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

§ These include: 

§ Describing atmospheric conditions. 

§ Analyzing select peak-flow magnitudes and statistical probabilities. 

§ Identifying, surveying, and analyzing high-water mark locations and 
elevations to produce flood-inundation maps in six heavily flooded areas.
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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. 
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• On June 23, 2016, several rounds of convective rainfall 
brought torrential rain to much of West Virginia and 
southwestern Virginia.  

• Antecedent conditions in late spring were wet with 
May rainfall about 125–150 percent of normal across 
much of the area.  

• Rainfall totals in excess of 7.0 in. were recorded in 
Maxwelton (9.37 in.), Rainelle, (7.53 in.), and White 
Sulphur Springs, (9.17 in 
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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 and B, on the Gauley River near Craigsville, West Virginia.

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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Example 1 page 1: Flood-inundation maps: Greenbrier 
River Basin: Greenbrier River at Alderson.
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• The 2.6-mi reach of 
the Greenbrier River 
mapped for this 
study flows through 
the community of 
Alderson in 
Greenbrier County. 
50 HWMs were 
documented along 
this reach, and 32 
were surveyed and 
used to develop the 
inundation map.  

• 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 stream flow-
gaging station at 
Alderson, West 
Virginia (03183500).

Gage
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River Basin: Greenbrier River at Alderson.
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Example 1 page 3: Flood-inundation maps: Greenbrier 
River Basin: Greenbrier River at Alderson.
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• The 2.6-mi reach of 
the Greenbrier River 
mapped for this 
study flows through 
the community of 
Alderson in 
Greenbrier County. 
50 HWMs were 
documented along 
this reach, and 32 
were surveyed and 
used to develop the 
inundation map.  

• 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 stream flow-
gaging station at 
Alderson, West 
Virginia (03183500).

Gage

So, we  now  
know that: 

For the June 2016 flooding shown on the map (above):  Gage Height: 22.00 ft.  Peak Flow:  80,700 ft3/s  Peak POR Rank: 3  Equiv. RI: 86-years. 

For 2016 the 0.01 AEP (100-year RI) flow for this gage: 81,990 ft3/s using the EMA method, 81,900  ft3/s using the 17B method. 

The percent change since 1990 in the 0.01 AEP (100-year RI) flow for this gage is: 4% using EMA method, 4% using the 17B method. {



Example 1 page 4: Flood-inundation maps: Greenbrier 
River Basin: Greenbrier River at Alderson.
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If you want more…

Graphs in  Appendix 1 compare POR annual exceedance probabilities (AEP) at selected sites in 
West Virginia Through 1990, 2015, and 2016 using the EMA method.
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Annual Exceedance Probability (AEP)

A 100-year streamflow (AEP 0.010) of 

79,130 ft3/s in 1990 (blue curve), is 

equivalent to an 100-year streamflow 

(AEP 0.010) in 2015 (green curve), and to 

a 77-year streamflow (AEP 0.013) in 

2016 (red curve). 

03183500 Greenbrier River at Alderson, West Virginia
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Figure 1-2. Annual exceedance probabilities in relation to streamflow for U.S. Geological Survey 
streamflow-gaging station 03183500 ,Greenbrier River at Alderson, West Virginia, for the period of 
record through 1990, 2015, and 2016.

1990: 100-year  
streamflow

2016: 77-year  
streamflow



Example 1 page 5: Flood-inundation maps: Greenbrier 
River Basin: Greenbrier River at Alderson.
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And if you want even more…

Graphs in Appendix 2 show the data and curves describing annual exceedance probabilities (AEP) 
for 2015 and 2016 determined using the EMA method…

But wait,  
there’s more 



Example 1 page 6: Flood-inundation maps: Greenbrier 
River Basin: Greenbrier River at Alderson.
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And…

Graphs in Appendix 2 show the data and curves describing annual exceedance probabilities (AEP) 
for 2015 and 2016 determined using the 17B method.

Hang on, 
there’s even more! 



