GEOL 377 – Earth Surface Processes
The Flood Hydrograph of the 1995 Rapidan Flood:  

How Big is Big?

Introduction


The Rapidan River uplands received up to 775 mm (30.5 in) of rain in 16 hours on June 27, 1995.  The deluge triggered over 1000 discrete landslides over an area of 78 km2 .  The heavy rains mobilized debris flows, ranging from clay to 250 ton boulders, from steep first and second order mountain hollows downslope to partially mantle historically stable debris fans.  Many of the debris fans and channels were deeply incised following the debris flows, exposing the stratigraphy of earlier debris flow, fluvial, and mass movement events.


The storm arrived as two pulses; one arriving shortly after 2:00 a.m., the other during the late morning and early afternoon hours.  The volume of water transported through the basin was simply astronomical.  The U.S. 29 bridge at the Rapidan River was submerged by at least 5-7 feet of water; normally the stream is 20 feet below the deck of the bridge.


The Rapidan flood of 1995 was huge in both the volume of water transported and the amount of geomorphic work that occurred.  The question that this lab poses is: how big of a flood was the 1995 event relative to other floods?  We are going to “play” with some data, some of which you will access from the web, and hopefully you will gain an appreciation of this geomorphic event as well as learn something about hydrographs.

Procedures
Constructing the Rating Curve:


The rating curve relates discharge versus gage height for a particular gaging station.  Use the data provided by the Department of Environmental Quality (DEQ) in Table 1, and construct this curve for the Ruckersville gaging station on the Rapidan River, Madison County, Virginia.  Plot the values on an arithmetic axis (x = discharge, y = gage height) using the spreadsheet of your choice.
Table 1

Relation Between Gage Height and Discharge

Rapidan River at Ruckersville, Madison County, Virginia

	Gage Ht. (ft)
	Discharge

(cfs)
	Gage Ht. (ft)
	Discharge

(cfs)

	
	
	16.5
	22000

	1
	33.90
	17
	23680

	1.5
	125.2
	17.5
	25440

	2
	287.4
	18
	27280

	2.5
	487.1
	18.5
	29190

	3
	708.1
	19
	31170

	3.5
	946.6
	19.5
	33230

	4
	1200
	20
	35370

	4.5
	1476
	20.5
	37590

	5
	1771
	21
	39880

	5.5
	2085
	21.5
	42260

	6
	2432
	22
	44710

	6.5
	2800
	22.5
	47250

	7
	3167
	23
	49870

	7.5
	3550
	23.5
	52580

	8
	3980
	24
	55360

	8.5
	4500
	24.5
	58230

	9
	5060
	25
	61190

	9.5
	5680
	25.5
	64230

	10
	6370
	26
	67360

	10.5
	7140
	26.5
	70570

	11
	8000
	27
	73870

	11.5
	8945
	27.5
	77270

	12
	9953
	28
	80750

	12.5
	11020
	28.5
	84320

	13
	12160
	29
	87980

	13.5
	13360
	29.5
	91730

	14
	14630
	30
	95570

	14.5
	15960
	30.5
	99510

	15
	17370
	31
	103500

	15.5
	18840
	
	

	16
	20380
	
	


Constructing the Hydrograph:

The hydrograph is a plot of time versus discharge.  Normally, rainfall is plotted in conjunction with discharge, but the lack of data prevents us from doing this here.  The first step is to calculate the discharge of the river for a given time.  This is done through using the rating curve and estimating discharge for a given gage height.  Plot the hydrograph for the June 27th storm using DEQ data below in Table 2 (arithmetic plot:   x = time, y = discharge).

