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FLOOD CHARACTERISTICS FOR THE NEW RIVER IN 

THE NEW RIVER GORGE NATIONAL RIVER, 

WEST VIRGINIA 

By Jefiey B. Wiley and Michael K. Cunningham 

ABSTRACT 
The frequency and magnitude of flooding of the New River in the New River Gorge National 

River was studied. A steady-state, onetdimensional flow model was applied to the study reach. 
Rating curves, cross sections, and M&g’s roughness coefficients that were used are presented in 
this report. Manning’s roughness coefficients were evaluated by comparing computed elevations 
(from application of the steady-state, one-dimensional flow model) to rated elevations at U.S. 
Geological Survey (USGS) streamflow-gaging stations and miscellaneous-rating sites. Manning’s 
roughness coefficients ranged from 0.030 to 0.075 and varied with hydraulic depth. 

The 2-, 25-, and 100-year flood discharges were estimated on the basis of information from flood- 
insurance studies of Summers County, Fayette County., and the city of Hinton, and flood-frequency 
analysis of discharge records for the USGS streamflow-gaging stations at Hinton and Thurmond. The 
100-year discharge ranged from 107,000 cubic feet per second at Hinton to 150,000 cubic feet per 
second at Fayette. 

The calibrated model from the previous study was used to determine flood velocities (average for 
a river cross section) and flood elevations for this study. Tables of 2-, 25-, and 100-year flood velocities 
and flood elevations were prepared from model output. Profile plots of the flood elevations were also 
prepared. 
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INTRODUCTION 
The New River flows northward from its 

headwaters in North Carolina, through western 
Virginia, and into south-central West Virginia, 
where it joins the Gauley River to form the 
Kanawha River (fig. 1). The New River Gorge 
Nation'al River (fig. 2) was established by Public 
Law 95-625 on November 10,1978, and falls 
within the jurisdiction of the U.S. Department of 
the Interior, National Park Service (NE).  The 
NPS is responsible for (1) conserving natural, 
scenic, and historical sites, and (2) preserving a 
53-mi-long segment of the lower New River in 
West Virginia (between the city of Hinton and the 
town of Fayette) as a free-flowing stream for the 
enjoyment and benefit of present and future 
generations. The main attraction of the National 
River is a combination of scenic wilderness, 
fishing, and white-water rafting. The 
recreational quality depends, in part, on the 
regulated flow from Bluestone Dam and on the 
unregulated flow from the Greenbrier River. 

The U.S. Geological Survey (USGS), in 
cooperation with the NPS, studied the frequency 
and magnitude of flooding on the New River in 
the New River Gorge National River. This 
information will be used by the NPS to develop 
park facilities. In this report, "study area" refers 
to the area inside the park boundaries and "study 
reacht refers to the main stem of the New River. 
Knowledge of flood levels i s  needed to prevent 
unexpected repair and maintenance costseat 
these facilities because of floods. Some projects 
need to be located near the river and are expected 
to be frequently flooded, but other projects could 
be located outside the flood-hazard areas or 
where floods are less frequent. 

Purpose and Scope 
This report presents flood-frequency 

discharges, water-surface elevations, and 
average cross-sectional velocities of the New 
River between Hinton and Fayette, West 
Virginia. Rating curves and cross sections were 
used to apply a steady-state, one-dimensional 
flow model to calculate discharges, water- 
surface elevations, and velocities for the 
2-, 25-, and 100-year flood-recurrence intervals. 

The study area is limited by the National River 
boundaries. Flood characteristics are identified 
for the main stem of the New River. 

Description of Study Reach 
The study reach extends for 53 mi from 

Hinton to Fayette in the New River Gorge 
National River, West Virginia. Generally, the 
river narrows, steepens, and deepens in the 
downstream direction along the study reach. 
Streamflow is partially regulated by Bluestone 
Dam. 

The Hinton streamflow-gaging station is the 
location farthest upstream in the study reach. 
The contributing drainage area is 6,256 mi2 
(Mathes and others, 19821, of which 4,601 mi2 is 
regulated by Bluestone Dam (figs. 1 and 2). The 
confluence of the New River with the Greenbrier 
River, which is an unregulated stream with a 
drainage area of 1,641 mi2, is found 1.5 mi 
upstream from the Hinton streamflow-gaging 
station and 1 mi downstream from Bluestone 
Dam. (A 14-mi2 drainage area is contained 
between the Hinton streamflow-gaging station 
and measured locations at Bluestone Dam and 
the Greenbrier River.) The farthest downstream 
point of the study reach is 53 mi from the Hinton 
stredow-gaging station; the contributing 
drainage area at this point is 6,872 mi2. The 
additional drainage area within the study reach 
is 616 mi2, Approximately 360 mi2 of this 
additional drainage area is accounted for by six 
small basins (five that range from 28 to 63 mi2 
and one that measures 135 mi2). The remaining 
drainage area i s  primarily from small tributaries 
that have drainage areas less than 5 mi2. 

