUENCY VS DISCHARGE FOR UMGASED LOCATIONS
\ FASSAIC RIVER EASIN: Nody AND N.JY.
! EXISTING CONDITICNS

RETURM PERIOR (YRB) , sThL
Fol HEC-1 FROS,
HODE 1 2 S 10 23 o0 100 a00 FLOGD

POMPTON RIVER AROVE PONPTON FLAINS

41 13 793 1447 2463 1523 113 4418 7847 10329 14544
42 20 1121 . 1882 RS 4394 6241 8414 10581 194633 17510
47 B 1724 3323 5239 7343 10839 14194 17447 284872 31531
44 22 1702 . 3243 3103 7313 14443 13419 16722 27288 30017
43 730 438 403 92 122 1693 2134 2550 234 4449
44 280 154 - 212 320 419 J86 702 823 1338 1400
47 %0 248 339 a14 488 934 1154 1335 2240 2331
48 3 399 347 829 1141 1493 1847 2170 33463 3494
49 4 2012 2854 3436 3952 8438 11235 13487 23038 23482
60 24 2872 4208 §526 2850 12743 17114 20825 34922 36522
a1 S 3992 4462 10049 13979 19870 246788 32515 53337 4848
FASSAIC RIVER CENTRAL RASIN
- 23 402 6493 10489 13932 19481 26543 32104 4228 3813
42 28 3997 5449 10014 12894 19003 23437 30975 20709 0454
- 30 4288 2806 1052 14308 1972 26218 31435 1801 514238
- 3 4050 6429 9912 13481 168233 23941 28959 47603 47710
- a3 4137 6329 10031 13528 18472 24147 29200 47893 48019
&8 14 3128 &521 10034 13830 18477 24123 29144 47796 47933
37 Rt . 2933 2874 150 5325 3422 10184 12283 18420 24243
43 24 2511 1447 5249 4858 3837 10334 12040 146471 1
&9 33 U 7335 PR3 12830 17347 22288 24843 434620
76 11 3486 7787 10332 133534 18194 22941 27533 - 44401

SAMDLE RIVER ARMVE LODI

8é 1461 592 834 1170 1779 2617 3323 473 8064 18130

7 1571 776 1182 . 1432 2332 338 4373 3933 10170 11443
28 148 728 1041 1312 2113 3102 4284 28 7342 14937
as 149 1194 1834 2393 3774 3572 74624 10001 17011 20288
20 170 1092 1480 2352 3413 3038 4845 8970 15312 15364
#1 7 e77 1384 2094 2942 4128 3101 8383 11324 14087
92 1440 273 414 S48 839 1344 2013 2693 4147 4342
¥3 1725 273 403 391 771 1072 1314 2118 2040
74 175 1047 1539 2148 3050 4279 5519 483 11971
73 178 1697 1544 2176 3040 4228 G224 4345 11324

P4 177 o p22 1578 222 3073 4234 5247 £319 10842




TARLE 23 (CONT'IV

FREQUENCY US DISCHARGE FOR UNGAGED LOCATIONS

PASSAIC RIVER BASIN: M, J, AND N.Y.
EXISTING CONRITIONS

RETURN PERICR (YRE) STIL

FOI HEC-1 - PRAJ.
HORE 1 2 5 10 23 30 160 00 FLOGD

PASSAIC RIVER LOWER YALLEY

78 41 5484 7787 10332~ 13354 18190 22941 27513 44471 44404
- 160 3492 7793 10338 132484 18214 22994 273484 34349 44439
g2 200 5305 7804 10354 13397 18233 23044 2782 44485 34499
- 300 aa17 7817 10371 13429 13294 23098 27492 44801 34532
_DUMDEE 400 3514 782 103484 13443 18298 23098 27493 44817 44309
o= 00 Jalé 7893 10452 13606 18565 23508 28207 43837 453137
- 520 9376 902 10467 13524 18549 21513 28222 45913 43104
104 700 603 7940 10512 134692 18433 23422 28142 46191 43234
HOUTH 800 Fo76 7951 10337 13710 18447 23613 283463 456272 43241

% SUBRASIN
% MORE



TABLE 24 - STORM: TRANSPOSED AGNES
(Page 1 of 2)

-Subbasin Rain Subbasin Rain Subbasin Rain

PASSAIC 10 14.7 ROCKAWAY 322 14.9 CENTRAL 570 15.8
ABOVE 15 14.8 ABOVE 325 14.5 BASIN 580 15.9
CHATHAM 20 15.0 BOONTON 330 14.5 530 15.4
30 15.3 340 14.7 600 15.5

40 15.2 342 15.1 610 15.7

50 15.1 345 14.9 620 16.5

60 15.1 350 15.2 POMPTON 630 12.7

70 15.1 360 15.4 640 12.8

80 14.8 370 16.6 650 12.9

90 15.1 373 16.1 660 13.2

100 15.0 375 16.1 670 13.0

110 14.8 377 15.5 680 13.4

120 15.0 380 15.7 690 13.5

CENTRAL 130 15.0 385 16.0 700 13.7
BASIN 140 15.0 CENTRAL 390 16.0 710 13.0
150 15.0 - BASIN 400 16.3 720 13.7

160 14.9 410 16.6 730 14.0

170 14.8 420 16.2 740 14.5

180 14.9 430 16.3 750 14.1

190 15.2 : 440 16.2 760 14.6

200 15.2 WHIPPANY 450 14.8 770 14.7

mm%‘ 210 15.3 , 455 15.0 780 16.0
220. 15.4 : 460 15.2 790 16.2

230 15.5 470 15.2 800 17.7

ROCKAWAY 240 13.6 v 480 15.1 810 12.7
ABOVE 245 13.7 : 485 15.0 820 12.8

BOONTON 250 14.0 490 15.3 825 -

) 260 14.1 500 15.4 830 13.0
270 - 14.1 CENTRAL 510 15.4 840 14.4

280 14.3 BASIN 520 15.5 850 14.1

290 14.4 530 15.6 860 15.0

300 14.4 540 15.6 870 14.5

310 14.6 550 15.6 880 16.0

315 14.8 560 15.8 890 18.0

320 14.9




TABLE 24 - STORM: TRANSPOSED AGNES
(Page 2 of 2)

Subbasin Rain Subbasin Rain Subbasin Rain
POMPTON 900 16.0 1200 15.9 1470 14.1
RIVER © 910 18.0 1210 15.7 1475 14.0
920 18.0 1220 15.7 1480 14.2
RAMAPO 930 12.8 1230 16.2 1490 13.8
RIVER 935 13.5 CENTRAL 1240 17.2  LOWER 1500 13.6
940 13.8 BASIN 1250 16.6  VALLEY 1505 15.0
950 14.6 1260 16.2 1510 14.4
960 13.9 1270 16.2 1520 14.3
960 13.9 1280 14.9 1525 14.1
970 14.3 1290 15.2 1530 14.8
980 14.9 1300 15.5 1540 14.3
990 13.7 1310 17.8 1550 14,3
1000 15.0 1315 17.2 1560 14.1
1000 15.4 1317 17.0 "~ 1570 13.8
1015 15.6  LOWER 1320 16.7 1580 13.8
1020 15.5  VALLEY 1330 16.1 1590 14.6
1030 15.5 1340 17.2 1600 14.2
1040 16.1 1350 16.2 1610 14.2
1050 18.0 1360 16.6 1620 13.2
1060 17.5 1370 14.8
1070 18.0 1380 15.5
1080 18.0 1385 14.8
"POMPTON 1090 18.0 1390 14.3
CENTRAL 1100 17.9  SADDLE 1400 15.5
BASIN 1110 17.7 RIVER 1410 16.1
1120 17.0 1413 16.5
1130 17 .4 1415 17.5
1140 17.5 1417 17.3
1150 17.3 1420 17.0
1155 17.2 1430 16.4
1160 17.2 1440 15.7
1170 - 17.4 1445 14.9
1180 17.2 1450 14.5
1190 16.8 1460 14.8




TABLE 25

HARRISBURG HOURLY BREAKDOWN : JUNE 1972 SUSQUEHANNA BASIN
Period (hr) Rainfall {inches) Period (hr) Rainfall (inches)
1 .17 26 .74
2 .17 27 .60
3 .18 28 .41
4 .18 29 .36
5 .20 30 .36
6 .45 » 31 .35
7 .35 32 .35
8 .10 33 : .25
9 .10 34 .20
10 0 35 .15
11 .05 36 .10
12 .05 37 .09
13 .20 38 .09
14 .65 39 .09
15 1.15 40 .09
16 1.76 41 .03
17 1.64 42 0
18 .90 43 0
19 .40 44 .02
20 .31 45 .02
21 .35 46 ' .05
22 .35 47 .02
23 . .35 48 .01
24 .35 49 .01
25 .35 50 .01

Total: 15.16"




TABLE 26 - SUBBASIN RAINFALL
(Page 1 of 2)

Subbasin Rain Subbasin Rain Subbasin Rain
PASSAIC 10 8.7 ROCKAWAY 322 11.5 CENTRAL 570 10.5
ABOVE 15 8.3 ABOVE 325 11.5 BASIN 580 11.0
CHATHAM 20 8.0 BOONTON 330 10.8 590 12.5
30 8.7 340 10.1 600 11.7
40 8.3 342 10.7 610 11.6
50 7.8 345 10.9 620 11.6
60 7.6 350 11.1 630 11.0
70 7.3 360 11.5 640 11.0
80 7.2 370 12.7 650 11.2
90 7.4 373 12.2 660 11.4
100 8.1 375 12.3 670 11.4
110 8.5 377 12.2 680 11.7
120 8.7 380 11.7 690 11.8
130 9.1 385 11.7 700 12.2
140 11.0 390 11.5 710 11.5
150 10.1 400 11.8 720 12.2
160 10.4 CENTRAL - 410 12.4 730 12.3
170 9.7 BASIN 420 11.5 740 12.4
180 9.3 430 11.9 POMPTON 750 12.2
CENTRAL 190 9.2 440 11.4 RIVER 760 12.4
BASIN 200 9.6 450 9.5 770 12.5
210 11.0 455 9.6 780 12.7
220 11.3 460 10.3 790 12.8
230 10.4 470 9.7 800 = 13.4
240 11.5 WHIPPANY 480 10.0 810 11.3
245 10.3 485 9.7 820 11.3
250 11.0 490 9.3 825 -
260 10.4 500 9.3 830 11.4
ROCKAWAY 270 10.2 510 9.7 840 - 11.0
ABOVE 280 10.5 520 9.5 850 11.9
BOONTON 290 10.4 CENTRAL 530 10.0 860 12.2
300 10.0 BASIN 540 10.5 870 12.0
310 10.6 550 10.2 880 12.2
315 12.3 560 11.0 890 13.0
320 .9

—
—




TABLE 26 - SUBBASIN RAINFALL
(Page 2 of 2)

Subbasin Rain Subbasin Rain Subbasin Rain
900 12.8 1200 13.4 SADDLE 1470 14.2
POMPTON 910 - 13.6 1210 13.0 RIVER 1475 14.2
RIVER 920 13.7 1220 12.4 1480 14.6
930 13.7 1230 13.1 1490 14.0
935 12.0 CENTRAL 1240 14.6 1500 14.0
940 10.4 BASIN 1250 14.2 1505 14.6
950 11.0 1260 14.2 1510 14.5
960 11.0 1270 14.3 1520 14.2
970 10.8 1280 12.0 1525 14.0
980 10.5 1290 13.0 1530 13.8
990 9.8 1300 14.0 1540 13.1
1000 10.6 1310 13.9 LOWER 1550 13.5
1010 11.0 1315 14.4 VALLEY 1560 13.8
1015 10.9 1317 14.7 1570 14.0
RAMAPO 1020 10.9 LOWER 1320 15.0 1580 13.3
RIVER 1030 11.9 VALLEY 1330 14.7 1590 12.5
1040 13.5 1340 13.9 1600 12.8
1050 12.5 1350 15.0 1610 12.0
1060 12.8 1360 14.0 1620 12.2
1070 13.0 1370 14.8
1080 14.0 1380 15.0
POMPTON 1090 14.0 - 1385 15.0
' 1100 14.0 1390 14.7
1110 14.0 1400 12.0
1120 13.0 1410 13.7
1130 13.4 1413 12.0
CENTRAL 1140 13.5 1415 12.5
BASIN 1150 13.4 SADDLE 1417 13.0
1155 13.6 RIVER 1420 13.2
1160 14.0 1430 13.7
1170 14.3 1440 14.4
1180 14.0 1445 14.6
1190 13.8 1450 14.5

1460 14.0




- TABLE 27 - RAINFALL DISTRIBUTION

0CT 1903
NEWARK STATION

8 0CT 1903 RAINFALL (Inches)

8-9 AM .05
10 .09
11 : 0
NOON 0
1 PM .14
2 : .72
3 .43
4 .11
5 1.05
6 .45
7 1.20
8 .60
9 : .24

10 .24
11 .15
MIDNIGHT .17
1 AM .29
2 .33
3 .62
4 .29
5 .35
6 .26
7 .13
8 .29
9 .69
10 .69
11 .39
NOON .20
1 PM .39
2 .28
3 .34
4 .13

Total: 11.30"



TABLE 28

PASSAIC RIVER BASIN OCT. 1903 STORM
LOSSES AND FLOW COMPARISONS

MODEL
UsGs SUBBASIN PEAK RECORDED 100 YEAR
HEC-1 GAGE LOSSES FLOW DISCHARGE DISCHARGE
* MODEL LOCATION NODE - Ppol NO. STRTL  CNSTL cfs ‘ cfs cfs
RAMAPO MAHWAH 12 (A) 55 13875 1.0" 0.12"/hr 16236 12400 17300
RIVER POMPTON 17 (A) 59 13880 1.0 0.50 17092 - 21500
LAKES
POMPTON POMPTON 25 (A) 61 13885 1.0 0.29 29048 28340 32400
RIVER PLAINS
ROCKAWAY ABOVE 19 (A) 20 13805 1.0  0.25 8014 7560 8050
RIVER BOONTON
WHIPPANY MORRIS- 109 (A) 30 13815 1.0  0.16 2444 - 2810
RIVER TOWN
PASSAIC MILLING- 105 (A) 1 13780 1.0  0.09 2077 - 2270
RIVER TON ‘
CHATHAM 110 (A) 6 13795 1.0  0.06 3236 - 4130
LITTLE 41 (A) 76 13895 0.5 0.05 31334 31700 27200
FALLS
SADDLE LODI 176 (A) 95 13915 1.0  0.26 6498 - 6700
RIVER
MOLLY MOUTH 4 81 - 1.0 0.10 3359 - 3707 (B)
ANN's
BROOK

(A) GAGING STATION
(B) FROM HYDROLOGIC MODEL



TABLE 29

OBSERVED VS COMPUTED HYOROGRAPHS
APRIL 1984 FLOOD

PASSAIC RIVER BASIN, N.J. AND N.Y.

STREAM CHARACTER OF TLLUSTRATED
AND PEAK | TIME OF REPRODUCTION ON
LOCATION FLOW (A) (B) PEAK_(B) (C AROUND PEAK FIGURE

RAMAPO RIVER NEAR 15345 052000

MAHWAH, N.J. (15067) (051900) EXCELLENT -

RAMAPO RIVER AT 15429 052300

POMPTON LAKES, N.J. (16131) (052300) VERY GOOD 52

POMPTON RIVER AT 25352 060330

POMPTON LAKES, N.J. (24177) (060200) GOOD 86

PASSAIC RIVER AT 18400 071000

LITTLE FALLS, N.J. (21259) (070500) FAIR 87

(A) HIGHEST ORDINATE (C.F.S) AT WHOLE CLOCK HOUR (MAY HAVE BEEN SLIGHTLY HIGHER BETWEEN CLOCK
HOURS). |

(B) REPRODUCED VALUES SHOWN IN PARENTHESES.

(C) 'FIRST TWO DIGITS ARE DATE, LAST FOUR, TIME (24-HOUR CLOCK).

CORRESPONDING FLOW OCCURRED AT BOTH 0300 HOURS AND 0400 HOURS.



TABLE 30 (Page 1 of 7)

RECURRENCE OF HISTORICAL EVENTS
FOR PRESENT LAND USE

RAMAPQ RIVER BASIN

MAHWAH

POMPTON
LAKES

‘POMPTON
PLAINS

FLOW (cfs) WITH EXC. FREQ.

YR.

NODE OR TRANSPQSED
-|POI SUBBASIN | OCT. 1903 | freq. AGNES freq. SPF freq.

45 930 1934 2615 -
46 960 446 854
47 950 753 1551
48 3 1199 2404
49 4 12168 18725

50 5 12944 20798

51. 7 2769 6440

52 8 2813 6582

53 9 805 2017

54 10 3576 8367

- 11 16170 27562

55 12 16236 100 YR. 27717 450 YR.| 29450 |530 YR.
56 13 16591 32884

57 15 16864 35775

58 16 16934 36922

59 17 17092 66 YR. 38811 715 YR.| 35207 |530 YR.

POMPTON RIVER BASIN

41 13 5931 14557
42 20 6721 18111
43 21 12640 32624
44 22 12206 31355
60 24 17151 39108
61 25 29048 83 YR. 66056 1000 53311 {530 YR.




TABLE 30 (Page 2 of 7)

RECURRENCE OF HISTORICAL EVENTS
FOR PRESENT LAND USE

ROCKAWAY RIVER BASIN

FLOW (cfs) WITH EXC. FREQ.
NODE OR TRANSPOSED
POI | SUBBASIN | OCT. 1903 | freq. AGNES freq. SPF freq.
16 2 3191 4833
17 280 160 6327
18 5 4212 7022
105 340 486 1114
ABOVE 19 13 6685 11231
BOONTON| 20 19 8014 133 YR. 13353 900 YR.| 17148
WHIPPANY RIVER BASIN
25 460 440 934
26 104 508 1103
27 106 906 2026
28 107 2038 4022
29 108 2294 4610
MORRIS- | 30 109 2444 55 YR. 5095 2000 5962
TOWN YR.
PASSAIC RIVER BASIN CHATHAM
1 105 2077 4803
2 106 1930 4486
3 107 3035 7645
4 108 2595 6261
5 1101 819 - 2159
CHATHAM 6 1102 3236 35 YR. 7099 1333 7186
. YR.
1SUBBASIN

ZNODE



TABLE 30 (Page 3 of 7)

RECURRENCE OF HISTORICAL EVENTS
FOR PRESENT LAND USE

PASSAIC RIVER CENTRAL BASIN

FLOW (cfs) WITH EXC. FREQ.
NODE OR TRANSPOSED
POI SUBBASIN | OCT. 1903 | fregq. AGNES freq. SPF freq.
7 140 829 1329
8 2 1163 1927
9 3 1818 3029
10 4 2475 4207
11 190 657 1310
12 g* 5513 9137
12 gx* 7341 10803
13 210 1046 1718
14 220 141 228
15 9 5863 9542
21 10 8401 13894
22 410 2054 3189
23 430 566 915
24 13% 8435 13147
24 13%% 6932 11833
31 540 12409 4220
32 550 403 738
33 16 2785 4902
34 18 5825 7785
35 19 12752 19618
36 20% 12692 19547
36 20%* 11422 17592

* BEFORE DIVERSION
**AFTER DIVERSION



TABLE 30 (Page 4 of 7)

RECURRENCE OF HISTORICAL EVENTS
FOR PRESENT LAND USE

PASSAIC RIVER CENTRAL BASIN

FLOW (cfs) WITH EXC. FREQ.
NODE OR TRANSPOSED

POI SUBBASIN | OCT. 1903 | freq. AGNES freq. SPF freq.
37 9922 17457 26581

- 23% 16982 25949

- 23%% 25329 39532
38 590 1008 1440

39 600 222 347
40 24 14454 22321

62 26 28111 62200

63 1130 874 1331

64 1140 1461 2211

65 28 4197 6357

66 1170 833 1180

67 32 1528 2167

68 34% 28072 60022

68 34%* 20054 46708

69 35 30224

70 1200 748 1031

71 36 1566 2178

72 37 1984 2808

73 38 2329 3247

74 1240 2261 3045

75 39 3123 3912

LITTLE 76 41 31334 200 YR. 61998 2900 43143
FALLS YR.

*BEFORE DIVERSION
**AFTER DIVERSION



TABLE 30 (Page 5 of 7)

RECURRENCE OF HISTORICAL EVENTS
FOR PRESENT LAND USE

PASSAIC RIVER CENTRAL BASIN

PASSAIC

POMPTON

ROCKAWAY

WHIPPANY

FLOW (cfs) WITH EXC. FREQ.

NODE OR TRANSPOSED
POI SUBBASIN OCT. 1903 | freq. AGNES freq. SPF freq.
- 1 3190 7629
- 6 5934 10871
- 7 6370 11783
- 21 17059 26045
- 40 31369 62287
- 25 29048 66056
- 30 29298 63897
- 31 27755 59667
- 33 28088 60105
- 11 9444 15511
- 12 8456 13353
- 14 5128 8782
- 15* 5034 8375
- 15%* 6834 10006

*BEFORE DIVERSION
**AFTER DIVERSION



TABLE 30 (Page 6 of 7)

RECURRENCE OF HISTORICAL EVENTS
FOR PRESENT LAND USE

SADDLE RIVER BASIN

LODI

FLOW (cfs) WITH EXC. FREQ.

NODE OR TRANSPOSED
POI | SUBBASIN | OCT. 1903 | freq. AGNES = | freq. SPF freq.
86 1661 3467 6965
87 1671 3782 8719
88 168 3638 8744
89 169 7035 15709
90 - 170 6900 15377
91 171 5593 12693
92 1460 1750 2936
93 1729 1514 2468
94 175 6545 14126
95 176 6498 90 YR. 13802 1000 13963
96 177 - 7268 13189 YR.




TABLE 30 (Page 7 of 7)

RECURRENCE OF HISTORICAL EVENTS
FOR PRESENT LAND USE

PASSAIC RIVER LOWER VALLEY

LITTLE
FALLS

PECKMAN

MOLLY ANN
GOFFLE
DIAMOND
WABASH
SADDLE
WEASEL
MCDONALD

THIRD
SECOND

PASSAIC
MAINSTEM

FLOW (cfs) WITH EXC. FREQ.
NODE OR TRANSPOSED

POI SUBBASIN | OCT. 1903 | freq. AGNES freq. SPF | freq.
76 41 315797 61998
77 1280 843 1374
78 2 2595 4100
79 3 3277 4735
80 2 2357 3822
81 4 3359 4738
83 1340 3371 5395
84 1360 1412 2175
85 1370 743 934
96 177 7268 13189
97 1505 1456 1903
98 1520 1149 1471
99 1530 2552 3583
100 301 3280 4582
101 302 3959 5460
102 1590 4212 7021
103 401 4274 7089
- 100 31664 62098
82 200 31813 62275
- 300 31977 62458
Dundee 400 32050 62458
- 500 34047 63636
- 600 37259 63701
104 700 40659 63973
Mouth 800 41135 63957




TABLE 31

TIDE ELEVATION VERSUS DISCHARGES, PASSAIC RIVER BASIN

Passaic River at

Tide Elevation ~U.8.G.5, Gage
Fast Newark Little Falls, N. J.
Date (Ft. above M.S.L.) (Discharge in C,F.S.)

