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Flood-Inundation Maps for Schoharie Creek in North 
Blenheim, New York

By Elizabeth A. Nystrom

Abstract
Digital flood-inundation maps for a 2.4-mile reach of the 

Schoharie Creek in North Blenheim, New York, were created 
by the U.S. Geological Survey (USGS) in cooperation with the 
New York Power Authority. The flood-inundation maps, which 
can be accessed through the USGS Flood Inundation Mapping 
Science website at https​://fim.wim​.usgs.gov/​fim/​, depict 
estimates of the areal extent and depth of flooding correspond-
ing to selected water levels (stages) at the USGS streamgage 
on the Schoharie Creek near North Blenheim, N.Y. (station 
number 01350212). Near-real-time stage at this streamgage 
may be obtained on the internet from the USGS National 
Water Information System at https:/​/waterdata​.usgs.gov/​. 
Flood profiles were computed for the stream reach by means 
of a two-dimensional implicit finite-volume hydraulic 
model. The model was calibrated by using the active (as of 
April 2021) stage-discharge ratings at the USGS streamgages 
on the Schoharie Creek near North Blenheim (station 
number 01350212) and at North Blenheim (station num-
ber 01350180) and documented high-water marks in the study 
reach from the floods of August 28, 2011; January 19, 1996; 
and April 4, 1987.

The hydraulic model was used to compute 13 water-
surface profiles for flood stages at 1-foot intervals referenced 
to the datum at the streamgage on the Schoharie Creek near 
North Blenheim, N.Y. (01350212). These profiles range 
from 14 feet, or near bankfull, to 26 feet, which is the high-
est whole-foot increment on the stage-discharge rating for 
the streamgage. The simulated water-surface profiles were 
then combined with a geographic information system digital 
elevation model (derived from light detection and ranging data 
having a 0.52-foot vertical accuracy and 3.3-foot [1-meter] 
horizontal resolution) to delineate the area flooded at each 
stage. Flood inundation maps, along with near-real-time 
stage data from USGS streamgages, can provide emergency 
management personnel and residents with information critical 
for flood-response activities, such as evacuations and road 
closures, as well as for postflood recovery efforts.

Introduction
The town of Blenheim, New York, is a small community 

in Schoharie County that had a population of 308 in 2020 
(U.S. Census Bureau, 2022) (fig. 1). The unincorporated 
hamlet of North Blenheim along the banks of the Schoharie 
Creek within the town of Blenheim has experienced numerous 
severe floods, including in 1955, 1987, 1996, and most notably 
in 2011 (Zembrzuski and Evans, 1989; Lumia, 1998; Lumia 
and others, 2006; Lumia and others 2014). Flood plains within 
North Blenheim are moderately developed (Dewitz, 2019) and 
contain mostly residential structures.

Prior to this study, emergency responders in North 
Blenheim have relied on several information sources in the 
event of a flood to make decisions on how to best alert the 
public and mitigate flood damages. These sources include 
the Federal Emergency Management Agency (FEMA) flood 
insurance study for Schoharie County (FEMA, 2012) and 
current and historical (since 1970 and 2017, respectively) 
water levels (stages) and discharges, including annual peak 
flows, from two U.S. Geological Survey (USGS) streamgages 
(USGS, 2021b, c) in the area, Schoharie Creek at North 
Blenheim, N.Y. (01350180), and Schoharie Creek near North 
Blenheim, N.Y. (01350212).

Although the current stage at a USGS streamgage is par-
ticularly useful for residents in the immediate vicinity of that 
streamgage, it is of limited use to residents farther upstream 
or downstream because the water-surface elevation is not 
constant along an entire stream reach. Knowledge of a stage 
at a streamgage is difficult to translate into depth and areal 
extent of flooding at points distant from the streamgage. One 
way to address these informational gaps is to produce a library 
of flood-inundation maps that are referenced to the stages 
recorded at USGS streamgages. By referring to the appropri-
ate map, emergency responders can discern the severity of 
flooding (depth of water and areal extent), identify roads that 
are or will soon be flooded, and make plans for notification or 
evacuation of residents in harm’s way beyond the immediate 
vicinity of a streamgage. In addition, the ability to visualize 
the potential extent of flooding can motivate residents to take 
precautions and heed warnings that they might have previ-
ously disregarded.

https://fim.wim.usgs.gov/fim/
https://waterdata.usgs.gov/
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Figure 1.  Map showing location of study reach for the Schoharie Creek in North Blenheim, New York, and location of U.S. Geological 
Survey (USGS) streamgages 01350180 and 01350212.
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From 2019 to 2021, the USGS, in cooperation with 
the New York Power Authority (NYPA), produced a library 
of flood maps for the Schoharie Creek in North Blenheim. 
Shapefiles of estimated flood boundaries, depth grids, and 
water-surface elevations for each peak flow are available for 
download from the data release associated with this publica-
tion at https://doi.org/​10.5066/​P92YVB9V (Nystrom, 2022).