Underwater cross sections (for a discharge 
of 2,OOOft?/s) can be approximated as trapezoids, 
in which the long base is three times the length 
of the short base, and the distance between the 
bases represents the stream depth. The 53-mi- 
long study reach can be divided into the 
following three subreaches of similar slope, 
geometry, and roughness: (1) Hinton to Meadow 
Creek (13 mi); (2) Meadow Creek to Sewell (32 
mi); and (3) Sewell to Fayette (8 mi) (Wiley, 1989) 
(fig. 2). 
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Between Hinton and Meadow Creek, the 
stream width is about 850 ft. The stream has one 
flood plain that is approximately 1,500 ft wide on 
one bank. The average depth of the river (for a 
discharge of 2,000 ft%) is about 5 ft. The slope 
of the river averages 1.5 ft per 1 ,OOO ft. This slope 
includes two large falls--one at the town of 
Brooks (an 8- to 1 0 4  drop) (located on fig. 2) and 
one at Sandstone Falls State Park (about a 25-ft 
drop). The deepest pools (for a discharge of 
2,000 fi?/s) in this subreach are downstream from 
these falls and are 15 to 20 ft  deep. 

The channel geometry of the reach between 
Meadow Creek and Sewell, as compared to the 
Hinton-to-Meadow Creek subreach, is typified 
by the lack of a distinct flood plain. The average 
stream width in this subreach is about 550 ft, the 
average depth (for a discharge of 2,000 ft%) is 8 
f t, and the bed slope is the same as that of the 
Hinton-to-Meadow Creek subreach. The 
deepest pools (for a discharge of 2,000 ft%) are 
20 to 25 f t  near the towns of Glade, Thurmond, 
and Beury. 

The stream channel between Sewell and 
Fayette is narrower than the stream channels of 
the other subreaches. The stream width of a 
typical river cross section in this most 
downstream subreach is about 350 ft, and the 
stream bottom is irregular (rough). No flood 
plain exists because the streambanks are the 
valley walls. The stream slope is about 4 ft per 
1,000 ft. The average depth in this subreach (for 
a discharge of 2,000 ft%) is about 12 ft, and the 
deepest pools are 35 to 40 ft deep. These pools 
are about 0.5 mi upstream from Caperton and 
near Nuttall Station. 

A few small islands are scattered 
throughout the study reach. In all cases, a 
principal channel i s  found along one side of the 
island and a smaller channel i s  found along the 
other side. Three islands, approximately 0.8 mi, 
0.4 mi, and 0.2 mi long, are in the Hinton-to- 
Meadow Creek subreach, and one island, 
approximately 0.2 mi long, is in the Meadow 
Creek-to-Sewell subreach. No islands are in the 
Sewell-to-Fayette subreach. 

METHODS OF INVESTIGATION 
Rating curves and cross sections were 

determined for locations in the study reach 
(Wiley and Appel, 1989). The rating curves and 
cross sections were then used to apply a steady- 
flow model, WSPRO (Water Surface PROfile) 
(Shearman, 1990, p. 37). The model was 
calibrated and verified, and a sensitivity analysis 
was conducted by Wiley (1992). The calibrated 
model was used to investigate flooding in the 
New River in the New River Gorge National 
River. 

Rating Curves - 

A rating curve is a stage-discharge relation 
at a particular location in a stream that represents 
the physical properties of the controlling section 
in the river channel. Rating curves were deter- 
mined at seven locations in the study reach-two 
sites at existing streamflow-gaging stations 
(Hinton and Thurmond), one site at a dis- 
continued streamflow-gaging station (Caperton), 
and four sites at highway bridges (Prince, Stone, 
Cliff, and Fayette). Rating curves were 
developed at streamflow-gaging stations with 
standard methods previously described by Rantz 
and others (1982). At all but one highway- 
bridge location, several measurements were 
from reference points on bridges to the water 
surface to determine water-surface elevations, 
and associated discharges were evaluated from 
discharges at the existing streamflow-gaging 
stations. At the remaining highway-bridge 
location, stages were read from a staff gage 
painted on a bridge pier, and associated 
discharges were evaluated from existing 
streamflo w- gaging stations. 

The location, description, and datum of each 
rating site are listed in table 1. A stage that is 
obtained from a rating curve can be converted to 
elevation above sea level by adding it to the 
datum for that site. For example, a stage of 1.51 
ft at Hinton converts to 1,356.69 ft above sea level 
(1.51 ft + 1,355.18 ft). 
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Table 1.--Location, description, and datum of rating sites 

Lacation Site no. Description 
Datum, in feet 
above sea level 

Hinton 031 84500 USGS streamflo w-gaging station. 
Water-stage recorder on right bank at 
Hinton, 0.2 miles upstream from 
Madam Creek, and 1.5 miles downstream 
from the Greenbrier River. 

Sand stone 

Prince 

Stone Cliff 

Thurmond 

Caperton 

Fayette 

03185400 

03185000 

Miscellaneous-rating site. 
Fluorescent yellow mark on upstream face 
at fifth drain from left bank on east lane of 
Interstate 64 bridge at Sandstone Falls State Park. 
Elevation of the reference point is 1,336.78 feet 
above sea level. 

1,355.18 

1,256.00 

Miscellaneous-rating site . 1,149.00 
Top of the fourth grate from the left abutment 
on downstream side of Highway 41 bridge at 
Prince. Elevation of reference point is 
1,192.78 feet above sea level. 

Miscellaneous-rating site. 1,038.00 
At station 400 (USGS measuring site for 
Thurmond streamflow-gaging station), marker 
on top of downstream guard rail of Highway 25 bridge 
at Stone Cliff. Elevation of reference point is 
1,113.30 feet above sea level. 