Example 1 page 7: Flood-inundation maps: Greenbrier 
River Basin: Greenbrier River at Alderson.
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And…

Graphs in Appendix 2 show the data and curves describing annual exceedance probabilities (AEP) 
for 1990 determined using the EMA method and the 17B method.

That’s it ! 

(Psst… 
We won’t even mention 
Appendix 3 !)
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• A 2.7-mi reach of the Gauley River 
mapped for this study flows 
through the community of 
Camden-on-Gauley in Webster 
County.  

• Precipitation ranged from about 
4.4 to 5.6 in. within the Gauley 
River Basin over the duration of 
the event. 

Example 2 page 1: Flood-inundation maps: Gauley 
River in Camden-on-Gauley.
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Table 3. Site description, exceedance probabilities, equivalent recurrence intervals, and summary statistics for 18 streamflow-gaging stations associated with June 2016 
flooding in West Virginia and southwestern Virginia.

[USGS, U.S. Geological Survey; NWIS, National Water Information System; yyyy-mm-dd, year-month-day; mi2, square miles; ft, feet; ft3/s, cubic feet per second; POR, period of record; EMA, Expected 
Moments Algorithm (Cohn and others, 2001); 17B, Bulletin 17B (Interagency Advisory Committee on Water Data, 1982); NA, not available; --, not determined; R, flow is regulated; This is a summary, see 
appendix 3, table 3-1 for additional detail]

USGS 
station 

number1
USGS station name

NWIS 
drainage 

area  
(mi2)

Gage 
latitude 
(decimal 
degrees)

Gage 
longitude 
(decimals 
degrees)

June 2016 
peak date 

(yyyy-mm-dd)

USGS 
gage 

height  
(ft)

USGS 
peak 
flow  
(ft3/s)

Peak 
POR 
rank

Annual exceedance probability 
estimating method

Annual 
exceedance 
probability

Equivalent 
recurrence 

interval

Upper 
95-percent 
confidence 

limit  
(equivalent 
recurrence 

interval) 

Lower 
95-percent 
confidence 

limit  
(equivalent 
recurrence 

interval) 

02013000
Dunlap Creek near 

Covington, 
Virginia

162.00 37.803 -80.047 2016-06-23 16.66 23,600 2

EMA Hirsch-Stedinger Plotting Position 0.022 45 -- --
17B Hirsch-Stedinger Plotting Position 0.023 44 -- --
EMA Fitted Annual Frequency Curve 0.011 94 16 362
17B Fitted Annual Frequency Curve 0.010 95 16 362

02013100

Jackson River Bl 
Dunlap Creek 
at Covington, 
Virginia

612.00 37.789 -80.001 2016-06-23 22.41 27,100R 4

EMA Hirsch-Stedinger Plotting Position NA2 NA2 NA2 NA2

17B Hirsch-Stedinger Plotting Position NA2 NA2 NA2 NA2

EMA Fitted Annual Frequency Curve NA2 NA2 NA2 NA2

17B Fitted Annual Frequency Curve NA2 NA2 NA2 NA2

03183500
Greenbrier River at 

Alderson, West 
Virginia

1,364.00 37.724 -80.642 2016-06-24 22.00 80,700 3

EMA Hirsch-Stedinger Plotting Position 0.025 41 -- --
17B Hirsch-Stedinger Plotting Position 0.025 41 -- --
EMA Fitted Annual Frequency Curve 0.012 86 17 194
17B Fitted Annual Frequency Curve 0.011 87 17 194

03184000
Greenbrier River at 

Hilldale, West 
Virginia

1,619.00 37.64 -80.805 2016-06-24 25.45 82,500 3

EMA Hirsch-Stedinger Plotting Position 0.037 27 -- --
17B Hirsch-Stedinger Plotting Position 0.037 27 -- --
EMA Fitted Annual Frequency Curve 0.016 64 12 130
17B Fitted Annual Frequency Curve 0.016 64 12 130