Purpose and Scope

This report describes the development of a series of esti-
mated flood-inundation maps for the Schoharie Creek in North 
Blenheim and identifies where the maps and geographic infor-
mation system (GIS) flood polygons and depth grids can be 
found and downloaded. These maps, along with data from the 
National Water Information System on current stages from the 
USGS streamgages (USGS, 2021e), can provide emergency 
management personnel and residents with information that is 
critical for flood-response activities, such as evacuations and 
road closures, as well as for postflood recovery efforts.

The mapped study reach extends 2.4 miles (mi), from 
0.4 mi downstream from the Blenheim Gilboa Reservoir dam 
to 0.5 mi downstream from the State Route 30 bridge over 
Schoharie Creek; the modeled study reach extends an addi-
tional 0.7 mi downstream to ensure model convergence and 
stability within the mapped reach (fig. 1). The maps were pro-
duced for flood levels referenced to the stage at the Schoharie 
Creek near North Blenheim (01350212) streamgage (table 1); 
the streamgage is approximately midway through the modeled 
study reach at the State Route 30 bridge over Schoharie Creek. 
The maps cover a range in stage from 14 to 26 feet (ft), ref-
erenced to the streamgage datum. The rated discharge for the 
14-ft stage, 20,487 ft3/s (USGS, 2022b), is about equal to the 
50-percent annual exceedance probability (AEP), or a 2-year 
recurrence interval flood at the streamgage (18,100 ft3/s; 
USGS, 2021a). The 26-ft stage is the highest whole-foot 
increment on the stage-discharge rating for the streamgage 

(USGS, 2021b) and is about 1 ft less than the high-water mark 
equivalent to stage 26.97 ft, from the August 28, 2011, flood, 
which was the maximum water-surface elevation observed 
at that location before the streamgage was installed. The 
August 28, 2011, flood was about a 0.4-percent AEP flood, 
or 250-year recurrence interval, in the study reach, as deter-
mined from data from the Schoharie Creek at North Blenheim 
(01350180) streamgage (Wall and others, 2014).

Study Area Description

Schoharie Creek is in the Catskill Mountain region (not 
shown on figures) of southeastern New York. The headwaters 
originate in Greene County, and the stream flows generally 
northward before entering North Blenheim. The terrain of the 
Schoharie Creek watershed is generally hilly to mountain-
ous, but the creek itself flows through a relatively flat, broad 
floodplain. There are several reservoirs on the Schoharie 
Creek upstream from North Blenheim, including the Schoharie 
Reservoir, a drinking-water reservoir operated by the New 
York City Department of Environmental Protection, and the 
two reservoirs of the Blenheim-Gilboa Pumped Storage Power 
Project (not shown on figures) operated by NYPA. These 
reservoirs are not designed for flood control purposes but can 
attenuate downstream flood peaks.

The mapped study reach extends 2.4 mi, from 0.4 mi 
downstream from the Blenheim Gilboa Reservoir dam to 
0.5 mi downstream from the State Route 30 bridge over the 
Schoharie Creek (fig. 1). The drainage areas are 350 square 
miles (mi2) at the upstream end of the mapped reach and 
407 mi2 at the downstream end of the mapped reach; the 
drainage area at the Schoharie Creek near North Blenheim 
(01350212) streamgage is 405 mi2. Several small tributar-
ies join the Schoharie Creek in the mapped reach, but the 
only substantial tributary is West Kill, which has a drainage 
area of 45.4 mi2 (USGS, 2021a). Land use along the mapped 
study reach includes a mix of wooded areas, woody wetlands, 

Table 1.  Information about the U.S. Geological Survey streamgages for the Schoharie Creek in North Blenheim, New York.

[Latitude and longitude are in degrees, minutes, and seconds. mi2, square mile; ft, foot; NAVD 88, North American Vertical Datum of 1988; ft3/s, cubic foot per 
second]

Station name and number
Drainage 

area 
(mi2)

Latitude Longitude Period of record

Maximum recorded stage at streamgage 
and corresponding information

Stage 
(ft)

Elevation 
(ft above 
NAVD 88)

Date
Discharge 

(ft3/s)

Schoharie Creek at North Blen-
heim, N.Y., 01350180

358 42°27′57″ 74°27′44″ October 1970 to 
present [2022]

22.00 815.92 28-Aug-11 119,000

Schoharie Creek near North 
Blenheim, N.Y., 013502121

405 42°28′21.5″ 74°26′28.1″ November 2017 to 
present [2022]

18.45 784.99 25-Dec-20 43,300

1Higher stage and flow than the maximum values listed in this table occurred on August 28, 2011, before the streamgage period of record, equivalent to stage 
of 26.97 ft, elevation of 793.51 ft above NAVD 88, and discharge of 128,000 ft3/s. The 2011 high stage was determined from high-water marks and discharge 
computed from observed peak flows at upstream and downstream streamgages (Schoharie Creek at North Blenheim, N.Y., station number 01350180, and 
Schoharie Creek at Breakabeen, N.Y., station number 0130355) by using drainage-area ratios and regional flood equations (Lumia and others, 2006).

https://doi.org/10.5066/P92YVB9V
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agricultural use, and low- and moderate-intensity development 
(Dewitz, 2019). The main channel within the mapped study 
reach has one road crossing (State Route 30) and a covered 
bridge (fig. 1), which was reconstructed after the original cov-
ered bridge was destroyed during the August 2011 flood. The 
average channel slope is 0.0025 (13.4 feet per mile). The sub-
strate in the channel is mostly gravel and cobbles with some 
large boulders, but there is also a large section of exposed bed-
rock ledges downstream from the Schoharie Creek at North 
Blenheim (01350180) streamgage, and there are some muddy 
sections in the deep pools.

