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Cover. Aerial view of the extent of flooding on the Elk River at Clendenin, West Virginia. (Photo by Dan Thom, WOWK CBS 13 News.)
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Characteristics of Peak Streamflows and Extent of
Inundation in Areas of West Virginia and Southwestern
Virginia Affected by Flooding, June 2016

By Samuel H. Austin, Kara M. Watson, R. Russell Lotspeich, Stephen J. Cauller, Jeremy S. White, and

Shaun M. Wicklein

Abstract

Heavy rainfall occurred across central and southern West
Virginia in June 2016 as a result of repeated rounds of torren-
tial thunderstorms. The storms caused major flooding and flash
flooding in central and southern West Virginia with Kanawha,
Fayette, Nicholas, and Greenbrier Counties among the hardest
hit. Over the duration of the storms, from 8 to 9.37 inches of
rain was reported in areas in Greenbrier County. Peak stream-
flows were the highest on record at 7 locations, and stream-
flows at 18 locations ranked in the top five for the period of
record at U.S. Geological Survey streamflow-gaging stations
used in this study. Following the storms, U.S. Geological Sur-
vey hydrographers identified and documented 422 high-water
marks in West Virginia, noting location and height of the water
above land surface. Many of these high-water marks were
used to create flood-inundation maps for selected communi-
ties of West Virginia that experienced flooding in June 2016.
Digital datasets of the inundation areas, mapping boundaries,
and water depth rasters are available online.

Introduction

On June 23, 2016, thunderstorms (collectively referred
to as “storm’) brought torrential rain to much of West Virginia
and southwestern Virginia (fig. 1). From June 23 through
June 25 historic flooding occurred. Many small streams
flooded, and the main stems of the Elk and Gauley Rivers
(fig. 2) had record peak flows. A State of Emergency was
declared in 44 counties in West Virginia, and the Federal
Emergency Management Agency (FEMA) declared 12 West
Virginia counties to be disaster areas. Communication and
power distribution facilities were disrupted and many roads
were damaged. After the event, many creeks and streams were
blocked with accumulated debris, which increased the risk
of additional flooding until the blockages could be cleared.
Damages to agricultural resources were valued in excess of
$10 million dollars by the West Virginia State Agriculture

Department. Overall damages, when combined with tornado
damage in Ohio from the same storm system, were valued
in excess of $1 billion dollars (National Oceanic and Atmo-
spheric Administration [NOAA], 2016a).

Moderate flooding was widespread throughout south-
central West Virginia. Extreme flooding was localized in the
Elk, Gauley, and Greenbrier River Basins in West Virginia,
and the James River Basin in Virginia, areas where rainstorm
super cells occurred. Floodflows originating in the Greenbrier
River Basin resulted in flooding on the New River down-
stream from Hinton, West Virginia.The National Weather
Service (NWS) estimated rainfall return periods in excess
of 1,000 years in some of the hardest hit areas of Roane,
Kanawha, Clay, Fayette, Nicholas, and Greenbrier Coun-
ties in West Virginia (fig. 1). Rainfall exceeding 7.0 inches
(in.) was recorded in many areas of West Virginia, includ-
ing Maxwelton (9.37 in.), Rainelle (7.53 in.), and White
Sulphur Springs (9.17 in.) (NOAA, 2016a). Above normal
rainfall extended from Charleston, West Virginia to Roanoke,
Virginia. Areas hardest hit areas in Virginia are in Alleghany
and Bath Counties. The town of Covington, Virginia, received
5.03 in. of rainfall over the 24-hour period (NOAA, 2016b).

In the most severely flooded parts of West Virginia,
many water rescues were made. Cars and homes were washed
away, and many roads were closed. Several local communi-
ties were destroyed, and at least 23 deaths were attributed
to the flooding. Parts of West Virginia have experienced
flooding in the past. Previous floods include the flood of
April 4-5, 1977, in the southern part of West Virginia and
the flood of November 4-5, 1985, which superseded the
1977 flood as the most devastating in the State. In the 1985
flood, 47 lives were lost, thousands were left homeless, and
approximately 500 bridges were destroyed. Rainfall estimates
for November 4-5, 1985, were as much as 20 in. along the
Eastern Divide between the Ohio and Potomac Rivers in
eastern West Virginia and western Virginia (Paulson and oth-
ers, 1991). In September 1996, Tropical Storm Fran caused
regional flooding on the upper Potomac River. A frontal storm
caused flooding on the Cheat and upper Monongahela Rivers
in May 1996. In January 1996 about 2 in. of rain fell on a
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Figure 1. Total precipitation for June 23-24, 2016, and location of U.S. Geological Survey streamflow-gaging stations in West
Virginia and southwestern Virginia used to calculate annual exceedance probabilities.
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3—4 foot (ft) snowpack, flooding the upper Potomac, Cheat,
Elk, and the Greenbrier Rivers. The Tug Fork and Guyandotte
Rivers flooded in May 1984. The Kanawha and Mononga-
hela Rivers flooded in March 1967. In March 1963, flooding
occurred on the Big Sandy, Guyandotte, Little Kanawha,
Cheat, and Greenbrier Rivers. In June 1949, flooding was
documented on the South Branch of the Potomac River. In
March 1936 flooding occurred on the Potomac and Cheat Riv-
ers. The Greenbrier and Gauley Rivers flooded in March 1918,
the Tygart Valley River flooded in July 1912, the North Branch
of the Potomac River flooded in May and June 1889, and the
Monongahela River flooded in July 1888. The New River
flooded in September 1878, the South Branch of the Potomac
River flooded in 1877, and the Cheat River flooded in July
1844 (Wiley and Atkins, 2010).

Typically, flooding in West Virginia can occur rapidly
as a result of steep gradients and narrow channel valleys,
often resulting in significant soil erosion and property dam-
age (fig. 2). Uprooted trees and large volumes of debris swept
downstream can block stream channels, creating “backwater”
effects as fast moving high-gradient tributary streams pour
water into the lower parts of river valleys. The resulting stor-
age and slower movement of floodwaters yields increased
flood heights and extents (figs. 3 and 4).