USGS streamflow-gaging station. 1,030.71 
Water-stage recorder on right bank at Thurmond, 
railroad pump house, 0.1 mile upstream 

from Dunloup Creek. 

Discontinued USGS streamflow-gaging station. 938.44 
On left bank 50 feet downstream from remains of 
suspension footbridge at Caperton, 
2 miles southeast of Nuttall Station. 

Miscellaneous-rating site. 839.73 
Staff gage painted on upstream side of left bank 
pier of Highway 82 bridge (bridge is condemned at 
this time) at Fayette, 0.1 mile upstream from 
Wolf Creek. 

Modified from Wiley and Appel, 1989, table 1, p. 13. 
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Cross Sections 

evaluated with aerial photography, topographic 
maps, rating curves, and water-surface and 
streambed profiles. The NPS provided a 
topographic map (20-ft contour interval, scale 
1:9,600) that was compiled from photographs 
taken when discharge was approximately 28,000 
fi?/s. The NPS also provided photographs of the 
study area when discharge was approximately 
2,000 ft%. The photographs of the lower 
discharge were overlaid onto the topographic 
map, and the river edges were delineated on the 
topographic map to provide a reference point for 
cross-section geometry. 

directly from the low-water profile; and (4) at 

Ground elevations for cross sections were 

Water-surface elevations, upstream and 
downstream from each rapid where discharge 
was less than 3,000 ft%, were surveyed to sea- 
level datum. River depths were measured by 
electronic soundings at various discharges less 
than 8,000 ft%. Continuous river-depth 
measurements were made approximately one- 
third of the top width from each bank, and 
depths were tabulated where measurements 
indicated a change in bed slope. Surveys and 
tabulated depths were adjusted to represent 
those of the river at a discharge of 2,000 fP/s with 
rating curves from three USGS streamflow- 
gaging stations and four miscellaneous-rating 
sites within the study reach. River-depth curves 
(representing one-third of the top width from 
each bank) were developed from the adjusted- 
tabulated depths and were averaged to develop 
a final-depth curve. A water-surface profile at a 
discharge of approximately 2,OOO fP/s and a 
streambed profile were computed from the data 
described above. 

Cross sections were selected at river 
locations where changes in channel geometry 
had been observed on the topographic map. 
Distances along each cross section were 
measured from an arbitrary point on the left 
bank. Elevations were determined: (1) for bank 
elevations at contour-line crossings by reading 
directly from the topographic map; (2) at the 
edges of water with a discharge of 28,000 fP/s, 
by extrapolating the water-surface profile and 
the stage-discharge rating curves; (3) at the edges 
of water at a discharge of 2,000 ft%, by reading 

two "underwater" points that are approximately 
one-third of the top width from each bank by 
reading directly from the streambed profile. 
These cross sections were propagated, on the 
basis of channel geometry, to locations where the 
low-water and streambed profiles change. At 
these locations, elevations for the low-water and 
streambed points were calculated to create a new 
cross section (the right-bank and left-bank 
elevations of the original cross section were 
retained). 

S teady-Flow Model 
The steady-state, one-dimensional flow 

model, WSPRO, solves the energy equation 
between two successive cross sections for the 
water-surface elevation. Input data 
requirements include cross-section reference 
distances, cross-section geometry data; 
Manning's roughness coefficients, discharge 
data, and starting water-surface elevation data. 
The program offers many options, including the 
ability to: (1) calculate water-surface elevations 
through bridges and culverts; (2) vary the 
Manning's roughness coefficient with hydraulic 
depth and subareas of cross sections; (3) specify 
flow lengths between cross sections or subareas 
of cross sections that override reference 
distances; (4) solve the equation for critical or 
subcritical flows in the upstream direction and 
for critical or supercritical flows in the 
downstream direction; and (5) provide user- 
defined output tables selected from more than 50 
parameters and variables used in the model. 

The steady-flow model was run for 
discharges of 2,000,5,000, 10,000,28,000, and 
80,000 P/s.  This range of discharge, 2,000 to 
80,000 ft%, is approximately equal to the range 
between the 90- and 5-percent flow durations 
statistically determined from discharge data 
collected at the USGS streamflow-gaging station 
at Hinton since the construction of Bluestone 
Dam. The starting elevations at the farthest 
downstream CTOSS section were determined by 
means of the slope/conveyance method. Local 
slopes were determined from the water-surface 
and streambed profiles (Wiles 1989, fig. 11, p. 
18). The energy equation was balanced by 
adding cross sections to reduce conveyance 
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ratios and to locate flows in the critical-flow 
regime. One-thousand and sixty-nine cross 
sections were used to define the geometry of the 
53-mi-long study reach. 

Calibration 
By means of the steady-flow model, the 

energy equation was balanced except where 
critical flows were assumed at river rapids and 
waterfalls. At some locations, the critical flow 
appeared to move upstream as discharge 
increased. At a given cross section, streamflow 
that is critical at 2,000 fP/s can be subcritical at 
5,000 fi?/s, yet at the cross section immediately 
upstream, streamflow can be subcritical at 2,000 
fP/s and critical at 5,000 fi?/s. 