Previous Studies

The current flood insurance study for North Blenheim 
(FEMA, 2012) is a countywide study for Schoharie County 
and was originally completed by PAR Government Systems 
and the New York State Department of Environmental 
Conservation in 2002 and published in 2004, with revisions 
for selected areas completed by Bergmann Associates in 2009 
and published in 2012. For much of the Schoharie Creek and 
several of its tributaries, the flood insurance study provides 
estimates for the 10-, 2.0-, 1.0-, and 0.2-percent AEP water-
surface profiles and associated floodplain maps; however, the 
Schoharie Creek in North Blenheim was only studied and 
mapped by using approximate methods, and no base-flood 
elevations for North Blenheim are provided in the flood insur-
ance study.

Milone and MacBroom Inc. (2017) conducted a flood 
mitigation study of the lower Schoharie Creek watershed, 
downstream from the Gilboa Dam on the Schoharie Reservoir 
(which is about 5 miles upstream from the study reach in 
North Blenheim) as part of the implementation of the Mohawk 
River watershed management plan, developed by the Mohawk 
River Watershed Coalition (2015). The flood mitigation study 
summarizes many past flooding events in the watershed, 
describes effects on communities along the Schoharie Creek, 
and describes and prioritizes several alternative flood mitiga-
tion strategies at 18 focus areas, including North Blenheim.

There have been many other flood-related studies in and 
around the inundation-mapping study area. Lumia and others 
(2014) documented high-water marks, flood profiles, and event 
hydrographs for floods during 2011. Wall and others (2014) 
documented maximum stages and discharges and their associ-
ated AEPs at streamgages throughout New York, updated to 
include data through 2011. Zembrzuski and Evans (1989) and 
Lumia (1998) documented flood discharges, high-water marks, 
and flood profiles along the Schoharie Creek for the floods of 
April 4–5, 1987, and January 19–20, 1996, respectively.

Creation of Flood-Inundation-Map 
Library

The USGS has standardized the procedures for creat-
ing flood-inundation maps for flood-prone communities 
(USGS, 2018) so that the processes used and products pro-
duced are similar regardless of which USGS office is responsi-
ble for the work. Tasks specific to the development of the flood 
maps for North Blenheim included (1) collecting topographic 
and bathymetric data for selected cross sections and geo-
metric data for structures and bridges along the study reach, 
(2) estimating energy-loss factors (roughness coefficients) in 
the stream channel and floodplain and determining flow data, 
(3) computing water-surface profiles using the U.S. Army 
Corps of Engineers (USACE) Hydrologic Engineering 
Center’s River Analysis System (HEC–RAS) computer pro-
gram (USACE, 2020b), (4) producing estimated flood maps at 
various stream stages using the HEC–RAS Mapper computer 
program (USACE, 2020a), and (5) preparing the maps as both 
shapefile polygons that depict the areal extent of flood inunda-
tion and depth grids that provide the depth of floodwaters for 
displaying on the USGS flood-inundation mapping applica-
tion (USGS, 2018). The hydraulic model was used to compute 
13 water-surface profiles (Nystrom, 2022) for flood stages at 
1-ft intervals referenced to the datum at the streamgage on the 
Schoharie Creek near North Blenheim (station 01350212).

Computation of Water-Surface Profiles

The water-surface profiles used to produce the 13 flood-
inundation maps were computed by using HEC–RAS 
version 6.0.0 (USACE, 2020b). HEC–RAS is a one-
dimensional (1D) and two-dimensional (2D) hydraulic model 
with options for computing flow under steady-state (gradually 
varied; 1D only) and unsteady-state (1D and 2D) conditions. 
The hydraulic model for North Blenheim is a 2D implicit, 
finite-volume hydraulic model with unsteady-flow conditions. 
A model simulation was run for each mapped stage and for 
each event flow used for model calibration.

Hydrologic and Unsteady-Flow Data
The study reach includes two USGS streamgages 

(fig. 1). Stage is measured every 15 minutes, transmitted 
hourly by a satellite radio in the streamgage, and made avail-
able on the internet through the National Water Information 
System (NWIS; USGS, 2021b, c, e). Stage data from these 
streamgages are referenced to a local datum but can be 
converted to water-surface elevations, which are referenced 
to the North American Vertical Datum of 1988 (NAVD 88), 
by adding an offset: 793.92 ft at the Schoharie Creek at 
North Blenheim (01350180) streamgage and 766.54 ft 
at the Schoharie Creek near North Blenheim (01350212) 
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streamgage. Continuous records of discharge are computed 
from stage-discharge ratings, which are developed for the 
streamgages and are available through NWIS.