03185400
New River at 

Thurmond, West 
Virginia

6,687.00 37.955 -81.077 2016-06-24 19.55 90,500R 5

EMA Hirsch-Stedinger Plotting Position NA2 NA2 NA2 NA2

17B Hirsch-Stedinger Plotting Position NA2 NA2 NA2 NA2

EMA Fitted Annual Frequency Curve NA2 NA2 NA2 NA2

17B Fitted Annual Frequency Curve NA2 NA2 NA2 NA2

03186500
Williams River 

at Dyer, West 
Virginia

128.00 38.379 -80.484 2016-06-23 22.75 32,300 1

EMA Hirsch-Stedinger Plotting Position 0.011 88 -- --
17B Hirsch-Stedinger Plotting Position 0.011 88 -- --
EMA Fitted Annual Frequency Curve 0.005 202 24 3,437
17B Fitted Annual Frequency Curve 0.005 202 24 3,437

03187000

Gauley River at 
Camden-on-
Gauley, West 
Virginia

236.00 38.366 -80.601 2016-06-23 29.75 37,600 2

EMA Hirsch-Stedinger Plotting Position 0.018 57 -- --
17B Hirsch-Stedinger Plotting Position 0.025 40 -- --
EMA Fitted Annual Frequency Curve 0.013 75 15 325
17B Fitted Annual Frequency Curve 0.012 86 14 320
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Table 4. Summary of results from six analyses estimating peakflow annual exceedance probabilities at 18 streamflow-gaging stations associated with June 2016 flooding in 
West Virginia and southwestern Virginia.—Continued

[USGS, U.S. Geological Survey; ft3/s, cubic feet per second; yrs, years; EMA, Expected Moments Algorithm method; 17B, Bulletin 17B method; --, not determined; This is a summary, see appendix 3, table 3-2 
for additional detail]

USGS 
station 
number

USGS station name Analysis method

Return period (yrs)
2 2.5 5 10 20 25 40 50 100 200 500

Exceedance probability
0.500 0.400 0.200 0.100 0.050 0.040 0.025 0.020 0.010 0.005 0.002