The U.S. Geological Survey (USGS) collects streamflow
data at more than 8,000 streamflow-gaging stations nation-
wide in cooperation with local, state, and Federal agencies.
This includes more than 380 streamflow-gaging stations
currently operating in West Virginia and Virginia. Collec-
tion of streamflow data documents the extent and effects of
flooding. Streamflow data collected before and during flood-
ing are vital because they can provide advanced flood warn-
ing, forecasts of the extent and potential effects of flooding,
and information useful in optimizing allocation of emergency
management resources to the most severely affected areas. In
intervals between floods, long-term streamflow data are used
to anticipate, prepare for, and mitigate the effects of future
flooding through effective design and repair of roads, bridges,
reservoirs, pipelines, houses, and other infrastructure. In the
immediate aftermath of the June 2016 flood, USGS and the
Federal Emergency Management Agency (FEMA) initiated a
cooperative study to evaluate the flood’s magnitude, extent,
and probability of occurrence.

Purpose and Scope

The purpose of this report is to document high-water-
mark data, flood-peak magnitudes, and flood-inundation prod-
ucts generated by the USGS in support of the FEMA response
and recovery operations following the June 2016 flood in West
Virginia and southwestern Virginia. The technical scope of the

report includes (1) a description of the atmospheric conditions
and the temporal and spatial patterns of rainfall that triggered
the flooding and a narrative of the flood and its effects, (2) an
analysis of peak-flow magnitudes and the statistical probabili-
ties at selected locations, and (3) the identification and survey-
ing of high-water marks (HWM) and the geographic informa-
tion system (GIS) analysis of HWM locations and elevations
used to produce flood-inundation maps (areal extent and depth
of flooding) for six heavily flooded areas in West Virginia.
Data from the study are in tables and appendixes to this report
and a separate data release.

Description of Study Area

The study area encompasses central and southeastern
West Virginia and parts of southwestern Virginia. Flooded
areas are found primarily within the Appalachian Plateaus
and the Valley and Ridge Physiographic Provinces (fig. 1;
Fenneman, 1938). In general, the area consists of rolling hills
in the northern and central parts of the study area with sharper
relief found in southern and eastern parts. Land-surface eleva-
tions within the flooded areas range from about 600 to over
4,300 ft referenced to the North American Vertical Datum of
1988 (NAVD 88). The West Virginia 30-year normal rainfall
from 1981 to 2010 varied from 39.8 in. near Alderson in the
south of the study area to 61.7 in. near Kumbrabow State For-
est in the north (NOAA Climatological Data Tools: 1981-2010
Normals, https://www.ncdc.noaa.gov/cdo-web/datatools/
normals).

The Kanawha River Basin is mountainous, contained
within an area known as the Appalachian Highlands, and
associated with three physiographic provinces: Appalachian
Plateaus, Valley and Ridge, and Blue Ridge (Messinger and
Hughes, 2000). The sites affected by flooding in the Kanawha
River Basin are in the Appalachian Plateaus Physiographic
Province, an area in which differential erosion of Paleozoic
sedimentary rocks created dissected plateaus capped by
resistant rock layers (Fenneman, 1938). Valleys in this region
are often narrow with river gradients generally ranging from
moderate (0.02 ft/ft) to steep (0.09 ft/ft). The western part of
the James River Basin begins in the Alleghany Mountains at
the Virginia—West Virginia State boundary and the conflu-
ence of the Cowpasture and Jackson Rivers. The entire basin,
approximately 10,000 square miles, spans five physiographic
provinces; they are—from west to east through the center
of Virginia—Appalachian Plateaus, Valley and Ridge, Blue
Ridge, Piedmont, and the Coastal Plain. Sites affected by
flooding in the James River Basin are in the Appalachian
Plateaus Physiographic Province; the James River Basin
has topography similar to that in the Kanawha River Basin
(Fenneman, 1938).


https://www.ncdc.noaa.gov/cdo-web/datatools/normals
https://www.ncdc.noaa.gov/cdo-web/datatools/normals
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A. ELK RIVER AT CLAY, WEST VIRGINIA B. GAULEY RIVER NEAR CRAIGSVILLE, WEST VIRGINIA

Figure 3. Flood damage A, on the Elk River at Clay, West Virginia (photo by Russ Lotspeich, U.S. Geological Survey) and B, on the
Gauley River near Craigsville, West Virginia (photo by Katherine Grindle, U.S. Geological Survey).

Figure 4. Aerial view of the extent of flooding on the Elk River at Clendenin, West Virginia (Photo by Dan Thom, WOWK CBS 13 News.)
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Weather Conditions Before and During
the Flood

On June 23, 2016, several rounds of convective rainfall
brought torrential rain to much of West Virginia and south-
western Virginia. Antecedent conditions across much of West
Virginia and western Virginia in late spring were wet with
May rainfall, about 125—150 percent of normal across much
of the area. June rainfall in the 3 weeks preceding the flood-
ing was above normal (100—125 percent) over southeastern
West Virginia and western Virginia. On June 22, 2016, the
first Flash Flood Watch, indicating a 50-80 percent possibility
of flash flooding, was issued by the NWS Weather Forecast
Office in Charleston, West Virginia, for parts of southeastern
Ohio and much of central and southeastern West Virginia.

A warm front over Ohio and Pennsylvania was expected to
become the focus for storms as a strong upper level distur-
bance crossed the region. Heavy rain began falling during the
early morning of June 23, and additional flash flood warnings
were issued for the area as rainfall continued throughout the
day. The combination of a deep tropical moisture convergence
and a strengthening low level jet stream from the central
plains was believed likely to support rainfall rates exceed-

ing 2 inches per hour for several hours, with flash flooding
possible. Throughout the morning, NWS forecasts indicated
diminishing rainfall in some areas, but the forecasts changed
as convection renewed and persisted throughout the afternoon.

Moderate flooding was widespread throughout south-
central West Virginia. Extreme flooding was evident within
three rainfall bands in this area where supercells developed
and remained for extended periods in the Elk, Gauley, and
Greenbrier River Basins in West Virginia, and the James River
Basin in Virginia. Floodflows from the Greenbrier River also
resulted in flooding on the New River in, and downstream
from, Hinton, West Virginia.

For some of the hardest hit areas of Roane, Kanawha,
Clay, Fayette, Nicholas, and Greenbrier Counties in West

Table 1.
floods in West Virginia.

Virginia, the NWS estimated rainfall return periods exceed-
ing 1,000 years. Rainfall totals in excess of 7.0 in. were
recorded in many areas of West Virginia, including Maxwelton
(9.37 in.), Rainelle, (7.53 in.), and White Sulphur Springs,
(9.17 in.; table 1). The path of large total rainfall extended
from Charleston, West Virginia, to Roanoke, Virginia. The
hardest hit areas in Virginia were Alleghany and Bath Coun-
ties. The town of Covington, Virginia, in Alleghany County
received 5.03 in. of rainfall over the 24-hour period.