Ideally, all tributaries and other contributing flows would 
be included individually in a hydraulic model, though typi-
cally those contributing a small percentage of the total flow 
are lumped with the main inflows. A few tributaries join the 
Schoharie Creek within the 2.4-mi mapped study reach, most 
of which are minor, unnamed tributaries with small drainage 
areas (less than 2 mi2). The only substantial tributary to the 
Schoharie Creek in the mapped study reach is the West Kill, 
which has a drainage area of 45.4 mi2, or about 11 percent of 
the total drainage area for the mapped reach (407 mi2), and 
joins the Schoharie Creek approximately midway through the 
reach (fig. 1).

The peak flows used in the model simulations (table 2) 
correspond to the target stages for the inundation maps 
referenced to the Schoharie Creek near North Blenheim 
(01350212) streamgage, and to flows from flood events in 

2011, 1996, and 1987. The peak flows for the inundation 
maps were extracted from the active stage-discharge rat-
ing (number 3.0, effective beginning in October 2019 and 
updated April 2021; USGS, 2022b); the stages for the three 
flood events were determined from high-water marks, and 
peak discharge at the Schoharie Creek near North Blenheim 
(01350212) streamgage was computed from observed peak 
flows at upstream and downstream streamgages (Schoharie 
Creek at North Blenheim, N.Y., station number 01350180, 
and Schoharie Creek at Breakabeen, N.Y., station num-
ber 0130355) by using drainage-area ratios and regional flood 
equations (Lumia and others, 2006).

Two inflow time series were used for each simulation in 
the model: one at the upstream end of the modeled reach of 
Schoharie Creek and one at the mouth of West Kill (fig. 1). 
Peak flows at the upstream boundary condition of Schoharie 
Creek were calculated by using a flow ratio of 92 percent of 
the peak flow at the Schoharie Creek near North Blenheim 
(01350212) streamgage; this ratio was computed by using 

Table 2.  Stage, water-surface elevation, and peak discharge for the Schoharie Creek near North Blenheim, New York (station 
number 01350212), streamgage and corresponding peak discharge at two upstream boundary conditions used in the hydraulic model for 
the Schoharie Creek in North Blenheim, N.Y.

[Stage, water-surface elevation, and peak discharge for the simulated water-surface profile at the streamgage are from the U.S. Geological Survey (USGS) 
National Water Information System (NWIS; USGS, 2022b). The corresponding discharge estimates at boundary conditions used are from the farthest upstream 
end of the study reach (fig. 1) and the West Kill inflow into Schoharie Creek. ft, foot; NAVD 88, North American Vertical Datum of 1988; ft3/s, cubic foot per 
second]

Stage of water-surface 
profile1 (ft above gage 

datum)

Water-surface eleva-
tion (ft above NAVD 

88)

Peak dis-
charge (ft3/s)

Modeled peak discharge at boundary conditions (ft3/s)

Schoharie Creek at upstream end of 
study reach

West Kill inflow to 
Schoharie Creek

14.00 780.54 20,487 18,848 2,265
15.00 781.54 24,910 22,917 2,754
16.00 782.54 29,888 27,497 3,305
17.00 783.54 35,447 32,611 3,919
18.00 784.54 41,613 38,284 4,601
19.00 785.54 48,410 44,537 5,353
20.00 786.54 55,863 51,394 6,177
21.00 787.54 63,996 58,876 7,076
22.00 788.54 72,834 67,007 8,053
23.00 789.54 82,399 75,807 9,111
24.00 790.54 92,715 85,298 10,252
25.00 791.54 103,800 95,496 11,477
26.00 792.54 115,690 106,435 12,792
26.97 793.51 128,000 119,000 14,153
22.72 789.26 82,000 75,600 9,067
20.69 787.23 69,000 64,200 7,629

