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FLOOD OF APRIL 4-5, 1987, IN SOUTHEASTERN NEW YORK STATE,
WITH FLOOD PROFILES OF SCHOHARIE CREEK

by Thomas J. Zembrzuski, Jr. and Margaret L. Evans

Abstract

Intense rain that fell April 3-5, 1987, in southeastern New
York State caused widespread flooding. As much as 9 inches of rain
fell in watersheds of the Catskill Mountains, where the soils were
already saturated, stream discharges were high, and some res?rvoirs
were at or near capacity from snowmelt and previous rainfall. The
flood along Schoharie Creek was the third largest since records
began in the early 1900’s and was exceeded only by the floods of
October 1955 and March 1980. Peak discharge of many streams in the
study area exceeded the 25-year recurrence interval. A New York
State Thruway bridge collapsed into Schoharie Creek, killing 10
motorists. Flood damage to homes, businesses, crops, roadways, and
bridges exceeded $65 million. Five counties were declared as major
disaster areas and eligible for Federal disaster assistance. This
report presents a summary of peak stages and discharges at sites in
the affected area, precipitation maps, floodflow hydrographs of
seven streams, inflow hydrographs of six reservoirs, and flood
profiles along 83 miles of Schoharie Creek from its mouth on the
Mohawk River to its headwaters in the Catskill Mountains.

INTRODUCTION

An intense coastal storm that moved slowly over southeastern New York
State on April 3-6, 1987, brought drenching rain that caused widespread
flooding of streams draining the Catskill Mountains (fig. 1). In most areas,
the flooding rivaled records set in March 1980, October 1955, and March 1951;
in a few basins the floods were the most severe recorded in this century.

The rain began late on April 3. By April 6, when the storm ended, more
than 9 in. (inches) of rain had fallen over the headwaters of the Schoharie,
Esopus, Catskill, Rondout, Neversink, and East Branch Delaware basins.
Streams that were already high from rainfall and snowmelt from a week before
rose quickly in response to the heavy rain. By late evening on April 4, when
the rain began to slacken, the discharge of most rivers in the mountains had
peaked, having reached flows near and above the 25-year recurrence interval.

State and local emergency services evacuated more than 2,400 persons from
their inundated homes. Rising water destroyed more than 50 homes and damaged
almost 1,000 more. Many major and secondary highways and bridges were closed
when floodwaters topped and washed out road surfaces or scoured and weakened
highway embankments and bridge substructures. Floodwaters spread over
thousands of acres of farmland, reportedly damaging more than 3,000 acres
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Figure 1.--Major geographic features of bsoutheastern New York State.




















































Data in table 3 are grouped by the major river basin in which the site is
located. The sites are listed by U.S. Geological Survey station number
(downstream order). The period-of-record column represents only those water
years in which peak stage or discharge data were obtained. Not all periods
listed are continuous or complete; an occasional year or two of peak-flow
record may be missing. The previous-flood-of-record column may contain two
entries; the first includes the previous maximum known discharge and
associated gage height, and the second gives the previous maximum known gage
height if it exceeds that in the first entry. Discharge is given in cubic feet
per second (£t’ /s) and in cubic feet per second per square mile [(£t® /s)/mi® ).
Unless noted otherwise, all stages were obtained from the gage record.

Frequency analysis of the gaging-station flood records provides a means
of estimating the probability of occurrence of a given discharge. Flood
frequency is commonly expressed in terms of “recurrence interval" or
"probability of being exceeded." One is the reciprocal of the other. The 100-
year flood, for example, has a probability of 0.01 (l-percent chance) of being
equaled or exceeded in any given year. These statistics reflect long-term
averages, thus, rare (large-magnitude) floods can recur at short intervals, or
even within the same year.

Data from sites at which systematic annual flood data have been collected
were fitted to a log-Pearson Type III distribution (U.S. Geological Survey,
1983) . Results from these analyses were combined with those of regional flood
frequency analyses (Zembrzuski and Dunn, 1979) to determine regionally weighted
frequency curves. At miscellaneous sites and gaging stations with less than 10
years of record, only the regional equations were used.