Methods

Methods for identifying, documenting, and referencing
flood HWMs (table 2) and methods used to create flood-inun-
dation maps from HWMs are discussed in this section, as are
methods for estimating flood magnitude and frequency using
annual peak streamflows at 18 streamflow-gaging stations
operated by the USGS. All streamflow data used in this report
were obtained from the USGS National Water Information
System (U.S. Geological Survey, 2017).

Collection of High-Water-Mark Data

HWMs provide valuable data for understanding flood
events (Koenig and others, 2016). The best HWMs are formed
from small seeds or floating debris carried by floodwaters
that adhere to smooth surfaces or lodge in tree bark to form
a distinct line. Stain lines on buildings, fences, and other
structures also provide excellent marks. The HWMs are best
identified immediately following the peak stage because time
and weather may alter evidence of the peak water line. The
HWDMs collected for this flood are available through the USGS
Short-Term Network (STN) Data Portal (STN; U.S. Geologi-
cal Survey, 2016; http://stn.wim.usgs.gov/STNDataPortal/#),
an online interface created to facilitate dissemination of
field data.

Rainfall totals reported from meteorological stations during June 23-24, 2016,

[in., inches; EST, eastern standard time; WV, West Virginia; Va., Virginia; E, east; NNW, north, northwest;
CWOP, Citizen Weather Observer Program; CO-OP Observer, National Weather Service Cooperative
Observer Program observer; GOES, Geostationary Operational Environmental Satellite; U.S. Army COE,
U.S. Army Corps of Engineers; COCoORAHS, Community Collaborative Rain, Hail, and Snow Network]

Location Rainfal_l amount Time Date Met_eorological
(in.) (EST) station operator

Maxwelton, WV 9.37 7:59 am. 06/24/2017 CWOP
White Sulphur Spring, WV 9.17 7 a.m. 06/24/2017 CO-OP Observer
White Sulphur Spring, WV 8.63 7:45am. 06/24/2017 GOES
Rainelle, WV 7.53 7:45am. 06/24/2017 U.S. Army COE
4 E Covington, Va. 5.59 7 a.m. 06/24/2017 CoCoRAHS
3 NNW Covington City, Va. 5.2 7:58 am. 06/24/2017 CWOP



http://stn.wim.usgs.gov/STNDataPortal/#
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Table 2. Site description and number of high-water marks in West Virginia used to generate flood-inundation maps for the

June 2016 flood.
Number of high-water
Reach marks used to generate
Community Waterbody or waterbodies  County or counties  length . . 9
. flood-inundation map for
(miles) .
each community

Clay, Clendenin, Elkview, Big Chimney Elk River Kanawha, Clay 45 37
Camden-on-Gauley Gauley River Nicholas, Webster 2.7 25
Richwood, Fenwick Cherry River Nicholas 43 43
Alderson Howard Creek Greenbrier 2.6 32
Ronceverte Greenbrier River Greenbrier 4.8 48
White Sulphur Springs, Caldwell Greenbrier River Greenbrier 7.7 51
Rainelle, Charmco Sewell Creek, Meadow River Greenbrier 18.2 49
Hinton New River Summers, Raleigh 4 24

'Reach length shown is sum of modeled segment of Sewell Creek (4.5 miles) and modeled segment of Meadow River (3.7 miles).

USGS field crews identified 422 HWMs in West Virginia
with water depth above land surface measured in feet. Of
these, 351 HWMs were surveyed to identify elevation above
land surface. Identification and marking of HWMs began on
July 2 and continued through July 9, 2016. Written descrip-
tions, sketches, photographs, and Global Positioning System
(GPS) horizontal measurements obtained with a hand-held
GPS unit were made so the marks could easily be found later
and surveyed to the standard vertical datum, NAVD 8§8.

During the mapping process, the HWMs used to create
flood-inundation maps (Watson and Cauller, 2017) were
checked for location and elevation accuracy using field note
diagrams and descriptions, aerial photography, and detailed
street and parcel maps. An HWM was not used if the loca-
tion could not be determined accurately or the elevation was
substantially different from other HWMs in the area.

Flood-Inundation Mapping

Flood documentation maps were created using a
geographic information system (GIS) to show the extent of
inundation along affected river reaches in West Virginia.
Flood-inundation maps are intended to be estimates of the
areal extent and depth of flooding that correspond to the
HWMs identified and surveyed by USGS hydrographers fol-
lowing the flood. The community, county, waterbody, reach
length, and number of HWMs used to generate the flood-
inundation maps are listed in table 2. The first step in the
generation of the flood-inundation maps was the creation of a
flood-elevation raster surface. Flood extent and depth surfaces
were created independently for each community using the
HWM elevations and a GIS interpolation technique. The
GIS interpolation method used to create the flood-inundation
maps follows methods described for the “Topo-to-Raster”
tool in Musser and others (2016). A geographic limit of the

generated surface was based on the distribution of HWMs and
an understanding of the natural hydrologic flow in the area of
each community.

The flood-elevation surface that was created by using
GIS interpolation was combined with the State Addressing and
Mapping Board (SAMB) 5-meter cell size (16.4-ft cell size)
digital elevation model (DEM) (http://www.wvgis.wvu.edu/
resources/dataProductDevelopment/SAMB_elev_conv_pro-
cedures_draft.pdf). The SAMB DEM was derived from stereo
photogrammetric points from aerial photography done in 2003
and supports vertical map accuracy contour standards of 10 ft.
Inundated areas were depicted where flood-elevation surfaces
were higher than DEM land surfaces. The depth of flooding
was determined as the difference between the flood-surface
elevation and the DEM land surface. Because of the large
number of bridges involved in the flood-inundation mapping,
the inundation surfaces were not clipped to show bridges that
were not inundated.