1Water-surface profiles are 1-foot increments of stage, referenced to the gage datum of the Schoharie Creek near North Blenheim, N.Y. (01350212), USGS 
streamgage. Rows in italics (the final three rows, with stages of 26.97, 22.72, and 20.69 ft above gage datum) represent flood events in 2011, 1996, and 1987; 
water-surface elevation for these events is derived from high-water marks (Lumia and others, 2014), and peak discharge is computed from observed peak flows 
at upstream and downstream streamgages (Schoharie Creek at North Blenheim, N.Y., station number 01350180, and Schoharie Creek at Breakabeen, N.Y., sta-
tion number 0130355) by using drainage-area ratios and regional flood equations (Lumia and others, 2006).
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the regional flood equations (Lumia and others, 2006) and 
by comparing observed peak flows at streamgages upstream 
and downstream from the Schoharie Creek near North 
Blenheim (01350212) streamgage, including the Schoharie 
Creek at North Blenheim (01350180) and Schoharie Creek 
at Breakabeen (0130355) streamgages. Target water-surface 
elevations for model calibration at the upstream streamgage, 
Schoharie Creek at North Blenheim (01350180), were 
extracted from that station’s stage-discharge rating, corre-
sponding to the inflow discharge for each inundation map. 
For model simulations used only for calibration and not for 
inundation mapping (the 2011, 1996, and 1987 high-flow 
events), peak flows at the upstream boundary condition on 
the Schoharie Creek were taken from observed peak flow 
values at the Schoharie Creek at North Blenheim (01350180) 
streamgage. Peak flow at the upstream boundary condition 
on West Kill was calculated by applying a drainage-area ratio 
of 11.06 percent of the peak flow at the Schoharie Creek near 
North Blenheim (01350212) streamgage. The sum of the peak 
flows at the two upstream boundary conditions listed in table 2 
are not expected to equal the peak flow listed for the Schoharie 
Creek near North Blenheim (01350212) streamgage because 
the peak flow for a high-flow event at each of the locations is 
not expected to occur at the same time (the peak inflow from 
West Kill generally occurs before the peak flow on the main-
stem of Schoharie Creek).

Because a 2D HEC–RAS hydraulic model was used (see 
the “Hydraulic Model” section of this report), unsteady-flow 
hydrographs were required at flow input boundary conditions; 
these hydrographs, which are included in the files associated 
with the HEC–RAS model published in Nystrom (2022), 
were generated on the basis of an observed storm on 
August 13–14, 2018. This event was chosen because it was the 
largest storm with time series of observed flows available at 
both streamgages in the study reach (fig. 2A; streamgage infor-
mation in table 1). The time series from the storm were nor-
malized so that the peak of each time series equals 1 (fig. 2B); 
to create each boundary condition hydrograph, the normalized 
time series was multiplied by the peak flow for the boundary 
condition at each modeled stage (fig. 2C; table 2). Because 
there are no continuous-record streamgages on West Kill, the 
normalized time series for that inflow boundary condition was 
created by using the normalized time series at the Schoharie 
Creek at North Blenheim (01350180) streamgage, time-shifted 
2 hours prior to the peak at 01350180. The time shift value 
was approximated by visually comparing hydrographs at the 
two North Blenheim streamgages (01350180 and 01350212).

Topographic and Bathymetric Data
All topographic data used in this study are referenced 

vertically to NAVD 88 and horizontally to the North American 
Datum of 1983 (NAD 83). A hydraulic terrain was created 
in HEC–RAS Mapper (USACE, 2020a) by using eleva-
tion data that were obtained from a digital elevation model 
(DEM; fig. 3), which was derived from light detection and 

ranging (lidar) data collected in May and June 2014 by The 
Atlantic Group for the USGS (USGS, 2015). Postprocessing 
of these data was completed by Dewberry in October 2014 
(Dewberry, 2015). The lidar DEM has a horizontal resolu-
tion of 3.3 ft (1 meter) and an overall vertical accuracy of 
0.52 ft. By these criteria, the lidar data support production 
of 2-ft elevation contours (Dewberry, 2012). Elevation data 
were extracted from the DEM for the hydraulic model in 
HEC–RAS.

Because the lidar data did not provide ground eleva-
tions below the water surface of the stream, channel cross 
sections were surveyed by USGS field crews during August 
and October 2019. Wadeable cross sections were measured 
in August 2019 by using a survey-grade Trimble Inc. R8 
global navigation satellite system (GNSS) receiver. Real-
time kinematic (RTK) observations of location and elevation 
were made at 661 points in 39 cross sections (fig. 3) by using 
a virtual reference station from the NYSNet continuously 
operating real-time network (RTN) operated by the New York 
State Department of Transportation (2021). The median 
horizontal precision of points was 0.17 ft, and the median 
horizontal precision was 0.19 ft. Areas that were too deep to 
wade were measured by using hydroacoustic instrumentation 
in October 2019. Depths at 6,059 points in two areas were 
measured by using the vertical beam of a SonTek M9 acous-
tic Doppler current profiler with a 0.5-megahertz frequency, 
equipped with an RTK GNSS receiver (SonTek, 2021). 
Elevations of these points were established by referencing the 
measured depth to a water-surface elevation that was mea-
sured with the survey-grade Trimble Inc. R8 GNSS receiver 
with virtual reference station RTK corrections. Bathymetric 
data in the stream channel were imported into HEC–RAS; 
1D cross sections were established at bathymetry survey loca-
tions, and elevations within the channel were updated with 
the surveyed values. HEC–RAS Mapper was used to create 
interpolated channel bathymetry, which was then merged with 
the lidar DEM to create a seamless combined topography and 
bathymetry terrain for use in the 2D hydraulic model.