21 Sept 1938 5.99 4,59
26 Oct 1943 6,04 521
1L Sept 194k 6.28 717
30 Nov 194k ' 6.11 2,540
16 Jan 1945 6.10 6Ll
25 Nov 1950 7.86 1,000
8 Dec 1950 6437 5,090
23 Oct 1953 6.05 - 36
7 Nov 1953 T.75 2hs
31 Aug 1954 6.10 - 815
14 Oet 1955 7.03 895
20 Mar 1958 6.03 2,170
3 Apr 1958 6.12 L oko
29 Dec 1959 6.17 2,510
19 Feb 1960 7.27 2,510
12 Sept 1960 8.33 2,700

9 Mar 1961 6,00 3,1k0
13 Apr 191 7.30 2,770
22 Oct 1961 6.30 : L7

6 Mar 1962 7.60 1,750
10 Nov 1962 6.70 1,670

6 Dec 1962 6.10 1,320
29 Mar 1984 6.32 (NGVD)




TABLE 32 PASSAIC RIVER BASIN FUTURE DEVELOPMENT
IE]

PROJECTIONS AND AYDROLOGIC IMPAC
DUE TO URBANIZATION

FUTURE DEVELOPHENT

1980 2040
Development Develiopment %
LAND USE CATEGORY (Acres (heres) Increase
Residential 213,042 237,126 11.3%
Commerciai 28,312 31,472 11.2%
Industrial 13,867 15,042 8.5%
Other 1/ 50,070 57,004 13.8%
Developed Basin Acreage 2/ 305,281 340,644 RFEY
Total Basin Acreage 500,147 600,147 -
HYDROLOGIC IMPACT - Passaic River Main stem at Little Falls
1930 2040
Event Conditions Conditions %
(Recurrence freq)  Discharge (cfs)- Discharge (cfs)  Increase
yr - 5,773 : 6,153 6.6%
100yr 27,527 28,155 2.3%

1/ Other acres incliude agricuiture, mining, construction,
transportation, government and miscellaneous pubiic and
institutional usages.

2/ The developed acreage in the basin does not include
woodland, wetiand and other undeveloped land. Therefare,

the developed acreage is less than the total drainage basin acreage.



TABLE 33 —

CLARK AND SNYDER UNITGRAPH PARAMETERS
IMPERVIOUS PERCENTAGES
EXISTING 1990 AND 2040

SUB~  DRAINAGE Tc R TP ’ ] RELATIVE I ABSOLUTE 2
AREA AREA IMPERVIOUS IMPERVIOUS

LR KRR XK REEH KK KK KK KKK K KOO KK KOO KRR KR A K
¥240 23,10 4,00 22.50 4,57 0.18 0.00% 10:1%d %
£240 23.10 3,88 22.00 4,41 0.18 2,40% 132.63 %
£240 23,10 3.72 20,53 4,15 0.18 b.96% 17,19 x
R KK KR KK 40K 3K KoK 3K KoK 3K KKK KKK XK K K KKK KKK KKK KK 20K K KO0OKK R0k
$250 14,90 3.00 22.10 3.71 0.16 0.00%x >0.%6 x
X250 14,90 3,01° 21,80 2,71 0.18 0.61% 10.97 %
X250 14.90. 2.77 20.77 x.57 0.16 3.91% B%,27 %
KKK KKK K K KK KK K RO KR KOOR KR RO K RO KK KR KK 3OKKOK KK XK KK X X
¥245  7.70 3,00 15,00 3.56 0,21 0.00% 4,97 *
¥245 7,70 2,87 14,50 3,43 0,21 2.55% |4,6% %
%245 7.70 2.65 12.60 3.05 0.2 11.70% 28.47 %
HHHHARAHOR KKK KKK KRR KKK KRR RO IORKOR KRR KRR KRR KKK
X270 4,59 2,00 13310 2,70 0.19 0,00% t§.6% %
X270 4,59 1.72 12.85 .2.61 .0.19 2.,41% (4.05 *
¥270 4,59 1,55 11.48 2.40 0.1%  7.43% 24,07 %
KKK KKK IO KKK K OK KR KOO KOO KKK KOR KRR KR KK KRR KRR K E X

£260 2.91 1,00 7.00 1,68 0.2 0.00%x 2599 X
$260 0.91 1,05 " 7.00 1.69 0.23 0.,10% 14.09 X
*¥260 0.91 1,035 7.00 1.69 0.2 0.78% 34.7> «x

FOK XK KK KK KKK K K KK KK K KOK KKK KK KOK 30K KKK K K KOK KK KOK SOK K SOKRKOK KKK KK
X280 1.30 1,50 8.50 2,08 0.22 0,00% %300 X
X280 1,30 1,49 8,11 2,03 0.22 4,88% 324.9¢ %
*280 1.30 1,42 7.17 1.86 0,22 10.18% 33.%9 %
FRRKKKKKK KKK KKK KRR KKK KKK KKK KKK R KK KKK KKK KKK KK KKK KKK
*¥290  2.%0 2,50 10,10 2.85 0.24 0,00% 35.8% %
X290 2,90 2.34 10.22 2.79 0.24 1.72% %7.56 %
290 2.%90 2,18 10,16 2,72 0,24 3.42% 9.5 %
KX KEKREKKKRKKK KK KKK EKI KR KK KR AR KKK KKK KKK KK KKK KK KR KKK EE K
x300 3,90 2,50 13.60 2,89 0,19 0.00% (.69 %
X300 4,90 . 2.43 13,47 2,886 . 0,19 . 0.464% 17.4% X
*300 4,90 2.03 13,47 2,71 0.19 A,44% *L\3 X
KKKKKKKIEK KKK KKIKRKRIRK KKK KKK KKK KKK KKK IR KKK KK KKK KK KK K
*310 3,55 2,00 2,10 2.68 0.21 0.,00% 4.5 %
*310 3.55 1,82 11.47 2.62 0,21 0,99% *550 X
X310 3.55 1,62 10,39 2.43 0.21 6.57% 1.0% x
KEKLEKKKEKKLKEKE KKK KKKRKRKKKRKKKKKKKK KKK KK KKK KKK KKK XK KKK
%313 5,00 2,00 15.00 2,73 0.17 0,00% 0.4 %
¥315 5,00 2,09 15,42 2,76 0.17 0,16% 040 X
¥315 5.00 2,09 15.42 276 0.17 0.16% 2040 %
KRKKKKRUKKRAKRKK KK KX KIKRKK KKK KKK KRR KKK KK KKK KK KKK KK KKK
X320 3.38 2,00 12,00 2,648 0.21 0.,00% 7,4y *
X320 3,38 2,06 11,92 2.70 0,21 0.40% 7,44 X
*¥320 3.38 1.46 10.87 2,50 0.21 6,83%x \% %7 x
KRKEKKRKIKK TR KKK XK TR KKK KKK KRRK KA KK KR KKK KR KKK KKK KK KKK KK
x322 1,02 1.50 8.50 : 2.08 .22 0.00% 4.446 X
X322 1,02 1,51 8.41 2,09 0,22 0,00% 6,66 X
x322 1,02 1.32 7.24 1.80 0.22 8.73x 13.%9 «x
X FEKRAKLRKIRKERERK R KRR KRR KRR LR LKL KKK KK KRR KKK
X325 8.10 2,40 17,40 3.19 0.17 0,00% 4.8% X%
X325 8,10 2,59 14,68 3.14 0.17 1.58% \l.%) %
X325 8.10 2,53 15,93 3,02 0.17 $.18%x 15.01 %
K KXKKOHOK KKK KR KKK R KK KR K KKK KRR KRR K ROKR KX KK KKK KKK K K



TABLE 33 (CONT.)
CLARK AND SNYDER UNITGRAPH PARAMETERS
IMPERVIOUS PERCENTAGES
EXISTING 1990 AND 2040

SUB-  DRAINAGE Tc R b4 . CcP RELATIVE I ABSOLUTE X

AREA AREA s INPERVIOUS  IMPEXVIOUS
#************X*********************************X****X***
% 140 2,80 1,00 5,00 1,62 0,30 0,00% 13.75 x
X 140 2.80 1,00 14,55 9.17 0.30 S.07% g, 9% %
¥ 140 2.80 1.00 4,90 1.62 0.30 14,57% 2¢.P% %
ER KA KOO0 R KKK KKK KOO KOO KOO KKK KOk KX
k 130 1.59 1.00 4,20 1.58 0.33 0.00% 0,70 *
¥ 150 1,50 1,00 13.18 .9.17 0.33 1.62% 33.5% %
* 150 1.50 1,00 4,25 1.58 0.33 7.52% +%.%9 x
% KKK O KKK KK KOO KO R K KK KKK OO0 EORIOR IR0k
x 1460 2.38 1,10 4,70 1,64 0.31 0,00% 1%.95 X
*x 160 2,38 1.00 15,58 10.22 0.34 B.63% %2.5% %
x 160 2,38 1,00 4,67 1.61 0,31 17.,16% 1.1} X
KK A KKK H KKK K K KKK KKK K KR KOE X KOKR K FORK KOO KRR K KKKk

x 170 3.37 1,10 9,50 1.67 0.28 0,00% 7.9 X

X 170  3.37 1,00 .15.56 . 9.17 .0.28  3.37% 30.9% X
X 170 3,37 1,00 S.38 1.64  0.28  7.65% 35.06 X
F KKK KKK IO KKK KKK KKK KOO0 KOO0 XK X
% 180 1.78 1,50 5.00 1,82 0,29 = 0.00% Bl.é3 X
% 180 1.78 1,00 15,07 9.17 0,26  0.00% »). ¢y X
x 180 1,78 1,48 5.00 1.81 .29 2.35% 3%.9% X
FR K KKK KOO KK KKK KOO KOK KKK KOO KOOk K
% 190 2.72  1.00 5,00 1.62 0,30 0.00% 35,69 *
¥ 150 2.72 1,00 14,55 9.17 0.27  0.10%x 3579 *
X 190 2.72 1,04 4,91 1.63 0,30  0.46% »6.\5 ¥
XA AR KKK KKK KO O0OE KO KR KOORROCKOOK R KKK X

*x 200 10.2 2,350 2,00 2.87 0.2 0,00% 207 X
x 200 10.20 1.00 20.89 ?.17 0.21 3.15% 31.3% X
¥ 200 10,20 2,02 11.9S 2,69 ' 2 6.41% HHEE %
********************************X*****X****X*X**X******X
x 210 3,83 1.2 S5.60 1,72 0.27 0.,00% w7 ¥
¥ 210  3.83 1,00 16,15 9.17 0.2 1.86% 4.0y %
¥ 210 3.85 1,00 5.63 1.695 27 J22% 9,30 %

FRRK KK KKK KK KK KOO OO OO KX R KR X
% 220 0.41 1.00 4,00 1,57 0.34  0.00x 15,3 *
¥ 22 0.41 1.00 0.50 9.6% 0,00  5.71% 51,04 X
x 22 0.41 1,00 4.06 1,57 0.34 10.89% 25.3% X
T T L L L Tt s SRS S R RS2 S S LSS ELLLSLEELL LS
% 230 6.42 2.50 11,00 2.86 0.22  0.00%x 37393 *
% 230  6.42  1.00 19.92 9,17  0.22  2,20% 2,0% X
% 230 6,42 2,21 11,35 2,75 0,22  4.46% 24.9% X
X KKK IO KK KK KOO0 K IOOR K KKK OO OO0 KOO XK K
X 590 3,09 1.00 S.40 1,64 0,28  0,00% 2430 X
X 590 3.09  1.00 15.56 9.17 28 1.74% %36.0% X
% 590 3,09 1,00 5,38 1.44 0,28  6.11% 30,41 X
KRR XRKE KKK R RO I R RO OO0 R R XK
% 400 0.62 1.00 4.00 1,57 0.34  0.00%x »g,|9 *
% 600 0,62 1,00 12,72 ~ 9,17 0.34  0.13% 3573% X
% 600 0.62 1,00 4,06 1,57 0,34  4,57% 399§ X
EREK KK LR TR E KRR KKK H AR I K IR LI XK KRR KKK X KA
x 610 2.2 2,00 8.70 2,58 0,26 - 0,00% 24,79 *
% 410 2.27 1.00 16.86 9.17 0,26  0.,B5% 37,4k X
% 410 2.27 1,97 8.93 2,58 0.26  1.78% 3g.57 X
e S S T T ST TS ST S TS S S S SRS S LR S LR bttt



TABLE 33 (CONT.)
CLARK AND SNYDER UNITGRAPH PARAMETERS
IMPERVIOUS PERCENTAGES
EXISTING 1990 AND 2040

SUB-  DRAINAGE TCc R TP cp RELATIVE I ABSOLUTE I
AREA AREA IMPERVIQUS IMPERYVIOUS
KK F KHF A KIOIOKEOKOIOROK R HOKKOR KRR KR IR RO KOK KKK KR KK KKK KK KK KKK KK
x 10 2.27 1,50 2,97 1,72 0,41 0.00% [1.%D %
* 10 3,27 1,47 3.00 1,71 0,41 0.67% 11,40 X%
x 10 3,27 1,40 3,00 1.68 0.41 2,38% 13,4| X
FOK KKK KKK K KKK KOK 30K K KK KKK 0K 0K K KKK K KK KK KK K KK KOKJOK X KOk KOk XKk K
X .15 5,56 1,50 . 2.97 1,72 0.41 0.00% 10.00 %
x 15 5.56 1.24 3.00 1,59 0.41 4.18% \q.\g %
X 15 5.56 1,11 2.98 1,51 0.41 7+34% 17.%4 X
EXKEEE KKK LR KKK KRR KK ERKKK KKK KKK KRR KK KKK KRR KKK KKK KKK K
X 20 3,97 1.350 6.00 1,88 0,26 0.00% 2%.%9 %
X 20 3.97 1.50 5.79 1,86 0.26 0.50% whe&q %
¥ 20 3.97 1.50 S5.79 1,86 0.26 0.98% 35,37 x
AREKKKKKKE KKK KKK KK KKEKK KKK KKK KKK K KR KKK KK KKE KKK KKK KKK K
x 30 25.80 6,00 20,00 6410 0.26 0.00% &%y %
¥ 30 25.,80. 5,92 19.39 6.03 .0.,2 1.26% 19,89 x
¥ 30 25,80 S.44 19,29 5.90 0.26 3.06% 2y, 49 X
KEKKKKEKKEKKKKIKKKRK KKK KR KK R KKK KKK KKK KKK KKK KKK K KKK KK KKK
X 40 12,460 6,00 16,00 6,01 0,30 0.00% S1.%0 %
X 40 2,40 5,97 16.34 6,01 0,30 0:,25% 21,65 X
% 40 12,60 5,92 16.25 5.98 0,30 0.81% 33.,2] x
KX KKK KKK KKKKKKKRKKKKKKKKKK KKK KKK KK KKK KKK KKK KKK KKK KKK KK K
X SO 1.33 1,34 10,00 1,88 0,17 0.00% 773,57 %
X 50 . 1,33 1,27 9.89 1.81 0.17 1.36% 33,9 %
X 50 1.33 1.21 10,00 1.79 0.17 1.82% 3,39 x
KKKKKKKEKRKEKEK KKK KK KK KK KKK KKK K KKK KKK KRR KKK KKK KKK KK L KKK K
X 60 2.87 1,50 15.00 2.50 0,16 0.00% x1,\§ %
X 60 2,87 1.49 14.29 2.45 0.16 1.77% 23,95 X
X 40 2,87 1,46 13,60 2,35 0,14 3.44% AW X
KKKXKAKK KKK KK IR KIOKK KK KKK K KRR KKK KKK KK KK KK KKK KKK KKK KKK
X 70 2.50 1.40 9.10 1,95 0.19 0,00% \4.20 X%
X 70 - 2,50 1,39 9,03 1,93 0.19 0.66% 16 46 *
x 70 2,50 1.37 8.84 1.87 0.19 1.69% 17,69 %
XKKKKKKKKKIKKK KKK KK IKEKEK KK KKK KKK KK KR KKK R KKK KKK KKK KKK KKK
¥ 80 20.50 5,00 18,50 5,18 0.24 0.00% \%.9¢ *
¥ 80 20.50 4.90 18.13 5.08 0.24 2.09% 1g.05 ¥
X 80 20.50 4,16 18,21 4,53 0.24 9.93% 29,9 %
XKKXKEKEKKEKE KL KKK AKX KKIE KX KR KKK KKK KKK K A KK KK AR KK KKK K
X 90 11.80 »20 15,30 2.72 0,22 0,00% F1.%¢ %
¥ 90  11.80 3.04 14,63 3.58 0,22 3,17% 4,55 %
X 90 11.80 2,88 13,59 3,37 0.22 7.42% 24,80 %
L2322 22222332 0203332232803ttt Tt 2232832328322 28;
X100 3.40 1,50 5.50 1,84 0.2 0.00% 39,\0 %
X100 3.40 1,46 5.51 1.82 0.2 1.18% 30.%¢ %
X100 3,40 1,43 5.57 1,81 0.27 2,39% %\ M x
TKKIKKRLRIK IR KKK KK I KKK KK KK KKK KKK KKK KKK KKK EKK KK KRK KKKk
X110 4,60 2.00 5.60 2,34 0,34 0.00% 28,85 %
X110 4.60 2,00 5,62 2,34 0.34 0.28% 34,1 %
X110 4,60 1.99 5,58 2,33 0.34 0v71% 29.5¢ %
TERKKKKERKKKKRKI KK IR IR KK KL K KKKRIK KK LK R KRR KKAK KKK KK LXK KKK KK
X120 1.80 1,40 4,10 1.75 0,34 0.00% ¢.600 *
X120 1,80 1.45 3.98 1.77 0.34 0,37% 7.\7 X
%120 1,80 1.07 4,05 1.59 0,34 5,95% 23.55 %
(2232222222233 3223 2822332222033 23¢322323332332S2%2



TABLE 33 (CONT.)
CLARK AND SNYDER UNITGRAPH PARAMETERS
IMPERVIOUS PERCENTAGES
EXISTING 1950 AND 2040

iﬁ:; ... DRAINAGE w2 P CP  RELATIVE T ABSOLUTE I
______ ABEA LIPERVIONS  LMPERVLOUS
*¥330__5.35 2.20 15.30 2.80 0.17 0.,00% 9@.77 %
*330. S5.35 2,26 15,49 2.82 0,17 0,31% 79,08 *
*330 5,35 2,02 ~15.40. "2.74 - 0.17 2.11%- 30,89 %
F A E AR R K HOK KRR K KR K OOOK R R R RO R IO KR KRR KK
X340 74+38 2,70 16.90 3.32 0.18 0,00% \§.N\E X
%340 7.36 2,69 16.36 3.28 0.18 1.15% 19,%0 %
X340 736 2,951 14,48 2,93 0.18 8.,84% 36.99 x
***********x*x***********************x**x****x*****x*x*
%342 1.18 1,50 8,40 2,08 0.2 0.00% 7%7.55 X
x342 1.18 1.46 B.46 2,00 0.21 1,33%x 3¢.%% %
x342 1.18 1,37 7,66 1.83 0.21 P.21% 4,74 %
******************x**************x**********x******x***
X345 1,20 1,59 8,70 2,09 0.21 0,00% 27.43 *
X345 .20 1.49 8.87 2,09 0,21 0,23% 7§, \§ X
X345 1.2 1.46 B.46 2,00 0.21 3,86% »1,7¢ %
*****************************x***********x*****x*******
*x350 3,07 2.00 12,350 2,69 0.20 0.00% 23.57 %
*350 3.07 2,06 12,63 2,71 0.2 0.,26% 327,83 X
X350 3,07 1.62 11.49 2,49 0.20 5,.58% *8.1\§ X
***x*************************************x*************
*xX70 4,88 2.00 15,00 2.73 0.17 0,00% 14,25 X
X370 4.88 2,20 7.85 2.65 0.30 2.2B% 1§.51 X
X370 4,88 1,90 6.95 2,42 0,30 9.36% 35,89 X
x***x**************************************xx***x******
*x375 2,93 2.00 11.50 2.67 0.21 0,00% §.95
*x37%S 2,95 1.80 11.47 2.61 0.21 2.74% q.69 X
X375 2,95 1.61 10.23 2.39 0.2 9.47% 16, XL X
*x******x*******************x*x***x********************



TABLE 33 (CONT.)
CLARK AND SNYDER UNITGRAPH PARAMETERS
IMPERVIOUS PERCENTAGES
EXISTING 1990 AND 2040

SUB~  DRAINAGE C R 'n’ - CP RELATIVE I ABSOLUTE X
AREA AREA - - IMPERVIOUS  ImPrkvIOus
FORAKE N KKK KK KF F KKK KK KKK HOK KKK K KKK KK KK KK KK KK K KK KK KKK X8 X
* 400 1,76 1.00 4,30 1.59 0.33 0.,00% 578 x

¥ 400 1.76 1.00 12.18 ?.17 0,33 1.52% 25.%6 %
¥ 400 1.76 1,00 4,235 1,58 0,33 4.55% *%.%7 x
(EES RSS2 2823222022223 30208303330 23333 3220233028338 221
¥ 420 3.3 2,00 7,20 2,50 0.30 0.00% 23,%| *
¥ 470 3.35 1,00 14,445 ?.17 0.30 0.38% 1%H.49 X
¥ 420 3,26 1,96 7.13 2.47 0,30 1,19% 29.30 x
FOHRR RN KR HOKOK K 3K OKOKCK RO ROR KK R OK0K KK KR KK KKK KK K03 KK KOKOKOK KOK RROKOK X
X 430 1.59 1,00 4,20 1.58 0,33 0.00% \7.4% X
X 430 1.59 1.00 13,18 ?.17 0,33 1.89% 194.7] %
X 430 1.359 1.00 4.2 1.58 0,33 2.23% 90.0%5 %
R OCROKHOKR K HORKOKOKKOKKO KKK KK SOOKOK K R R KO KK XK KKK K K KOk KKK XK XX
¥ 440 0.B83 1,00 S5.00 1.62 0.30 0,00% 394 x
%X 440 0.85° 1.00. 14,49 217 0.30° 2.92% 37, %, x
X 440 0.85 ° 1.00 4,88 1.62 0.30 S.63% @0,57 %
E2 2223232322220 2038222232202 3333 2833222233322 232223200%:
¥ 510 ?.02 2.00 ?.70 2,82 0,24 0.00% 2999 %
* 3510 ?.02 1.00- 18.22 9.17 0.24 3.83% 3,7¢ X

¥ S10 ?.02 1.71 - 8.90 .42 0.24 7.47% 37.9% X
************************X********X**********************
X S20 10.490 2,50 - 11,00 2.86 22 0.00% 57,79 %
¥ S20 10,40 1,00 19.91 P17 W22 0.27% %%.C6 x
X S20 10.40 2,42 11,41 2.84 22 2,83% 30.6% x

HHRKKR R KK KRR KKK K KKK KKK KKK KK EKKR KK KKK XK KKK KKK KK KK KKK K
* 530 1,38 2.00 5,00 2,26 0.35 0,00% 2x,50 #
x S30 1,38 1.00 13.34 10.22 0,40 0,00% 2u4.go X
X 530  1.38 1.98 4,97 2,24  0.346  2,20% 24,70 %
HR A KA KK KK KKK KR KR KKK KKK KKK KRR K KK KKK K XK Xk X K
¥, 570 4,04 2,30 8,70 2,74 0,27  0.00% 2w.7 X

¥ 570 4,04 1,00 146,12 9,17 0.2 0.00% 247 *
*x 570 4,04 2+33 8,73 2.76 + 27 0.,04% 29.41 X%
FK K HKAOKRK KKK KK IR KRR KKK R KX KK IR KK KRR KRR KKK KR KK KK KKK LKk
¥ 340 11,60 2.00 8.00 2,55 » 28 0,00% %670 X
¥ 540 11,60 1,00 15.34 P17 0.28 3.25% 3Y,90 %
¥ 5S40 11.460 1.76 6.87 2,28 » 28 7.28% 37.9¢ x

R HOKOKRCR KK IOK KKK KKK K0OK 3CKOK K KK KK KKK KOO KOK R KKK KKOK R K KK K KKK K Ko
*x S350 1,31 1,00 4,00 1.57 0,34 0.00% g.2] X%
X 350 1,31 1.00 12.72 ?.17 0,34 1.,13% q.v4§ %

¥ 550 1,31 1.00 4,03 1.57 0.34 S.18%x 3H.u7 x
H KKK OK KKK KKK R 0K KK KKK KOKOK K KK 0K XOK KK KKK KKK KKK K X KR KKK X
X 540 1.8%9 1,50 ?.00 2.11 21 0.00% 732.96 %
¥ S60 1,89 1,00 20.98 ?.17 0.19 0.,00%x 733.5% X
X S60 1.89 1,50 8,97 2.11 v 21 0,00% 3A.56 %
K HKRKERKKKOK KK KKK KKK KK KK E KR KRR KRR KK XK K IR R KKK KKK KK KK KK KK K
* $80 0,38 1.10 6,00 1.69 26 0.00%x %0.1% x
¥ 580 0.358 1,00 15,79 9417 0.26 0,00% %0,\9 X
X S80 0.358 1.15 5.90 1,70 26 0,00% 30,19 x