Rating curves 
The differences between observed and 

predicted water-surface elevations at the rating 
locations are listed in table 2. Hinton and 
Thurmond are active streamflow-gaging stations 
and Caperton is a discontinued streamflow- 
gaging station. The other locations that are listed 
are miscellaneous-rating sites. 

between observed and 
elevations at rating sites 

[ft3/s, cubic feet per second. All differences are in feet. 
Positive values indicate that the model redicts a higher 
water-surface elevation than the rated Jevation. Negative 
values indicate that the model redicts a lower water- 
surface elevation than the ratelelevation] 

~~ 

Difference between predicted and observed 
elevations for a given discharge 

Subreachand 2,000 5,000 loo00 28,OOO 80,000 
rating site P/s f$/S fP/s f$/S P/s 

Differences between the observed and 
predicted water-surface elevations for the Stone 
Cliff and Prince sites are greater than 1 ft. Water- 
surface elevations measured at the miscella- 
neous-rating sites are less accurate than water- 
surface elevations measured at the streamflow- 
gaging sites. Miscellaneous ratings are based on 
two or three water-level measurements made 
with a hand-held tape. Because water surfaces 
were rough at the time of measurement, 
especially at the high discharges, less weight was 
given to the miscellaneous ratings when 
roughness and hydraulic depths were assigned 
for each subreach during model calibration. 

Manning’s roughness coeficients 
The steady-flow model was run for 

discharges of 2,000,5,000,10,000,28,000, and 
80,000 fP/s to route starting water elevations to 
the rating sites in the study reach. The 
roughness coefficients and associated hydraulic 
depths for each subreach were adjusted until the 
model predicted rated water-surface elevations 
at gaging stations and miscellaneous sites. This 
procedure determined the Manning’s roughness 
coefficients for the study reach. 

The Manning’s roughness coefficients and 
associated hydraulic-depth breakpoints for each 
subreach are shown in table 3. The roughness 
coefficient varies according to hydraulic depth at 
each cross section for each subreach. In the 
Sewell-to-Fayette subreach, the roughness 
coefficient is 0.075 when hydraulic depth i s  less 
than or equals 4 ft. Between hydraulic depths of 
4 and 18 ft, the roughness varies linearly from 
0.075 to 0.040. The roughness coefficient is 0.040 
when hydraulic depth is greater than or equals 
18 ft. 

~~~ ~ 

Hinton to Meadow Creek 
Hinton +0.04 +0.33 +0.40 +0.73 +0.41 
Sands tone +.06 +.49 +.a +.94 -30 

Meadow Creek to Sewell 
Prince +.42 +.23 +0.15 +1.19 +.88 
Stone Cliff +.% +.79 +1.16 +1.67 +1.67 
Thurmond +.33 -.17 -33 -.62 +.15 

Sewell to Fayette 
Caperton -.58 -.14 -.05 +.62 +26 
Fayette +.52 -.02 -.15 -.15 - .77 

The roughness coefficient decreases with 
increasing hydraulic depth. At small depths, 
irregularities of the channel bottom result in 
pronounced resistance to flow. At large depths, 
this resistance tends to be lessened. Roughness 
coefficients are greater in the Sewell-to-Fayette 
subreach than in the other subreaches. The large 
boulders in this subreach tend to increase the 
roughness coefficient, as compared to subreaches 
that contain smaller rocks. Roughness 

From Wiley, 1992, table 2 .  
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Table %--Manning’s rou hness cotfhcients and 
associated hydrau lic-ik!@h br5ukpoints for the 
study reach of the New River 

Subreach 

Manning’s Hydraulicdepth, 
rou hness breakpoint, 
coekcient in feet 

Hinton to Meadow Creek 0.030 2 0  
.025 4.0 

Meadow Creek to Sewell .040 2.0 
.a30 10.0 

Sewell to Fayette .w5 4.0 
. M O  18.0 

From Wiley, 1992, table 1. 

coefficients determined by application of the 
model seem reasonable when photographs of 
field conditions of subreaches of the New River 
are compared with photographs of field 
conditions at similar sites with verified 
roughness coefficients as given in Water-Supply 
Paper 1849 (Barnes, 1967). 

The principal channel for an island was 
given roughness coefficients and hydraulic- 
depth breakpoints equivalent to those for the 
subreach. The smaller channel and the island 
subarea between channels were assigned 
differing roughness coefficients and hydraulic- 
depth breakpoints. Roughness coefficients and 
hydraulic-depth breakpoints for these areas were 
estimated from photographs presented in Barnes 
(1967). 

Verification 
At 30 random locations in the study reach, 

water-surface elevations calculated by the model 
for a discharge of 2,000 ft?/s were compared to 
the surveyed profile that had been corrected to 
approximately 2,OOO ft?/s. Differences between 
model-computed and measured wa ter-surface 
elevations were less than 1 ft. Some reasons for 
the differences are as follows: 

1.  

2. 

3. 

4. 

The elevation correction made to the 
surveyed water-surface profile by use of 
the nearest rating curve could have been at 
a location where the nearest rating curve 
did not accurately represent the hydraulics 
of the stream. 

The discharge correction estimated from 
the traveltime of waves at the nearest 
USGS gaging station might not have been 
accurate. 

The 1-ft accuracy limit of the electronic 
sounding equipment might not have been 
sufficient, especially at low-water-control 
cross sections. 

Calculation of the bed elevation at cross 
sections from averaged depth that are 
one-third of the top width from each bank 
could misrepresent the geometry at low- 
water-control cross sections. This could 
affect model calculations of water-surface 
elevations at low-water-control cross 
sections. 

Sensitivity 
The sensitivity of the steady-flow model to 

Manning’s roughness coefficients and the 
effective hydraulic-depth breakpoints associated 
with Manning‘s roughness coefficients was 
evaluated. Manning’s roughness coefficients 
and hydraulic-depth breakpoints for the channel 
were increased and also decreased by 20 percent 
to compare predicted water-surface elevations at 
rating sites to those of the calibrated model 
(tables 47). 

As Manning‘s roughness coefficients 
increase, the predicted water-surface elevations 
increase, and as Manning’s roughness 
coefficients decrease, the predicted water-surface 
elevations decrease (tables 4 and 5). As effective 
hydraulic-depth breakpoints increase, the 
predicted water-surface elevations increase, and 
as effective hydraulic-depth breakpoints 
decrease, the predicted water-surface elevations 
decrease (tables 6 and 7). In both sensitivity 
tests, as the variable is increased, the conveyance 
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between predicted Waf er- 
at ratin sites and f hoseof the 

are increased by 20 
mo 5 el when Manning% 

[fp/s, cubic feet per second. All differences are in feet. 
Positive values indicate that the model predicts a hi 
water-surface elevation than the calibrated e l e v a t i o p  

Table 6.--Di erences 
surface e ff evations 
calibrated steady-flow 
depth breakpoints are 

[ft3/s, cubic feet per second. AU differences are in feet. 
Positive values indicate that the model predicts a hi her 
water-surface elevation than the calibrated elevatioa 

~ ~ ~~~ 

Difference between predicted and 
calibrated elevations for a given discharge 

~ ~~~ 

Difference between predicted and 
calibrated elevations for a given discharge 

Subreach and 
rating site 

Subreach and 
rating site 