Hydraulic Structures
Several structures in and near the Schoharie Creek, 

including a highway crossing (State Route 30), a covered 
bridge (fig. 1), and rock weirs and vanes, have the potential to 
affect water-surface elevations during floods along the stream. 
Hydraulic-structure-geometry data were collected from USGS 
RTK–GNSS field surveys in 2019.

Energy-Loss Factors
Hydraulic analyses require the estimation of energy 

losses that result from frictional resistance exerted by a 
channel on flow. These energy losses are quantified by the 
Manning’s roughness coefficient (n value). Flood plain 
n values were set by using mapped land cover from the 2016 



Creation of Flood-Inundation-Map Library    7

0:00 6:00 12:00 18:00 24:00

30,000

60,000

90,000

120,000

0

Di
sc

ha
rg

e,
 in

 c
ub

ic
 fe

et
 p

er
 s

ec
on

d

Di
sc

ha
rg

e,
 u

ni
tle

ss

0.25

0.50

0.75

1.00

0
0:00 6:00 12:00 18:00 24:00

Time since start, in hours:minutes

0
0:00 6:00 12:00 18:00 24:00

30,000

60,000

90,000

120,000

Di
sc

ha
rg

e,
 in

 c
ub

ic
 fe

et
 p

er
 s

ec
on

d

Time since start, in hours:minutes

A. Observed discharge B. Normalized discharge

C. Modeled discharge

EXPLANATION

Schoharie Creek at streamgage 01350180

West Kill

Schoharie Creek at streamgage 01350212
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Figure 3.  Map showing topography, field survey point locations, and hydraulic model geometry for the Schoharie Creek reach in North 
Blenheim, New York. USGS, U.S. Geological Survey; GNSS, global navigation satellite system; ADCP, acoustic Doppler current profiler.
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National Land Cover Database (NLCD; Dewitz, 2019) and 
published tables of n values (Chow, 1959; Coon, 1998). Initial 
(precalibration) channel n values were selected on the basis of 
field observations and high-resolution aerial photographs.

The HEC–RAS model was calibrated to observed water-
surface elevations at the two streamgages in the study reach 
and to observed high-water marks from high-flow events in 
2011, 1996, and 1987 (see the “Hydraulic Model” section of 
this report). As part of the calibration process, the initial n val-
ues were adjusted until the differences between simulated and 
observed water-surface elevations were minimized. A calibra-
tion region was added to the model for the upstream part of the 
study reach (from the upstream boundary condition to where 
floodplain flow rejoins the main channel downstream from the 
Blenheim Town Hall) to allow independent control of n values 
in this region. The final n values ranged from 0.025 to 0.038 in 
the channel and 0.035 to 0.12 in the overbank areas.

Hydraulic Model
The study area is hydraulically complex, with multiple, 

often disconnected, flow paths in the flood plain. During high 
flows, including at all mapped stages in this study, water 
leaves the channel at a bend at the upstream end of the study 
reach, flowing over the channel bank and across the flood-
plain, before rejoining the channel downstream from the Town 
of Blenheim offices. This flow across the floodplain during 
high flow bypasses the channel at the Schoharie Creek at 
North Blenheim (01350180) streamgage. In this section of 
the study reach, water-surface elevations in the channel do 
not necessarily match water-surface elevations in the flood-
plain along drawn 1D cross-sections; a 1D HEC–RAS model 
assumes a single water-surface elevation across an entire 
cross-section, and proportions flow within any subchannels 
independently from cross-section to cross-section, in this case 
leading to unrealistic water-surface elevation profiles along the 
reach and discontinuous flow across the floodplain. Therefore, 
the best approach for the study area was determined to be a 
2D model (fig. 3). The 2D model uses a base cell size of 50 ft, 
with breaklines added along linear features (such as roads), 
resulting in a total of 12,596 cells in the 2D flow area.

The hydraulic model was constructed by using the 
unsteady-flow option in HEC–RAS. Boundary conditions 
for the unsteady-flow data consisted of flow hydrographs for 
inflow to the study reach—one for Schoharie Creek at the 
upstream end of the study reach and one for West Kill—and 
“normal depth” for the outflow at the downstream end of the 
modeled study reach. A friction slope of 0.0018 was used, 
determined from the water-surface slope in the lidar dataset at 
the downstream end of the modeled study reach. Peak flows 
(table 2) and flow hydrographs (fig. 2) used in the model 
are described in the “Hydrologic and Unsteady-Flow Data” 
section of this report. Input time series were at 15-minute 
intervals, which were interpolated by HEC–RAS to match the 
model computation time steps. The model was run at 1-second 
computational time steps, with a 5-minute output time step 

and 2-hour initial conditions ramp-up time. The shallow-water 
equations (“stricter momentum” equation set in the HEC–RAS 
computation options) were used with the conservative turbu-
lence model.