*****x************x***x******x*****x*x*x**x********x****
x 130 3.76 1,10 5.60 1,67 0,27 0.00% BHIA %
¥ 130 2,74 1,00 16,15 9.17 W27 0.91% 3$3% &
x 130 3,76 1,00 5,48 1,65 0.2 1.57% 35.¢% x
FHOROKERIKR R HRIR KKK ICK XK AR KRR KR KR E KRR AR KK KKK AN RK KK KK A



TABLE 33 (CONT.)
CLARK AND SNYDER UNITGRAPH PARAMETERS
IMPERVIOUS PERCENTAGES
EXISTING 1990 AND 2040

SUB-  DRAINAGE 1C R TP cp RELATIVE X ABSOLUTE %
AREA AREA IMPERVIOUS IMPERVIOUS
S KK KKK KK KKK KK KO 3K HOR . H0K KOKOK K 0K KOKK KKK KO K KOO IOKKOKIOOK KOk X
X450 14.00 5,00 25.00 5,40 0.19 0,00% 11.%3H X%

X450 14,00 4.90 24,50 5.27 0,19 1,74% 12,07 %
¥450 14,00 4.57 23,11 4,95 0,19  6.15% 7,48 ¥
FR RO K KO K K KKK K KKK KKK 00 R R KK KK X KKK KRR R KKK KKK K K
¥45S5. 2.31 2,00 B.90 2,59 0.246 0,00% {5.%% X
¥455 2,31 1,79  8.33 2,45  0.26  2.8B2% g,10 *
K455 .2331 1,75 . 7.93 . 2.38  0.26 5.77% 21.65 %
EEKKKKKKKKER KK KRR EE KRR LXK R R KRR KKK KKK ERR R KRR KRR K K

X460 3,55 2,70 10.2 2,98 0.25  0,00% 13,56 X
¥440 3,55 2.2 9.5 2.72 0,2 6,79% 30,35 ¥
x450 3,55 1.48 7.82  2.27 .25 19.68% 133,34 X
KRKHOKK KK KK K KKK XK KK KKK K IOK KO K K KK KKK KKK 0K K K OOK K XK KKK KRRk K
X470  0.63 1.50 5.40 1.83 0.2 0.00% 26.%) ¥
X470 0,63 1,44  5.51 1,81 ,27  0.45% 2g.%p X
¥470 0.63 1.32 S.54 1.77 0.2 6.97% 1Y HE X

FHR AR KRR KK KKK KKK KK KK KRR OO K KRR K
¥480 1.94 2,10 8,40 2,43 0,27  0.00% 17T} ¥
%490 1.94 2,03 8,54 2,59 0,27 0.80% g5} X
¥480 1.94 1,63 6,36 2,08 0,27 13.89% 2&.60 %
N T Lt T it s e T stIeaseSSEsSissssisssss bl
435 1.53 1,70 7,80 2.30 0,26  0.00% 19,96 X
%485 1.53 1.71 7,50 2,28 0,26 0.53% 20,51 *
%485 1.53 1.59 6,53  2.04 0.26  4.98% 24,16 *
PR KR KKK KARE A KKK KRR KK KRR KKK IO RO XX
¥490 3,31 2,30 10.00 2.77 .24 0.00% 35,76 X
¥490 3,31 2,09 10.15 2,58 0.24  2.19% 37,95 ¥
%490 3,31 1.80 9.46 2,53  0.24  4.45% 30,3 ¥
X******************************************************
$¥500 2.13 2,10 7.00 2,56 0,31  0,00% 42,8 %
%500 © 2,13 2,01 6,90 2,49 7 0,31  0.26% uv.¢9 ¥
£500 2,13  2.01 6,90  2.4%  0.31  1.09% Fw. 7% X
#X*****************************************************



TABLE 33 (CONT.)
CLARK AND SNYDER UNITGRAPH PARAMETERS
IMPERVIQUS PERCENTAGES
EXISTING 1990 AND 2040

SUB-  DRAINAGE 1< R TP cP RELATIVE % ABSOLUTE 2

AREA -~ AREA - — . IMPERVIOUS IMPERVIOUS
HEF KRR R RO K KKK K K R KKK 3OOK SOK SOK FOK0KOKR K E K KK K KR KKK K R KKK K
* &30 6,47 2,00 13.00 2,70 0.1% 0.00%x 5,4¢
£ 4630 b6.47 2,01 13,41 2,71 - 0.19 0.86%X 4. &9 *
X 630 6.47 1.56 11.64 2.42 0,19 11.,83% 17.61 %
HXHKRIE KRR KKK IR KK KKK I KR KK IR LK R AR KKK KR KK KKK KKK KK KKK K KK KK
X 640 T.51 2,00 12.00 2,68 0,2 0,00% < &Y X
X 5640 5.51 1.88 11,69 2.44 ° 0.21 0.87% 5,50 %
X 640 . 5,51 1.75 11534 "2.58 . 0,21 2.11%x 6.y X
K HORKRR KR KRR RO H KRR F R EIKRKAOK AR KK KK FORK K KKK K K KKK KK KoK KKK K
X 4650 1.37 1,40 7,40 2,13 0,25 0,00% 9,71 %
X 4650 1,37 1.60 7.41 2.14 0.25 0.21% 9,92 x
X 850 1,37 1.54 6+67 1,99 0.25 3.27%x V3,18 x
B HOK KKK KK KKK KKK FE KKK KR KRR K KRR KKK KK KKK KK IR K KKK KK KKKk
X 660 5.40 2,20 11.80 2,76 0.21 0,00%x 94.53 x
X 5460 5.40 2,10° 12,05 2,72 0,21 1.33%x \0. &6 %
X 660 5,40 1,65 10.86 2,49 0.21 11.63% *1.14 X
KKK IAKRKKRKKE KRR KKK KIORK IR KKK KKK K KKK IR KKK AR KKK RK KKK KKK K
X 670 2.81 1,50 ?.50 2,15 0,20 0.,00% T,g4¥ x
X 670 2.81 1,49 ?.70 2,15 0,20 0.00% ©,%Yy %
X 470 2,81 1.49 .70 2,15 0,20 0,10%x §.9% %
KK EHKAOKIK R KK KKK R KRR E KR KKK KL KRR KL ERK KK RKKKK KK KKK KKK KK
¥ 580 1.33 1,60 - 7.40 2,13 0.25 0,00% . g4 %
X 4680 1,33 1,60 . 7.41 2,14 0.25 0,00% 1, 6% X
X 480 1,337 1760 7.41 2,14 0.25 0.00%x 3,6% X%
FEKKRKHKKIK KKK KK KKK KKK KKK KKK KK IR KL KKK KKK KKK KKK KKK K
X 4690 3.59 3.00 10,00 3.26 0.28 0.00% 25,91 X
X 490 3.59 2,99 ?.78 3.23 0,28 0.00% 735 21 x
X 590 3.59 2,99 9.78 3.23. 0.28 0.32% 25.5% %
FAOKK K KKK KKK KR KK KKK ORI KR KKK KOK R ROK HOR KKK KRR K X X KKK X
* 700 S.42 2,00 12,00 2.68 0.21 0.00% (%, 69 %
* 700 5,42 1,88 11.69 2,64 0,21 1.34% 14.0% %
X 700 5,42 1,62 10.56 2.44 0,21 7,10% 23,13 %
FHFIKKE KKK KKK KKAIERLK KK KKK IR KRERERK KRR KKK KKK KKK KKK KKK
X 710 10.30 3.00 14.70 3.55 0,22 0.00% ¥, 93 X
X 710 10.30 3.00 14,48 3.54 0,22 0.03% 14.9¢ *
¥ 710 10.30 2,00 - 14.48 3.54 0.22 7 0,08% 15,01 %
KR KKK KKK IR KK KRR KKKKRE KKK E KK E KKK ERIKKKKIKK KL KKK KKK KKK
x 720 2,35 1.60 8.90 2.27 0.2 0,00%x .97 x
X 720 2.35 1,40 B.67 2,25 .23 1.69% 10.66 %
X 720 2,35 1,57. 8,11 2,15 0,23 6.18% 15,15 %
HHKEKK KKK KKK REK KKK AR ERREE R AR KRR RI KKK KKK KKK KKK KK KKK KK K
x 730 Y 2.50 2,50 2,87 . 0.20 0.00% g§,%¢ x
x 730 Y 2,47 12,67 2.87 0.20 0.41%  §,79 %
x 730 5,66 2,46 2.68 2.86 0.20 0.8B% 4,%, x
ERERKKKKKKEKRE KK KK KK KK KK KA KK KK AR KKK KKK KK KKK A KKK KKK KA KK
X 740 5.11 2,00 11.50 2,67 0.21 0.00% 7.5 x
X 740 S.11 1,90 11.65 2.465 0,21 0.44% g, 03 X

x 740 S.11 1.90 11.45 2,65 0.2 0,5%x 1& ., \YH X
HXAXAFKKIKIKK KKK KRR KKK KKK EKIR KKK KR KIOEK K KA KR KRR KKK KKK
X 7590 4.54 2.50 11,00 2.86 222 0.00%x \%,30 %
x 7350 4.54 2,51 11.32 2.86 0,22 0.00% 19 40 %
X 7%0 4.54 2,51 11.32 2.86 22 0.84% 30,04 X

THRXKREIHIKIKIK AR R IR KKK AL LA KEE XK TR AKX KKK KKK KK KR KKK



TABLE 33 (CONT.)
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FHE A RE KK KRR KKK KO0 KR K KOO KKK KOO KRR KX XK
X 760 0,90 1.50 7.00 1,96 0,24 0.,00% 3,14 %
X 760 0.90 1.51 6.91 1.97 , 24 0.00% ,7% X
X 760 0.%0 1.51 6,91 1,97 0.2 0.37% % \} X
KK KKK OK KK R KKK K HOR R KKK KK IO R KK KKK OO OOR K ORR A
X 770 1.91 3.00 7.00 3.04- 0,34 0.00% \l.%} X
¥ 770 1,91 .3,00 7.13 3.04 0,34 1.52% V3.9 X
x 770 1,91 2,94 6,91 2,98 0.34 T.46% \%, 87 %
F KR KKK KKOOR KK K KKK KKK KK KKK KKK KK KRR KR K KRR R X X X KK

x 780 10.70 4,00 15.00 4.2 .24 0,00%x 1%.00 x
x 780 10.70 3.98 15,05 4,22 0.24 1.05% 14,05 %
x 780 10,70 3.80 14,39 4,03 0.2 3.89% 1.3 X

FR R KRR KRR KRR KKK KK KRR KK KK KR X0 KOO KOOk
x 790 7,08 3,00 13,00 .3.47. 0,24  0.00% 30.33 x
x 790 7.08 2.97 12,59  3.42 L24  0.87% 31,09 X
X 790 7.08 2.92 12,01  3.32 0,24  3.36% 3,58 X
FHHK KRR KKK KKK KKK K KKK HORK OO K KOO0 KKK
%X 800 3.60 3,50 10,50 3.78  0.30  0.00% \&. Al X
% 800 3.40 3.23  9.93 3.54 0,30  3.95% %M X
X 800 3.460 3.13 9,42 3,37 0,30  6,21x 35.\% X
FRA KKK KKK KKK KKK KRR KKK KRR KK KKK KOO KOOKKOK KK
% 810 27.10 S5.00 35.00 S.66 0,15  0.00x 19,06 *
% 810 27.10 4.83 33,42 S.44 0,15  2.36% -] A3 X
% 810 27.10 4.79 32,35 S.34 0,15  4.,58K ¥D.EY X
KK KK KKK KKK KRR KKK KOO KK KOO XK KRR KKK OO KR KKK KK XK
x 820 13.30 3,50 4,00 .3.12 0,51  0.00% .19 X
%x 820 13.30 3.48 3.89 3,08 0,51 1.07% 7,9¢( *
%X 820 13,30 - 3.47 3.84 3.06 0.51 3.17% 4,26 X
FHK KKK IR KKK K KKK KO KKK KOO ORRKOKORKOOOOKOR XX KRR
x 830 19.i0 1.80 =27.80 2,78 0.10  0.00%x 10.51 x
£ 830 19.10 1.37 25.45 2.59  0.10  S5.56% 1407 *
% 830 19,10 1,31 24.00 2.44  0.10 12,77% 33,34 X
FH KKK KK KKK KKK KKK KO K KO KKKKKKOKKOR K KOOI Kok
x 840 4,38 1.03 9.2 1,73 0.18  0.,00% 13.%3 X
% 840 4.38 1.03 9.41 1,73 0,18  0.52% {3.95 *
% 840 4.38 1.03 9,41 1.73 0,18  1.12% 13,55 X
FH T KKK KK KK KKK KKK KR KA R KKK KKK OO Kk
x 850 11.80 1,03 14,00 1.77 0.11  0.00%x .39 X
% 850 11.80 1,03 16.61 1,78 0,11  0.42%x 9q,7] *
% 850 11.80  1.00 16,67 1.77 0,11  3.17% 13,44 X
FHK KRR KRR KK KK KKK K HOR KR KK KOO0 KOO OO OR kR X
x 860 1,71 1,03 8,33 1.71 0,20 0.00% 500 ¥
¥ 860 1.71 1,08 8.24 1,73  0.20 0.00% 5,00 %
£ 860 1.71 1,00 8.31 1,74 0.20 1.82% §.%3 X
TR KKK KKK KKK KK KOO 0K KOk KOO0 KKK OO KRR Xk K
¢ 870 13.02 3,00 4.00 2,83 0,48 33.00% §3%.9] ¥
« 370 13.02 3,07 3,93 2.85 0.48 3I3.09% 44,00 X
x 870 13.02 3.07 3.93 2,85 0,48 33.63% g4 T X
B e S S 2SS S eSS EL 2SS S LSS S LR AR LELAL S AL
% 880 S.84 2,30 7,50 2,70 0.30  0.00%x 1%.4] X
¥ 890 S.84 2,32  7.65 2,72 0,30 0.40% 13,01 X
% SRO  S5.84 2,26  7.65 2,69 0,30  1.7IKIR.E X
e e S LTSI SRS S S S S SR LRSS LR AR LR b bl
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AREA AREA IMPERVIOUS IMPERVIOUS

F KKK FOK KKK K K KK KKK KKK K KKK K KO K K HOK K KKK KOOK KK OK K KOKK E K KK KK X X
%1270 0.72 1,00 2.00 1.28 0,47 0.00% 46.%3 X
k127 0.72 1.00 1,93 1.2 0.47 S.47% 71,69 ¥
¥1270 0,72 1,00 1.93 1.2 0.47 10.%4% 7716 x
AEKEEEKLEKEKE KKK KK KK KKK KKK KK KKK XK KKK KKK KKK KK KKK KKK KKK KKK
¥1280 2.02 1,10 2,35 1,41 ° 0.46 0.00% \&,35 %
1280 2,02 1,10 2.30 1.40° 0.46 1.7S% 30.00 %
X1280 2,02 1.00 2,11 1,31 0,46 18.21% 7%6.94é6 %
KK KKK KK KK KK B0 OROK K oK K K KKK K 3R K 0K K K 0K K O 5 KKK KKK KKK KKK X KK
X1290 4,36 1,35 2.9 1.65 0,42 0.00% u, ¢ %
x1290 4,36 1,2 2.87 1.56 0.42 4.70% 24.8% *
£1290 4.36 1,14 2,86  1.52 0,42 7.76% &[99 %
KKK KOOK KOO JORK KO KRR KKK K R KKK K KKK K KK KKK K KKK ROk KKK K XK
“ %1300 3,40 1.2 2,70 1.56 0.44 0.00% 31,70 X%
x1300 3.40 1,15 - 2.60 ~-1.49. 0,44 4.95% 3,.65 %
¥1300 3,40 1,00 2,51 1,40 0,44 11.76% Y24, X
KKK ACHOK KK HOK KKK KKK KKK JORK KK KRR KRR KKK KKK KKK KK KKK KKK KKK KKK
%1330 4,31 1,50 2,80 1.71 0,43 0.00% 33.9% %
%1330 4,31 1.41 2,77 1.67 0.43 3.31% %7, %9 X
x1330 4,31 1,32 2.77 1,62 0.43 7.72% W1.65-%
ARRKAK KR E A KR RK A KK AR KR KKK R AR KRR KK KRR KRK IR HK KKK E KK
x1310 1.45 1,00 2.10 1,31 0,46 0.,00% H.27 x
x1310 1,45 1.00 2,20 1,33 0.46 0,14% 1.4 X
¥1310 1.45 1.00 2,11 1.31 0.46 Ii35K PFHLR X
BEKERKKIIRKKE KKK K RA KKK KR KKK KKK KKK KK KK KKK KKK KKK KKK KK KK
X1315 3.66 1.2 2.80 1,59 0.43 0,00% .09 X
¥1315 3.66 1.21 2.75 1,55 0.43 2.57% 3,44 *
*x1315 3.66 1.00 2,67 1.43 0,43 9.20% %0.99 *
HRFHIE KK AKIKIKIK KKK E KKK KKK K KKK KKK KK KKK RKK KKK KKK KKK A KKK K
%1317 0.54 1,00 2,00 1,2 0.47 0,00% w3.0% X
¥1317 0.54 1.00 1.99 . 1,28 0.47 1.12% 43,35 %
¥1317 0,54 1,00 1,93 1.26 0.47  S5.33%x ¥7.% x
KKK KK KORKIORK K KKK KKK KKK K KKK KKK X 0K K KKK K K KKK KKK K KK K KOk K %K KK
*¥1320 2,29 1.20 2,60 1.52 0.44 0.00% »g.6¢ *
X1320 © 2,29 1,13 2.60 1.48 0.44 - 3.469% 377 %
x1320 2,29 1,05 2,55 1.42 0.44 7.81% 46.39 x
AEKKIE KKK KKK KKK LR KK KKK K R KRR KKK KKK KKK KK KK KKK KKK KKK KKK
x13350 3.73 1.50 2,70 1.70 0.44 0.00%x GL%, X
¥1350 3.73 1.54 2.67 1.71 0,44 0,71% £7.27 *
*1330 3.73 1.54 2,67 1.71 0.44 2.47% 53,17 %
KR KKK KRR KR AR KK KKK KKK KRR KKK KKK KKK KKK KKK KK A KKK KKk X
£1340 8.71 1.85 3.70 1.,98 0.39 0.00% 76y *
%1340 8.71 1.84 3.62 1.96 0.39 0.29% 419 %
X1340 8.71 1.81 3.49 1,92 0,39 2.44% 037 %
1233223t 1223832233333 338338 T
¥x1340 2,97 1.20 2,60 1.52 . 0,44 0.00% 3%.86¢ %
*x1340 2,97 1.22 2.63 1.5 0,44 0.00% “Fgg *
¥1360  2.97 1,200 2.62  1.52 0,44  0.41% BeA x
****************X***************************************
¥1380 5.64 1.50 3.40 1,75 0.38 0.00% Tl.%4 X
#1380 5.64 1.53 3.35 1.76 0.38 0.,00%x SI.76 x
¥1380 6,64 1.53 3,35 1.76 0.38 0.27% S1L7% x
KRKKFKRK IR K KIKK KKK KKK KKK K KKK I KKK KKK KK KKK KKK KKK KKK KA KK



TABLE 33 (CONT.)
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AREA AREA IMPERVIOUS IMPERVIOUS
T KKK KK KKK OK KKK KKK KKK 0K KKK K KO KK KKK OROKOOOOOOR XK
¥ 29590 1.80 1.70 5.00 2,01 0.32 0,00% 23,9 %
X 890 1.80 1.70 4,85  2.00 0.32 1.24% 23,47 X
¥ 890 1.80 1.66 4,65 1.94 0.32 3.00% %5 .3H %
FAOK KKK KKK R K KR OR KK KK OOK XX KOK K K KK KOO KR KOO R X X KKK
X 900 8.09 3,00 15.00 3.56 0,21 0,00% 15.9% %
X 900 8,09 2,88 14.91 3.46 .21 2,.79% 1g,73 X
% 900 8,09 2.82 14,03  3.34 0.21 5.,40% 33N %
Tk K K KKK KR K ORI KOKK K R KK K KOK KOK KK KKK KKK SOCKORR KOHOOKOkk X
X 910  0.65 2,50 4,50 2.644 0,44 0.00% O, 1§ *
¥ 910 0,65 2,54 4,45 2,66 0,44 0.00% 30,16 X
% 910  0.65 2.54 4,45 2,66  0.44 0.00% 30,78 %
KKK KRR KK KKK FOK K KRKHOK KK K K KKK O KOOK OOKIOK KKK OKOKKOK RO X K XK
X 920 2.05 1.50 4,50 1.81 0.31 0,00% 91,64 *
® 920 2,05 1.39 4,57 1.77 0,31 3.67% BB %
x 920  2.05 1.2 4.61 1.72 0.31 7.89% 35,8 %
KKK HOKOKK KKK KKK KKK KKK KK KKK KKK KR RORKOKKKOKOK KK KRR KKK
x 30 8.58 5.60 7,60 S.14 0,47 0.00% 17.56 %
¥ 930 8.58 5.17 7,16 4.88 0.47  4.,50% 3.4 ¥
* 930 8.58 4.78 6,87 4,55 0.47 12.36% 22,12 X
Fok KKK KKK K K KK OKOKKOKCK KKK KK KO0 R KKK K KKK ICOKIOR R KRR KKK
x 935 S0,90 11,50 15,50 10.96 0,49 0,00% \3.%7 %
¥ 935 S50.90 11,31 14.98 10.66 0.49 2,47% 15,%6 *
* $35 50,90 10,87 14.18 10,24 0.49 6.94% 12,4 %
KKK KK KKK O R FOKORK KL K KK KK KK KK KKK KRR KOK 0K K KORKOROKORK K OKOOR KKK
¥ 940 18,10 7.40 10.00 6,97 0,48 0,00% 9,\@ x
X 940 18,10 7,49 $.97 7,01 0,48 0.,01% 4,19 x
X 940 18.10 7.49 9,97 7.01 0,48 0.23% g1 %
FXOKACHOKKKR K K K KRR EOK K KOO R KK ORI KRR KOOI R
X 950 3,55 4,10 5.50 3.85 0.48 0.00% 5,34 ¥
¥ 950  3.55 3,95 5,46 3,78 0.48  4.76% 20.,\Q0 %
X 950 3.55 3.72 S.32 3.61 0.48 7.24% »2.59 %
AR K KKK KKK K KKK KK KKK KK KK ORI KR KKK RIOKK KR KOR XA
%X 960 1.84 3,30 4,50 3,03 0.46  0.00% g, W] X%
X 960 1.84 21 4,33 2,95 0,46 3.94% (0.4 *
x 960 1.84 2,53 4,13  2.63  0.46 10,62% 17,09 %
KK KRR AR H KKK K KOO R K KKK KOO KR K OKORKKOR R IOOR KRR LK
¥ 970 1,08 3.00 4,50 2.86 0.44 0.00% \4.79 x
x 970 1,05 2,44 4,40 2,60 0.44 S.79% 30.5¢ *
x 970 1,05 2,17 3,70 2.21 0.44 23,21% %§, 00 %
FoK R K KRR KR KKK KKK KK R K K K K OOO0OOOKTOKK XK R KKK OO X XK
x 980 B.66  S5.60 7.60 5,14 0.47 0.00% \\.10 %
x 980 B.66  5.52 7,33  5.06 0,47 2.30% |y, 40 X
x 980 B.66 4.77 6.74 4,52 0.47 13.07% 3%,17 X
kKR EKRKKRR K KK KKK KRR KKK XK KRR X KRR KRR KRR KKK K X
¥ 985 12.30 3,00 8,20 3,13 . 0.31 . 0.00% 73,09 %
¥ 985 12,30 2,83 7.66 2.96 0,31 4,05% \4.\¢ ¥
x 985 12.30 2,76 7,37 2.88 0.31 6.51% VG .60 %
FOR KKK KKK KKK KKK K K KRR KK KR KK KK KR IR KRR KKOK R R K KRRk X
X 990 7.38 5.30 7.20 4.93 0,47 0,00% \&.7) *
x 990 7,38 4,89 7,11 4,69 0.47  3.72% 341 X
x 990 7.38 4.72 6.58  4.41 0,47 8.83% 47.5% *
x*xu*nxxt*x*xn*x*n********u*****x*x****x********ux