~~~~~ 

Hinton to Meadow Creek 
Hinton + O M  +0.23 +028 +0.48 +0.77 
Sands tone +24 +.32 +.41 +.53 +1.06 

Meadow Creek to Sewell 
Prince +A5 +.23 +.46 +.79 +1.12 
Stone Cliff +26 +.40 +.56 +.88 +1.48 
Thurmond +.OS +.lo +.17 +.41 +.79 

Sewell to Fayette 
Caperton +31 +.38 +.52 +.75 +I20 
Faye t te +.18 +.30 +.44 +.63 +.83 

Hinton to Meadow Creek 
Hinton 0.00 +0.03 +O.W +0.04 0.00 
Sandstone +.M +.05 +.06 -00 .00 

Meadow Creek to Sewell 
Prince .00 +.01 +.Os +.09 +.W 
Stone Cliff +.M +.w +.lo +20 +.01 
Thurmond +.01 +.03 +.01 +.04 +.06 

Sewell to Fayette 
Caperton -00 +.04 +.09 +.25 +.70 
Fayette +.01 +.W +.32 +33 +.39 

From Wiley, 1992, table 4. From Wiley, 1992, table 6. 

Table 5 4 3 '  erences between predicted water- 

calibrated stead -@ow mo el when Manning's 
roughness coegients  are decreased by 20 
percent 

5 surface e ff evations at ratin sites and those of the 

[ft3/s, cubic feet per second. All differences are in feet. 
Negative values mdicate that the model predicts a lower 
water-surface elevation than the calibrated elevation] 

Table 7.-Di erences 
surface e ff evations 
calibrated steady-flow 
depth breakpoints are 

[ft3/s, cubic feet per second. AU differences are in feet. 
Negative values lndicate that the model predicts a hi 
water-surface elevation than the calibrated elevation? 

er 

Difference between predicted and 
calibrated elevations for a given discharge 

2 0 5 0 0  100002800080000 
f 8 S  B / s  f+/S f+/S d/s Subreach and 

rating site 

Hinton to Meadow Creek 
Hinton -020 -0.23 -031 -0.50 -0.76 
Sands tone -26 -.35 -.44 -.59 -.95 

Meadow Creek to Sewell 
Prince -21 -.17 -.42 -.54 -.55 
Stone Cliff -2a -.a -.59 -.m -1.47 
Thurmond -.06 -.09 -.13 -.19 -37 

Sewell to Fayette 
Caperton -38 -.43 -.56 -.77 -1.23 
Fayette -.I4 -.21 -34 -.54 -.72 

~~ 

Difference between predicted and 
calibrated elevations for a given discharge 

5 00 10000 28000 80OOO ;le 8 / s  f+/S d/s f+/S 
Subreach and 
rating site 

Hinton to Meadow Creek 
Hinton 0.00 -0.05 -0.09 0.00 0.00 
Sandstone -.a -.w -.a .OO .00 

Meadow Creek to Sewell 
Prince -.01 -.02 -.os -.06 -.04 
Stone Cliff -.M -.07 -.13 -.lo -.01 
Thurmond -.01 -.02 -.M -.04 -.M 

Sewell to Fayette 
Caperton -.04 -.05 -.13 -34 -.50 
Fa yette -.M -.09 -20 -.40 -.13 

From Wiley, 1992, table 5. 

10 
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of a cross section is reduced and a larger area is 
required for the same discharge; the increase of 
required area increases the predicted water- 
surface elevation. The model is more sensitive to 
adjustments of Manning’s roughness coefficients 
than to adjustments of hydraulic-depth 
breakpoints. The model was not subjected to a 
sensitivity test for the number of cross sections, 
because a highly selective decrease in cross 
sections would be required to maintain a balance 
of the energy equation. 