Uncertainties in the mapped extent and depth of flood-
ing exist within the maps because of the mapping methods
used and the number and spatial distribution of HWMs.
Hydraulic models were not used to determine the extent or
depth of flood inundation. All flood-elevation surfaces were
created using interpolation between HWM elevations rather
than hydraulic models. Changes in land-surface features in
flood plains, timing of the flooding that may occur because
of inflow from some small tributaries rather than large main
stem tributaries, and the intermingling flows from adjacent
streams are not accounted for without hydraulic models. In
locations where HWMs are spaced relatively far apart, there is
a greater possibility of decreased accuracy of spatial interpre-
tation of the extent and depth of flood inundation. Within a
given mapped area, some extrapolation was performed beyond
the most upstream and downstream HWMs. In many cases,
the boundary was extended to a structure, such as a road or
bridge crossing.


http://www.wvgis.wvu.edu/resources/dataProductDevelopment/SAMB_elev_conv_procedures_draft.pdf
http://www.wvgis.wvu.edu/resources/dataProductDevelopment/SAMB_elev_conv_procedures_draft.pdf
http://www.wvgis.wvu.edu/resources/dataProductDevelopment/SAMB_elev_conv_procedures_draft.pdf
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For this study, two sets of inundation layers were gener-
ated for each reach. Differences in elevation between the
surveyed HWMs and the land surface from the DEM data
produced uncertainty in the inundation extent of the generated
layers. Often elevation differences of +/- 20 ft were observed
between the surveyed elevation of a HWM and the DEM
land-surface elevation. As a result of these elevation differ-
ences, a second method of interpolating the water-surface
layer was used. The recorded height above land surface of the
surveyed HWM was added to the DEM land-surface elevation
at that point. This created a new water-surface elevation value
to be used with the Topo-to-Raster interpolation method. The
product of this method is called the DEM-derived inundation
layer. DEM-derived and HWM-derived inundation layers
were created for each reach, are displayed in the figures, and
are provided in a USGS ScienceBase data release (Watson
and Cauller, 2017 https://doi.org/10.5066/F76 TOK4K).

The flood-inundation maps should not be used for
navigation or regulatory, permitting, or other legal purposes.
The USGS provides these maps “as is” for a quick refer-
ence, emergency planning tool but assumes no legal liability
or responsibility resulting from the use of this information.
These maps are only depicting the June 2016 event and may
not be representative of other flooding conditions.

Peak-Flow Data Evaluation

Flood magnitude and frequency were determined from
annual peak streamflows measured at 18 USGS streamflow-
gaging stations. Streamflow-gaging stations were selected
for inclusion in the study if at least one of the following
criteria was met: (1) the magnitude of instantaneous peak
discharge recorded at the station and associated with the
June 2016 flooding, as measured, was one of the five larg-
est peak streamflow magnitudes recorded at the site over
the period of record; and (2) the measured water level at the
streamflow-gaging station associated with the June 2016
flooding exceeded the NWS major flood stage for the site.
Prior to analysis of flood frequency, peak-flow measurements
from each streamflow-gaging station, collected during each
site’s period of record were plotted in station-specific scatter
plots, and each scatter plot was visually checked for evidence
of trends. Summary statistics were generated for each of these
datasets along with additional statistics useful for identifying
trends in data and monotonic, non-monotonic, linear, and non-
linear correlations, including (1) Kendall’s Tau, (2) an index
of Kendall’s trend probability, and (3) Spearman’s rho (Helsel
and Hirsch, 2002). Other statistical analyses performed prior
to calculating peak-flow discharges include (4) calculating
and plotting a linear regression of each dataset with time, (5)
plotting residuals to help identify any significant correlation
with time and any negative or positive autocorrelation, and (6)
performing runs tests to identify any significantly non-linear
change over time.

The results of these statistical tests were summarized for
each candidate dataset and used to determine the degree of
significant autocorrelation within the data on each candidate
site. If no significant trend was evident at a 0.05 confidence
level (p = 0.05), all data at the site were analyzed as part of
the study pool. If a significant trend was evident in the dataset
for a candidate site, the trend in the data was further evaluated
to determine whether (1) the trend could be directly attributed
to a causal factor or (2) the trend produced values that exceed
those normally expected from a random sample. If the trend
could not be directly attributed to a causal factor or trend
values ranged within the bounds of expected statistical varia-
tion, then the trend was considered non-problematic, and no
efforts were made to compensate for it by adjusting the station
dataset. If the trend could be attributed to a causal factor or
trend values were determined to range outside the bounds of
expected statistical variation, then several methods to evalu-
ate the dataset and remove the trend were considered. These
methods included (1) testing the dataset against an annual
precipitation time series to identify any correlation with annual
precipitation; (2) sampling from the dataset, then re-evaluating
the autocorrelation of the sample; (3) grouping the data into
alternate time periods and computing a summary statistic
for the period, such as a time-weighted mean or median; and
(4) removing the site and dataset from the pool of sites to be
analyzed. If trends persisted in the revised dataset, then the
candidate site and dataset would be removed from consider-
ation as a possible study site.

One of the 18 datasets in the study could not be effec-
tively analyzed because too few data points were available
from which to make meaningful comparisons. Six of the 18
datasets in the study could not be analyzed as a result of exces-
sively regulated flow. No statistical trends were identified in
the remaining 11 datasets. Nine of the datasets in the study
contained intervals of missing data when streamgages were
not operating. No censoring of data was required because of
any peak-flow measurements below the streamgage base.

Flood-Frequency Analysis

Log-Pearson Type III adjusted flood-frequency analyses
of data from each of the streamflow-gaging stations were used
to determine peak flows at each site. The Log-Pearson Type 111
analyses were performed using the program PeakFQ (Veilleux
and others, 2014; Flynn and others, 2006) and following meth-
ods outlined in the revised Bulletin 17B and draft Bulletin 17C
of the Hydrology Subcommittee of the Interagency Advisory
Committee on Water Data (Interagency Advisory Committee
on Water Data, 1982). These two methods of analysis involve
calculating expected moments of data and fitting a Pearson
Type III frequency distribution to the logarithms of annual
peak flows and are recommended for use by all Federal agen-
cies for determining flood frequency. Major steps performed
as part of this process are summarized below.


https://doi.org/10.5066/F76T0K4K

Systematic-Record Analysis. An analysis of the system-
atic record of data collected at each selected streamflow-
gaging station was performed to compute the mean,
standard deviation, and coefficient of skewness (mean X,
S, and G, respectively) of the common logarithms of the
annual peak flows.

Outlier Tests. Peaks that departed substantially from the
trend of the remaining peaks were tested as possible out-
liers. Adjustments of the initial frequency curve involved
detecting and accounting for high and low outliers. An
iterative sequence of tests and adjustments was made

to each initial frequency curve to compensate for any
outlier values. The order of this sequence of adjustments
was dependent on the station skew coefficient, G, as
computed in the systematic-record analysis.

Historical-Record Adjustment. Recalculation of the
statistics of the above-base peaks was performed after
detection of outliers or historical information such as
historical peaks, as specified in Appendix 6 of Bulletin
17B (Interagency Advisory Committee on Water Data,
1982). This historical adjustment filled in the ungaged
part of the historical period in each record with an appro-
priate number of replications of the below-historical
threshold streamflow part of the systematic record.