Data in table 3 indicate that the most severe floods were in the Schoharie
Creek and lower Hudson River basins; 15 of the peak discharges at sites in
these basins had recurrence intervals equal to or greater than 25 years. Sites
that had peak discharges with recurrence intervals greater than 100 years were
Delaware River above Lackawaxen River near Barryville (01428500) and East
Branch Neversink River at Denning (01434010). New peak discharges of record
were set at eight gaging stations throughout the study area, six of which
occurred at sites within the Schoharie Creek basin.

Several floods equal to or greater than the April 1987 flood have plagued
the Catskill Mountain region in the past. Since stream gaging began in the
early 1900’s, notably widespread and damaging floods occurred in March 1936,
September 1938, November 1950, March 1951, August and October 1955, and March
1980. Numerous others have inflicted damages in smaller, localized areas.
Hydrographs for seven continuous-record gaging stations are presented in
figures 6A-6G, which include other notable floods recorded in this century for
comparison. The effect of reservoir storage on instantaneous peak flows is
described below; more complete discussion of how the Catskill reservoirs in the
New York City water-supply system modified daily flows is given in a later
section.

Description
Unit discharge rates of the mountain streams in the early morning of April

4 ranged from 5 to 10 (ft’ /s)/mi® . The saturated soils and steep relief
enabled a quick response to the developing storm, and runoff rates had begun to
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increase steadily by daybreak (fig. 6). By late afternoon, some streams were
rising at rates that exceeded 2 ft/h, and, after the rain began to slacken in
early evening, runoff peaked at rates 20 to 40| times greater than when the
rain began. Flood crests arrived along the lower reaches of the larger
streams during the morning of April 5. The crests along some streams were
delayed and attenuated by reservoirs.

The most severe flooding occurred along the main stems and tributaries of
six streams: Schoharie Creek, Catskill Creek,| Esopus Creek, Rondout Creek,
East Branch Delaware River, and Neversink River (fig. 1). Flooding was less
severe on the adjacent Mohawk River, West Branph Delaware River, Susquehanna
River, and Wallkill River, as well as along streams that drain the lower
Hudson River valley from the east (table 2).

Schoharie Creek Basin.--Floodwaters in the steep upper reaches of the
Schoharie Creek basin generally peaked between 1800 hours and midnight on
April 4 (table 2). Neither the Schoharie Reservoir nor the lower reservoir of
the New York Power Authority (NYPA) Blenheim-Gilboa pumped-storage power
project had a significant effect on the timing or magnitude of the crest.

(The Schoharie Reservoir was full and spilling before the flood even began,
and NYPA is required by orders in its operating license to pass incoming
discharge to its lower reservoir without modifjication.) The crest did begin
to attenuate as floodwaters spilled onto the broad, flat flood plains of the
gentler sloped middle reach, however. The greptest discharge of Schoharie
Creek probably occurred near the gaging statiop at Breakabeen (station
01350355, fig. 6), (163 ftsls)/mi2 at 0030 on |April 5. The peak at
Burtonsville, the most downstream gaging statipn (01351500), arrived at 0745
hours on April 5. The greatest unit discharge| measured in the Schoharie Creek
basin was on the East Kill near Jewett Center |(station 01349700), a tributary
in the basin’s headwaters, for which a rate ofL320 (£t’ /s) /mi® was
calculated. At Burtonsville, the effects of natural attenuation reduced the
unit peak discharge to 73.5 (ft’/s)/miz.

Catskill Creek basin.--The Catskill Creek basin has no continuous-record
stations, but local residents reported that streams peaked during the evening
of April 4. The greatest unit runoff rate of 300 (ft’ /s)/mi’ was confined to
the headwater tributary at Franklinton. Downstream tributaries contributed
from 100 to 160 (ft’ /s)/mi’ .

E reek in.--Tributary streams and the main stem upstream from
Ashokan Reservoir in the Esopus Creek basin crested by 2100 hours on April 4
at unit discharge rates ranging from about 90 to 290 (£t’ /s)/mi® . The

Ashokan Reservoir had a substantial effect on delaying and reducing the flood
peak in the downstream reaches (table 3).