TABLE 33 (CONT.)
CLARK AND SNYDER UNITGRAPH PARAMETERS
IMPERVIOUS PERCENTAGES..
EXISTING 1990 AND 2040

SUB~  DRAINAGE C R TP CcP RELATIVE X ABSOLUTE X

AREA AREA IMPERVIOUS IMPERVIOUS
PRt TET S22 22322 T 2533223333323 3333233233333FELL!
¥1370 1,31 1,00 2.00 1.28 0.47 0.00% 53.05 %
*1370 1,31 1,00 2.09 1,29 0,47 0.00% $%.05 x
x1370 1.31 1.00 2,09 1.2 0.47 0,00% $9.C5 %
KK KOO KOKOK K 0K KKK KK KK KO 0K KKK KKK KK 0K KK 0K KK K KK 0K KK KK XK
%1335 1.37 1.00 2.00 1.28 0.47 0.00% 90,9] %
%1385 1,37 . 1.00 1,98 1.27 0,47 1.54% 53,45 %
*138% 1,37 1.00 1.94 1.26 0.47 3.61% 5W.T% X
HRORERRKIOORKOKKR KRR R KOR R OIOOR KRR OR TR R K 30K 0K KK KRR K KKK XX KK
x1390 3.57 14+50 2,60 1,69 0.45 0,00% G394 %
X1390. . 3.57 1.53 2.57 1.70 0.45 0.00% Gad x
*1390 3.57 1,53 2.57 1.70 0.45 0.00% TSP X%
b2 2232232333232 23 302232338323 2333 3333333333 TSI TS
%1400 21,60 4,40 4,00 3.86 0.58 0.00% 07 %
¥1400 21,60 4,32 3.94 3.82 0.58 1.,75% 33,9 X
x1400 21,40 4,24 3,98 3,79 0.58 3.41% 459 %
AKERKEKER KKK RKIKRE KK KKK IR KKK E KK KK KK KRR KKK KKK KKK KK KKK KKK
%1410 1,40 1,00 2.10 1,31 0.46 0.00% W& H¢ %
¥1410 1,40 1,00 2,16 1.32 0.46 0.64% 929.0¢ X
x1410 1.40 1.00 2,16 1,32 0.44 1.75% 3039 x
EERRKEKRELKKERKE KR KK IRKKK KKK AKKKKI KK KKK KKK KKK KKK KK KKK
X1413 2,63 1,50 2.20 1.44 0,49 0.00% %1,9¢ x
¥1413 2,63 1.51 2.18 1.64 0.49 0.93%x 93.9] X%
x1413 2,43 1,47 2.17 1.62 0.49 2.98% 4.9 %
KXRKHROORKEE KRR KRR KKK KKK KKK KKK KKK XX R KKK KKK K
x1415 9.11 1,90 3,70 2.01 0,40 0.00% 557 %
%1415 9.11 1.87 3.58 1.98 0,40 0.98% 25.55 %
%1415 9,11 1.85 3.52 1,94 0.40 1.047% .04 X
FEREEIRIORK KK KK KRR KK KK KKK KK KK KKK KK KKK KK KKK KKK KK KK KKK R KK KK
¥1417 3,10 1,2 2,70 1,53 0.43 0:00%x F7, %L X
*¥1417 3.10 1.2 2.75 1.54 0.43 0.74% 4.0, %
¥1417 77 3,10 7 1.17 T2,74 1,52 0,43 0,93% *@5 X
KKK KR KKK KK KKK KR KK KR KKK KKK KK KK KKK JOK KR KOIOK KKK KKK KK K KKK K% K K
x1420 2,02 1,05 2,45 1,41 0.45 0.00% a¢ *
x1420 2,02 1,08 2,43 -1.,42 0.45  0.,33% 30,14 X
x1420 2,02 1.08 2,43 1,42 0.45 0.96% 20,77 %
KHKEREKKKKKKEKRR LKL KKK IR KKK KKK KRR KE KRR KK IR KRR KKK KK KK
x1430 3.12 1,20 2,70 1.53 0,43 0,00% 7355w %
%1430 3,12 1,15 2,73 1,51 0,43 0.42% 14 .4¢ *
%1430 3,12 1,15 2,73 1,51 0,43 0.42% 73.9} X%
KRKKKK LK KK RRKE KK LR KR AKKE KK IR X KK KKK IR IR KR KKK KKK LR KKK KKK
x1440 2,02 1.10 2,30 1,40 0.44 0.00% 37h1g *
x1440 2,02 1.11 2,32 1.41 0,44 0,00% 2718 X%
*1440 2,02 1,04 2,28 1,38 0,46 0.32x 37.50 «x
EEKKKKKREKKKERK R KRR KK KKK IK KKK KKK KK KK IR KR KKK KKK KKK KKK KK
X1445 1,28 1,00 2.10 1,31 0,46 0,00% 31,35 %
x1445 1.28 1,00 2.2 1.33 0.46  0.32% 72147 %
x1445 1.28 1.00 2,20 1.33 " 0.44% 1.46% 2.4\ %
KEKKKIKKEKEKKKK KKK KKK IKRI KKK KK KKK KIK KKK KRR KKK KKK KKK KKKK
x1450 1.12 1,00 2,00 1,2 0,47 0.00% Wi, 64 X
x1450 1,12 1.00 2,05 1,29 0,47 0.80% g5y X
#1450 1.12 1.00 1,94 1,26 0.47 3.62% wg. ., X
EREKKKKKXIK KKK KKK IR KKK KK KKK KK KKK KK LK KK LI R KKK K E Kk K
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2252222232833 233322 2233333333323 2TEITTTITLIST LS 2
*¥1100 2,60 1,00 5,00 1,62 0,30 0.00% 32.%6 %
*1100 2,60 1.95 0.50 0,79 0,00 7.28% 36T x
¥1100 2,60 1,00 4,990 1.62 0.30 g8.75% ML\l x
2233823233222 22322322222 2335222222222 2TTEST LT EL S
¥1110 1.58 1,00 4,00 1.57 0.34 0,00% 2w 0% x
x1110 1.58 1.00 0.50. 11,79 ..0.00  12,82% »§,%é %
¥1110 1.58 . 1,00  -4.06 1.57 . 0+34 19,26% A x
KKK KKK KK KOKKOK KKK KKK KRR R KK KOk K FR0K KK J0K 30K IOK KK OOK KRR OK0K K
%1120 3.54 1.20 5.50 1.71 0.28 0,00% V0.4 %
¥1120 3.54 1,00 19,18 11,27 0.28 2,96% \%, &7 %
¥1120 3,34 1,00  5.39 1,64 0.28 4.36% 15.27 %
KK KKK K KKK KKK 0K 30K KKK KK 0K KK OK KK K KKK RO KK 0K 0K KKK OKOK K K IOK KKK X
*1130 2.25 1,10 4,50 1,63 0.32 0.00% 10.35 *
x1130 2,25 1,00 16.73 11,27 0.32 ~ 1.,83% 19.1¢ X
*1130 2,25 1.00 4,45 1.60 0.32 4,460% \%,95 X%
FK A KKK F KKK KKK KK KKK 0K KO K0K0K KKK KKK 30K KO0OK KKK OIOKKKOK XK KO KKK K K
%1140 4,37 1.20 5,80 1,72 0.26 0.00% \g.%0 % -
x1140 4,37 1,00 20,64 11,27 0,26 2.92% 1T X
¥1140  4.37 1.00 5.94 1.66 0.26 5.32%  FUAR x
FOK KKK KKK KKK KKK KK KK KKK KK KKK K KK KK KK K KK KOKK %K KOKKOKK KKK KOk Kok
x11590 2.30 1,00 4,80 1.60 0.31 0.00% 0.7 %
x1150 2,30 1,00 17,28 11,27 0.31 0.60% »\.%6 X
*1150 2.30 1.00 4,65 1.61 0,31 2,03% .79 %
F K HOK KKK KKK K HOK KK KKK KRR KK KR KO KKK KKK KKK K K KKK KKK KK KRR KKK
x1155 0.34 1,00 3.50 1.53 0.37 0.00% +%.25 X
x115S 0.34 1,00 0.50 9,69 0.00 12,30% 35.5% X
¥115S 0.34 1.00 3.52 1.53 0.37 16.40% 9.45 x
2 S22 2222332238382 8233¢3S233323322323333333333333333 3231
*1140 2,38 1,10 4,70 1.64 0.31 0.00% 29.3%; X
x1140 2,38 1.00 15.58 10,22 0,31 1.66% 31.0% %
x11460 2,38 1,00 4,65 1,61 0.31 4.00% %.36 x
KHH KKK KKK KK KR KKK KRR R KKK KKK KKK KKK KKK KKK KK I KKK KKK K
%1170 1.96 1.00 4,40 1.59 0,32 0.00% 10.\0 %
x1170 1,96 1,00 13,61 9,17 0.32 0.00% 36.10 %
x1170 1.96 1,00 4,45 1,60  0.32 3.89% 33,99 x
KKFKKEKKKKKKK KKK KK KK KKK KRR KK KKK KK KK T KKK KKK KRR KKK KKK
%1180 1.90 1,00 4,40 1.59 0,32 0.,00% 2% % X
x1180 1.90 1,00 13,61 ?.17 0,32 2.62% 74,08 %
x1180 1,90 1.00 4,45 . 1.60 0.32 3,65 7.1 X
KKXEL KK KKK KIKRE KKK KKK KKK KKK KKK KKLK KRR AR R KK KKK KKK KK
x1190 0,89 1.00 4.00 1.57 0.34 0.00% Hu,89 %
x1190 0.8% 1,00 12.72 ®.17 0.34 1,47% %4.%% X
x1190 0.89 1,00 4,06 1,57 0,34 4,63% 39.5% x
P 222323828232 828232332232333233223333333 3333333333323 8 8
x 390 3.00 1.00 5,30 1,63 0,29 0,00% SH7% x
* 390 3.00 1,00 15.01 9,17 0,29 1.87% S4.6) %
x 390 3,00 1.00 5.14 1,63 0.2 8.25% £3.99
K KKK KK KKK IR XOR K KOR K IOK K KKK KR K KKK KR KKK KKK KK KK KKK KRR KKK K
x 410 7.71 1.50 7.30 1.98 0.23 0.00% 14.05 *
X 410 7.71 1,00 19,05 9.17 0,23 2.33% \g.1g ¥
¥ 410 7.71 1.44 .78 1.86 0.23 S.52% 1,57 X
A FKEFKK KK R KKK KR KKK K KK KX KKK KRR KRR KKK KRR X XK IR, K



TABLE 33 (CONT.)
CLARK AND SNYDER UNITGRAPH PARAMETERS
IMPERVIOUS PERCENTAGES
EXISTING 1990 AND 2040

SUB~  DRAINAGE TC R TP cP RELATIVE X ABSOLUTE 2

AREA AREA IMPERVIOUS IMPERVIOUS
AKX KHKEKKKLRKKREKKE KKK KK REK KKK KKK KKK I RKK AR KE R KKK KK KK KKK K
*¥1000 0.63 2,50 4,50 2.64 0,44 0,00% Wb (6 X
X1000 0.63 2,54 4,45 2.66 0.44 1.88% wg,g% X
%1000 0.63 2.54 4,45 2,66 0.44 1.88% X5,5% x
LK KIRE KKK KKK KKK IR KKK KKK KKK KKK KR KKK KKK KKK K KKK KKK KKK KKK K
¥1010 3.59 4,10 5.50 .85 0.48 0.00% 3,23 *
x1610 3.59 4,04 5,45 3.82 . 0.48 1.43% 722,65 %
¥1010 3.59 3.97 5.46 - 3.79 . 0.48 1.69% A %
KK KKKKKRKKKKRKK KRR KRR KKK KRR KK KRR IORK KRR KK KRR KKK KKK K
X1015 0.76 2.70 4.70 2.76 0,43 0.00% .5} %
¥1015 0.75 2.76 4,65 2,78 0.43 1.57% 25.06 x
X1015 0.7%6 2,63 4,64 2,72 0.43 1.57% 25,08 %
FOK K KRR KRR E KRR KKK A KKK IO K KK KKK K KKK KKK K KKK KKK K ¥R K K K KKK
%x1020 0.65 2.60 4,50 2.70 0,44 0,00% WJHE x
1020 0,65 2,65 4,48 -2.72 0.44 0.,00% XLH4g X
¥1020 0.65 2.42 . 4.38 2,57 0.44 4.87% MEG,E X
3232233323323 2 333323t 2223332333333 3233323 3323233238
%1030 20.10 S5.60 10.50 5.42 0.39% 0,00% 10.53 X
X1030 20,10 5.54 10.37 5,33 0,39 1.54% (3.4 ¥
¥1030 20,10 5.48 10.12 5.24 0,39 4,97% 15,49 x
HKKORKK KKK K KKK KKK K K KKK KK K K K KK KK K KK KK K KK 0K K 30K KKK K KKK K X K
¥1050 2,13 2.00 3.40 2,03 0.43 0.00% 4,50 %
*1050 2,13 2,00 3.42 2,04 0.43 0.27% 9,77 %
¥1050 2.13 . 2,00 3,42 2.04 0.43 0.61% 0.1 *
FOK KKK K HOHOK K KKK K KK XK K KKK KKK K KK KKK K KKK KKK KKK KK KK KKK KOk K K
¥1060 0.71 1.00 3.40 1.52 0.38  0.00% 9,2¢ X
¥1060 0.71 1,06 3.40 1,54 0.38 0.79% 10,07 ¥
¥1060 0,71 1.00 3.38 1.52 0,38 4,16% By x
KEKEEKKAIKKKK KK KRR KK KK KK KKK KKK KKK KKK KKK KK KKK K KKK KKK KKK
*1040 7.82 3,80 5.10 3.65 0,49 6.00% 33,39 ¥
X1040 7.82 3.80 5.20 3,66 0.4%  0.88% 3,37 ¥
%1040 7.82 3,63 4.89 3.45 0.49 4.13% 26.53 *
KRKKKRKREIKKKKIKKK KK KKK KKK KKK KKK KKK KK KRE KKK KKK K KKK KKK KKK K
x1070 4,59 " 3.10 4,25 2.88 0.44 0.00% 1&.9% x
X1070 4,59 2.98 4,21 2.84 0.46 3.81% 33.7¢ %
X1070 4,59 2,63 4,17 2,69 0.46 7.93% $6. %6 %
1322333223323 33332333328 3333333323233383 It
X1080 5,664 3.80 5.10 3.65 0.49 0,00% HR.95 X
%1080 64066 3.72 S5.12 3.59 0.4% 2.74% 499 *
¥1080 .66 3.56 4,56 .28 0,49 8,02% W3,%7 X
HORKEKE KKK KKIKKKK KKK KKK KKK KRR KK KA KK AK K KRR AKKA KKK KKK KKK
¥1090 1,11 2,00 4,50 2,19 0.38 0.00% 7 45 X
¥1090 1,11 1.76 3.51 1,89 0,38 14.81% ug. g %
X1090 1,11 1.76 3.51 1,89 0.38 14,81% uwg, w4, %
KRR EKIKRIKIKR KRR KK LF KK IRRKERELRIKEKLKIAK LXK AR KK KRR KK



TABLE 33 (CONT.)
CLARK AND SNYDER UNITGRAPH PARAMETERS
IMPERVIOUS PERCENTAGES
EXISTING 1990 AND 2040

SUB-  DRAINAGE TC R TP cp RELATIVE X ABSOLUTE X

AREA AREA ’ IMPERVIOUS IMPERVIOUS
P2 2L L2222 533 323333333 333333333233323032230222 0082
%1460 4,97 1.40 3.10 1.69 0,40 0.00% w05 %
*¥14860 4,97 1.41 3.12 1.69 0.40 0,31%x U0.464 X
%1460 4,97 1.36 3.13 1.67 0.40 2.27% W36} X%
S22 822232332533333333333332333 3223330832333 332 222383300222
%1470 0,359 1,90 2,00 1.28 0,47 0.00% (¥.29 *
%1470 0,59 1,00 2,095 1.29 0.47 0.00% £.29 X
¥1470 0459 1.00 2,05 1.29 0.47 4.32%x 73461 %
FS222323333323833333333333225222322332 3323333332232 32822292
¥1475 0.30 1.00 2,00 1.28 0.47 0.,00% 39.4] x
%1475 0.30 1.00 2,05 1,29 0.47 0.00% 29.46! x

%1475 0.30 1.00 2.05 1.2 0.47 0.00% 39,61 x
XK KKK K KKK KKK K K K K OKOK R KOK K K KR K0K0OKOK K KK KCIOK KKK OIOK KOO R R R XXX X
*x1480 0,46 1,00 2.00 1.2 0.47 0.,00% (5 .% *
%1480 0.46 1.00 2.0S 1,29 0.47 0.00% 645.3; %
*x1480 0.46 1.00 2,05 1.2 0,47 0.00% 65.%¢ x

KKK AOKKK KK KKK KKK K KA XK KOKKKKK KRR KKK KKK KKK RO X X
X14%0 0.88 1.00 2.00 1,28 0,47 0.00% 9329 X
¥1490 0,88 1,00 2,05 1.29 0.47 0.00% 93,98 %
X1490 0.88 1.00 2.03 1,29 0.47 2,58% WLE.g, X
KKK KOKKOKK RO KOK K KKK KKK K KKK 30K K KKK K JOOKK KK KOOK KKK KK KKK KKK KO K K
X1500. 4.54 1.35 3.00 1,65 0,41 0.,00% H&.Al x
*1500 4,54 1.36 3,01 1,66 0,41 0.,00%x w4 X
x1500 4,54-— 136 3.01 1.66 0,41 0.53% HI3.%¢g x
7323232233383 23323232833 3332332322333 03 233322233253 2283
*1505 4,45 2,55 5.50 2.74 0,38 0,00% u47.9¢( ¥*
x1505 4,45 2.59 5.56 2.76 0,38 1,25% w991 X
X1505 4,45 2,59 5,56 2,76 0.38 1.25% #9373 X
2832233233323 32t 3233233330333 3333333233323 238
x1510 2,04 2.80 4,40 2,78 0.45 0.00% 5051 X
X1510 2,04 2,85 4,35 2.80 0,45 0.00% 5o51 X
1510 2,04 2,85 4,35 2,80 0,45 0,00% S0.51 x
PS8 8832322233322 232323333333333333323 3333232332888
%1570 3,57 1,50 2,60 1,69 0,45 0.,00% 50.&4% x
X1570 3.57 1.53 2,57 1,70 0.45 0,00% sO.4Y X
*¥1570 3.57 1.53 2,57 1,70 0,45 0,00% S0.¥y *
2332223222332 233222333222333 3233333332333 3222323223388
x1520 2,28 1,10 2.40 1,42 0,45 0,00% 43,18 %
¥1520 2,2 1,09 2,44 1.43 0,45 0,00% I3.1¢ *
x1520 2.28 1,09 2,44 1.43 0.45 22X =IO X
32322882822 3222333 22332232232 233333333382323 3222332382
x1S25 0.41 1:00 2.00 1.28 0.47 0,00% g.l5 x
x1525 0.41 1,00 1,99 1.28 0.47 0.89% i|.0% X
X1525 0,41 1,00 1,96 1.27 0,47 S.11x W9 . ¢6 %
3223233283232 33332223233333332323333330233¢8323 323353383
x13530 6.55 1,65 3,50 1,82 0,37 0.00% 25,45 *
x1530 6,55 1,59 3.48 1.80 0,37 1.,79% 37, 4% *
*1530 6,55 1.59 3,48 1.80 0,37 2.74% BN %
2228323223223 2323233333333333333333333283222 33333228
X1540 2,74 1.20 2.65 1,53 0.44 0.00% %3337 X
Xx1540 2.74 1.23 2,63 1,54 0.44 0,00% 251737 X
%1540 2,74 1.23 2.63 1.54 0,44 0.00% 17537 x
2 Rttt Tt I 3323333233233 00323333233 222238 28"



TABLE 33 (CONT.)