Conditional-Probability Adjustment. After the peak-
streamflow frequency curve parameters were deter-
mined, the historically weighted frequency curve was
tabulated. If no low outliers, zero flows, or below-gage
base peaks were present, Pearson Type I1I standardized
ordinates for the desired skew coefficient and probability
were determined, and the logarithmic frequency curve
ordinates were computed. When peaks below the flood
base were present, a conditional frequency curve was
determined describing only those peaks above the base.
Then, a conditional probability adjustment was made
to account for the fraction of the population below the
flood base.

Computation of Weighted Skew Coefficient. The sta-
tion skew coefficient reflects the average of the cubed
deviations from the sample mean and is highly sensitive
toistethe observations in both the upper and lower tails of
the sample. The station skew coefficient was combined
with the generalized skew, which is a skew coefficient
representative of neighboring stations, in a weighted
average coefficient that is more accurate than either of
its constituents.

Expected-Probability Adjustment. The expected prob-
ability frequency curve and a set of upper and lower con-
fidence limits were computed. These computations aid
the interpretation of the principal, historically weighted
frequency curve calculated in the conditional-probabil-
ity adjustment.
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Fitting the Log-Pearson Type III frequency distribu-
tion to the logarithms of the annual peak flows required the
calculation of the mean, standard deviation, and skew coef-
ficient of the logarithms of the annual peak-flow series. The
mean, standard deviation, and skew coefficient describe the
midpoint, slope, and curvature, respectively, of the peak-flow
frequency curve. Identifying expected moments of peak-flow
data required iterative processes known collectively as the
Expected Moments Algorithm (EMA).

Annual exceedance probabilities (AEPs), the reciprocals
of which are recurrence intervals, may be expressed as frac-
tions (or percentages) that indicate the likelihood that a par-
ticular peak flow may occur. An annual exceedance probability
of 1 indicates a 1/1 (or 100-percent) chance of a particular
flow, whereas an annual exceedance probability of 0.10 indi-
cates a 1/10 (or 10-percent) chance of a particular peak flow.
Using this terminology, a particular flood-frequency AEP may
be termed a P-percent chance flow where P is the probability.
Estimates of the annual peak-flow probabilities were com-
puted with program PeakFQ by inserting the three statistics of
the frequency distribution into the following equation:

X=X _+KS )]
where

X is the logarithm of the magnitude of the
P-percent chance discharge, in cubic feet

per second;
X is the mean of the logarithms of the annual
peak streamflows;
K is the integration factor based on the skew

of the logarithms and the given P-percent
chance as tabulated in Bulletin 17B; and

S is the standard deviation of the logarithms
and a measure of the variation of the peaks
about the mean.

Completion of this analytical process resulted in peak-
flow frequency estimates. These estimates are based on
weighting of the streamflow-gaging station skew and the
generalized skew as identified in Plate I of Bulletin 17B (Inter-
agency Advisory Committee on Water Data, 1982).

Flood Probabilities of Peak Streamflows

An AEP is determined from the measured annual peak
streamflow data for a streamflow-gaging station collected
over the station’s period of record. An annual peak stream-
flow is the maximum instantaneous streamflow measured at
a streamflow-gaging station during the water year (October 1
of a given year through September 30 of the following year).
Because more data spanning longer periods of time are avail-
able, streamflow-gaging stations with longer annual peak
streamflow records are the most reliable for the estimation of
AEP. An AEP of 0.01 means there is a 1-percent chance that
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a measured peak streamflow may occur at a specific location
in a given water year. Since recurrence interval is the recipro-
cal of AEP and may be determined by dividing AEP into 1, a
probable recurrence interval of 100 years is equivalent to an
AEP of 0.01 (that is, 1 divided by 0.01 = 100 years).

During the flood of June 2016, USGS hydrographers
made streamflow measurements using direct (Rantz and oth-
ers, 1982a; Turnipseed and Sauer, 2010) and indirect methods
(Benson and Dalrymple, 1967; Rantz and others, 1982b) at
continuous-record streamflow-gaging stations. Streamflow
measurements were made to verify accuracies of stage—
streamflow rating curves or to extend the stage—streamflow
rating curve for a given streamflow-gaging station (Rantz and
others, 1982a). The stage-streamflow rating curve for a given
streamflow-gaging station is used to calculate instantaneous
streamflow values for a given streamflow-gaging station,
which in turn are used to populate USGS annual peak stream-
flow files.

For 11 of 18 streamflow-gaging stations, AEPs specific to
each peak streamflow during the June 2016 flood, and stream-
flows associated with each AEP, were estimated using the
EMA (Cohn and others, 1997, 2001) and methods described
in Bulletin 17B (Interagency Advisory Committee on Water
Data, 1982). Computations were made using the USGS
program PeakFQ. Site information, exceedance probabilities,
and summary statistics specific to the June 2016 flooding at
18 streamflow-gaging stations associated with the flooding
in West Virginia are presented in table 3, and a more detailed
summary of this information is found in appendix 3, table 3-1.
Outputs from the USGS program PeakFQ provided estimates
of 25 specific AEPs, ranging from 0.9950 to 0.0020, for each
computation method. EMA and 17B AEP computations spe-
cific to each of 11 June 2016 flood peaks are listed in table 3
with their equivalent recurrence intervals. Computations for
7 of 18 streamflow-gaging stations were not possible because
either too few systematic peaks were available for meaning-
ful estimation as a result of streamflow regulation or too few
systematic peaks were available for meaningful estimation as
a result of a period of record that was too short (table 3).

Comparisons of AEP results were made using EMA and
17B estimation methods across three time intervals. Results of
these 6 analyses for 15 of the 18 streamflow-gaging stations
are listed in table 4, and an expanded summary of this infor-
mation is found in appendix 3, table 3-2. Peak flow exceed-
ance values are listed for each AEP in each of six categories
of analysis.

1. Peak flows for the period of record through 2016 using
the EMA method.

2. Peak flows for the period of record through 2016 using
the Bulletin 17B method.

3. Peak flows for the period of record through 2015 using
the EMA method.

4. Peak flows for the period of record through 2015 using
the Bulletin 17B method.

5. Peak flows for the period of record through 1990 using
the EMA method.

6. Peak flows for the period of record through 1990 using
the Bulletin 17B method.

Comparisons of AEPs immediately before and immedi-
ately after June 2016 flooding may be made using the analyses
in categories 1 through 4. Comparisons of AEPs immediately
before and after June 2016 flooding with earlier AEP esti-
mates available to FEMA may be made using the analyses in
categories 1 through 6. Analyses 5 and 6 provide proxies for
AEP estimates used in many FEMA studies conducted dur-
ing 1971-90, for example Federal Emergency Management
Agency (Federal Emergency Management Agency, 1990 and
1989). Each interval in categories 5 and 6 (period of record
through 1990) encompasses all years associated with the AEP
estimates identified as having been previously available to
FEMA (table 4).