 Peak Flow Exceedance Value (ft3/s)
03187000 Gauley River at Camden-on-Gauley, West Virginia EMA through 2016 11,420 12,880 17,280 21,810 26,670 28,320 31,950 33,760 39,730 46,300 56,030
03187000 Gauley River at Camden-on-Gauley, West Virginia 17B through 2016 11,300 12,720 16,990 21,380 26,060 27,650 31,150 32,880 38,610 44,900 54,200
03187000 Gauley River at Camden-on-Gauley, West Virginia EMA through 2015 11,310 12,700 16,850 21,030 25,440 26,920 30,160 31,760 37,000 42,690 50,980
03187000 Gauley River at Camden-on-Gauley, West Virginia 17B through 2015 11,200 12,550 16,540 20,540 24,720 26,130 29,180 30,690 35,600 40,900 48,600
03187000 Gauley River at Camden-on-Gauley, West Virginia EMA through 1990 11,180 12,560 16,700 20,900 25,360 26,870 30,160 31,790 37,150 43,000 51,580
03187000 Gauley River at Camden-on-Gauley, West Virginia 17B through 1990 11,050 12,390 16,350 20,330 24,530 25,940 29,020 30,540 35,520 40,920 48,780
03187500 Cranberry River near Richwood, West Virginia EMA through 2016 4,989 5,570 7,265 8,945 10,690 11,270 12,530 13,140 15,150 17,290 20,380
03187500 Cranberry River near Richwood, West Virginia 17B through 2016 4,938 5,505 7,157 8,792 10,490 11,050 12,270 12,870 14,820 16,910 19,910
03187500 Cranberry River near Richwood, West Virginia EMA through 2015 4,939 5,512 7,193 8,870 10,620 11,200 12,480 13,100 15,140 17,340 20,520
03187500 Cranberry River near Richwood, West Virginia 17B through 2015 4,872 5,420 7,012 8,584 10,210 10,750 11,920 12,500 14,360 16,350 19,210
03187500 Cranberry River near Richwood, West Virginia EMA through 1990 4,601 5,158 6,846 8,598 10,490 11,140 12,570 13,280 15,650 18,280 22,220
03187500 Cranberry River near Richwood, West Virginia 17B through 1990 4,481 4,990 6,509 8,059 9,708 10,270 11,490 12,100 14,110 16,300 19,550
03188900 Laurel Creek near Fenwick, West Virginia EMA through 2016 -- -- -- -- -- -- -- -- -- -- --
03188900 Laurel Creek near Fenwick, West Virginia 17B through 2016 -- -- -- -- -- -- -- -- -- -- --
03188900 Laurel Creek near Fenwick, West Virginia EMA through 2015 -- -- -- -- -- -- -- -- -- -- --
03188900 Laurel Creek near Fenwick, West Virginia 17B through 2015 -- -- -- -- -- -- -- -- -- -- --
03188900 Laurel Creek near Fenwick, West Virginia EMA through 1990 -- -- -- -- -- -- -- -- -- -- --
03188900 Laurel Creek near Fenwick, West Virginia 17B through 1990 -- -- -- -- -- -- -- -- -- -- --
03189100 Gauley River near Craigsville, West Virginia EMA through 2016 26,180 29,270 38,190 46,920 55,840 58,790 65,160 68,260 78,260 88,870 103,900
03189100 Gauley River near Craigsville, West Virginia 17B through 2016 26,070 29,200 38,350 47,440 56,880 60,030 66,860 70,210 81,090 92,770 109,600
03189100 Gauley River near Craigsville, West Virginia EMA through 2015 25,990 28,920 37,230 45,120 53,000 55,560 61,040 63,680 72,080 80,820 92,960
03189100 Gauley River near Craigsville, West Virginia 17B through 2015 25,750 28,640 36,850 44,670 52,510 55,060 60,520 63,160 71,560 80,310 92,520
03189100 Gauley River near Craigsville, West Virginia EMA through 1990 25,160 28,190 36,850 45,140 53,470 56,190 62,000 64,810 73,770 83,110 96,120
03189100 Gauley River near Craigsville, West Virginia 17B through 1990 24,840 27,830 36,300 44,390 52,470 55,110 60,730 63,450 72,070 81,040 93,490
03190000 Meadow River at Nallen, West Virginia EMA through 2016 5,876 6,535 8,626 10,930 13,560 14,490 16,590 17,660 21,350 25,630 32,380
03190000 Meadow River at Nallen, West Virginia 17B through 2016 5,876 6,535 8,626 10,930 13,560 14,490 16,590 17,660 21,350 25,630 32,380
03190000 Meadow River at Nallen, West Virginia EMA through 2015 6,000 6,538 7,999 9,321 10,590 11,000 11,850 12,250 13,510 14,780 16,500
03190000 Meadow River at Nallen, West Virginia 17B through 2015 6,000 6,538 7,999 9,321 10,590 11,000 11,850 12,250 13,510 14,780 16,500
03190000 Meadow River at Nallen, West Virginia EMA through 1990 5,977 6,523 8,014 9,374 10,690 11,110 12,000 12,420 13,740 15,080 16,900
03190000 Meadow River at Nallen, West Virginia 17B through 1990 5,981 6,527 8,016 9,371 10,680 11,100 11,980 12,390 13,700 15,030 16,830
03190100 Anglins Creek near Nallen, West Virginia EMA through 2016 1,711 2,084 3,410 5,090 7,238 8,050 9,982 11,020 14,780 19,540 27,770
03190100 Anglins Creek near Nallen, West Virginia 17B through 2016 1,718 2,092 3,417 5,083 7,201 7,998 9,888 10,900 14,550 19,150 27,030
03190100 Anglins Creek near Nallen, West Virginia EMA through 2015 1,583 1,874 2,839 3,956 5,275 5,750 6,841 7,405 9,369 11,690 15,430
03190100 Anglins Creek near Nallen, West Virginia 17B through 2015 1,583 1,874 2,839 3,956 5,275 5,750 6,841 7,405 9,369 11,690 15,430
03190100 Anglins Creek near Nallen, West Virginia EMA through 1990 -- -- -- -- -- -- -- -- -- -- --
03190100 Anglins Creek near Nallen, West Virginia 17B through 1990 -- -- -- -- -- -- -- -- -- -- --
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Table 5. Summary of percent changes since 1990 in estimated peak-flow annual exceedance probabilities from six analyses using two methods for 18 streamflow-gaging 
stations associated with June 2016 flooding in West Virginia and southwestern Virginia for the period of record through 1990, 2015, and 2016.—Continued