CLARK AND SNYDER UNITGRAPH PARAMETERS
IMPERVIOUS PERCENTAGES
EXISTING 1990 AND 2040

SUB-  DRAINAGE ¢ R TP cP RELATIVE % ABSOLUTE 2

AREA AREA . IMPERVIOUS IMPERVIOUS
3R 2322 C32222322233¢223 3323323323 5+23220232232323 2282
¥1550 2,51 1,17 2,490 1,50 0.44 0,00% %¥.4} %
#1550 2,51 1,19 2.42 1,51 0.44 0.,00% 3 ¥p %
%1550 2,51 1.19 2,482 1.51 0,44 0.,00% H3.wéd x
2223323233822 2323283¢33333 2222333332223 08233233232322 232
%1560 0,97 1,00 2.00 228 0+47 0.00% (3.08 %
#1560 0,97 1.00 1,99 1.28 0+47 1.,84% (7%.,93 X
x1560 0,97 1.00 1.99 1.28 0.47 1.84% 6%,9 %
E 2223283132233 25c S 23333332303 233333320323223222 322233
x1580 4,24 1.40 2,80 1.468 0.43 0,00% 49,65 *
%1580 4,24 1,43 2,77 1.68 0,43 0,00% ¥9.45 X
%1580 +24 1.43 2,77 1,48 0.43 0.00% 9,45 *
FREEREEKERKEK LRI KK KRIKIOKKIKR KK KK KEK KKK KK IR KR RKK KKK KR KKK KK
¥15%0 10.81 1.50 2.80 1,71 0,43 0.,00% W), 25 *
*¥1590 10.81 1.54 2,77 1,72 0.43 0.19% g X
X¥1590 10,81 1.47 2.77 1.70 0.43 1.,20% kK5 ¥
KKK HRKEKEKK KKK KK AR KL K IR KKK RIAIOK KK KKK I KK KKK KK XK KK KKK K
*¥1400 0.79 1,00 1.50 1.14 0.50 0.00% ¥&g, 95 X
x1600 0.79 1,04 1.51 1.15 0.50 0.00% HE.35 %
%1400 0.79 1,04 1.51 1.15 0.50 0,00% H®.95 x
KKERKKKE KKK R KR KKK KK IH KKK KRR KKK IR KKKKR KK KKK KKKKK
*1510 7,88 2.00 3.50 2.05 0.42 0.00% %5.9 %
*14610 7.88 1.97 3.51 2,03 0.42 1.85% H44.9% x
¥1810 7.88 1.95 3.48 2,02 0,42 2.64% 41,73 x
K KKK IR AR K XK KOK KK KKK KK KKK KKK KKK KOK KK KKK KOK K KOK 30K KK KOOk R KRk X
¥1620 13.00 2,50 4,50 2.64 0.44 0,00% $%.01 %
X14620° 13.00 2.47 4.42 2,482 0.44 T, 45% e %
*1620 13,00 2.47 4,42 2.62 0,44 S.42% GHHY X
LTS3 232523233232 333 3323333333332 423333232322333323%33



TABLE 34

COMPARISON OF PEAK FLOWS RESULTING FROM FUTURE
URBANIZATION AND FLOOD PLAIN DEVELOPMENT

1 YEAR FLOOD EVENT

PEAK DISCHARGE IN CFS -

PERCENT COMPARISON WITH Q%

| !
l |
| URBANIZATION FLOOD PLAIN DEV.|  URBANIZATION FLOOD PLAIN DEV.
| EXIST
HEC-1 | COND. 1990 2040 1990 2040 | 1990 2040 1990 2040
LOCATION PO1  NODE | OQf Q2 Q3 04 05 | Q2 Q3 Q4 Q5
l ] ;
UPPER TRIBUTARIES | |
] l
RAMAPO R. AT MAHWAH 55 12| 2469 2641 2909 2641 2909 | 6.97 17.82 6.97 11.82
RAMAPO R. AT POMPTON LAKES 59 17 2887 3048 3365 3048 3365 ] 6.69 17.78 6.69 17.78
ROCKAWAY RIVER ABOVE BOONTON 20 19 | 1656 1744 1985 1744 1985 | 5.3t 19.87 5.31 19.87
WHIPPANY RIVER AT MORRISTOMWN 30 109 | (A} 746 861 746 861 | 4.92 21.10 4.92 21.10
PASSAIC RIVER AT MILLINGTON 1 105 | 710 719 126 119 726 | .27 2.25 1.27 2.25
PASSAIC RIVER AT CHATHAM 6 110 ] 1104 1133 1178 1138 1203 | 2.83 6.70 3.08 8.97
. ! |
CENTRAL BASIN | |
| |
POMPTON RIVER AT USGS GAGE 61 25 | 3992 4260 4672 4260 4672 1 6.7t 17.03 6.7 17.03
POMPTON RIVER AT LINCOLN PARK - | |
PEQUANNOCK TOWN LINE 62 26| 3997 4269 4670 4255 4658 | 6.81 16.84 6.45 16.54
POMPTON RIVER AT EAST-HWEST DITCH -~ 30 | 4288 4569 4975 4555 4963 | 6.55 16.02 6.23 15.74
POMPTON RIVER ABOVE PACKANACK | |
BROOK - 31| 4050 4314 4692 4310 M7 6.52 15.85 6.42 16.47
POMPTON RIVER AT PACKANACK BROOK - 33 #4132 4386 4776 4382 4800 | 6.39 15.59 6.29 16.17
POMPTON RIVER AT MOUTH 68 341 4128 4390 4767 4390 4805 | 6.35 15.48 6.35 16.40
PASSAIC RIVER AT PINE BROOK 37 23] 2933 3018 3208 3043 3504} 2.90 9.38 3.715 19.47
PASSAIC RIVER ABOVE POMPTON 40 24| 2511 2579 2743 2594 2822 .M 9.24 3.31 12.39
PASSAIC RIVER BELOW POMPTON 69 3%} s 5476 5842 5489 5918 | 5.29 12.32 5.54 13.79
DEEPAVAAL BROOK 13 38 | 684 706 716 706 716 | 3.22 4.68 3.22 4.68
PASSIAC RIVER AT LITTLE FALLS 76 41 ] 5486 5773 6153 5784 6232 | 5.23 12.16 5.43 13.60
| |
LOMER_VALLEY | |
| |
AT PECKMAN RIVER - 100 | 5492 5780 6164 5792 6243 | 5.4 12.24 5.46 13.67
AT GREAT FALLS 82 200 | 5805 5795 6184 5805 6262 | - 5.27 12.33 5.45 33.75
AT DIAMOND BROOX -~ 300 | 5517 5806 6198 5816 62771 5.4 12.34 5.42 13.78
AT DUNDEE DAM -- 400 | 5514 5803 6196 5812 6271 1 5.2 12.37 5.40 13.73
AT SADDLE RIVER - 500 | 5576 5869 6276 5876 6351 | 5.25 12.55 5.38 13.90
AT THIRD RIVER -~ 600 | 5576 5868 6276 5874 6350 | 5.24 12.55 5.34 13.88
AT SECOND RIVER 104 700 | 5603 5895 6306 5902 6379 | 5.21 12.55 5.34 13.8%
AT MOUTH - 800 | 5596 5888 6300 5885 6370 | 5.22 12.58 5.34 13.83
Q1 = Existing Conditions.
02 = Effects of Urbanization to year 1990.
Q3 = Same as Q2 but to year 2040.
04 = Effects of Urbanization and Development in the Central Basin with NJDEP 20% fill rule to year 1980.
Q5 = Same as Q4 but to year 2040,



TABLE 34 (CONT'D)
COMPARISON OF PEAK FLOWS RESULTING FROM FUTURE

URBANIZATION AND FLOOD PLAIN DEVELOPMENT
2 YEAR FLOOD EVENT

PEAK DISCHARGE IN CFS

PERCENT COMPARISON WITH Q1

! J
| |
| URBANIZATION FLOOD PLAIN DEV.] URBANIZATION FLOOD PLAIN DEV.
| EXIST |
. HEC-1 | COND 1890 2040 1990 2040 | 1990 2040 1990 2040
LOCATION POI  NODE | Q1 Q2 Q3 Q4 Q5 | Q2 Q3 Q4 Q5
! !
UPPER TRIBUTARIES |
| f
RAMAPO R. AT MAHWAH 55 12| 3546 3769 4118 3768 41187 6.29 16.13 6.2¢9 16.13
RAMAPO R. AT POMPTON LAKES 59 17 ] 4183 4427 4826 7 4826 |  5.83 15.37 5.83 15.37
ROCKAWAY RIVER ABOVE BOONTON 20 191 2262 2376 2681 2376 2681 ]  5.04 18.52 5.04 18.52
WHIPPANY RIVER AT MORRISTOKN 30 109 | 1008 1052 1198 1052 198 | 4.37 18.85 4.37 18.85
PASSAIC RIVER AT MILLINGTON 1 105 | 927 937 . 946 937 945 | 1.08 2.05 1.08 2.05
PASSAIC RIVER AT CHATHAM 6 110 ] 1615 1652 1709 1659 143 | 2.29 5.82 2.72 7.93
| I
CENTRAL BASIN |
| |
POMPTON RIVER AT USGS GAGE 61 25| 6462 6766 12179 6766 1219 |  4.70 12.64 4.70 12.64
POMPTON RIVER AT LINCOLN PARK - | |
PEQUANNOCK TOWN LINE 62 26 | - 6449 6735 7255 5765 7237 | 4.74 12.50 4.90 12.22
POMPTON RIVER AT EAST-WEST DITCH - 30 | 6808 1125 7633 7136 7614 |  4.66 12,12 4.82 11.84
POMPTON RIVER ABOVE PACKANACK |
BROOK - 3| 6429 6727 7202 6752 7254 | 4.64 12.02 5.02 12.83
POMPTON RIVER AT PACKANACK BROOK - 33 ] . 6529 6828 7305 6854 7357 |  4.58 11.89 4.98 12.68
POMPTON RIVER AT MOUTH 68 34 ] 6521 6820 1292 5848 7380 | 4.59 11.82 5.01 12.87
PASSAIC RIVER AT PINE BROOK 37 23| 381 3992 4256 4044 4649 | 2.9 9.80 4.33 19.94
PASSAIC RIVER ABOVE POMPTON 40 4 3447 3576 3844 3606 3944 | 3.4 11.52 4.61 14.42
PASSAIC RIVER BELOW POMPTON 69 35 | © 71535 1767 81217 1113 8214 | 3,08 7.86 3.16 9.0t
DEEPAVAAL BROOK 73 38 | 871 898 m 898 91t ] 3.10 4.59 3.10 4.59
PASSIAC RIVER AT LITTLE FALLS 16 a1 187 8016 8312 8037 8496 | 2.9 7.51 3.0 9.10
I l
LOWER VALLEY |
: | |
AT PECKMAN RIVER -~ 100 | 7795 8022 83717 8039 8503 | 2.91 7.47 3.13 9.08
AT GREAT FALLS 82 200 | 7806 8033 8387 8050 -8523 | 2.9t 7.44 3.13 9.19
AT DIAMOND BROOK - 300 | 7817 8042 8395 8061 8540 | 2.88 7.39 3.1 9.25
AT DUNDEE DAM - 400 | 7821 8045 8397 8063 8554 | 2.86 7.36 3.09 9.37
AT SADOLE RIVER - 500 | 7893 8106 8446 8128 8621 | 2.70 7.01 2.98 9.22
AT THIRD RIVER - 600 [ 7902 8112 8450 8133 8835 | 2.66 6.93 2.92 9.28
AT SECOND RIVER 104 700 | 7940 8145 84m 8167 8674 | 2.58 6.76 2.85 9.24
AT MOUTH - 800 | 7951 8155 8485 8178 8694 | 2.57 §.72 2.85 9.34
Q1 = Existing Conditions.
Q2 = Effects of Urbanization to year 1990.
Q3 = Same as Q2 but to year 2040.
Q4 = Effects of Urbanization and Develapment in the Central Basin floodplain with NJOEP 20% fi11 rule to year 1990.

Q5 = Same as Q4 but to year 2040.



TABLE 34 (CONT'D)
COMPARISON OF PEAK FLOWS RESULTING FROM FUTURE

URBANIZATION AND FLOOD PLAIN DEVELOPMENT
5 YEAR FLOOD EVENT

PEAK DISCHARGE IN CFS

PERCENT COMPARISON WITH Q1

l !
l l .
| URBANIZATION ~ FLOOD PLAIN DEV.| URBANIZATION  FLOOD PLAIN DEV.
| EXIST.
HEC-1 | COND 1990 2040 1990 0} 1990 2040 1990 2040
LOCATION POl NODE | Q1 Q2 Q3 Q4 5] Q2 Q3 Q4 Q5
- | |
UPPER TRIBUTARIES | |
| |
RAMAPO R. AT MAHWAH 55 12} 5500 5113 6196 5713 6196 | 4.96 12.65 4.96 12.65
RAMAPO R. AT POMPTON LAKES 59 17 ] 6490 6785 1274 6785 7274 | 4.55 12.08 4.55 12.08
ROCKAWAY RIVER ABOVE BOONTON 20 191 3072 3219 3590 3219 3590 | 4.79 16.86 4.79 16.86
WHIPPANY RIVER AT MORRISTOMWN 30 109 | 1290 1345 1529 1345 1529 | 4.26 18.53 4.26 18.53
PASSAIC RIVER AT MILLINGTON 1 105 | 1150 1162 172 1162 1"y 1.04 1.91 1.04 1.91
PASSAIC RIVER AT CHATHAM 6 110 | 1891 1935 1997 1947 2045 | 2.33 5.61 2.96 8.14
I |
CENTRAL BASIN | |
: | . l
POMPTON RIVER AT USGS GAGE 61 25 | 10049 10359 10971 10359 10971 |  3.08 9.18 3.08 9.18
POMPTON RIVER AT LINCOLN PARK. - | | i
PEQUANNOCK TOWN LINE 62 26 | 10014 10325 10917 10332 10889 | 3.1 9.02 3.18 8.74
POMPTON RIVER AT EAST-WEST DITCH -~ 30 | 10521 10844 11443 10852 11415 | 3.07 8.76 3.15 8.50
POMPTON RIVER ABOVE PACKANACK | |
BROOK - 3t 9912 102 10784 10263 © 10867 | 3.12 8.80 3.54 9.63
POMPTON RIVER AT PACKANACK BROOK - 33 | 10051 10362 10928 10405 11011 | 3.09 8.73 3.52 9.55
POMPTON RIVER AT MOUTH 68 34 | 10034 10345 10905 10393 11012 | 3.10 8.68 3.58 8.75
PASSAIC RIVER AT PINE BROOK 3 23} S150 5285 5647 5347 6173 |  2.62 9.85 3.83 10.86
PASSAIC RIVER ABOVE POMPTON 40 24 | 5249 5428 5759 5496 6148 | 3.41 9.72 .M 17.13
PASSAIC RIVER BELOW POMPTON 69 35 | - 9965 10208 10609 10248 11068 | 2.45 6.46 2.85  11.07
DEEPAVAAL BROOK 13 38 | 1265 1294 1308 1294 1308 | 2.28 3.40 2.29 3.40
PASSIAC RIVER AT LITTLE FALLS 76 41 | 10332 10575 11012 10615 11536 | 2.35 6.58 2.4 11.85
| l
LOWER VALLEY | |
I . I
AT PECKMAN RIVER -~ 100 | 10338 10580 11024 10619 11551 ] 2.34 6.64 2.M 11.713
AT GREAT FALLS 82 200 [ 10354 10597 11054 10637 11583 | 2.35 6.76 2.13 11.87
AT DIAMOND ‘BROOK - 300 | 10371 1061 11079 10652 11613 |2.31 6.83 2.1 11.98
AT DUNDEE DAM - 400 | 10386 10629 11090 10670 11622 | 2.34 6.78 2.73 11.90
AT SADDLE RIVER - 500 | 10452 10709 11208 10757 11769 | 2.46 7.23 2.92 12.60
AT THIRD -RIVER - 600 | 10467 10726 11220 10774 11782 | 2.47 7.19 2.93 12.56
AT SECOND RIVER 104 700 | 10512 10781 11273 10830 11839 | 2.56 7.24 3.03 12.62
AT MOUTH - 800 | 10537 10805 11289 10854 11851 | 2.54 T.14 3.01 12.47
Q1 = Existing Conditions

Q3
04
Qs

Same as Q2 but to year 2040.

Same as Q4 but to year 2040.

Effects of Urbanization to year 1990.

Effects of Urbanization and Development in the Central Basin f]oodp1a1n with NJDEP 20% fi11 rule to year 1990.



TABLE 34 (CONT'D)

COMPARISON OF PEAK FLOMWS RESULTING FROM FUTURE

URBANIZATION AND FLOOD PLAIN DEVELOPMENT
10 YEAR FLOOD EVENT

PEAK DISCHARGE IN CFS

PERCENT COMPARISON WITH Q1

|
| URBANIZATION FLOOD PLAIN DEV. URBANIZATION FLOOD PLAIN DEV.
| EXIST |
HEC-1 | COND 1990 2040 1990 2040 | 1990 2040 1990 2040
LOCATION POT  NODE | . Q1 Q2 Q3 Q4 Q5 | Q2 Q3 Q4 Q5
| |
UPPER TRIBUTARIES |
l I
RAMAPO R. AT MAHWAH 55 121 7403 1719 8203 7718 8203 | 4.7 10.81 4.27 10.81
RAMAPO R. AT POMPTON LAKES 59 17 | 8802 9164 9741 9164 9741 ] 4.1 10.67 4.1 10.67
ROCKAWAY RIVER ABOVE BOONTON 20 19 ] 4094 4267 4726 4267 4726 | 4.23 15.44 4.23 15.44
WHIPPANY RIVER AT MORRISTOWN 30 109 | 1608 1673 1888 1673 1888 | 4.04 17.41 4.04 17.41
PASSAIC RIVER AT MILLINGTON 1 105 | 1387 1400 1Hn 1400 1411 ] 0.94 1.73 0.94 1.73
PASSAIC RIVER AT CHATHAM 6 110 | 2342 2394 2466 2407 2522 | 2.22 5.29 2.78 7.69
I |
CENTRAL BASIN |
J J
POMPTON RIVER AT USGS GAGE 61 25 | 13979 14268 14960 14268 14960 | 2.07 7.02 2.07 7.02
POMPTON RIVER AT LINCOLN PARK - |

PEQUANNOCK TOWN LINE 62 26 | 13696 13938 14529 13996 14761 | 177 6.08 2.19 7.18
POMPTON RIVER AT EAST-WEST DITCH - 30 | 14308 14562 15154 14618 15404 | 1.78 . 5.91 2.17 7.66
POMPTON RIVER ABOVE. PACKANACK | .

BROOK . - 31| 13481 13728 14272 13788 14487 | 1.98 6.02 2.43 7.62
POMPTON RIVER AT PACKANACK BROOK - 33 ] 13628 13894 14436 13954 14658 |  1.95 5.93 2.39 7.56
POMPTON RIVER AT MOUTH 68 34 ] 13630 13898 14443 13859 14658 | 1.97 5.96 2.41 7.54
PASSAIC RIVER AT PINE BROOK 37 23 | 6525 6735 7206 6815 7921 ] 3.22 10.44 4,44 21.49
PASSAIC RIVER ABOVE POMPTON 40 24 | 6858 7031 7346 7144 9160 |  2.52 7.12 4.17 33.57
PASSAIC RIVER BELOW POMPTON 69 35 ] 12850 13084 13635 13149 14917 ] 1.82 6.11 2.33 16.09
DEEPAVAAL BROOK 13 38| 1541 1572 1587 1572 1587 | 2.01 2.99 2.01 2.99
PASSIAC RIVER AT LITTLE FALLS 78 41 ] 13354 13589 14159 13653 18323 | 1.76 6.03 2.24 A

[ |

LOWER VALLEY |

| !
AT PECKMAN RIVER == 100 | 13364 13605 14177 13669 15322 | 1.80 6.08 2.28 14.65
AT GREAT FALLS 82 200 | 13387 13639 14214 13705 15338 | 1.81 6.10 2.30 14.49
AT DIAMOND BROOK == 300 | 13429 13673 14244 13740 15345 | 1.82 6.07 2.32 14,27
AT DUNDEE DAM - 400 | 13443 13594 14252 13762 15353 | 1.87 5.02 2.37 4.2
AT SADDLE RIVER - 500 | 13606 13868 14458 13941 15394 | 1.93 6.26 2.46 13.14
AT THIRD RIVER - 600 ] 13624 13889 14469 13963 15394 | 1.95 6.20 2.49 12.99
AT SECOND RIVER 104 700 | 13682 13964 14541 14037 15429 1,98 6.20 2.52 12.69
AT MOUTH - 800-] 13710 13986 14551 14061 15452 | 2.01 6.13 2.56 1.7
01 = Existing Conditions.
02 = Effects of Urbanization to year 1990.
Q3 = Same as Q2 but to year 2040. .
Q4 = Effects of Urbanization and Development in the Central Basin floodplain with NJOEP 20% i1l rule to year 1390,
Q5 = Same.as Q4 but to year 2040. ) : '



TABLE 34 (CONT'D)
COMPARISON OF PEAK FLOHS RESULTING FROM FUTURE
URBANIZATION AND FLOOD PLAIN DEVELOPMENT
25 YEAR FLOOD EVENT

LOCATION

UPPER TRIBUTARIES

| PEAK DISCHARGE IN CFS [ PERCENT COMPARISON WITH Q1
| !
URBANIZATION  FLOOD PLAIN DEV.| URBANIZATION  FLOOD PLAIN DEV.

EXIST. ]

HEC-1 | COND. 1990 2040 1990 2040 | 1850 2040 1990 2040

POl NODE | 0! Q@ 03 o sl e 03 o 05
: I
|
|

{
I
|
|
!
|
RAMAPO R. AT MAKWAH 55 12 | 10566 10912 11418 10912 11418 | 3.27 8.07 3.27 8.07
RAMAPO R. AT POMPTON LAKES 59 17 ] 12684 13042 13597 13042 13597 | 2.82 7.20 2.82 7.20
ROCKAWAY RIVER ABOVE BOONTON 20 19 ] 54T 5674 6169 5674 6163 | 3.7 12.76 3. 12.76
WHIPPANY RIVER AT MORRISTOMN 30 109 | 2087 2129 2315 2128 2315 | 3.50 15.46 3.50 15.46
PASSAIC RIVER AT MILLINGTON 1 105 | 1690 1704 1714 1704 1714 | 0.83 1.42 0.83 1.42
PASSAIC RIVER AT CHATHAM 6 110 | 2955 3008 3079 3024 3150 | 1.7¢ 4.20 2.34 6.60
| |
CENTRAL BASIN | |
i ! f
POMPTON RIVER AT USGS GAGE 61 25| 19870 19985 20712 19985 20712 | 0.58 4.24 0.58 [}
POMPTON RIVER AT LINCOLN PARK - | . ]

PEQUANNOCK TOWN LINE 62 26 | 19003 19133 19807 19308 20351 | 0.68 4.23 1.61 7.09
POMPTON RIVER AT EAST-WEST DITCHR  -- 30 | 19728 19879 20558 20054 21144 | 076 (S]] 1.65 .11
POMPTON RIVER ABOVE PACKANACK | |

BROOK - 31} 18283 18432 19011 18550 19571 | 0.81 3.98 1.46 7.04
POMPTON RIVER AT PACKAKACK BROOK  -- 33 18472 18621 19206 18744 19776 |  0.81 3.97 1.47 7.06
POMPTON RIVER AT MOUTH 68 34 | 18477 18628 19207 18742 19773 | 0.82 3.95 1.43 7.01
PASSAIC RIVER AT PINE BROOK 37 23§ 8622 8864 9424 9022 10419 | 2.81 8.30 4.64 20.84
PASSAIC RIVER ABOVE POMPTON 40 a | 8857 9029 9350 9121 "I P 1.94 5.57 2.98 32.90
PASSAIC RIVER BELOW POMPTON 69 35 | 17567 17744 18276 17919 21236 | 101 4.04 2.00 20.89
DEEPAVAAL BROOK 73 38 | 1934 1965 1980 1965 1980 | 1.60 2.38 1.60 2.38
PASSIAC RIVER AT LITTLE FALLS 16 41 ] 18190 18381 18927 18555 21777 | 1.05 4.05 2.01 19.72

I !

LOWER VALLEY | |

I ! )
AT PECKMAN RIVER - 100 | 18214 18405 18953 18579 21782 1.05 4.06 2.00 19.59
AT GREAT FALLS 82 200 | 18255 18448 19000 18623 21805 | 1.06 4,08 2.02 19.45
AT DIAMOND BROOK - 300 | 18294 18490 19040 18659 21818 | 1.07 4.08 2.00 19.26
AT DUNDEE DAM -- 400 | 18298 18496 19048 18665 21807 | 1.08 4.10 2.01 19.18
AT SADDLE RIVER -~ 500 | 18565 18765 19325 18940 21946 | 1.08 4.09 2.02 18.21
AT THIRD RIVER - 500 | 18569 18772 19333 18946 21932 | 1.09 411 2.03 18.11
AT SECOND RIVER 104 700 | 18653 18858 19416 19028 21979 | 1.0 4.09 2.01 17.83
AT MOUTH -- 800 | 18647 18857 19416 19025 21968 | 113 .12 2.03 17.81
Q1 = Existing Conditions.

Q2
Q3
o
Q5 = Same as Q4 but to year 2040.

Same as Q2 but to year 2040.

Effects of Urbanization to year 1990.

Effects of Urbanization and Development in the Central Basin floodplain with NJDEP 20% £i11 rule to 1990.