Changes in estimated peak-flow annual exceedance
values from 1990 through 2016 are listed in table 5, and an
expanded summary of this information is found in appen-

dix 3, table 3-3. Percent increases and decreases in peak flows
associated with AEPs in each of six categories of analysis are
presented for 10 of 18 streamflow-gaging stations.

Percent changes in peak flows in lower frequency AEP
categories (0.2000 through 0.0200) at eight selected stream-
flow-gaging stations from 1990 through 2016 are shown in fig-
ure 5. Increases since 1990 in peak-flow discharges associated
with lower frequency (higher flow) AEP categories indicate
larger peak-flow discharges are more common in 2016 at the
selected streamflow-gaging stations than they were in 1990.
Graphs illustrating 2016, 2015, and 1990 0.01 (100-year)
AEPs at selected streamflow-gaging stations are presented in
appendix 1.
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Figure 5.

Algorithm method for eight streamflow-gaging stations in West Virginia for 1990-2016.
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Estimated Magnitudes and Flood
Probabilities for Peak Streamflows

During the June 2016 flooding new streamflow peaks of
record occurred at 7 of the 18 USGS streamflow-gaging sta-
tions associated with the flooding (table 3). Peak streamflows
at the remaining 11 streamflow-gaging stations ranked among
the five largest peak flows over the period of record. AEP
estimates, prepared for three time intervals using two estima-
tion methods, are listed in table 4. Percent changes in AEP
estimates since 1990 are given in table 5. Graphs summariz-
ing the details of all peak-flow AEP estimates are presented in
appendix 2.

AEP estimates for Hirsch-Stedinger plotting positions
of peak flows specific to the June 2016 flooding ranged
from 0.0791 to 0.0100 using EMA estimation and 0.0678 to
0.0114 using 17B estimation (Hirsch and Stedinger 1987).
AEP estimates from fitted annual frequency curves of peak
flows specific to the June 2016 flooding ranged from 0.0498
to 0.0020 using the EMA method and 0.0462 to 0.0020 using
17B method. AEP estimates were not available for 7 of the 18
streamflow-gaging stations because too few systematic peaks

were available for meaningful estimation as a result of either
regulated streamflow or a short period of record (table 3).
The period of record for the 18 streamflow-gaging stations
analyzed ranged from 3 to 155 years.

Peak-flow magnitudes and probabilities were deter-
mined at ungaged reaches using the USGS Slope-Area
Method for computing peak discharge (Dalrymple and
Benson, 1967). Many of the same HWMs that were used to
develop inundation maps were used to compute the water-
surface slope through the reaches. Surveys of cross-sectional
geometry along the reaches were conducted in April 2017.
A total of 26 cross-sections were surveyed along more than
15 river miles (mi). Two of the reaches, Howard Creek at
White Sulphur Springs, West Virginia, and Cherry River
at Richwood, West Virginia, had confounding features that
made them unsuitable for channel geometry, reach length,
and HWM measurements of sufficient accuracy for use in
the slope-area discharge estimation method. The peak-flood
magnitudes for each of these reaches were determined using
a single cross-section along the reach, commonly referred
to as the “slope-conveyance” method. These results have
greater uncertainty than those determined using the slope-
area method (table 6).

Table 6. Description of ungaged stream reaches in West Virginia with
peak flood magnitudes for the June 2016 flood.

[ft/s, cubic feet per second; mi?, square miles; ft’/s/mi%, cubic feet per second per
square mile; WV, West Virginia; e, estimated peak flood magnitude using slope-

conveyance method]

Peak flood Drainage Unit
Reach name magnitude area discharge
(ft¥/s) (mi?) (ft%/s/mi?)
Elk River at Queen Shoals, WV 83,000e 1,145 72.5
Cherry River at Richwood, WV 28,900e 88.1 328
Greenbrier River at Ronceverte, WV 83,600 1,124 74.4
Meadow River at Charmco, WV 16,200 164 98.8
New River at Hinton, WV 85,100 6,256 13.6




Flood-Inundation Maps

Maps documenting the extent of flood inundation were
created for eight reaches within communities in West Vir-
ginia. Each map presents the areal extent of the floodwaters.
Two sets of inundation layers are presented for each reach.
One was created using the elevations surveyed and recorded
at the HWMSs, and the other was derived from the elevations
recorded in the digital elevation model dataset and the mea-
sured height above ground. The inundation layers are overlaid
on each map, and the extent of flooding identified by each
inundation layer may be visually compared. Professional judg-
ment is encouraged when comparing the inundation estimates
described by each inundation layer overlay. The HWMs used
to create the inundation maps and associated information
may be accessed at the USGS STN website (U.S. Geological
Survey, 2016) and are provided in Watson and Cauller (2017).
Digital datasets of the inundation areas, mapping boundaries,
and water-depth rasters are available online for download from
Watson and Cauller (2017). The locations of specific flood-
inundation maps are described in the following sections.

Elk River Basin

The headwater of the Elk River is in central West
Virginia; the river flows generally southwest for approxi-
mately 172 mi to its confluence with the Kanawha River in
Charleston, West Virginia. The 45-mi reach of the Elk River
mapped for this study flows through communities in Clay and
Kanawha Counties, including the towns of Clay, Clendenin,
Elkview, and Big Chimney (fig. 6). The upstream extent of the
inundation map is in the town of Clay, and the downstream
extent is in the town of Big Chimney. A total of 66 HWMs
were documented along this reach, and 37 were surveyed and
used to develop the inundation map. The depths of water at
the HWMs ranged from 0.5 ft to 16 ft above ground, and the
water-surface elevations at the HWMs ranged from 604.3 ft to
640.5 ft NAVD 88.

The USGS operates two streamflow-gaging stations on
the Elk River that were used in the creation of the inundation
map. These are

1. Elk River at Queen Shoals, West Virginia (USGS
03197000), where a peak stage of 33.31 ft gage datum
and a water-surface elevation of 636.81 ft NAVD 88,
with a corresponding flow of 82,700 cubic feet per sec-
ond, were recorded on June 24, 2016, and

2. Elk River at Clay, West Virginia (USGS 03196800),
where a peak stage of 30.30 ft gage datum and a water-
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surface elevation of 707.6 ft NAVD 88, with a cor-
responding flow of 63,100 cubic feet per second were
recorded on June 23, 2016.