FLOOD CHARACTERISTICS 

to determine the 2-, 25-, and 100-year flood 
velocities and elevations. Flood velocities and 
elevations identify the main stem of the New 
River; they should not be extrapolated to identify 
flood characteristics of tributary streams. 

The calibrated steady-flow model was used 

Flood Hydrology 
Data from three flood-insurance studies and 

two USGS streamflow-gaging stations (at Hinton 
and Thurmond) were used to determine the 2-, 
25-, and 1 00-year flood discharges for this study. 
The lo-, 50-, and 100-year discharges published 
in the flood-insurance studies of Summers 
County (Federal Emergency Management 
Agency, 1980), Fayette County (Federal 
Emergency Management Agency, 1988), and city 
of Hinton (U.S. Department of Housing Urban 
Development, 1979) were compared with the 2-, 
10-, 50-, and 100-year flood discharges 
determined from records from the Hinton and 
Thurmond gaging stations. Recurrence-interval 
discharges were plotted against drainage area to 
determine trends for the 2-, 25-, and 100-year 
flood discharges (fig. 3). 

The peak discharges estimated from the 100- 
year trend line (fig. 3) are greater than the 100- 
year discharges for the Summers County flood- 
insurance study, the Thurmond streamflow- 
gaging station, and the Hinton streamflow- 
gaging station since construction of Bluestone 
Dam. The peak discharge estimated from the 
100-year trend line is greater than the 100-year 
discharge for the Summers County flood- 
insurance study, because a conservative 

estimate was desired and a straight-line relation 
provided the most conservative estimate. 
Furthermore, discharges selected from the trend 
line were held constant until a significant change 
in drainage area resulted in a sigruficant change 
in the 100-year discharge estimate (table 8). This 
discharge-selection procedure results in a stair- 
step relation between drainage area and 
discharge, whereby the trend line constructed in 
figure 3 is the upper limit of discharge. The 
peak discharge estimated from the 100-year 
trend line is greater than the 100-year discharge 
at the Thurmond streamflow-gaging station, 
because 6 years of records was inadequate to 
accurately estimate the 100-year discharge. The 
peak discharge estimated from the 100-year 
trend line are about 30 percent greater than the 
100-year discharge at the Hinton streamflow- 
gaging station, since construction of Bluestone 
Dam (36 years of record). These data indicate 
that the peak discharges estimated from the 100- 
year trend line are greater than they should be, 
but all other flood-insurance data and 
streamflow-gaging-station data contest that 
conclusion. 

The peak discharges estimated from the 
25-year trend line (fig. 3) fall between the 10- and 
50-year discharges for all flood-insurance 
studies, but are less than the 10-year discharge 
for the Thurmond streamflow-gagirig station 
and greater than the 50-year discharge for the 
Hinton streamflow-gaging station since 
construction of Bluestone Dam. The peak 
discharge estimated from the 25-year trend line is 
less than the 10-year discharge at the Thurmond 
streamflow-gaging station, because 6 years of 
records are not enough records to accurately 
estimate the 10- and 50-year discharges. The 
peak discharge estimated from the 25-year trend 
line is greater than the 50-year discharge for the 
Hinton streamflow-gaging station since 
construction of Blues tone Dam, because 
construction of the trend line through a point 
between the 10- and 50-year discharge at the 
Hinton streamflow-gaging station would result 
in an unreasonable relation with other data. 

The peak discharges estimated from the 2- 
year trend line (fig. 3) are less than the 10-year 
discharges for all the flood-insurance studies, 
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Figure 3.-Peak discharges from indicated sources as a function of drainage areas, and relations used 
to estimated the 2-, 25-, and 100-year peak discharges for the study reach. 

12 



Table 8.--Peak discharges at selected locations on the New River 

Peak discharge, in cubic feet per second 
Drainage area, in 

Location square miles 2-year 25-year 100-year 

Downstream study limit (Fayette) 
Upstream from confluence of Keeney Creek 
Upstream from confluence of Manns Creek 
Upstream from confluence of Dunloup Creek 
Upstream from confluence of Piney Creek 
Upstream from confluence of Laurel Creek 

Upstream from confluence of Glade Creek 
Upstream from confluence of Meadow Creek 
Upstream from confluence of Lick Creek 
Upstream.from confluence of Madam Creek 
Upstream study limit 

(at Qumnimont) 

(Hinton streamflow-gaging station) 

6,8?2 
6,837 
6,763 
6,687 
6,520 

6,489 
6,416 
6,375 

6323 
6,257 

6,256 

62,000 
61,000 

a 0 0 0  
59,000 
57,000 

56,000 
55,500 
55,000 
54,500 

54,000 

54,000 

94,000 
92,000 
91,000 
89,000 
86,000 

85,000 
84,000 
83,000 
82,000 
81,000 

81,000 

150,000 
145,000 
141,000 
136,000 
124,000 

122,000 
117,000 
114,000 
11 1,000 
107,000 

107,000 

less than the 2-year discharge for the Thurmond 
streamflow-gaging station, and equal to the 2- 
year discharge for the Hinton streamflow-gaging 
station. The 10-year flood discharges for al l  the 
flood-insurance studies and the Hinton 
streamflow-gaging station since construction of 
Bluestone Dam appear to establish a reasonable 
trend (this line was not constructed on fig. 3). 
For this reason, the 2-year estimate was drawn 
through the 2-year discharge at the Hinton 
streamflow-gaging station (since construction of 
the dam) and parallel to a l l  10-year discharge 
data, except at the Thurmond streamflow-gaging 
station. At the Thurmond streamflow-gaging 
station, accurate 2- and 10-year estimates could 
not be made with only 6 years of record. 