The HEC–RAS model was calibrated primarily to the 
active stage-discharge rating at the Schoharie Creek near 
North Blenheim (01350212) streamgage (number 3.0, effec-
tive October 2019 and updated April 2021; USGS, 2022b) 
and secondarily to the stage-discharge rating at the Schoharie 
Creek at North Blenheim (01350180) streamgage (num-
ber 19.0, updated April 2021; USGS, 2022a) as well as to 
high-water marks from high-flow events on August 28, 2011 
(Lumia and others, 2014), January 19, 1996 (Lumia, 1998), 
and April 4, 1987 (Zembrzuski and Evans, 1989). Based on 
the flood-frequency statistics for 01350180, the August 2011 
high-flow event (peak discharge of 119,000 ft3/s) had an AEP 
of about 0.4 percent, or a recurrence interval of 250 years 
(Wall and others, 2014), and the 1996 and 1987 events (peak 
discharges of 75,600 ft3/s and 64,200 ft3/s, respectively) had 
AEPs between 4 and 2 percent (recurrence intervals between 
50 and 25 years, respectively; Zembrzuski and Evans, 1989; 
Lumia, 1998; Wall and others, 2014).

The model was calibrated by adjusting Manning’s 
n values (as described in the “Energy-Loss Factors” section 
of this report) until the results of the hydraulic computa-
tions closely agreed with the stage-discharge ratings (table 3) 
and with the observed high-water marks for given flows 
(table 4). Differences between the stage-discharge rating at the 
Schoharie Creek near North Blenheim (01350212) streamgage 
and simulated water-surface elevations ranged from −0.15 ft 
to 0.21 ft over the mapped stages, with a root mean square 
error (RMSE) of 0.13 ft. At the Schoharie Creek at North 
Blenheim (01350180) streamgage, the secondary calibration 
location, the difference between the stage-discharge rating and 
simulated water-surface elevations ranged from −0.33 ft to 
0.96 ft, with a RMSE of 0.56 ft; the flow over the floodplain 
that bypasses the streamgage in this location may contribute 
to the larger differences between rated and simulated eleva-
tions. Differences between observed and simulated elevations 
of high-water marks in the study reaches ranged from −0.56 ft 
to 0.79 ft. The calibrated hydraulic model was used to gener-
ate maps of maximum water-surface elevation for each of the 
13 peak flows (Nystrom, 2022).

Development of Flood-Inundation Maps

Flood-inundation maps were created by using HEC–RAS 
Mapper (USACE, 2020a), by combining the simulated water-
surface profiles and terrain data. The terrain data were derived 
as described previously in the “Topographic and Bathymetric 
Data” section of this report. The flood map showing the maxi-
mum mapped inundated area, corresponding to stage 26.00 ft 
at the Schoharie Creek near North Blenheim (01350212) 
streamgage, is shown in figure 4.
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Table 3.  Calibration of model to stage-discharge ratings at U.S. Geological Survey streamgages on Schoharie Creek in North 
Blenheim, New York.

[ft, foot; NAVD 88, North American Vertical Datum of 1988]

Schoharie Creek near North Blenheim (01350212) streamgage
Schoharie Creek at North Blenheim (01350180) 

streamgage

Stage of water-
surface profile 
(ft above gage 

datum)1

Rated water-
surface elevation 

(ft above NAVD 88)

Modeled water-
surface elevation 

(ft above NAVD 88)

Difference in 
elevation (ft)

Rated water-
surface elevation 

(ft above NAVD 88)

Modeled water-
surface elevation 

(ft above NAVD 88)

Difference in 
elevation (ft)

14.00 780.54 780.42 −0.12 804.99 805.95 0.96
15.00 781.54 781.58 0.04 805.57 806.45 0.88
16.00 782.54 782.70 0.16 806.13 806.96 0.83
17.00 783.54 783.75 0.21 806.75 807.46 0.71
18.00 784.54 784.72 0.18 807.42 807.98 0.56
19.00 785.54 785.68 0.14 808.08 808.53 0.45
20.00 786.54 786.64 0.10 808.74 809.17 0.43
21.00 787.54 787.60 0.06 809.43 809.86 0.43
22.00 788.54 788.55 0.01 810.21 810.58 0.37
23.00 789.54 789.48 −0.06 811.09 811.36 0.27
24.00 790.54 790.42 −0.12 812.09 812.21 0.12
25.00 791.54 791.39 −0.15 813.20 813.13 −0.07
26.00 792.54 792.43 −0.11 814.44 814.11 −0.33

1Water-surface profiles are 1-ft increments of stage, referenced to the gage datum of Schoharie Creek near North Blenheim, N.Y. (station number 01350212), 
U.S. Geological Survey streamgage.

Table 4.  Calibration of model to observed high-water marks from Schoharie Creek in North Blenheim, New York.