Precipitation ranged from about 2.3 in. to 6.8 in. in the
Elk River Basin over the duration of the flood. The aerial
extent of flood inundation for the lower Elk River, which
extends from Clay to Big Chimney, is shown in figure 6.

Gauley River Basin

The Gauley River flows southwest through Nicholas and
Webster Counties in central West Virginia. A 2.7-mi reach
of the Gauley River mapped for this study flows through
the community of Camden-on-Gauley in Webster County. A
total of 25 HWMs were documented and surveyed along the
Gauley River near Camden-on-Gauley, and 23 of the HWMs
were used in the creation of the inundation maps. The mea-
sured depths of water at the HWM ranged from 0.0 ft to 9.1 ft
above land surface and the water-surface elevations ranged
from 2,026.9 ft to 2,036.4 ft NAVD 88.

The USGS operates a streamflow-gaging station
(03187000) on the Gauley River in Camden-on-Gauley that
was used in the creation of the inundation map. The Gauley
River streamflow-gaging station used in the creation of
the inundation map is Gauley River at Camden-on-Gauley
(03187000). A peak stage of 29.75 ft gage datum and a water-
surface elevation of 2,033.07 ft NAVD 88, with a correspond-
ing flow of 37,600 cubic feet per second, were recorded on
June 23, 2016. Precipitation ranged from about 4.4 to 5.6 in.
within the Gauley River Basin over the duration of the event.
The location of streamflow-gaging station USGS 03187000
and the aerial extent of flood inundation are shown in figure 7.

Cherry River Basin

The Cherry River flows in a generally northwesterly
direction through central West Virginia into the Gauley River
near Curtin, West Virginia. A 4.3-mi reach of the Cherry River
mapped for this study flows through the communities of Rich-
wood and Fenwick in Nicholas County. A total of 53 HWMs
were documented along this reach, and 43 were surveyed and
used to develop the inundation map. The depths of water at the
HWMs ranged from 0.0 ft to 5.5 ft, and the elevations ranged
from 2,088.7 ft to 2,218.7 ft NAVD 88. Precipitation ranged
from about 4.4 in. to 5.6 in. within the Gauley River Basin
over the duration of the flood. The aerial extent of flood inun-
dation for this reach of the Cherry River is from Richwood to
Fenwick and is shown in figure 8.
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26 Peak Streamflows and Extent of Inundation in Areas of West Virginia and Southwestern Virginia, June 2016

80°35' 80°34'30" 80°34'

38°15'

38°14'30"

38°14'

38°13'30"

38°13'

38°12'30"

38°12'

Base from U.S. Geological Survey, 2016
1:1,000,000-scale digital data
Universal Transverse Mercator, zone 17N

05 1 MILE

o — 0 o

0.5 1 KILOMETER

80°33'

v
1

+D

80°32'30" 80°32' 80°31'30" 80°31'

GREENBRIER
UNIEY

EXPLANATION

Inundation layer
Derived from high-water mark water-surface elevation

Derived from high-water mark height above ground and
the digital elevation model (DEM) land-surface elevation

Model boundary
Flow direction

High-water mark and identifier

Figure 8. Inundated area along the Cherry River from Richwood to Fenwick, West Virginia, June 23-24, 2016.



Greenbrier River Basin

The Greenbrier River flows in a generally southwesterly
direction through West Virginia for 173 mi, into the New
River near Bellepoint, West Virginia. The USGS operates one
streamflow-gaging station in the Greenbrier River Basin—
Greenbrier River at Alderson, West Virginia (03183500). At
this streamflow-gaging station, a peak stage of 22.00 ft gage
datum and a water-surface elevation of 1,551 ft NAVD 88,
with a corresponding flow of 80,700 cubic feet per second,
were recorded on June 24, 2016. Precipitation ranged from
about 1.3 in. to 9.05 in. within the Greenbrier River Basin over
the duration of the event.

Maps documenting flood extent were created for four
contributing river subbasins within the Greenbrier River
Basin. The maps were created to document the flood extent
on two reaches along the Greenbrier River (figs. 9 and 10),
one reach on Howard Creek (fig. 11), and one reach each on
Meadow River and Sewell Creek (fig. 12).

Greenbrier River at Alderson

The 2.6-mi reach of the Greenbrier River mapped for this
study flows through the community of Alderson in Greenbrier
County. A total of 50 HWMs were documented along this
reach, and 32 were surveyed and used to develop the inun-
dation map. The depths of water at the HWMs ranged from
0.0 ft to 8.0 ft, and the water-surface elevations ranged from
1,544.3 ft to 1,555.8 ft NAVD 88. The aerial extent of flood
inundation for this reach of the Greenbrier River extends
0.9 mi upstream and 1.7 mi downstream from the USGS
Greenbrier River streamflow-gaging station at Alderson, West
Virginia (03183500), and is shown in figure 9.

Greenbrier River at Ronceverte

The 4.8-mi reach of the Greenbrier River mapped for this
study flows through the community of Ronceverte in Green-
brier County. A total of 52 HWMs were documented along
this reach; 48 were surveyed and used to develop the inun-
dation map. The depths of water at the HWMs ranged from
0.0 ft to 8.55 ft, and the water-surface elevations ranged from
1,650.4 ft to 1,673.5 ft NAVD 88. The aerial extent of flood
inundation for the Greenbrier River, which extends 1.5 mi
upstream and 2 mi downstream from Ronceverte, is shown in
figure 10.

Howard Creek

Howard Creek flows in a generally southwesterly direc-
tion into the Greenbrier River near Caldwell, West Virginia.
The 7.7-mi reach of Howard Creek mapped for this study
flows through the communities of White Sulphur Springs, the
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Greenbrier Resort, and Caldwell in Greenbrier County. A total
of 51 HWMs identified and surveyed along Howard Creek
were used to develop the inundation map. The depths of water
at the HWMs ranged from 0.0 ft to 8.0 ft, and the water-sur-
face elevations ranged from 1,690.8 ft to 1,866.4 ft NAVD 88.
Precipitation ranged from about 3.5 in. to 8.3 in. within the
Howard Creek Basin over the duration of the event. The
aerial extent of flood inundation for Howard Creek, which
extends from White Sulphur Creek to Caldwell, is shown in
figure 11.