The recurrence-interval discharges at the 
Hinton streamflow-gaging station before 
construction of Bluestone Dam (13 years of 
record), as compared to discharges since 
construction of the dam (36 years of record), 
show the effects of the dam. Discharges for all 
recurrence intervals were greater than those that 
were determined after construction of the dam. 
The recurrence-interval discharges before 
construction of Bluestone Dam were greater than 
those of the flood-insurance studies. The 100- 
year discharge exceeded 250,000 f$/s at Hinton 
(before construction of the dam), and the 100- 

year discharge for the Hinton flood-insurance 
study was 107,000 @/s. 

The 2-, E-, and 100-year flood discharges 
for the study reach are summarized in table 8. 
The 100-year discharge at Fayette (downstream 
study limit in table 8) is 150,000 ft%, and the 
discharge at Hinton (upstream study limit in 
table 8) is 107,000 f$/s. 

Flood Hydraulics 
The 2-, 25-, and 100-year discharges were 

input into the steady-flow model for estimating 
flood velocities and flood elevations. Starting 
elevations were determined with the slope- 
conveyance method (Shearman, 1990). Bridges 
in the study reach were not modeled as a 
hydraulic structure because there was no 
sigruficant contraction of the stream channel, and 
flood elevations did not reach the substructure of 
the bridge decks. Floods were not routed 
around islands, because (1) the islands are small 
compared to the river width, (2) flow lengths 
around both sides of the island are 
approximately equal, or (3) the size of the 
secondary channel was negligible compared to 
the size of the primary channel. 
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Flood Velocities 
Typically, velocities near the riverbanks are 

lower than those in the center of the stream, and 
velocities near the streambed are lower than 
those at the water surface. Discharge 
measurements at the Hinton streamflow-gaging 
station, Highway 25 bridge at Stone Cliff, and 
Highway 82 bridge at Fayette were used to 
develop tables 9,10, and 11. The Hinton 
measurement (table 9) was made on September 
18,1945, when discharge was 78,900 fP/s and 
average velocity was 7.8 ft/s. The Stone Cliff 
measurement (table 10) was made on January 5, 
1982, when discharge was 50,800 fP/s and 
average velocity was 6.5 ft/s. The Fayette 
measurement (table 11) was made on March 28, 
1913, when discharge was 147,000 fP/s and 
average velocity was 11.9 ft/s. These tables 
contain representative velocities at the indicated 
locations and discharges, and only a partial list of 
the velocities used to determine the average 
velocities is included. The representative 
velocities are presented to illustrate that average 
velocities of the cross sections are higher than 
velocities at the riverbanks and lower than 
velocities at the center of the channel. 

from the water surface equal to 0.2 times the 
total depth) and 0.8 X depth (distance measured 
from the water surface equal to 0.8 times the total 
depth) locations. The horizontal velocity 
distribution is fairly uniform, once the effects 
caused by the riverbanks become negligible. 
Velocities at the riverbanks are probably not 
much greater than bank velocities at cross 
sections adjacent to the critical cross section. 

At cross sections in river bends, the flood 
velocities on the inside of the bend are greater 
than flood velocities on the outside of the bend. 
This phenomenon is due to a centrifugal force 
acting on the flow as it travels around the bend. 
The maximum velocity tends to move from the 
center of the stream toward the inside of the bend 
as the bend becomes sharper. Local variations 
in stream geometry and roughness can dominate 
velocity distributions in river bends that negate 
this general trend (Chow, 1959). 

Table 9-HorizonfaE and vertical veloci 
disfribufions om measuremenf at 
September 2 t ,1945 
[Discharge i s  78,900 cubic feet per second, and average 

velocity i s  7.8 feet per second] 

Average river velocities at cross sections for 
the 2-, 25-, and 100-year floods are shown in table 
12 at the end of this report. At cross sections 
where the river geometry contracts and the 
channel slope increases, streamflow calculated 
by the model is at or near critical flow. It i s  
probable that there would be standing waves in 
the center of the channel (where flows alternate 
between supercritical and subcritical) and less 
turbulent flows near the riverbanks. Because of 
rapid changes in channel geometry at these 
critical-flow locations, contraction head-loss 
calculations by the model could have slightly 
overestimated the average velocities presented 
in table 12 0.0. Shearman, U.S. Geological 
Survey, oral commun., 1990). 