TABLE 34 (CONT'D)
COMPARISON OF PEAK FLOWS RESULTING FROM FUTURE
URBANIZATION AND FLOOD PLAIN DEVELOPMENT

50 YEAR FLOOD EVENT

PEAK DISCHARGE IN CFS

PERCENT COMPARISON WITH Q1

| |
} URBANIZATION FLOOD PLAIN DEV.|  URBANIZATION FLOOD PLAIN DEV.
| EXIST. |
HEC-1 | COND. 1990 2040 193¢ 2040 | 1990 2040 1990 2040
LOCATION POI - NODE | Q1 Q2 Q3 Q4 05 | Q2 03 04 Q5
l f
UPPER TRIBUTARIES | |
I !
RAMAPO R. AT MAHWAH 55 12 1 14197 14560 15083 14580 15083 |  2.56 6.24 2.56 6.24
RAMAPO R. AT POMPTON LAKES 58 17 ] 17042 17435 17983 17435 17983 | 2,31 5.52 2.3 5.52
ROCKAWAY RIVER ABOVE BOONTON 20 18 ] 6661 5898 7464 5898 7464 |  3.56 .06 3.56 12.06
WHIPPANY RIVER AT MORRISTOWN 30 109 | 2430 2508 2718 2508 2718 | 3.21 .32 3.0 14.32
PASSAIC RIVER AT MILLINGTON 1 105 ] 1952 1967 1977 19687 18771 o.M 1.28 0.7 1.29
PASSAIC RIVER AT CHATHAM 6 110 | 3516 kLX) 3653 3593 3738 1 1.65 3.90 2.18 6.31
I |
CENTRAL BASIN | |
I |
POMPTON RIVER AT USGS GAGE 61 25 | 26788 26657 27398 26657 27398 | -0.49 2.28  -0.49 2.28
POMPTON RIVER AT 'LINCOLN PARK - ~ |
PEQUANNOCK TOWN LINE 62 26 | 25437 25388 26008 25720 27036 | ~0.19 2.25 1.4 6.29
POMPTON RIVER AT EAST-WEST DITCH  -- 30 | 26216 26182 26811 26533 27803 | -0.13 2.21 1.2 6.44
POMPTON RIVER ABOVE PACKANACK | ' |
BROOK - 31 | 23941 23855 24541 24152 25459 | 0.06 2.51 0.88 6.34
POMPTON RIVER AT PACKANACK BROOK - 33 2141 24181 24748 24363 25683 | 0.06 2.49 0.83 6.36
POMPTON RIVER AT MOUTH 68 34 24123 14 24724 24336 25694 | 0.07 2.48 0.88 6.51
PASSAIC RIVER AT PINE BROOK 3 23| 10186 10472 11077 10682 12256 | 2.81 8.75 4.87 20.32
PASSAIC RIVER ABOVE POMPTON 40 24 | 10336 10515 10862 10629 12041 | 1.73 5.08 2.83 25.20
PASSAIC RIVER BELOW POMPTON 69 35 | 22288 22361 22908 22588 26841 | 0.33 2.79 1.35 20.43
DEEPAVAAL BROOK 13 38| 2143 2175 2191 2175 2191 | 1.49 2.24 1.49 2.2
PASSIAC RIVER AT LITTLE FALLS 16 41 ] 22961 23050 23583 23278 271416 | 0.39 2. 1.38 19.40
|
LOWER VALLEY |
! |
AT PECKMAN RIVER - 108 | 22994 23082 23613 23308 27435 0.38 2.68 1.37 19.3
AT GREAT FALLS 82 200 | 23044 23135 23673 23370 27469 | 0.39 2.73 1.41 19.20
AT DIAMOND BROOK -- 300 ] 23096 23191 23731 23424 27498 | 0.41 2.75 1.42 19.06
AT DUNDEE DAM == 400 | 23098 23195 23740 23425 27485 | 0.42 2.78 1.42 18.99
AT SADDLE RIVER -~ 500 | 23506 23606 24155 23856 27768 | 0.43 2.76 1.49 18.1¢
AT THIRD RIVER -- 600 | 23513 23616 24169 23868 27755 | 0.44 2.19 1.51 18.04
AT SECORD RIVER 104 700 | 23622 23728 24281 23980 27830 | 0.45 2.19 1.52 i7.8
AT MOUTH == 800 | 23813 23726 24283 23972 27804 | 0.48 2.84 1.82 17.75
Q1 = Existing Conditions.

02 =
03 = Same as Q2 but to year 2040.
04 =
Q5 = Same as Q4 but to year 2040.

Effects of Urbanization to year 199,

Effects of Urbanization and Development in the Central Basin with NJDEP 20% fi1) rule to year 1990.



TABLE 34 (CONT'D)

COMPARISON OF PEAK FLOWS RESULTING FROM FUTURE

URBANIZATION AND FLOOD PLAIN DEVELOPMENT
100 YEAR FLOOD EVENT

PEAX DISCHARGE IN CFS

I
|

PERCENT COMPARISON WITH Q1

URSANIZATION  FLOOD PLAIN DEV.| URBANIIATION  FLOOD PLAIN OEV.
EXIST.
HEC-1 | COND. 1990 2040 1880 2040 | 1980 2040 1890 2040
LOCATION POI  NODE | Q1 Q2 03 Q4 Q5 | Q2 Q3 Q4 Q5
| |
UPPER TRIBUTARIES | |
[ l
RAMAPO R. AT MAHWAH 55 12| 171121 17506 18022 17506 18022 | 2.2 5.23 2.2 5.23
RAMAPO R. AT POMPTON LAKES 59 17| 20742 21470 21725 21170 21725 | 2.06 4N 2.06 4.7
ROCKAWAY RIVER ABOVE BOONTON 20 19 | 8050 8304 8919 8304 8919 |  3.16 10.80 3.16 10.80
WHIPPANY RIVER AT MORRISTOWN 30 109 | 2853 2846 3251 2845 3251  3.04 13.74 3.04 13.1
PASSAIC RIVER AT MILLINGTON 1 105 | 2216 2292 2301 2282 2301 ] 0.70 1:10 0.70 1.10
PASSAIC RIVER AT CHATHAM 6 110 | 4076 4133 4207 4147 4317 ] 1.40 3.21 1.74 5.91
I l
CENTRAL BASIN | |
| |
POMPTON RIVER AT USGS GAGE 61 25 | 32515 32130 32907 32130 32907 | -1.18 1.21 -1.18 1.2
POMPTON RIVER AT LINCOLN PARK - | |
PEQUANNOCK TOWN LINE 62 26 | 30575 30340 30968 30808 32405 | -0.77 1.28 0.76 5.99
POMPTON RIVER AT EAST-WEST DITCH  -- 30 | 31455 31236 3187t 31729 33382 | -0.70 1.32 0.87 6.13
POMPTON RIVER ABOVE PACKANACK | |
BROOK - 31| 28969 28840 29443 29180 ° 30561 | -0.45 1.66 0.73 5.50
POMPTON RIVER AT- PACKANACK BROOK — -- 33 | 28200 29071 28681 28418 30821 | -0.44 1.65 0.75 5.55
POMPTON RIVER AT MOUTH 68 34| 29144 29020 29634 29384 30802 | -0.43 1.68 0.86 5.68
PASSAIC RIVER AT PINE BROOK 37 23| 12283 12621 13381 12886 - 14821 | 2.75 8.94 4.91 271.48
PASSAIC RIVER ABOVE POMPTON 40 24| 12040 12235 12609 12383 14451 | 1.62 4.73 2.85  20.02
PASSAIC RIVER BELOW POMPTON 69 35 | 26843 26815 27450 27050 32547 | ~0.10 2.26 0.717  21.25
DEEPAVAAL BROOK 13 38 | 2502 253f 2553 2536 2553 | 1.36 2.04 1.36 2.04
PASSIAC RIVER AT LITTLE FALLS 18 41] 271533 27527 28156 27760 33053 | -0.02 2.26 0.82  20.05
& |
LOWER VALLEY | |
! |
AT PECKMAN RIVER -— 100 | 27566 27555 28190 27805 33085 | -0.04 2.26 0.87  20.02
AT GREAT FALLS 82 200 | 27626 27626 28259 27874 33123 | 0.00 2.29 0.90 19.90
AT DIAMOND 8ROOK -- 300 ] 27682 27689 28324 27848 33187 | -0.01 2.28 0.92 18.73
AT DUNDEE DAM — 400 | 27693 27695 28324 27955 33088 | 0.0t 2.28 0.85 19.52
AT SADDLE RIVER -- 500 | 28207 28206 28843 28524 33621 | 0.00 2.25 1.12 19.19
AT THIRD RIVER —- 0§00 | 28222 28225 28858 28543 33592 | 0.0% 2.25 1.14 19.03
AT SECOND RIVER 104 700 | 28362 28369 28993 28880 33706 | 0.02 2.25 1.16 18.84
AT MOUTH — 800 | 28365 28380 29006 . 28898 33645 | 0.05 2.26 1.1 18.61
01 = Existing Conditions.

02 = Effects of Urbanizations to year 1880.
Q3 = Same as Q2 but to year 2040.
0 =

Q5 = Same as Q4 but to year 2040.

£ffects of Urbanization and Development in the Central Basin with NJDEP 20% fi11 rule to year 1890.



TABLE 34 (CONT'D)
COMPARISON OF PEAK FLOWS RESULTING FROM FUTURE
URBANIZATION AND FLOOD PLAIN DEVELOPMENT

500 YEAR FLOOD EVENT

PEAK DISCHARGE IN CFS

PERCENT COMPARISON WITH Q1

| |
I URBANIZATION  FLOOD PLAIN DEV.| URBANIZATION  FLOOD PLAIN DEV.
| EXIST. | :
. HEC-1 | COND. 1990 2040 1990 2040 | 1990 2040 1990 2040
LOCATION POI  NODE | 01 Q2 03 04 Q5 | Q2 03 04 05
| |
UPPER TRIBUTARIES |
[ |
RAMAPO R. AT MAHWAH 55 12 ] 29557 30140 30948 30140 30948 | .97 4.71 1.97 &M
RAMAPO R. AT POMPTON LAKES 59 17 36782 37446 38213 37446 38213 | 1.81 3.89 1.81 3.89
ROCKAWAY RIVER ABOVE BOONTON 20 19 | 12002 12314 13027 12314 13027 | 2.60 8.54 2.60 8.54
WHIPPANY RIVER AT MORRISTOWN 30 109 | 3881 3994 4366 3994 4366 | 2.65 1.2 2.65 12.21
PASSAIC RIVER AT MILLINGTON 1 105 { 3075 3081 3098 3091 3099 | 0.52 0.78 0.52 0.78
PASSAIC RIVER AT CHATHAM 6 110 | 5493 5561 5657 5605 5924 | 1.4 2.93 2.04 7.85
| I
CENTRAL BASIN ] |
I [
POMPTON RIVER AT USGS GAGE 61 25 | 55337 54587 55673 54567 55673 | -1.39 0.61 -1.38 0.61
POMPTON RIVER AT LINCOLN PARK - ] i
PEQUANNOCK TOWN. LINE 62 26 | 50703 50205 51097 51231 54448 | -0.98 0.77 1.03 1.37
POMPTON RIVER AT EAST-WEST QITCH  -- 30 | 51801 51316 52238 52371 55693 | -0.94 84 1.10 1.51
POMPTON RIVER ABOVE PACKANACK | |
BROOK - 31 | 47605 47302 48120 48055 50159 | -0.64 1.08 0.95 5.36
POMPTON RIVER AT PACKANACK BROOK  —- 33 47893 47589 48407 48349 50480 | -0.63 1.07 6.95 5.40
POMPTON RIVER AT MOUTH 68 34 | 47786 47505 48303 43245 50438 | -0.61 1.07 0.94 5.53
PASSAIC RIVER AT PINE BROOK 3 23] 18420 18819 19611 19132 21300 | 2.17 §.47 3.87 15.64
PASSAIC RIVER ABOVE POMPTON 40 24 | 16471 16685 17116 16875 18443 |  1.36 3.92 2.45 11.97
PASSAIC RIVER BELOW POMPTON 69 35 | 43630 43507 44319 43980 50860 | -0.28 1.58 0.80 16.57
DEEPAVAAL BROOK 13 38| 3148 3185 3204 3185 3204 | 1.18 1.718 1.18 1.18
PASSIAC RIVER AT LITTLE FALLS 76 41 ] 44T 44374 45200 44868 51565 | ~0.22 1.64 0.89 15.95
| !
LOWER VALLEY |
. } |
AT PECKMAN RIVER == 100 | 44549 44462 45284 44953 51682 | -0.20 1.65 0.91 16.01
AT GREAT FALLS 82 200 | 44685 44594 45425 45108 51846 | -0.20 1.66 0.95 16.03
AT DIAMOND BROOK -- 300 | 44801 - 44714 - 45541 45244 51996 | -0.19 1.65  0.98 16.06
AT DUNDEE DAM == 400 | 44817 44733 45564 45262 51949 | -0.17 1.67 0.98 15.91
AT SADDLE RIVER -~ 500 | 45837 45748 46590 45403 53803 | -0.19 1.64 1.23 17.60
AT THIRD RIVER -- 600 | 45913 45827 - 46670 46532 53941 | -0.19 1.65 1.35 17.49
AT SECOND RIVER 104 700 | 46131 46101 46952 46852 54265 | -0.18 1.65 1.43 17.48
AT MOUTH == 800 | 46272 46187 47050 46994 54269 | -0.18 1.68 1.56 17.28
Q1 = Existing Conditions.
Q2 = Effects of Urbanization to year 1990,
03 = Same as Q2 but to year 2040, ) ’
Q4 = Effects of Urbanization and Development in the Central Basin floodplain with NJDEP 20% fi11 rule to year 1990.

Q5 = Same as Q4 but to year 2040.



TABLE 34 (CONT'D)

COMPARISON OF PEAK FLOWS RESULTING FROM FUTURE
URBANIZATION AND FLOOD PLAIN DEVELOPMENT

SPS FLOOD EVENT

PEAK DISCHARGE IN CFS

PERCENT COMPARISON WETH Q1

! !
| |
] URBANIZATION FLOOD PLAIN DEV.|  URBANIZATION FLOOD PLAIN DEV.
| EXIST. [
HEC-1 | COKD. 1990 2040 1990 2040 | 1990 2040 1990 2040
LOCATION POI NODE | Q1 Q@ 03 o s Q ® o 05
| |
UPPER TRIBUTARIES | |
| |
RAMAPO R. AT MAHWAH 55 12| 29798 30397 .31250 30397 31250 | 2.01 4.81 2.0% 4.87
RAMAPO R. AT POMPTON LAKES 59 17 | 36411 37089 37888 37089 37688 | 1.86 4.06 1.86 4.08
ROCKAWAY RIVER ABOVE BOONTON 20 18 | 17626 18008 18903 18008 18903 | 2.17 7.24 2.1 7.4
WHIPPANY RIVER AT MORRISTORN 30 109 | 5973 6106 6608 51086 6608 | 2.23 10.63 2.23 10.63
PASSAIC RIVER AT MILLINGTON 1 105 | #4135 4153 4159 4153 4159 | 0.44 0.58 0.44 0.58
PASSAIC RIVER AT CHATHAM ] 110 | 7130 7218 7353 1213 7583 1 1.28 3.13 2.01 6.35
| |
CENTRAL BASIN | |
f !
POMPTON RIVER AT USGS GAGE 61 25 | 54868 54134 55173 54134 55173 | -1.34 0.56 -1.34 0.56
POMPTON RIVER AT LINCOLN PARK - | |
PEQUANNOCK TOWN LINE 62 26 | 50454 49368 50856 50944 54047 | -0.96 0.80 0.97 7.12
POMPTON RIVER AT EAST-HEST DITCH — 30 | 51688  §1208 52119 52239 55457 | -0.93 0.83 1.07 7.28
POMPTON RIVER ABOVE PACKANACK | |
BROOK - 31 ] 47710 47413 48205 48146 50201 | -0.62 1.04 0.91 5.22
POMPTON RIVER AT PACKANACK BROOK - 33 | 48019 4772 48514 48463 50547 ] -0.62 1.03 0.92 5.28
POMPTON RIVER AT MOUTH 68 34 | 47935 47638 48444 48389 50525 | -0.62 1.06 0.95 5.40
PASSAIC RIVER AT PINE BROOK 31 23} 4243 a8 25430 24886 27188 | 1.64 4.90 2.65 12.15
PASSAIC RIVER ABOVE POMPTON 40 24 | 19832 20078 20536 20323 21934 | 1,28 3.55 2.48 10.60
PASSAIC RIVER BELOW POMPTON 69 35 | 43435 43397 41317 43746 50285 | -0.18 1.62 0.72 15.72
DEEPAYAAL BROOK 13 38 | 4548 4592 4618 4592 4616 | 0.97 1.50 0.97 1.50
PASSIAC RIVER AT LITTLE FALLS 18 41 ] 44406 44351 45132 44768 51306 | -0.12 1.83 0.81 15.54
f !
LOWER VALLEY | |
| l
AT PECKMAN RIVER - 100 | 44439 44371 45162 44806 51362 | -0.15 1.63 0.83 15.58
AT GREAT FALLS 82 200 | 44490 44431 45217 44870 51455 | -0.13 1.83 0.85 15.68
AT DIAMOND BROOK - 300 | 44533 44475 45264 44923 51535 | -0.13 1.64 0.88 15.72
AY DUNDEE DAM- - 400 | 44509 44449 45243 44909 51477 | -0.13 1.85 0.90 15.66
AT SADDLE RIVER -- 500 | 45137 45066 45872 45610 52834 | -0.16 1.83 1.05 17.08
AT THIRD RIVER - §00 | 45106 45039 45845 45612 52797 | -0.15 1.64 1.12 17.08
AT SECOND RIVER 104 700 | 45236 45171 45976 45717 53030 | -0.13 1.64 1.20 17.23
AT MOUTH - 800 | 45243 45184 45993 45817 53040 | -0.13 1.66 1.21 17.23
Q1 = Existing Conditions
Q2 = Effects of Urbanization to year 1980.
Q3 = Same as Q2 but to year 2040.
Q4 = Effects of Urbanization and Development in the Central Basin floodplain with NJDEP 20% fi11 rule to year 1980.

05 = Same as Q4 but to year 2040.



TABLE 35

SADDLE RIVER BASIN

EFFECTS OF STORMWATER MANAGEMENT

NO STORMWATER MANAGEMENT

2040 LAND USE (SWMM)
HEC-1
NODE ‘CONDITION 1Yr. 5Yr. 10 Yr. 25 Yr. 50 Yr. 100 Yr. 500 Yr.
170 W/0 SWMM 1195 2523 3595 5233 7040 9175 15571
WITH SWMM 1169 2483 3552 5186
1701 W/0 SWMM 1071 2253 3195 4661 6259 8122 13779
WITH SWMM 1047 2215 3154 4615
171 W/0 SWMM 1063 2210 3044 4260 5204 6477 11696
WITH SWMM 1039 2177 3014 4222
175 W/0 SWMM 1096 2291 3159 4420 5424 6768 12170
WITH SWMM 1069 2252 3120 4368
176 W/0 SWMM 1097 2298 3143 4355 5325 6677 11696
WITH SWMM 1069 2258 3106 4312 ‘
177 W/0 SWMM 1116 2344 3177 4363 5340 6617 10995
WITH SWMM 1085 2303 3138 4304
1729 NO SWMM 295 583 796 1093 1524 2123 3046
173 NO SWMM 298 609 795 1004 1416 1870 2415

sps
18651

16513
14293
14841
14218
13003

3419
2615



R

ACRES OF NATURAL FLOOD STORAGE THAT ARE PROTECTED AND UNPROTECTED 1/

TABLE

36

(1984 Conditions)

ACRES 2/ ACRES 3/ TOTAL PERCENT REMAINING DEVELOPABLE b/ ACRES LEGALLY 6/
: PROTECTED PROTECTED ACRES PROTECTED DEVLOPABLE ACRES SUSCEPTABLE
STORAGE AREA NAME ACRES BY FLOODWAY AS PARKLAND PROTECTED ACRES PROTECTED TO FILL
DELINEATIONS OR OPEN SPACE WITH FHAR

Great Piece Meadows 4126 2186 220 2406 68% 1720 945 175
Troy Meadows 2390 8056 315 1120 47% 1270 700 870
Canoe Brook 1245 745 140 8856 71% 360 200 160
Upper Passaic River 2200 675 930 1605 13% 569858 330 265
Hatfleld Swanmp 1778 10458 2058 1280 70% 525 290 235
Black Meadows 1330 40 0 40 3% 1260 894 5656
Great Swamp 8600 0 7500 7500 4/ 88% 1000 550 450
Dead River 860 180 0 180 21% 670 370 300
Bog & V1y Meadows 6560 260 [} 205 32% 445 240 200
Hatfield Swamp 606 220 1716 396 65% 210 118 95
(South)
Lower Pompton 846 280 0 280 33% 565 310 255
TOTAL 24,4856 6,380 9,485 15,8656 85% 8,620 4,780 3,870

1/ Storage areas are not always analogus to wetland daesignations.

2/ Approximate acreage protected by floodway delineations.

3/ Approximate acreage protected consists of those areas in public ownership expecied to remain as parkland or open space.

4/ The Great Swaup National Wildlife Refuge/Lord Sterling Park protects 7500 acres.

5/ Developable acres estimated to remain as open space due to the Flood Hazard Area Regulations limitation on fill

placement in flood fringe. .
6/ Duvelopable acres estimated to be filled under the Flood Hazard Area Regulations.



TABLE 37

IMPACT ON STORAGE - DISCHARGE RELATIONS
OF
VARIQUS DEVELOPMENT SCENARIOS

Q25
Qs3 Tunnel,
Q1/Q4/Qs Q5 Tunnel Levees
Routing w/o Project Qg Tunnel & &
Reach Area (Exist, 1990 & 2040) Preservation Only Levees Pres.
40-41 Two Br. - Beatties S S ST ST ST
Tribs. u/s RAMAPO
of Inlet  PEQUANNOCK
: WANAQUE S S STL STL STL
3885-25
25-26 S SP ST ST STPp*x*
30-31 POMPTON S SP ST ST STp***
33-34 S SP ST** ST** STPp*x*
23-24 GREAT PIECE S SP ST STL STLP
14-15 S SP S S* SP
15-18 TROY S SP S S SP
16-17 S SP S S* SP
8- 9 HATFIELD S sP S 5% sp
19-20 S SP S S* SP
3815-14 BLACK S SP S S* SP
7- 8 CANQE S SP S S SP
11-12 ROCKAWAY S S S S S
12-13 S S S S S
107-108 S S S S S
108-109 UPPER S S S S S
109-110 PASSAIC S S S S S
3795~ 1 S S S S S

*PRESUMING NO LEVEE EFFECTS

**PRELIMINARY DATA INDICATE TUNNEL EFFECTS ARE SMALL
***PRESERVATION EFFECTS ARE EXPECTED TO BE SMALL

S = BASELINE, 1990 OR
2040 STORAGE

PRESERVATION STORAGE

TUNNEL STORAGE

P:
1.
L = LEVEE STORAGE



TABLE 38
COMPARISON OF PEAK FLOWS FOR THE RECOMMENDED PLAN
1 YEAR FLOOD EVENT

PEAK DISCHARGE IN CFS

PERCENT COMPARISON WITH Q5

|
l
PRESERV. |
|

I
|
| FLOOD PLAIN PRESERY.
| DEVELOPHENT NAT. STOR.  PLAN NAT. STOR. PLAN
| EXIST |
HEC-1 | COND. 1390 2040 2040 2040 | 2040 2040
LOCATION POl NODE | Q1 u 0 % Q25 | 06 025
|
UPPER TRIBUTARIES | |
l |
RAMAPO R. AT MAHHAH 55 12| 2469 2641 2909 2909 2909 |
RAMAPO R. AT POMPTON LAKES 59 17| 2857 3048 3365 3365 3365 |
ROCKAHAY RIVER ABOVE BOONTON 20 19 1656 1744 . 1985 1985 1985 |
WHIPPANY RIVER AT MORRISTOHN 300 108 T 46 861 861 861 |
PASSAIC RIVER AT MILLINGTON 15| 710 M9 26 726 126 |
PASSAIC RIVER AT CHATHAM 6 110 ] 1104 1138 1203 1203 1203
I |
CENTRAL BASIN 1 i
| I
POMPTON RIVER AT USGS GAGE 61 25| 3992 4260 4672 4672 4672 | 0.00 0.00
POMPTON INLET TUNNEL DIVERSION  =-- 99600 |  N/A  N/A  N/A NA - N/A | N/A N/A
POMPTON RIVER BELOW TUNNEL | |
DIVERSION —- 25D | 3992 4260 46T2 4672 4672 | 0.00 0.00
POMPTON RIVER AT LINCOLN PARK - |
PEQUANNOCK TOHN LINE 62 26| 3997 4255 4658 4659 4659 | 0.02
POMPTON RIVER AT EAST-WEST DITCH  -- 30 | 4288 4555 4953 4364 4964 | 0.02
POMPTON RIVER ABOVE PACKAMACK 1 |
BROOK - 31| 4050 4310 ATIT 4700 4700 | -0.36 -0.36
POMPTON RIVER AT PACKANACK BROOK  —- 33 | 4132 4392 4800 4783 4783 | -0.35 -0.35
POMPTON RIVER AT MOUTH 68 34| 4128 4330 4805 4778 4778 | -0.56 -0.56
PASSAIC RIVER AT PINE BROOK 31 23| 2033 3043 3504 3262 - 3262 | -6.91 -5.91
PASSAIC RIVER ABOVE POMPTON 40 28] 2511 2584 2822 2013 2073 -1.74 1.4
PASSAIC RIVER BELOH POMPTON 69 35| 5201 5489 5918 5871 5871 | -0.79 -0.79
DEEPAVAAL BROOK 73 38| 88 06 716 16 716 | 0.00 0.00
PASSIAC RIVER AT LITTLE FALLS 76 41| 5486 5784 6232 6182 6182 | -0.80 -0.80
THO BRIDGES TUNNEL DIVERSION | NA NA N N/A WA - -
BYPASS FLOW D/S OF LITTLE FALLS - | 5486 5784 6232 6182 6182 | -0.80 -0.80
| [
LOWER VALLEY | |
I I
AT PECKMAN RIVER -~ 00| 5492 5792 6283 6194 6194 | -0.78 -0.78
AT GREAT FALLS 82 200 | 5505 5805 6262 6213 6213 | -0.78 -0.78
AT DIAHOND BROOK -~ 300 | 5517 5816 6277 6228 6228 | -0.78 -0.78
AT OUNDEE DAM -~ 400 ] 5514 - 5812 6271 6205 6225 | -0.73 -0.73
AT SADDLE RIVER -~ 500 | 5576 5876 6351 6305 6305 | -0.72 -0.72
AT THIRD RIVER - 600} 5576 5874 6350 6305 6305 | -0.71 -0.71
TUNNEL DISCHARGE -~ 600D | N/A NA N/A NA N | N/A N/A
AT SECOND RIVER 104 700 | 5603 5902 6379 6335 6335 | -0.69 -0.69
AT HOUTH -~ 800 | 559 5895 6370 6320 6329 | -0.64 -0.54

N/A = Not Applicable

Q1 = Existing Conditions.