Table 2

Time Versus Gage Height for the June 27, 1995 Storm

Rapidan River at Ruckersville, Madison County, Virginia
	Time

(hours)
	Gage Height (feet)
	Time

(hours)
	Gage Height (feet)

	00:30
	2.01
	12:30
	12.58

	01:00
	1.99
	13:00
	24.60

	01:30
	1.98
	13:30
	30.45

	02:00
	1.99
	14:00
	31.20

	02:30
	2.13
	14:30
	30.95

	03:00
	2.52
	15:00
	30.77

	03:30
	4.76
	15:30
	29.50

	04:00
	8.44
	16:00
	27.40

	04:30
	9.92
	16:30
	25.90

	05:00
	11.49
	17:00
	24.80

	05:30
	13.39
	17:30
	23.90

	06:00
	14.13
	18:00
	23.00

	06:30
	14.30
	18:30
	22.20

	07:00
	14.12
	19:00
	21.40

	07:30
	13.85
	19:30
	20.65

	08:00
	13.45
	20:00
	20.00

	08:30
	12.85
	20:30
	19.40

	09:00
	11.89
	21:00
	18.85

	09:30
	10.96
	21:30
	18.35

	10:00
	10.17
	22:00
	17.90

	10:30
	9.62
	22:30
	17.50

	11:00
	9.29
	23:00
	17.05

	11:30
	9.37
	23:30
	16.70

	12:00
	9.65
	24:00
	16.40

	
	
	
	


Making Sense Out of the Data

1.  How much water passed through this site on June 27, 1995?  

2.  Assuming a constant volume for base flow, how much of the volume was storm related?

3. Unfortunately for us, discharge data for the other days of June, 1995 are not readily available on the Web, primarily because the gaging station was snapped in half by the tremendous forces of the flood.  So, let’s compare the value you calculated for the volume of water in question 1b to flows under normal conditions.  The year 1954 was a relatively “normal” precipitation event year. That is, total rainfall for that year was close to the annual mean total.  Let’s compare the volume in question 1 to the volume of water transported in the entire month of June, 1954.  You have two choices for accessing the USGS data base: 

a. http://water.usgs.gov/va/nwis/nwisman/?site_no=01665500&agency_cd=USGS.  

b. Or, you can chose http://water.usgs.gov/va/nwis/discharge.  Select “county” and “site name” under the options, and then submit. Type in “Rapidan” and choose “Madison County” for the site name and county, respectively, and submit.
For either option, go to the daily streamflow option, select the feature “Tab-separated data” that gives you raw data rather than the pretty graph.  Indicate the time period that your require for your analysis in the “retrieve data from” section.  Select “submit”.  The system will give you the option to save or open this data; save it to the computer. Directly open the file into Microsoft Excel.  The code for each column is stated near the top of the page.  The units of discharge are cubic feet per second.  For each day in June, multiply the respective value (in cubic feet per second) by the number of seconds in a day.  This gives you the total volume of water passing by the gaging station in one day. Then, sum all 30 days for the total discharge of June, 1954.  How does this total volume mathematically compare with storm discharge of June 27, Report your value as a ratio (1995 storm Q/ June 1954 Q). Verbally, what does this mean?

4. Do the same procedure for the entire year of 1954.  How does the annual volume mathematically compare to the 24 hour storm discharge of the June 27, 1995 flood? Report your value as a ratio (1995 storm Q/Total year 1954 Q). Verbally, what does this mean?
5.  The area of the drainage basin upstream of the gaging station is 114 square miles.  What was the discharge per unit area during the peak flood height? (cubic feet per second per unit mile)

6.  What was the average rainfall total (depth) over the entire basin for the 24 hour period? (Divide the total volume of water by the total area of the basin, being sure that your units are the same. Report your final value in inches).
7.   The enclosed graph on the last page plots drainage area versus peak discharge, and represents the "envelope", or maximum floods measured in the eastern United States.   Using your data from question 5, how does the Rapidan flood compare to other large floods in the Eastern United States (how close does it come to exceeding the envelope)?  Plot its location on the graph, being sure that your units are correct.

8.  Finally, I would like you to access data on peak discharge of this gaging station from as early as possible.  Produce a recurrence interval graph:





RI = N + 1 
where   RI = recurrence interval in years



           
           M 

  N = the total number of years on record







  M = the rank or magnitude of the flow event


The R.I. is the x-axis (log) and discharge is on the y axis.  After you see your graph plot, extend your x axis out to 10,000 years.  Project your data set out to this level.  Now, place your discharge value of Qmax from the afternoon flood peak.  What is the recurrence interval of this flood?  Based on flood research conducted in this region and the papers that you've read in class, does this seem plausible?
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