Rondout Creek basin.--The upper Rondout Creek and its tributaries peaked
by 1800 hours on April 4., Because a large proportion of the uncontrolled
drainage area of Rondout Creek is downstream from the Rondout Reservoir, the
attenuating effect of the Reservoir was limited to the upper reaches of the
Creek.
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East Branch Delaware River basin.--Although flood damage was extensive

along the East Branch Delaware River upstream from Pepacton Reservoir, unit
runoff rates recorded in this area generally were the smallest of any of the
flooded areas, ranging from about 40 to 100 (£t’ /s) /mi’® . Most streams peaked
between 2000 and 2200 hours on April 4. Pepacton Reservoir had the capacity
to store enough flood runoff to delay spilling until April 7. Because total
storm rainfall had been less downstream from Pepacton Reservoir, only minor
flooding occurred on the lower reaches of the East Branch Delaware River.

Neversink River basin.--The highest unit runoff rates recorded in the
Catskill region were south and west of Slide Mountain, in the headwaters of
the Neversink River basin, where they ranged from about 260 to 400
(£t® /s) /mi® . Flood peaks occurred between 1600 and 1900 hours on April 4.
Like Pepacton Reservoir, Neversink Reservoir had sufficient storage capacity
to store storm runoff without spilling until April 7. Flooding of the
Neversink River downstream from Neversink Reservoir was insignificant.

Table 2.--Drainage area, capacity, and surface area of Catskill
Reservoirs in the New York City water-supply system

[Data from Firda and others, 1986, and Greeson and
Robison, 1970. Locations are shown in fig. 1.]

. a . b
Drainage area Usable capacity Surface area

(square (billions of (square
Reservoir Stream miles) cubic feet) miles)
Schoharie Schoharie Creek 314 2.618 1.79
Ashokan Esopus Creek 256 €17.095 €12.38
Rondout Rondout Creek 94 6.691 3.28
Pepacton East Branch Delaware 371 18.743 8.90
River
Cannonsville West Branch Delaware 454 12.796 7.50
River
Neversink  Neversink River 92 4,672 2.30

a Storage between minimum operating level and crest of spillway.
b At spillway level.
¢ Combined total of east and west basins.

Effect of Reservoirs

The Catskill Mountain region has no major flood-control reservoirs, but
the six Catskill reservoirs that are part of the New York City water-supply
system can sometimes attenuate incoming flood discharges. The degree to which
these reservoirs attenuate and delay flood peaks is a function of available
storage at the onset of flooding; the reservoirs have no provision for planned
regulation of floodflows, and the amount they are able to divert through
water-supply tunnels is inconsequential in relation to flood volumes.
Pertinent reservoir data are given in table 2.
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Winter and spring runoff generally fills the reservoirs by May 1.

Normally, the system is at 90 percent of capacﬁty by the end of March.

March 30, 1987, the system was at 95.1 percent
Department of Environmental Protection, oral c

ommun., March, 1987).

On
' of capacity (New York City
The

extent to which the daily mean discharge of each reservoir’s inflow was

modified is illustrated in figure 7. Daily inflow was calculated, on the
assumption of conservation of mass, by the equation
I =0 + D(out) - D(in) +/- AS, (1)

where: I is daily inflow, in ft’ /s-days;

o] is daily outflow, in ft’/s-days;

D(in) is diversions into the reservoir, in ft’/s-days;

D(out) is diversions out of the reservoir, in ft’/s-days; and

As is the change in storage, in ft’ /s-days

(an increase in storage is
and a decrease in storage

The New York City Department of Environme
diversion data for each Catskill reservoir, st
Reservoir, and outflow and calculated inflow f
Reservoirs.