[USGS, U.S. Geological Survey; yrs, years; EMA, Expected Moments Algorithm method; 17B, Bulletin 17B method; --, not determined; This is a summary, see appendix 3, table 3-3 for additional detail]

USGS 
station 
number

USGS station name Analysis 
method

Return period (yrs)
2 2.5 5 10 20 25 40 50 100 200 500

Exceedance probability
0.500 0.400 0.200 0.100 0.050 0.040 0.025 0.020 0.010 0.005 0.002

Change in peak flow exceedance values since 1990 (percent)
03186500 Williams River at Dyer, West Virginia EMA through 2016 8 8 10 11 12 12 13 14 15 16 17
03186500 Williams River at Dyer, West Virginia 17B through 2016 8 8 10 11 12 12 13 13 15 16 17
03186500 Williams River at Dyer, West Virginia EMA through 2015 7 7 6 6 5 4 3 3 2 1 -1
03186500 Williams River at Dyer, West Virginia 17B through 2015 7 7 6 6 5 4 3 3 2 1 -1
03186500 Williams River at Dyer, West Virginia EMA through 1990 0 0 0 0 0 0 0 0 0 0 0
03186500 Williams River at Dyer, West Virginia 17B through 1990 0 0 0 0 0 0 0 0 0 0 0
03187000 Gauley River at Camden-on-Gauley, West Virginia EMA through 2016 2 3 3 4 5 5 6 6 7 8 9
03187000 Gauley River at Camden-on-Gauley, West Virginia 17B through 2016 2 3 4 5 6 7 7 8 9 10 11
03187000 Gauley River at Camden-on-Gauley, West Virginia EMA through 2015 1 1 1 1 0 0 0 -0 -0 -1 -1
03187000 Gauley River at Camden-on-Gauley, West Virginia 17B through 2015 1 1 1 1 1 1 1 0 0 -0 -0
03187000 Gauley River at Camden-on-Gauley, West Virginia EMA through 1990 0 0 0 0 0 0 0 0 0 0 0
03187000 Gauley River at Camden-on-Gauley, West Virginia 17B through 1990 0 0 0 0 0 0 0 0 0 0 0
03187500 Cranberry River near Richwood, West Virginia EMA through 2016 8 8 6 4 2 1 -0 -1 -3 -5 -8
03187500 Cranberry River near Richwood, West Virginia 17B through 2016 10 10 10 9 8 8 7 6 5 4 2
03187500 Cranberry River near Richwood, West Virginia EMA through 2015 7 7 5 3 1 1 -1 -1 -3 -5 -8
03187500 Cranberry River near Richwood, West Virginia 17B through 2015 9 9 8 7 5 5 4 3 2 0 -2
03187500 Cranberry River near Richwood, West Virginia EMA through 1990 0 0 0 0 0 0 0 0 0 0 0
03187500 Cranberry River near Richwood, West Virginia 17B through 1990 0 0 0 0 0 0 0 0 0 0 0
03188900 Laurel Creek near Fenwick, West Virginia EMA through 2016 -- -- -- -- -- -- -- -- -- -- --
03188900 Laurel Creek near Fenwick, West Virginia 17B through 2016 -- -- -- -- -- -- -- -- -- -- --
03188900 Laurel Creek near Fenwick, West Virginia EMA through 2015 -- -- -- -- -- -- -- -- -- -- --
03188900 Laurel Creek near Fenwick, West Virginia 17B through 2015 -- -- -- -- -- -- -- -- -- -- --
03188900 Laurel Creek near Fenwick, West Virginia EMA through 1990 -- -- -- -- -- -- -- -- -- -- --
03188900 Laurel Creek near Fenwick, West Virginia 17B through 1990 -- -- -- -- -- -- -- -- -- -- --
03189100 Gauley River near Craigsville, West Virginia EMA through 2016 4 4 4 4 4 5 5 5 6 7 8
03189100 Gauley River near Craigsville, West Virginia 17B through 2016 5 5 6 7 8 9 10 11 13 14 17
03189100 Gauley River near Craigsville, West Virginia EMA through 2015 3 3 1 -0 -1 -1 -2 -2 -2 -3 -3
03189100 Gauley River near Craigsville, West Virginia 17B through 2015 4 3 2 1 0 -0 -0 -0 -1 -1 -1
03189100 Gauley River near Craigsville, West Virginia EMA through 1990 0 0 0 0 0 0 0 0 0 0 0
03189100 Gauley River near Craigsville, West Virginia 17B through 1990 0 0 0 0 0 0 0 0 0 0 0
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Example 2 page 3: Flood-inundation maps: Gauley 
River in Camden-on-Gauley.
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So, we  now  
know that: 