Meadow River and Sewell Creek

The Meadow River flows northwest through southern
West Virginia. Sewell Creek, a tributary to the Meadow River,
flows generally north with a confluence in Rainelle, West
Virginia. Parts of each stream were mapped—a 3.7-mi reach
of the Meadow River and a 4.5-mi reach of Sewell Creek.
These reaches flow through the communities of Charmco on
Meadow River and Rainelle on Sewell Creek in Greenbrier
County. A total of 77 HWMs were documented along these
reaches, and 49 were surveyed and used to develop the inun-
dation map. Water depths at the HWMs ranged from 0.0 ft to
9.3 ft, and water-surface elevations ranged from 2,395.8 ft to
2,409.3 ft NAVD 88. Precipitation ranged from about 4.6 in.
to 7.3 in. within the Meadow River and Sewell Creek Basins
over the duration of the event. The aerial extent of flood
inundation for Meadow River and Sewell Creek is shown in
figure 12.

New River Basin

The New River flows generally north for about 360 mi
through North Carolina, Virginia, and West Virginia. The
New River joins the Gauley River at Gauley Bridge, West
Virginia, to form the Kanawha River. Much of the river
flowing through West Virginia is designated New River
Gorge National River. The segment of the New River in this
study flows 4.0 mi through Summers and Raleigh Counties
in southern West Virginia. A total of 45 HWMs were docu-
mented and surveyed along the New River, and 24 of the
HWDMs were used in the creation of an inundation depth map
for the city of Hinton and surrounding areas. The measured
depths of water at the HWMSs ranged from 0 ft to 5.35 ft
above ground, and the elevations ranged from 1,346.1 ft to
1,385.2 ft NAVD 88. The streamflow-gaging station used in
the creation of the inundation maps is New River at Hinton
(USGS 03184500), a currently inactive streamflow-gaging
station where HWMs were recovered and slope-area calcu-
lations identified a peak stage of 9.69 ft gage datum and a
water-surface elevation of 1,364.5 ft NAVD 88 on June 24,
2016. The aerial extent of flood inundation along the New
River near Hinton, West Virginia, is shown in figure 13.
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Figure 10. Inundated area along the Greenbrier River in Ronceverte, West Virginia, June 23-24, 2016.
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Figure 12. Inundated area along the Sewell Creek and Meadow River in Rainelle, West Virginia, June 23-24, 2016.
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Figure 13. Inundated area along the New River in Hinton, West Virginia, June 23-24, 2016.



Flood Damages

During June 2016, flooding on numerous streams and
rivers in West Virginia resulted in at least 23 fatalities and
damage to thousands of homes and businesses (NOAA,
2016b). More than 1,500 roads and bridges were damaged or
destroyed, significantly affecting the infrastructure. Monetary
losses from flooding and wind damage to homes, businesses,
and infrastructure were estimated to be $1 billion (NOAA,
2016a). This storm is regarded as one of the worst natural
disasters in West Virginia history and the deadliest flash flood
event in the United States since the Tennessee floods of 2010
(http://pages.geo.wvu.edu/~skite/DeadliestFloodsInWest Vir-
giniaHistoryDRAFT.pdf, accessed May 2017).

Summary

Thunderstorms brought torrential rain to central West
Virginia and southwestern Virginia on June 23 and 24, 2016.
Eight to 10 inches of rain fell during a 12-hour period, pro-
ducing widespread and destructive flash flooding. Record
peak streamflows occurred at seven U.S. Geological Survey
(USGS) streamflow-gaging stations. Peak flow on the Elk
River was the highest recorded since 1888. All of the 18
streamflow-gaging stations included in this study had peak
streamflows that rank in the top five for the period of record.

At least 23 fatalities were reported, and the costs of dam-
ages from flooding and high winds were estimated at $1 bil-
lion. Immediately after the flood, the USGS and the Federal
Emergency Management Agency (FEMA) initiated a coop-
erative study to evaluate the flood’s magnitude, extent, and
probability of occurrence. USGS hydrographers identified and
documented 422 high-water marks, some of which were used
to create 8 flood-inundation maps that document the extent
and depth of flooding. Two sets of inundation layers are pre-
sented for each map reach. One was created using the eleva-
tions surveyed and recorded at the high-water marks, and the
other was derived from the water-surface elevations recorded
from the available digital elevation model dataset and the mea-
sured height above the land surface. The inundation layers are
overlaid on each map, and the extent of flooding identified by
each inundation layer may be visually compared. Many of the
high-water marks used to develop inundation maps were used
to compute water-surface slope through the reaches.

Peak gage-height data, peak streamflow data, and esti-
mated annual exceedance probabilities are provided for 18
streamflow-gaging stations operated by the USGS in West
Virginia and southwestern Virginia. New streamflow peaks of
record occurred at 7 of the 18 USGS streamflow-gaging sta-
tions associated with the flooding, and 11 streamflow-gaging
stations had peak streamflows that ranked in the five largest
peak flows over the period of record. Annual exceedance
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probability estimates from fitted annual frequency curves of
peak flows specific to the June 2016 flooding ranged from
0.0498 to 0.0020 using Expected Moments Algorithm method
and 0.0462 to 0.0020 using 17B method.
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Appendix 1. Graphs showing Selected Annual Exceedance Probabilities
in Relation to Streamflow Using the Expected Moments Algorithm Method
for Selected Streamflow-Gaging Stations in West Virginia for the Period
of Record through 1990, 2015, and 2016

A PDF of appendix 1 is available for download at https://doi.org/10.3133/0fr20171140.

Appendix 2. Graphs showing Annual Exceedance Probabilities in Relation

to Annual Peak Streamflow, Determined Using the Expected Moments Algorithm
and Bulletin 17B Methods, for Selected Streamflow-Gaging Stations for the
Period of Record through 1990, 2015, and 2016 and Annual Peak Streamflow,

by Water Year' 1900-2016.

A PDF of appendix 2 is available for download at https://doi.org/10.3133/0fr20171140.

Appendix 3. Three Tables Listing Expanded Summaries of Site Descriptions,
Exceedance Probabilities, Equivalent Recurrence Intervals, Statistics,

and Percent Change Since 1990 in Estimated Peak-Flow Annual Exceedance
Probabilities for 18 Streamflow-Gaging Stations Associated with June 2016
Flooding in West Virginia and Southwestern Virginia Using Data

for the Period of Record through 1990, 2015, and 2016.

Appendix 3 tables are available for download as Microsoft Excel spreadsheets (*.xls) at https://doi.org/10.3133/0fr20171140.

'A water year is the 12-month period beginning October 1 and ending September 30. It is designated by the year in which it ends.
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