At cross sections where streamflow is at or 
near critical flow, the vertical velocity 
distribution probably does not indicate much 
variation at the 0.2 X depth (distance measured 

Distance Velocity Velocity Mean 
from at 0.2 X at 0.8X velocity 
right River depth, depth, of vertiaal 
bank,' depth, infeet in feet section, in 
in feet in feet per second per second feet per second 

80 
200 
300 
420 
500 
620 
700 
800 
840 
860 

0 
12.0 
12.0 
10.0 
14.6 
15.7 
18.8 
14.4 
9.0 
0 

0 
6.7 
7.8 
8.9 
9.1 
8.3 

11.9 
10.7 
4.1 
0 

0 
5 2  
7.0 
6.7 
7.0 
7 2  

(4> 

(4> 
3 2  
0 

0 
6.0 
7.4 
7.8 
8.1 
7.7 
10.6 
9.1 
3.7 
0 

"Right bank" is bank reference when facing downstream. * Distance measured from the water surface toward the streambed 
equal to 0.2 times the depth of the stream at the specified location 
from the right bank. 

equal to 0.8 times the depth of the stream at the specified location 
from the right bank. 

Distance measured from the water surface toward the streambed 

Value not measured. 
Value is  estimated. 

14 



Table lO.--Horizontal and vertical velocity 
distributions from measurement at Stone Cli' 
on January 5,1982 
[Discharge is  50,800 cubic feet per second, and average 

velocity is 6.5 feet per second] 

Distance Velocity Velocity Mean 
from at 0.2 X at 0.8 X velocity 
right River depth, depth, of verticial 
bank,l depth, infeet in feet section, in 
in feet in feet per second per second feet per second 

55 
110 
160 
200 
260 
310 
400 
450 
500 
515 

0 
8.8 

15.0 
17.8 
19.5 
18.4 
25.1 
26.5 
10.6 
0 

0 
3.8 
5.8 
6.8 
8 2  
9.1 
8.4 
8 2  
3.6 
0 

0 
3.3 
4.6 
5.8 
6.5 
6.0 
5.6 
6.5 
3.4 
0 

0 
3.5 
5 2  
6.3 
7.4 
7.5 
7.0 
7.4 
3.5 
0 

"Right bank" is bank reference when facing downstream. * Distance measured from the water surface toward the streambed 
equal to 0 2  times the depth of the stream at the specified location 
from the right bank. 

equal to 0.8 times the depth of the stream at the specified location 
from the right bank. 

Distance measured from the water surface toward the streambed 

Table ll.-Horizontal and vertical velocity 
distributions om measurement at Fayette on 
March28J P 13 
(Discharge is 147,000 cubic feet per second, and average 
velocity i s  11.9 feet per second) 

Distance Mean velocity 
from Velocity at of vertical 
right River surface, section, in 
bank, depth, in feet feet per 
in feet in feet per second second 

40 
80 

120 
160 
200 
240 
280 
320 
36Q 
400 
428 

0 
18.4 
292 
34.9 
45.0 
49.0 
49.5 
44.8 
28 -4 
163 
0 

0 
102 
16.5 
16.7 
18.0 
18.0 
14.0 
10.9 
6.8 
9.0 
0 

0 
8.7 

14.0 
14.2 
15.3 
15.3 
12.2 
9.3 
5.8 
7.6 
0 

"Right bank i s  bank reference when facing downstream. 

Flood Elevations and Profiles 

Elevations and average stream velocities at 
cross sections for the 2-, 25-, and 100-year floods 
are shown in table 12. At locations where 
average stream velocities are at or near critical 
flow, corresponding critical water-surface 
elevations are presented (table 12). 

At cross sections in river bends, the actual 
flood elevations on the inside of the bend are 
lower than the flood elevation presented, and the 
actual flood elevation on the outside of the bend 
is higher than the flood elevation presented. This 
superelevation phenomenon is due to a 
centrifugal force acting on the flow that is not 
accounted for by the WSPRO model. As the 
bend becomes sharper, the difference in water- 
surface elevations between the inside and 
outside of the bend becomes greater (Chow, 
1959). 

Profile plots of the tabulated flood 
elevations (table 12) are presented in figure 4 
located at the end of this report. Streambed 
elevations are shown in figure 4 when they fall 
within the range of elevation required for 
presenting water-surface elevations. It was 
impractical to choose a range of elevation that 
would include the bed elevation for every cross 
section, because the required range in elevation 
would make accurate readings of flood 
elevations from the graph impossible. 

SUMMARY 
The U.S. Geological Survey, in cooperation 

with the National Park Service, studied the 
frequency and magnitude of flooding of the New 
River in the New River Gorge National River. 
The study reach can be described as three 
subreaches of similar channel characteristics- 
Hinton to Meadow Creek, Meadow Creek to 
Sewell, and Sewell to Fayette. The study reach 
narrows, steepens, and deepens in the 
downstream direction. 

The 2-, 25-, and 100-year flood discharges 
were estimated on the basis of information from 
flood-insurance studies of Summers County, 
Fayette County, and the city of Hinton, and 
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flood-frequency analysis of discharge records for 
the USGS streamflow-gaging stations at Hinton 
and Thurmond. The 100-year discharge ranged 
from 107,000 @/s at Hinton to 150,000 f?/s at 
Fayette. 

Flood velocities (average for a river cross 
section) and flood elevations were estimated 
using the calibrated steady-flow model. Because 
of the rapid change in channel geometry at cross 
sections where critical flows occur, contraction 
head-loss calculations by the model could have 
slightly overestimated the average velocities. 
Tables of 2-, 25-, and 1 00-year flood velocities and 
flood elevations were prepared from model 
output. Profile plots of the flood elevations also 
were prepared. 
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Table 12.--Flood velocities andflood elevations 
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Figure 4.--Flood and streambed profiles for the New River.-Continued 
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