04 =

Q5 = Same as Q4 but to year 2040.
Q6 =

025 = Dual Inlet Tunnel Plan.

Effects of Urbanization and Development in the Central Ba

sin floodplain with NJOEP 20% fil1 rule to year 1930.

Q5 Modified to Preserve Specified Floodplain Areas in the Central

8asin beginning 1980,



TABLE 38 (CONT)

COMPARISON OF PEAK FLOWS FOR THE RECOMMENDED PLAN

2 YEAR FLOOD EVENT

PEAK DISCHARGE IN CFS

PERCENT COMPARISON WITH Q25

I
l
l
|

|
l
FLOOD PLAIN  PRESERV. | PRESERY.
DEVELOPHENT NAT. STOR.  PLAN | NAT. STOR. PLAN
| EXIST. |
HEC-1 | COND. 1990 2040 2040 2040 | 2040 2040
LOCATION POI  NODE | Q1 Q4 Q5 Q6 Q25 | Q6 Q2%
|
UPPER TRIBUTARIES | |
l I
RAMAPO R. AT MAHWAH 55 12| 3546 3769 4118 4118 4118 | 00
RAMAPO R. AT POMPTON LAKES 59 7] 4183 4421 4826 4826 4826 | 0.00
ROCKAWAY RIVER ABOVE BOONTON 20 19 | 2262 2376 2681 2681 2681 | 00
WHIPPANY RIVER AT MORRISTOWN 30 169 1 1008 1052 1198 1198 1198 | 00
PASSAIC RIVER AT MILLINGTON 1 105 | 927 9317 946 946 946 | 0.00
PASSAIC RIVER AT CHATHAM 6 110 | 1615 1659 1743 1743 1743 | 0.00
I |
CENTRAL BASIN i |
- | |
POMPTON RIVER AT USGS GAGE 61 25 ) 6462 6766 7279 7218 7216 | 0.60 -0.87
PCHPTON INLET TUNNEL DIVERSION -~ 99600 | 6472 6766 219 7218 6716 | - -
POMPTON RIVER BELOW TUNNEL . N : |
DIVERSION -- 25D | 6462 6766 7279 279 500 | 0.00 -93.13
POMPTON RIVER AT LINCOLN PARK - | |
PEQUANNOCK TOWN LINE 62 26 | 6449 6765 7238 753 | -§9.60
POMPTON RIVER AT EAST-WEST DITCH  -- 30 | 6308 7136 7614 - 2061 | -72.93
POMPTON RIVER ABOVE PACKANACK | |
BROOK - 31 ] 6429 6752 7254 7213 1610 | -0.57 ~77.81
PCHPTON RIVER AT PACKANACK BROOK  -- 33 | 6529 6854 7357 7316 1799 | =0.56 -75.585
POMPTON RIVER AT MOUTH 68 34| 6521 6848 7360 7309 1820 | ~0.69 -75.21
PASSAIC RIVER AT PINE BROOK 37 23] 3876 4044 4643 4321 4321 | -7.06 -7.06
PASSAIC RIVER ABOVE POMPTON 40 28 | 3447 3606 3944 3893 4132 | -1.2 4,77
PASSAIC RIVER BELOW POMPTON 69 351 7535 1113 8214 8188 4705 | -0.32 -42.12
DEEPAVAAL BROOK 73 38 | 8T 898 CHN 919 91 | 0.00 0.00
PASSIAC RIVER AT LITTLE FALLS 76 41 1787 8037 8496 8431 4875 | ~0.77 -42.62
THO BRIDGES TUNNEL DIVERSION | N/A N/A N/A N/A 4775 | - -
BYPASS FLOW D/S OF LITTLE FALLS | - 77187 8037 8496 8431 100 | -0.77 -98.82
| |
LOWER VALLEY | i
I I
AT PECKMAN RIVER -- 100 ] 7785 8039 8503 8437 1347 | -0.78 -84.16
AT GREAT FALLS 82 200 | 7806 8050 8523 8446 2559 | -0.90 -69.98
AT DIAMOND BROOK -- 300 ] 7817 8061 8540 8453 3467 | -1.02 -59.40
AT DUNDEE DAM -~ 400 ] 782 8063 8554 8454 3277 j -1.17 -61.69
AT SADDLE RIVER -- 500} 7893 8128 861 8503 4645 | -1.37 -46.12
AT THIRD RIVER -~ 600 | 7902 8133 8635 8506 5200 | -1.49 -39.78
TUNNEL DISCHARGE -- 600D | N/A N/A N/A N/A 10368 | N/A N/A
AT SECOND RIVER 104 700 | 7940 8167 8674 8533 13257 | -1.83 52.84
AT MOUTH -- 860 | 7951 8178 86934 8540 13312 | -1.17 53.12
N/A = Not Applicable
Q1 = Existing Conditions.
Q4 = Effects of Urbanization and Development in the Central Basin floodplain with NJDEP 20% fill rule to year 1990.
Q5 = Same as Q4 but to year 2040.
Q6 = Q5 Modified to preserve specified floodplain areas in the Central Basin beginning 1990.
Q25 =

Dusl Inlet Tunnel Plan. Peak flows do not contain mitigation bypass flow downstream of inlets



TABLE 38 (CONT)
COMPARISON OF PEAK FLOWS FOR THE RECOMMENDED PLAM
5 YEAR FLOOD EVENT

PEAK DISCHARGE IN CFS

PERCENT COMPARISON WITH Q25

I
| |
i FLOOD PLAIN  PRESERV. | PRESERV.
| DEVELOPHENT NAT. STOR.  PLAN | NAT. STOR. PLAN
| EXIST |
HEC-1 | COND 1890 2040 2040 2040 | 2040 2040
LOCATION POI NODE | Q! 04 05 G Q5 | 06 025
| _____
UPPER TRIBUTARIES | |
' | l
RAMAPQO R. AT MAHWAH 55 12 5500 5773 61%6 6196 6196 | 00
RAMAPO R. AT POMPTON LAKES 53 171 6490 6785 7274 1214 7274 | 00
ROCKAWAY RIVER ABOVE BOONTONM 20 191 3072 3119 3590 3590 3530 | 00
WHIPPANY RIVER AT MORRISTOMM 30 109 | 1290 1345 1529 1529 1529 | 00
PASSAIC RIVER AT MILLINGTON 1 105 | 1150 1162 1172 1nn 172 | 0.00
PASSAIC RIVER AT CHATHAM 6 110 ] 1891 1947 20495 2045 2045 | 0.00
| |
CENTRAL BASIN | ]
| I
POMPTON RIVER AT USGS GAGE 61 25 | 10043 10353 10971 10971 11144 | 0.00 1.58
POMPTON INLET TUNNEL DIVERSION -- 93600 | N/A N/A N/A N/K - 10644 | - -
POMPTON RIVER BELOM TUNNEL ] |

DIVERSION -- 25D 10043 10353  109T1 10971 500 | 0.00 -95.44
POMPTON RIVER AT LINCOLN PARK - i

PEQUANNOCK TOWN LINE 62 26 1 10014 10332 10883 10830 923 | -81.52
POMPTON RIVER AT EAST-WEST DITCH  -- 30 | 10521 10852 11415 11416 2792 | -15.54
POMPTON RIVER ABOVE PACKANACK i -

BROOK - 31 9912 10263 10867 10799 2143 | -0.63 -80.22
POMPTON RIVER AT PACKANACK BROOK  -- 33 | 10051 10405 11001 10943 2444 | -0.62 -117.80
POMPTON RIVER AT MOUTH 68 34 | 10034 . 10333 11012 10929 2462 | -0.75 -77.64
PASSAIC RIVER AT PINE BROOK 37- 23| 5150 5341 6173 5716 5716 | -7.40 -71.40
PASSAIC RIVER ABOVE POMPTON 40 24 ) 5249 5436 5148 5369 5449 | -4.54 -11.37
PASSAIC RIVER BELOW POMPTON 59 35 | 9965 10243 - 11068 10688 6064 | -3.43 -45.21
DEEPAVAAL BROOK 13 381 1265 1294 1308 1308 1308 | 0.00 0.00
PASSIAC RIVER AT LITTLE FALLS 6 41] 10332 10615 11536 11087 6315 | -3.89 -45.26
THO BRIDGES TUNNEL DIVERSION } N/A N/A N/A N/A 6215 | - -
BYPASS FLOW D/S OF LITTLE FALLS | 10332 10615 11536 11087 100 | -3.89 -99.13

l |
LOWER VALLEY | |
l |
AT PECKMAN RIVER -- 100 | 10338 10613 11551 11099 1809 | -3.91 -84.34
AT GREAT FALLS 82 200 | 10354 10637 11583 11129 3453 | ~3.92 ~70.18
AT DIAMOND -BROOK -- 300 | 10371 10652 11643 11153 4719 | -3.96 ~58.85
AT DUNDEE DAM -- 400 | 10336 10670 11622 11163 4499 | -3.95 -61.29
AT SADDLE RIVER -- 500 | 10452 10757 11768 11281 6433 | -4.15 -45.34
AT THIRD RIVER -- 600 | 10487 10774 11782 19292 7228 ) -4.,16 -38.65
TUNNEL DISCHARGE -- 600D | N/A N/A N/A N/A 15517 | N/A N/A
AT SECOND RIVER 104 700 | 10512 10830 11838 11345 19629 | -4.17 65.80
AT MOUTH -- 800 | 10537 10854 11831 11360 19632 | -4.14 65.66
N/A = Not Applicable
Q1 = Existing Conditions. .
Q4 = Effects of Urbanization and Development in the Central Basin floodplain with NJDEP 20% fill rule to year 1990.
Q5 = Same as Q4 but to year 2040.
Q6 = Q5 Modified to preserve specified floodplain area in the Central Basin beginning 1990,
Q25 = Dual Inlet Tunnel Plan. Peak flows do not contain mitigation bypass flow downstream of inlets.



TABLE 38 (CONT)

_COMPARISON OF PEAK FLOWS FOR THE RECOMMENDED PLAN

10 YEAR FLOOD EVENT

l
|
I
|

PEAK DISCHARGE IN CFS

PERCENT COMPARISON WITH Q25

I
]
FLOOD PLAIN  PRESERV. | PRESERY.
DEVELOPMENT NAT, STOR.  PLAN | NAT. STOR. PLAN
| EXIST. f
HEC-1 | COND. 1990 2040 2040 2040 2040 2040
LOCATION POI  NODE | Q1 04 Q5 Q6 Q25 | Q- Q25
I -
UPPER TRIBUTARIES ] l
| : |
RAMAPO R. AT HAHHAH 55 12 7403 71719 8203 8203 8203 | 0.00
RAMAPO R. AT POMPTON LAKES 59 17 ] 8802 9164 9741 9741 9741 | 0.60
ROCKAKAY RIVER ABOVE BOONTON 20 19 ] 4094 4267 4726 4726 4726 | 0.00
WHIPPANY RIVER AT MORRISTOMN 30 109 | 1608 1673 1888 1888 1888 | .00
PASSAIC RIVER AT MILLINGTON 1 105 | 1387 1400 1411 1411 1411 | 0.30
PASSAIC RIVER AT CHATHAM 6 110 ] 2342 2407 2522 522 /2 | 0.00
| |
CENTRAL BASIN | ]
! l
POMPTON RIVER AT USGS GAGE 61 25 ] 13978 14268 14960 14960 15383 | 0.00 2.83
POMPTON INLET TUNNEL DIVERSION ~- 99600 | N/A N/A N/A N/A 14883 | - -
POMPTON RIVER BELOW TUNNEL | : |
~ DIVERSION -~ 250 { 13973 14268 14960 14960 500 | 0.00 -96.65
POMPTON RIVER AT LINCOLN PARK - |

PEQUANNOCK TOWN LINE 62 26°| 13636 13396 14761 14594 1063 | -1.13 -92.80
POMPTON RIVER AT EAST-HWEST DITCH -- 30 | 14308 14618 15404 15221 3323 | ~1.19 ~78.43
POMPTON RIVER ABOVE PACKAMACK {

BROOK -- 31 ] 13461 - 13788 14487 14313 2556 | -1.20 -82.36
POMPTON RIVER AT PACKANACK BROOK - 33| 13628 13954 14658 14481 - 2933 | -1.21 -79.99
POMPTON- RIVER AT MOUTH 69 3§ | 13630 13953 14658 14479 2948 | -1.22 -75.89
PASSAIC RIVER AT PINE BROOK 3 22| 8525 6815 7927 7307 7307 | -7.82 -1.82
PASSAIC RIVER ABOVE POMPTON 40 24} 6858 7144 3160 - 14T 6861 | ~18.44 -25.10
PASSAIC RIVER BELOW POMPTON 59 35 ] 12850 13143 14917 13729 7475 | -71.96 -49.89
DEEPAVAAL BROOR 13 38 ] 1541 1572 1587 1587 1587 | 0.00 0.00
PASSIAC RIVER AT LITTLE FALLS 76 41} 13354 13853 15323 14247 7770 | -7.02 -49.29
T40 BRIDGES TUNNEL DIVERSIONM | N/A N/A N/A N/A 7670 | - -
BYPASS FLOW D/S OF LITTLE FALLS | 13354 - 13653 1532 14247 100 | -1.02 -98.33

I |
LOKER VALLEY |
| [
AT PECKMAN RIVER -- 100 | 13384 13669 15322 14264 2359 | -6.31 -34.60
AT GREAT FALLS 2 200 ] 13397 13705 15338 14301 4621 | -6.76 -59.87
AT DIAMOND BROOK - 300 | 13423 13740 13345 14330 6551 | -6.61 -57.31
AT DUNDEE DAM -- 400 | 13443 13762 - 15353 14338 6132 | -6.60 -50.06
AT SADOLE RIVER -~ 500 | 13606 13941 - 15394 14543 . 8947 | -5.53 -41,88
AT THIRD RIVER -- 600 | 13624 13963 15394 14554 10025 | ~5.48 -34.28
TUNNEL DISCHARGE -- 6000 | N/A N/A N/A N/A 20691 | H/A N/A
AT SECOND RIVER 104 700 | 13632 14037 15429 14627 26581 | -5.20 72,28
AT MOUTH -- 800 ] 13710 14081 15452 14638 26625 | -5.21 12.31
N/A = NOT APPLICABLE
Q1 = Existing Cenditicns.
Q4 = Effects of Urbanization and Development in the Central Basin floodplain with NJDEP 20% 111 rule to year 1890.
Q5 = Same as Q4 but to year 2040,
Q8 = Q5 Modified to preserve specified floodplain areas in the Central Basin beginning 1990,
Q25 =

Dual Inlet Tunnel Plan. Peak flows do not contain mitigation bypass flow downstream of inlets.



TABLE 28 (CONT)
COMPARISON OF PEAK FLOWS FOR THE RECOMMENDED PLAN
25 YEAR FLOOD EVENT

| PEAK DISCHARGE IN CFS i PERCENT COMPARISON WITH Q25
| | e
1 FLOOD PLAIN  PRESERV. | PRESERV.
| DEVELOPMENT MAT. STOR.  PLAN | NAT. STOR. PLAN
| EXIST. - | -
- HEC~1 | COND. 1990 2040 2040 2040 | 2040 2040
LOCATION pol  NODE | O Q4 Q5 Q6 Q25 | Q6 Q25
i ———— ————
UPPER TRIBUTARIES | |
- : | |
RAMAPO R. AT MAHHAH 5% 12 | 10566 10912 11419 11419 11419 0.00
RAMAPO R. AT POMPTON LAKES 59 17 | 12684 13042 13597 13597 - 13597 | 0.00
ROCKAWAY RIVER ABOVE BOONTON 20 19| 54T 5674 5169 6169 6169 | 0.00
WHIPPANY RIVER AT MORRISTOWN 30 109°] 2087 2129 2378 2315 319 | 0.490
PASSAIC RIVER AT MILLINGTOM 1 105 | 1680 1704 1714 1714 17114 | 0.00
PASSAIC RIVER AT CHATHAA 6 110} 2955 3024 3150 3150 3150 | 0.00
| l
CENTRAL BASIN | |
| -
POMPTON RIVER AT USGS GAGE 61 25 ] 19870 19985 20712 20712 21180 | 0.90 2.1
POMPTON INLET TUNNEL DIVERSION ~- 99500 | N/A N/A N/A N/A 20650 | - -
POMPTON RIVER BELOW TUNNEL 2
DIVERSION -~ 250 | 19870 19983 20712 20112 500 | 0.00 -97.59
POMPTON RIVER AT LINCOLN PARK - | |
PEQUANNOCK TOWN LINE 62 26 | 19003 19308 20351 19981 1232 § -1.82 -93.95
POMPTON RIVER AT EAST-HEST DITCH - 30 | 19729 20054 21144 20751 4074 | -1.86 -80.73
POMPTON RIVER ABOVE PACKANACK | : |
BROOK - 31} 18283 18550 19571 19121 2983 | -2.30 ~34.76
POMPTON RIVER AT PACKANACK BROOK == 33| 18472 18744 19776 19316 3566 | -2.33 -81.97
POMPTON RIVER AT MOUTH 58 34 ] 18477 18742 19773 19315 3551 | -2.32 -82.04
PASSAIC RIVER AT PINE BROOK 31 23] 8822 9022 10419 9604 96904 | -1.82 -7.82
PASSAIC RIVER ASOVE POMPTON "~ 40 24| 8897 9121 - 1M 9464 3829 | -19.80 -24.99
PASSAIC RIVER BELOW POMPTON 69 3B | 17987 17919 21236 19459 9496 | -13.08 -55.28
DEEPAVAAL BROOK 13 8] 193 1965 1930 1980 1980 | 0.00 0.00
PASSTAC RIVER AT LITTLE FALLS 6 41| 18190 18535 21111 19193 9867 | -12.28 -54.59
THO BRIDGES TUNNEL DIVERSION | N/A N/A N/A N/A 9787 | - -
BYPASS FLOW D/S OF LITTLE FALLS | 18190 18535 21 19103 100 | -12.28 -99.54
! |
LOWER VALLEY i |
I | :
AT PECKMAN RIVER -— 100 | 18214 18578 21782 19125 2948 | -12.20 -86.47
AT GREAT FALLS © g2 200} 18255 18623 21805 19174 5964 | -12.07 -72.85
AT DIAMOND BROOK -~ 300 | 18294 18659 21818 19212 8396 | -11.94 -§1.52
AT DUNDEE DAM -- 400 | 18298 13665 21807 19214 7855 | -11.99 -63.98
AT SADDLE RIVER -- 500 | 18585 18340 21946 19499 11904 | -11.15 -45.78
AT THIRD RIVER -- 500 | 18563 18346 21932 19506 . 13241 | -11.08 -39.63
TUNNEL DISCHARCE -~ 6000 | N/A N/A N/A N/A 27697 | N/A N/A
AT SECOND RIVER 104 700 | 18853 19028 21979 19587 35575 | -10.88 51.86
AT MOUTH - 800 | 18647 19025 21968 19583 35628 | -10.86 52.17
N/A = Not Applicable
Q1 = Existing Conditions. :
Q4 = Effects of Urbanization and Develapment in the Central Basin floodplain with HJDEP 20% #1171 rule to year 1990.
Q5 = Same as Q4 but to year 2040.
Q6 = Q5 Modified to preserve specified floodplain areas in the Central 8asin beginning 1990.
Q25 = Dual Inlet Tunnel Plan. Peak flows do not contain mitigation bypass flow downstream of inlets.



‘TABLE 38 (CONT)

COMPARISON OF PEAK FLOWS FOR THE RECOMMENDED PLAN

50 YEAR FLOOD EVENT

PEAK DISCHARGE IN CFS

PERCENT COMPARISON WITH Q25

028
[

i

Dual Inlet Tunnel Plan.

=
(35
-

Peak flows do not contain mitigation bypass flow downstream of inlets.

| |
| |
| FLOOD PLAIN  PRESERV. | PRESERV.
} DEVELOPMENT NAT. STOR.  PLAN | NAT. STOR. PLAN
| EXIST. ! -
HEC-1 | COND. 1990 2040 2040 2040 | 2040 2040
LOCATION POI  NODE | Q1 Q4 Q5 Q6 Q25 | ¢ Q25
| - ——
UPPER TRIBUTARIES | l
I |
RAMAPO R. AT MAHHWAH 55 12 ] 14197 14360 15083 15083 15083 | 0.00 g.00
RAHAPO R. AT POMPTON LAKES 53 17 | 17042 17435 17983 17983 17983 | 0.00 .00
ROCKAHAY RIVER ABOVE BOONTON 20 19 | 6661 5898 7464 1464 7484 | 0.00 0.90
HHIPPANY RIVER AT HORRISTOWM 30 109 | 2430 2508 2778 2778 2778 | 0.40 .00
PASSAIC RIVER AT MILLINGTON 1 105 | 1952 1987 1977 1977 1977 | .00 0.09
PASSAIC RIVER AT CHATHAM ] 110 | 3516 3593 3738 3738 3738 | 0.00 .00
i l
CENTRAL BASIN o |
| |
POMPTON RIVER AT USGS GAGE 61 25 | 26788 26657 - 27398 27398 27787 | 0.00 1.42
POMPTON INLET TUNNEL DIVERSION -~ 99600 | N/A N/A N/A N/A 26642 | - -
POMPTON RIVER BELOW TUNMEL | |
OIVERSION -- 250 | 26788 26657 27398 27398 1145 | 0.40 -95.82
POMPTON RIVER AT LINCOLN PARK - }. |
PEQUANNOCK TOWN LINE 62 26 | 25437 25720 27036 26373 1354 | -2.45 -34.93
POMPTON RIVER AT EAST-HEST DITCH  -- 30} 26216 28533 27903 27194 4430 | -2.54 -83.31
POMPTON RIVER ABOVE PACKANACK | ) |
BROCK 7 -- 31} 23941 24152 25453 24750 3149 § -2.78 ~87.63
FOMPTON RIVER AT PACKANACK BROOK -~ 33| 24147 24383 25583 24963 3860 | -2.80 -84.97
POMPTON RIVER AT MOUTH 68 34 ] 24123 24336 25694 24937 3849 | -2.95 -85.02
PASSAIC RIVER AT PINE BROOK 31 23| 10186 10882 12256 11312 11312 | -7.70 -1.70
PASSAIC RIVER ABOVE PCMPTON 40 24 | 10336 10629 12941 11003 10178 | -14.98 -21.2%
PASSAIC RIVER BELOW POMPTON 69 35 | 22288 22589 26841 23125 10880 | -13.84 ~53.46
DEEPAYAAL BROOK 73 38| 2143 FANE AT T 2191 2181 | 0.00 .00
PASSIAC RIVER AT LITTLE FALLS 76 41 | 22361 23278 27418 23793 11289 | -13.19 -58.79
- TWO BRIDGES TUNNEL DIVERSION | N/A N/A N/A N/&A 11189 § - -
BYPASS FLOW D/S OF LITTLE FALLS | 22361. 23278 27416 23799 4981 | -13.13 -21.83
| [
LOWER YALLEY |
| v
AT PECKMAN RIVER - 100 | 22334 23308 2743 23828 5235 I -13.15 -890.92
AT GREAT FALLS §2 200 | 23044 23370 27469 23835 7082 | ~13.81 -14.22
AT DIAMOND BROOK -- 300 ] 23096 23424 - 27498 23951 10200 | -12.90 -62.91
AT DUNDEE DAM -~ 400 | 23098 23425 27435 23958 9715 | -12.83 -54.48%
AT SADDLE RIVER -~ 500 | 23506 23855 . 27769 24332 15074 | -12.16 -45.72
AT THIRD RIVER -~ 600 | 23513 23889 27755 24408 16824 | -12.06 -38.38
TUNNEL DISCHARGE -~ 500D | N/A N/A N/A N/A 38730 N/A N/A
AT SECCND RIVER 164 700 | 23622 2398¢ 2783 2452 43601 | -11.88 56.87
AT MOUTH - 800 { 23813 23372 27804 24521 42868 | -11.81 5417
N/A = Not Applicable
Q1 = Existing Conditicns.
04 = Effects of Urbanization and Development in the Central Sasin floodpiain with NJDE? 203 7111 rule o year 18340,
Q5 = Same as 04 but to vear 2040.
@6 = Q5 Modified to preserve specified floodplain areas in the Central 8asin beginning 1290.