For the June 2016 flooding shown on the map (above):  Gage Height: 29.75ft.  Peak Flow:  37,600 ft3/s  Peak POR Rank: 2  Equiv. RI: 75-years. 

For 2016 the 0.01 AEP (100-year RI) flow for this gage: 39,730 ft3/s using the EMA method, 38,610 ft3/s using the 17B method. 

The percent change since 1990 in the 0.01 AEP (100-year RI) flow for this gage is:7% using EMA method, 9% using the 17B method. {

• A 2.7-mi reach of the Gauley River 
mapped for this study flows 
through the community of 
Camden-on-Gauley in Webster 
County.  

• Precipitation ranged from about 
4.4 to 5.6 in. within the Gauley 
River Basin over the duration of 
the event. 

Gage



Two Summary Tables
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Summary Table 1: Gage height versus BFE.
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USGS station 

number1 USGS station name
June 2016 
peak date 

(yyyy-mm-dd)

USGS 
gage 

height (ft)

USGS 
peak flow 
June 2016 

(ft3/s)

Annual exceedance 
probability estimating 

method

USGS June 2016 
equivalent 
recurrence 

interval

USGS June 
2016 0.01 AEP 
flow estimate

FIS 0.01 AEP 
(100-year) flow 

estimate

USGS AEP 
equivalent for 
FIS 0.01 AEP 

flow estimate

USGS recurrence 
interval equivalent 

for FIS 100-year 
flow estimate

EMA Fitted Annual Frequency Curve 94 23,910 19,100 0.023 44
17B Fitted Annual Frequency Curve 95 23,820 19,100 0.023 44

EMA Fitted Annual Frequency Curve Not available2 Not available2 31,000 Flow regulated Flow regulated

17B Fitted Annual Frequency Curve Not available2 Not available2 31,000 Flow regulated Flow regulated

EMA Fitted Annual Frequency Curve 86 81,990 79,500 0.013 77
17B Fitted Annual Frequency Curve 87 81,900 79,500 0.013 77

EMA Fitted Annual Frequency Curve 75 39,730 32,000 0.025 40
17B Fitted Annual Frequency Curve 86 38,610 32,000 0.023 44

EMA Fitted Annual Frequency Curve 72 36,690 34,900 0.013 75
17B Fitted Annual Frequency Curve 69 37,030 34,900 0.014 72

EMA Fitted Annual Frequency Curve Not available2 Not available2 54,000 Flow regulated Flow regulated

17B Fitted Annual Frequency Curve Not available2 Not available2 54,000 Flow regulated Flow regulated

EMA Fitted Annual Frequency Curve Not available2 Not available2 64,500 Flow regulated Flow regulated

17B Fitted Annual Frequency Curve Not available2 Not available2 64,500 Flow regulated Flow regulated
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Summary Table 2: Comparison of FIS 0.01 AEP streamflow 
estimates and USGS 2016 equivalent estimates.
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Questions?

saustin@usgs.gov
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