[High-water mark data from Lumia and others (2014). HWM, high-water mark; ft, foot; NAVD 88, North American Vertical Datum of 1988; —, no data]

HWM

August 28, 2011, HWM January 19, 1996, HWM April 4, 1987, HWM

Observed 
water-
surface 

elevation 
(ft above 
NAVD 88)

Modeled 
water-
surface 

elevation 
(ft above 
NAVD 88)

Difference 
in elevation 

(ft)

Observed 
water-
surface 

elevation 
(ft above 
NAVD 88)

Modeled 
water-
surface 

elevation 
(ft above 
NAVD 88)

Difference 
in elevation 

(ft)

Observed 
water-
surface 

elevation 
(ft above 
NAVD 88)

Modeled 
water-
surface 

elevation 
(ft above 
NAVD 88)

Difference 
in elevation 

(ft)

HWM 13–1 815.92 815.43 −0.49 811.53 811.64 0.11 810.62 810.65 0.03
HWM 14–1 802.78 802.22 −0.56 — — — — — —
HWM 14–2 798.16 798.40 0.24 — — — — — —
HWM 14–3 797.56 798.26 0.70 794.24 794.08 −0.16 791.55 792.34 0.79
HWM 14–4 796.86 797.14 0.28 791.59 792.32 0.73 790.85 790.78 −0.07
HWM 14–5 793.36 793.07 −0.29 — — — — — —
HWM 14–6 793.51 793.14 −0.37 789.26 789.14 −0.12 787.73 787.94 0.21
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Shapefiles of estimated flood-inundation boundaries, 
depth grids, and water-surface elevations for each peak flow 
were exported from HEC–RAS Mapper and are available for 
download from the data release associated with this publica-
tion at https://doi.org/​10.5066/​P92YVB9V (Nystrom, 2022). 
These flood-inundation area shapefiles can be overlaid on 
high-resolution, georeferenced aerial photographs of the study 
area in a GIS and displayed in sufficient detail for use in flood-
ing preparations and emergency response. Depending on the 
flood magnitude, roadways are shown as shaded (inundated 
and likely impassable) or not shaded (dry and passable) to 
facilitate emergency planning. Bridge surfaces are always 
displayed as inundated (regardless of the water-surface eleva-
tion in relation to the lowest structural chord of the bridge or 
the bridge deck). A building shown as inundated should not be 
interpreted to mean that the structure is completely submerged 
but, rather, that bare-earth surfaces in the vicinity of the build-
ing are inundated. In these instances, the water depth from the 
raster depth grid near the building is an estimate of the water 
level inside the building, unless flood-proofing measures have 
been implemented.

Uncertainties and Limitations Regarding Use of 
Flood-Inundation Maps

Although the flood-inundation maps represent the 
boundaries of inundated areas with a distinct border, some 
uncertainty is associated with these maps. The flood boundar-
ies shown were estimated on the basis of stages and discharges 
at selected USGS streamgages. Water-surface elevations 
along the stream reaches were estimated by unsteady-state 
hydraulic modeling, which assumed unobstructed flow, and 
used discharges and hydrologic conditions anticipated at the 
USGS streamgages. The hydraulic model reflects the land-
cover characteristics and any bridge, dam, levee, or other 
hydraulic structures existing as of 2019. Unique meteorologi-
cal factors (timing and distribution of precipitation) may cause 
actual discharges along the modeled reach to vary from those 
assumed during a flood, which may then lead to deviations 
from the water-surface elevations and inundation boundaries 
shown here. Additional areas may be flooded due to unantici-
pated conditions, such as changes in the streambed elevation 
or roughness, backwater into major tributaries along a main-
stem river, or backwater from localized debris or ice jams. The 
accuracy of the floodwater extent portrayed on these maps 
varies with the accuracy of the DEM used to simulate the land 
surface. Additional uncertainties and limitations pertinent to 
this study may be present and may be described elsewhere in 
this report.

Summary
A series of 13 digital flood-inundation maps was devel-

oped in 2019–21 by the U.S. Geological Survey, in coopera-
tion with the New York Power Authority, for Schoharie Creek 
in North Blenheim, New York. The maps cover a 2.4-mile 
study reach and were developed by using the U.S. Army Corps 
of Engineers’ Hydrologic Engineering Center-River Analysis 
System hydraulic model to compute water-surface profiles, 
to delineate estimated flood-inundation areas, and to compute 
depths of flooding for selected peak flows of Schoharie Creek. 
Flood profiles for the stream reaches were computed by using 
a two-dimensional hydraulic model, which was calibrated 
primarily to the active stage-discharge rating at the Schoharie 
Creek near North Blenheim (01350212) streamgage and sec-
ondarily to the stage-discharge rating at the Schoharie Creek at 
North Blenheim (01350180) streamgage as well as high-water 
marks from high-flow events in 2011, 1996, and 1987. The 
model was used to compute 13 water-surface profiles for the 
14.0- to 26.0-foot stages at the Schoharie Creek near North 
Blenheim (01350212) streamgage. The simulated water-
surface profiles were combined with a digital elevation model, 
which was derived from light detection and ranging (lidar) 
data and measured bathymetric data, to delineate estimated 
flood-inundation areas as shapefile polygons and as grids of 
water depths for each profile. The maps generated from these 
data can help guide emergency responders and the general 
public in flood preparedness planning, response, and recov-
ery efforts.
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