TABLE 38 (CONT)

COMPARISON OF PEAK FLOWS FOR THE RECOMMENDED PLAN
100 YEAR FLOOD EVENT

PEAK DISCHARGE IN CFS

PERCENT COMPARISON WITH Q25

| |
| |
| FLOOD PLAIN  PRESERV. | PRESERV.
| DEVELOPMENT NAT, STOR.  PLAN | NAT. STOR. PLAN
| EXIST i
HEC-1 | COND 1930 2040 2040 2040 | 2040 2040
LOCATION poI NODE | Q1 Q4 Q5 Q6 Q25 | Q6 Q25
I
UPPER TRIBUTARIES | |
!
RAMAPO R. AT MAHWAH 55 2 11121 17506 18022 18022 18022 } 0.0 0.00
RAMARO R. AT POMPTOM LAKES 59 17 ] 20742 21170 21725 21725 21725 | 0.0 0.00
ROCKAWAY RIVER ABOVE BOONTON 20 19| 8050 8304 8919 8919 8919 | 0.0 0.00
WHIPPANY RIVER AT MORRISTOMN 30 109 ] 2853 2946 3051 3251 3251 § 0.0 .00
PASSAIC RIVER AT MILLINGTON 1 105 | 2276 292 2308 2301 2301 | 0.0 0.00
PASSAIC RIVER AT CHATHAM 6 110 ] 4076 4147 4317 4317 4317 0.00 0.00
| 1
CENTRAL BASIN i |
| |
POMPTON RIVER AT USGS GAGE 61 25 | 32515 32130 32907 32807 33880 | 0.00 2.96
POMPTON INLET TUNNEL DIVERSION -- 93600 | N/A N/A N/A N/A 28709 | - -
POMPTON RIVER BELOW TUNNEL J » |

DIVERSION -- 250 | 32515 32130 32907 32907 5171 | 0.00 -84.29
POMPTON RIVER AT LINCOLM PARK - |

PEQUANNOCK TOWN LINE 62 26 | 30575 30808 32405 31507 4536 | - -86.00
POMPTON RIVER AT EAST-WEST DITCH - 30 | 31455 31728 33382 32443 5504 | - -83.51
POMPTON RIVER ABOVE PACKANACK ]

BROOK - 31 ] 28969 29180 30561 23791 4914 | -2.52 -83.92
POMPTON RIVER AT PACKANACK BROOK  -- - 33 | 28200 29418 30821 30031 5181 | -2.56 -83.16
POMPTON RIVER AT MOUTH 68 34 | 29144 29394 30802 30005 5180 | -2.59 -83.18
PASSAIC RIVER AT PINE BROOK 31 23] 12283 12885 14921 13768 13768 | -1.13 -1.13
PASSAIC RIVER ABOVE POMPTON 40 24 | 12040 12383 14451 12773 11482 § ~11.61 -20.55
PASSAIC RIVER BELOW POMPTOM 69 35 | 26843 27050 32547 27678 12544 | -14.96 -61.46
DEEPAVAAL BROOK 13 38} 2502 2536 2553 2553 2583 | 0.00 0.00
PASSIAC RIVER AT LITTLE FALLS 16 41 ] 27533 27760 33053 28398 13098 | -14.08 ~60.37
THO BRIDGES TUNNEL DIVERSION | N/A N/A - N/A N/A 12998 | - -
BYPASS FLOW D/S OF LITTLE FALLS | 27533 27760 33053 28398 9232 | -14.08 -12.01

! |
LOWER VALLEY |
| |
AT PECKMAN RIVER - 100 | 27566 27805 33085 28439 9496 | ~14.,04 -71.30
AT GREAT FALLS 2200 | 27626 27874 33123 28515 9768 | -13.91 -70.51
AT DIAMOND BROOK -- 300 | 27632 27948 33157 28580 12774 | -13.80 ~61.47
AT DUNDEE DAM -~ 400 | 27693 27955 33088 28588 12402 | -13.63 -62.53
AT SADDLE RIVER -- 500 | 28207 28524 33621 29169 18892 | -13.24 -43.81
AT THIRD RIVER -- 600 | 28222 28543 33582 29187 21279 | -13.11 -36.685
TUNNEL DISCHARGE -~ 600D | N/A N/A N/A N/A 31656 | N/A N/A
AT SECOND RIVER 104 700 | 28362 28690 33708 29328 50543 | -12.98 49.95
AT MOUTH - 800 | 28365 28688 33643 29332 48544 | -12.82 44.28
N/A = NOT APPLICABLE
Q1 = Existing Conditions.
04 = Effects of Urbanization and Development in the Central Basin floodplain with NJDEP 20% fi11 rule to year 1889.
Q5 = Same as Q4 but to year 2040.
06 = Q5 Modified ta preserve specified floodplain areas in the Central Basin beginning 1890.
Q25 =

Dual Iniet Tunne) Plan. Peak flows do not contain mitgation bypass flow downstream of inlets.



TABLE 38 (CONT)

COMPARISON OF PEAK FLOWS FOR THE RECOMMENDED PLAN

500 YEAR FLOOD EVENT

PEAK DISCHARGE IN CFS

PERCENT COMPARISOM WITH Q28

| |
| |
| FLOOD PLAIN  PRESERV. | PRESERY.
| DEVELOPHENT NAT. STOR.  PLAN | NAT. STOR. PLAN
| EXIST oo
HEC-1 | COND. 1990 2040 2040 2040 | 2040 2040
LOCATION POI  MODE | Q1 0 Qs 6 Q25 | 06 Q25
|

UPPER TRIBUTARIES | :

I
RAMAPO R. AT MAHHAM 55 12| 29557 30140 30948 30948 30948 | 0.00
RAMAPO R. AT POMPTON LAKES 59 17| 36782 37446 38213 38213 38213 | 0.00
ROCKAWAY RIVER ABOVE BOONTON 200 19} 12002 12314 13027 13027 13027 | 0.00
HHIPPANY RIVER AT MORRISTGHN 30 103 3891 3994 4386 4365 4366 | 0.60
PASSAIC RIVER AT MILLINGTON T 105 ] 3075 3091 3099 309 3099 | 0.00
PASSAIC RIVER AT CHATHAM 6 110 ] 5493 5605 5924 5924 5924 | ©0.00

| |

CENTRAL BASIN | |

| |
POMPTON RIVER AT USGS GAGE 61 25| 55337 54567 55673 55673 57536 | 0.00 3.35
POMPTON INLET TUMNEL DIVERSION -- 93600 | N/A M/A WA N/A 28708 | - -
POMPTON RIVER BELOW TUNNEL | .

DIVERSION - 250 | 55337 54567 55673 55673 28827 | 0.00 -48.22
POMPTON RIVER AT LINCOLN PARK - |

PEQUANNOCK TOHN LINE 62 26| 50709 51231 54448 52462 26251 | -3.55 -51.79
POMPTON RIVER AT EAST-WEST DITCH  -- 30 | 51801 52371 55693 53642 27461 | -3.68 -50.69
POHPTON RIVER ABOVE PACKANACK | ‘

BROOK —- 31 47605 48055 50153 48936 25184 | -2.32 -49.79
PONPTON RIVER AT PACKANACK BROOK -~ 33 | 47893 48349 50430 49300 25522 | -2.34 -49.44
POMPTON RIVER AT MOUTH 68 34| 47736 48245 50438 49203 25397 | -2.45 -49.67
PASSAIC RIVER AT PINE BROOK 3 23| 18420 19132 21300 20234 20234 | -5.00 -5.00
PASSAIC RIVER ABOVE POMPTON 500 2| 164T1 16875 18443 17265 14942 | -6.39 -18.93
PASSAIC RIVER BELOW PGMPTON 69 35| 43530 43980 50860 44840 27013 | -11.84 -45.89
DEEPAVAAL BROOK 13 38 348 3185 3204 3206 3204 | 0.00 0.60
PASSIAC RIVER AT LITTLE FALLS 16 41| 44471 44868 51565 45753 27906 | -11.27 -15.88
THO BRIDGES TUNNEL DIVERSION IONA NA /A N/A 14780 | - -
BYPASS FLOW D/S OF LITTLE FALLS | 44471 44868 51565 45753 27906 | -11.27 -45.89

| |
LOMER VALLEY [ |
| |
AT PECKMAN RIVER -~ 100 | 44549 44953 51682 45853 29097 | -11.27 ~45.5
AT GREAT FALLS 82200 | 44685 45108 51846 46012 29339 | -11.25 -45.34
AT DIAMOND BROOK == 300 | 44801 45244 51996 46152 29581 | 11,24 ~45.03
AT DUNDEE DAM -~ 400 | 44817 45262 51943 46178 28572 | SIRE -45.09
AT SADDLE RIVER - 500 | 45837 46403 53903 47381 32609 | -12.10 303
AT THIRD RIVER - 600 ] 45913 46532 53341 47550 33303 | -11.84 -38.26
TUNNEL DISCHARGE - 8000 | NA O N/A O N/A N/A 31531 | N/A H/A
AT SECOND RIVER 104 700 | 46131 46352 54265 47311 64672 | SIRE 19.18
AT MOUTH - 800 | 46272 46994 54269 48077 62803 | -11.41 15.73

N/A = Not Applicable
Q1 = Existing Conditions
04
Q05
Q6
Q25

i

Same as Q4 but to year 20

(LT TR}

Dual Inlet Tunnel Plan.

40.

Q5 Modified to preserve specified floodplain areas in the Central Sasin beginning 1990.

Effects of Urbanization and Development in the Central Basin floodplain with MIDEP 20% £111 rule to year 1990,

Peak flows do not contain mitigaticn bypass flow downstream of inlets.
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TABLE 38 (CONT)

COMPARISGN OF PEAK FLOWS FOR THE RECOMMENDED PLAN
SPS FLOOD EVENT

PEAK OISCHARGE IN CFS

PERCENT COMPARISON WITH Q25

|
I
| FUTURE PRESERV, 1 PRESERY.
| URBANIZATION MNAT. STOR.  PLAN | NAT. STOR. PLAN
| EXIST. |
HEC-1 | COND. 1990 2040 2040 2040 | 2040 2040
LOCATION POl  NODE | Q1 Q4 Q5 Q6 Q25 | Q6 Q25
I -
UPPER TRIBUTARIES | i
| [
RAMAPO R. AT MAHHWAH 55 2] 29798 30397 31280 31250 31250 |
RAMAPO R. AT POMPTON LAKES 59 17 ] 36411 37089 37883 37988 37388
ROCKAHAY RIVER ABOVE BOONTON 20 19 | 17626 18008 18903 18603 18903 |
WHIPPANY RIVER AT MORRISTOMN 30 109 | 59713 6106 6608 6603 6608 |
PASSAIC RIVER AT MILLINGTON 1 105 | 4135 4153 4188 4159 4159 |
PASSAIC RIVER AT CHATHAM 6 110 ] 7130 1213 7583 7583 7583
| |
CENTRAL BASIN | |
| |
POMPTON RIVER AT USGS GAGE 61 25 | 54368 54134 8513 55173 57389 | 0.00 3.98
POMPTON INLET TUMMNEL DIVERSION -- 99600 | N/A N/A N/A N/A 28709 | - -
POMPTON RIVER BELOW TUNNEL | i
DIVERSION -~ 25D |. 54868 54134 55173 55173 28660 | 0.00 -48.05
POMPTON RIVER AT LINCOLN PARK - i i
PEQUANNOCK TOWN LINE 62 26 | 50454 944 54047 52124 26315 | - -51.31
POMPTON RIVER AT EAST-WEST DITCH - 30 ] 51688 5223 55457 53438 27677 | - -50.09
POMPTON RIVER ABOVE PACKANACK |
BROOK ~-- 31 ] 47710 48146 50201 49079 25492 | =2.24 -49.22
POHPTON RIVER AT PACKANACK 8ROOK - 33 ] 48019 43463 50547 49406 25855 |- -2.26 -48.85
POMPTON RIVER AT MOUTH 63 34 | 47935 48383 50535 49307 25740 | -4 -49.95
PASSAIC RIVER AT PINE BROOK 37 23 | 24243 24886 27188 25850 25950 | -4.55 -4.55
PASSAIC RIVER ABOVE POMPTON 40 24 | 19832 20323 21934 20777 16961 | -5.21 -22.67
PASSAIC RIVER BELOW POMPTON 69 35 | 43435 43746 50265 44587 26299 | -11.30 -47.68
DEEPAVAAL BROOK ) ) 13 38 | 4548 4592 4876 4616 4616 | 0.00 0.00
PASSIAC RIVER AT LITTLE FALLS 16 41| 44436 44766 51306 45623 27565 | -11.07 -46.27
THO BRIDGES TUNNEL DIVERSION | N/A N/A N/A N/A 14810 | - -
8YPASS FLOW D/S OF LITTLE FALLS | 44406 44766 51306 45628 27565 | -11.07 -46.27
I |
LOWER VALLEY | |
| ]
AT PECKMAN RIVER - 100 | 44439 _44806 51362 45659 27744 | -11.10 -45.38
AT GREAT FALLS 32 200 | 44490 - 443870 51455 45737 27970 | -1 -45.684
AT DIAMOND BROCK - 300 | 44533 44923 51535 45796 28188 | -11.14 -45.30
AT DUNDEE DAM -- 400 | 44509 44908 51471 45768 28185 | -11.09 -45.25
AT SADDLE RIVER - 500 | 45137 45610 52834 46532 32209 | -11.93 -39.04
AT THIRD RIVER -- 600 | 45108 45612 52797 46546 33808 | -11.84 -35.97
TUNNEL DISCHARGE -- 6000 | N/A N/A N/A N/A 31743 | N/A N/A
AT SECOND RIVER 104 700 | 45236 45777 53030 16726 64810 | -11.89 22.2
AT MOUTH - 800 | 45243 45817 53040 46789 62406 | -11.79 17.68
N/A = Mot Appiicable
Q1 = Existing Conditicns.
Q4 = Effects of Urbanization and Development in the Central Basin floodplain with NJOEP 20% fi11 rule to year 1990.
05 = Same a5 Q4 -but to year 2040.
Q6 = Q5 Modified to preserve specified floadplain areas in the Central Basin beginning 1930.
025 = Dual Inlet Tunnel Plan. Peak flows do not contain mitigation bypass flow domnstream of inlets.



of Tunnel
— Little Falls

TABLE 39 DUAL INLET TUNNEL PLAN COMPARISON - 100 YEAR EVENT
1/
2040 w/o Project Conditions Total Diversion Dual Inlel Plan
Flow Hour Flow Hour Red Flow Hour Red
CENTRAL BASIN
3/ 3

Pompton River 32907 ‘33 33880 33 (-3) 33880 33 (-3)
Tunnel diversion - - 33880 33 - 28709 .29 -
Flow Downstream 32907 33 0 - 100 5171 33 84

of Tunnel :
Below Packanack 30821 44 4095 20 87 5191 41 83

Brook
Mouth of Pompton R. 30802 49 4073 26 87 5180 47 93
Passaic River Down 32547 55 11946 75 63 12544 73 61

stream of Two

Bridges
Flow at Two Bridges 33053 57 12532 76 62 13098 76 60

Inlet

| - 2/
Tunnel Diversion - - 12532 16 - 12998 16 -
LOWER VALLEY
Flow Downstream 33053 57 0 - 100 9232 39 72



TABLE 39 DUAL INLET TUNNEL PLAN COMPARISON - 100 YEAR EVENT (CONT)

‘ 1/
2040 w/o Project Conditioas Total Diversion Dual Inlet Plan
Flow Hour Flow Hour Red Flow Hour Red
Below Peckman R. 8663 19 3939 17 88 4039 17 -
-~ West Paterson 33085 58 - - 9496 40 T1
Below great Falls 12024 19 8501 18 14 8601 18 -
- Paterson 33123 59 - - - 9768 40 71
Below Dundee Dam 14917 _ 21 12302 20 63 ’ 12402 20 63
- Garfield 33098 63 - - - 10387 42 -
Below Saddle R. 20956 21 18792 21 44 18892 21 44
Wallington 33621 64 - - - 16371 38 -
4/ 4/ '
Below Third R. 23040 23 50000+ - - 49998 24 (—-49)
Nutley, 33592 66 46626 46 -
- Clifton
‘ 4/ 4/
Below Second R. 25070 23 50000+ - - 50543 25 (-50)
- - - 46946 46 -

-~ Newark 33706 66

NOTES: (1) Total diversion is shown at both

the Pompton River and Little Falls inlets.

(2) At the time of peak bypass'fluw downstiream of Little Falls, no diversion is
possible due to the complete utilization of the tunnel at the Pompton

Inlet. Diversion at other times
the flow diverted at the Pompton
tunnel, which is over 30,000 cfs
capacity at Little Falls is thus
damaging flood flows.

is limited ony by the difference belween
River and the design capacity of the
with no Pompton flow diversion. This
often more than adeguate to prevent

(3) Minus sign (-) means net increase in flows.

(4) Flow includes tunnel discharge and exceeds 2040 without plan condition.



IMPACT OF PLAN OF IMPROVEMENT

TABLE 40

ON HISTORIC STORMS

TRANSPOSED
1903 FLOOD "AGNES" FLOOD 1984 FLOOD
WITHOUT WITH WITHOUT WITH WITHOUT WITH
PLAN PLAN PLAN PLAN PLAN PLAN

NODE SITE (HRS)  (CFS) (HRS)  {CFS)  THRSY — (CFS) (HRSY —"(CFS]  {HRS) (CFS)
25 POMPTON PLAINS 38 28879 38 28972 38 68997 38 72510 40 24177 40 24611

TUNNEL DIVERSION 38 28472 38 28709 40 24611

BYPASS 9-24 500 | 38 43801 1 500
25 BELOW POMPTON GAGE 40 28818 24 1499 41 68265 41 41999 42 23839 20 630
33 ‘POMPTON BELOW PCNCK 50 27975 31 6320 53 62983 48 40908 55 21317 33 1381
24 GREAT PIECE OUTFLOW 92 14540 86 13025 104 23234 100 18618 98 8722 91 6350
35 TWO BRIDGES OUTFLOW 59 29844 57 14919 62 63872 54 45125 64 21101 90 6952
41 LITTLE FALLS 31005 57 16403 65 65047 57 46564 67 21259 90 7076

TUNNEL DIVERSION 92 14850 120 14491 90 6976
41 BYPASS 38 14561 57 46209 100
100 BELOW PECKMAN R. 62 31095 39 14983 65 65033 57 46391 67 21285 20 1991
200 S.U.M. DAM 63 31259 40' 15516 67 65327 59 46635 69 21308 20 3646
300 64 - 31444 41 16234 68 65531 60 46946 70 21336 20 5419
400 DUNDEE DAM ) 31524 43 16544 70 65519 62 46890 72 21318 22 5697
500 BELOW SADDLE R. 32 33828 33 24364 70 66849 61 51288 73 21698 22 9018
600 BELOW THIRD R. 32 36843 33 27119 72 66938 63 51383 75 21686 24 9730
600D RECALL OF DIVERSION 47 31730 68 31662 40 . 29064
600C BELOW TUNNEL MOUTH 32 57865 63 80447 38 35084
700 BELOW SECOND RIVER 32 40175 32 61500 74 67248 64 80924 77 21731 39 35443
800 PASSAIC AT MOUTH 35 40644 35 61874 78 67257 70 80924 81 21689 44 35226




DISCHARGE~FREQUENCY RELATIONS

TABLE 41

STATISTICAL PARAMETERS

PRINCIPAL GAGES

PASSAIC RIVER BASIN, N.J.

STATION STD. CMPTD. GNLZD LDPTD.
GAGING STATION # SOURCE MEAN DEV. SKEW KEW SKEW
PASSAIC RIVER 3795 (A) 3.1265 0.1765 0.3323 0.3000 0.3G00

AT CHATHAM {B)
(C)
ROCKAWAY RIVER 3805 (A) 3.2957 0.2162 0.1788 0.3000 0.2000
ABOVE BOONTON (B) 3.3032 0.2244 0.3081 0.3000 0.3000
RESERVOIR (c)
ROCKAWAY RIVER 3810 (A) 3.1442 0.2699 -0.5857 0.3000 -0.3000
BELOW BOONTON (B) 3.1639 0.2564 0.183 0.3000 G.2000
RESERVOIR (c)
WHIPPANY RIVER 3815 (A) 2.9326 0.2049 ~-0.1121 0.3000 0.0000
AT MORRISTOWN (B) 2.9383 0.2097 -0.,0490 0.3000 0.0000
(C)
MAHWAK RIVER 38475 (A 2.7580 0.2785 0.2223 0.4000 0.3000
NEAR SUFFERN ' (B) 2.7672 0.2854 0.3177 0.4000 0.3000
(c) 2.712 0.262 0.500
RAMAPO RIVER 3875 () 3.4830 0.2767 0.5999 0.4000 0.50006
AT MAHWAH (B)
(C)
RAMAPO RIVER AT 3880 (A) 3.5515 0.2745 0.3534 0.4000 0.4000
POMPTON LAKES (B) 3.5597 0.2821 0.3963 0.4000 C.4000
(C)
POMPTON RIVER AT 3685 (A) 3.7358 0.2956 -0,0827 0.4000 0.1C00
POMPTON PLAINS (B) 3.7448  0.3033 0.0145 0.4000 0.100C
(C)
PASSAIC RIVER AT 3895 (A) 3.8707 0.2027 0.5150 0.4000 0.5000
LITTLE FALLS (B) '
(C)
SADDLE RIVER 3915 (A) 3.1476 0.2321 0.0224 0.4000 0.1000
AT LODI (B) 3.1825 0.2409 0.1574 0.4000 0.2300C
(C)
(A) SYSTEMATIC RECORD.
(B) ADJUSTED FOR HISTORICAL EVENT.
(C) TWO-STATION CORRELATION.
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PEAK DISCHARGE (CFS)
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DISCHARGE (IN THOUSAND CUBIC FEET PER SECOND)
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DISCHARGE (IN THOUSAND CUBIC FEET PER SECOND)
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DISCHARGE (IN THOUSAND CUBIC FEET PER SECOND)
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DISCHARGE (IN 10000 CUBIC FEET PER SECOND)
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DISCHARGE (IN 10000 CUBIC FEET PER SECOND)
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DISCHARGE (IN 10000 CUBIC FEET PER SECOND)
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PASSAIC RIVER BASIN, NJ 8 NY
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