The Schoharie Reservoir was full and spil
April 3. This condition, in combination with
size, caused little attenuation of incoming fl
outflow on April 4 was 94 percent of the daily
Reservoir, which also was spilling when the st
what because of its relatively large size (fig
daily outflow (April 6) was reduced to 85 perc

shown by a positive value
is shown by a negative value).

ntal Protection supplied
orage data for all but Schoharie
or Rondout and Ashokan

The U.S. Geological Survey provided all other data.

ling when the storm began on

the reservoir’s relatively small

oodwaters (fig. 7A); the daily
inflow. The Cannonsville

orm began, modified inflow some-
7B and table 2). Its maximum

nt of the inflow (April 5).

Both the Rondout and Ashokan Reservoirs filled and began to spill during

the day on April 4 (fig. 7C, 7D). The maxim
also occurred that day but was reduced to 48
maximum daily outflow of the Ashokan Reservoi

daily outflow to Rondout Creek
rcent of the inflow. The
to Esopus Creek was delayed

until April 5 and was reduced to 66 percent of the inflow of the day before.

The reservoirs that most affected downstream floodflows were the Pepacton

and the Neversink (fig. 7E, 7F). The maximum
occurred on April 4.
April 7, and the maximum daily outflow (April

inflow on April 4. The Neversink Reservoir sp

daily outflow (April 7) was 12 percent of the
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daily inflow to both reservoirs

The Pepacton Reservoir did not completely fill until

9) was only 16 percent of the
illed on April 6. Its maximum
April 4 inflow.




SCHOHARIE CREEK FLOOD PROFILES

The most extensive flood losses in April 1987 occurred along the mainstem
of Schoharie Creek. Scores of homes, farms, and businesses were inundated in
Middleburg, Schoharie, and other villages. The collapse of the New York State
Thruway bridge provided the tragic climax to the weekend of flooding.

Since at least the early 1900’s, only the flood of October 1955 exceeded
the April 1987 flood in magnitude in the middle and lower reaches of Schoharie
Creek. 1In the upper reach, both the November 1950 and October 1955 flood
discharges exceeded the 1987 flood in magnitude, and, at the Prattsville
gaging station (01350000, fig. 10, p. 43), the ice-jam floods in January 1978
and March 1979 exceeded the stage of the 1987 flood.

After the 1955 flood, the U.S. Geological Survey obtained and compiled
elevations of high-water marks along Schoharie Creek from near its mouth to
Lexington (Bogart, 1960). 1In April 1987, the U.S. Geological Survey again
surveyed high-water marks along the creek to document the recent flood and to
draw comparisons between it and the larger 1955 flood. Flood marks were
identified along approximately 83 mi of the creek, from near the mouth to the
village of Hunter, at the upstream and downstream sides of bridges and dams,
at major tributaries, and at gaging stations and miscellaneous sites. The
marks were later referenced to National Geodetic Vertical datum of 1929,
compiled, and plotted together with 1955 floodmarks on profiles of the creek
(figs. 8A-8Q). The locations (river mile) of bridges, dams, and tributaries,
and the elevations of the low-water-surface profile and dam crests were
obtained from U.S. Geological Survey topographic maps. Low-chord and road
elevations of bridges were measured in the field or obtained from flood-
insurance studies previously prepared by the U.S. Department of Housing and
Urban Development. The locations (river mile) of the gaging stations and
major geographic features along Schoharie Creek are shown in figure 9 (p. 33).

Accuracy ratings were assigned to the high-water marks when they were
identified in the field. Both the nature of the mark and the environment in
which it was found were considered during assessment of its accuracy. Seed
lines or fine debris lines on trees or buildings distant from the main stream
provided the best floodmarks. A "poor" rating would be assigned to eroded
sections of the bank (washlines) or nondescript piles of debris. The
following guide can be used to quantify these sometimes subjective ratings:

—Rating ~Accuracy (ft)
excellent +/- 0.02
good +/- 0.05
fair +/- 0.10
poor > +/- 0.10
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Num- elevation Num- elevation
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D 362.3 -- (gage)
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Figure 8.--Low-water-surface profiles of Schoharie Creek with floodmarks
from October 1955 and April 1987, by 5-mile increments from

the mouth.
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Figure 8.--Low-water-surface profiles of Schoharie Creek with floodmarks
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1325 T T | B T FLOODMARKS
i E T Water- Water—
3 E 9 surface surface
d o B Num- elevation Num- elevation
L =l J ber (ft) Accuracy ber (ft) Accuracy
1300 k So N Q 636.1 = 48 706.72  Excellent (gage)
[ e R 651.1 - 49 707.60
=] S 679.1 - 50 706.86 *
Q T 679.4 - 51 710,00  *
) U 707.2 - 52 710.58 *
i 1 v 708.7 - 53 714,33 *
1275 - w 723.4 - 54 788.23 Poor
- 9 X 751.3 - 55 792.05 Poor
L 4 Y 789.7 - 56 791.35 Good
5 . z 791.2 - 57 811.13 Excellent (gage)
X § AA 966.7 - 58 890.2 Elevation from
1250 | AB 971.6 -- New York Power
i AC 1136.26 - Authority
[ AD 1154,12 - 59 967.15 Fair
1 AE 1160.5 — 60 968.80 Fair
1 AF 1259.3 == 61 1135.69 Excellent
- 1 34 634.10 Excellent 62 1152.53 Fair
1225 -1 35 635.09 Excellent 63 1152.23 Good
L 4 36 635.61 Excellent 64 1153.35 Excellent (gage)
4 37 635.48 Excellent 65 1155.68 *
EXPLANATION J 38 635.79 Poor 66 1154,41 *
« 1955 FLOODMARK i 39 638.71 Excellent 67 1156.26 *
1200 © 1987 FLOODMARK (RIGHT BANK) | 40 638.71  Fair 68 1154.80
e 1987 FLOODMARK (LEFT BANK) 41 678.74 Fair 69 1174.00 Good
ROAD ELEVATION AT CENTERLINE 1 42 679.57  Poor 70 1176.64  Fair
I%WBéﬁg% ELEVATION 1 43 681.32  Fair 71 1267.40  *
— LOW-WATER SURFACE PROFILE 1 44 681.16  Poor 72 1266.96  *
3 1 45 689.49 Poor 73 1268.25 *
1175 L 1 1 1 46 692.30  Fair 74 1267.12
65 66 67 68 69 70 47 694.28  Poor
RIVER MILE UPSTREAM FROM MOUTH * Elevation from indirect discharge measurement survey

Figure 8.--Low-water-surface profiles of Schoharie Creek with floodmarks
from October 1955 and April 1987, by 5-mile increments from
the mouth. (continued)
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Figure 8.~-Low-water-surface profiles of Schoharie Creek with floodmarks
from October 1955 and April 1987, by 5-mile increments from
the mouth. (continued)
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SUMMARY

|

Five counties in southeastern New York were declared major disaster areas
after intense rainfall on April 3-5, 1987, caused widespread flooding. Severe
frontal storms often cause flooding in the narrow, steep valleys of the
Catskill Mountains. This storm occurred at a time when soils were saturated,
reservoir storage was near capacity, and stream discharge was high from
snowmelt. Rainfall during the storm period totaled 9.09 in. at Slide Mountain
and 8.20 in. at Tannersville. Schoharie, Catskill, Esopus, and Rondout Creeks
and East Branch Delaware and Neversink Rivers and their tributaries under went
the most severe flooding.

Reservoirs in the area are not designed |as flood-control facilities but
can sometimes modify incoming flood discharges, depending on their available
storage. Cannonsville, Ashokan, Rondout, Pepacton, and Neversink Reservoirs
decreased downstream floodflows by reducing outflows to 85, 66, 48, 16 and 12
percent of inflows, respectively. Schoharie Reservoir had little effect on
peak flows.

Ten lives were lost when a New York State Thruway bridge collapsed into
the creek as a result of streambed scouring. Damage exceeded $65 million.
Homes, farms, and businesses along Schoharie |Creek were especially hard hit.
Only two other recorded floods along Schoharie Creek were of greater
magnitude--the floods of November 1950 in the upper reach and of October 1955
along the entire reach. Ice-jam floods at Prattsville in January 1978 and
March 1979 exceeded the 1987 flood stages.
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