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FLASH-FLOOD PROCEDURE 

Ralph C. Hatch and Gerald Williams 
National Weather Service, River Forecast Center 

Salt Lake City, Utah 

I. INTRODUCTION 

A self-help procedure is a method by which streamflow forecasts can be 
made by a local user with input data collected by the user or in coopera­
tion with other agencies including the National Weather Servi.ce. Many 
types of procedures are available. This particular procedure was developed 
for use under circumstances where limited data may be available and esti­
mates may be required. The results received from this procedure are based 
on defined 100-year 24~hour return period precipitation amounts from many 
years of data. 

In using this procedure the user must input the amount of precipitation 
that has fallen, the time duration in which the precipitation fell, and the 
basin area (or the contributing portion of the basin) over which the pre­
cipitation occurred. When these data are known, the user can employ the 
self-help procedure effectively. 

II. PURPOSE 

The purpose of this study was to develop a self-help procedure that 
could be quickly and easily used in estimating runof~ from thunderstorms 
in small basins (generally less than 200 square miles). Generally in 
these small basins there are "llery li_ttle hydrological data tb work with, 
and a considerable number of flash floods that occur in the western United 
States happen in these small data-sparse basins. 

III. DESCRIPTION OF PROCEDURE 

This procedure is made up of three parts: A storm rainfall/duration 
graph, an area graph, and a total flow chart. 

The storm rainfall/duration graph was developed by plotting the total 
rainfall (inches) against the return period (years) and drawing a family 
of curves depicting specific storm durations ranging from 5 minutes to 
24 hours. Precipitation return periods (Miller, et al, 1973) for dura­
tions from 195 stations, in the Salt Lake City River Forecast Center area 
of responsibility, were computed and analyzed. 

The area graph was calculated by plotting return periods against peak­
flow per-unit area. A family of curves showing basin areas ranging from 
1 square mile to 500 square miles was produced. This particular graph, 
developed by the Agricultural Research Service (Osborn and Laursen, 1973), 
has been portrayed by Williams (1975) in "A Study of Flash Flood Su-scepti­
bility--A Basin in Southern Arizona11

• 

The total flow chart (Table I) is simply a chart delineating contrib­
uting area against peak-flow per-unit area. This gives the total peak 



flow expected from a thunderstorm, for a basin or a defined area, with a 
given amount of precipitation, for a known duration. 

In order to use this procedure properly and to get the best results, 
the user should use extreme care in defining the contributing area and 
the duration of storm as well as mean areal precipitation amount. 

The contributing area and duration can be estimated with the aid of 
radar. Observer reports will also help in estimating the three needed 
variab;Les. 

An analysis of the return periods for the 24-hour, one-hundred-year 
precipitation amounts was plotted for the area (Figure 1). Three distinct 
subareas were recognized; therefore, a separate duration graph was drawn 
for each subarea. Basically the subareas divided themselves into three 
geographical sections: 1) The southern desert of Arizona which showed 4.6 
inches of precipitation or greater, 2) The mountainous areas of Utah, 
northern Arizona, and southern Nevada, which had 3.0 to 4.0 inches, and 
3) The Upper Colorado River Basin and the Humboldt River Basin which were 
calculated to be less than 3.0 inches. 

IV. PROCEDURE 

Precipitation amounts are entered in the left-hand column of Figure 2. 
Then it is horizontally moved to the right until the correct duration 
curve is reached. This value is then used by dropping vertically until 
the storm contributing area curve is reached. Moving horizontally to the 
left margin, the peak-flow per-unit area is obtained. The user then 
obtains the total expected maximum flow by referring to the flow chart 
(Table I) which is a linear relationship used to obtain total flow from 
flow per-unit area. The total flow is given in cubic feet per second and 
is the expected peak flow for a storm of the given duration and rainfall 
amount over the calculated contributing area. (See Appendix A.) 

In using this procedure it must be remembered that in basins, where 
only a portion of the basin is contributing to the runoff, that the 
calculated total maximum flow applies only to affected portion of the 
basin, not the entire basin. If the contributing portion of the basin 
is in the headwater area and measurements are made downstream, the flow 
from the contributing area must be routed downstream to the measuring 
station. The routing of a peak flow downstream usually results in a 
lower crest unless additional contributing areas add significantly to 
the flow. 

V. TEST RESULTS 

Tests were made on a number of storms. However when adequate storm 
duration periods were lacking, many problems were encountered. On 
storms tested where the three variables were available, the results 
were very encouraging. A good example would be the September 2, 1960, 
storm over Farm Creek near Hanna, Utah. Rainfall totaling 1. 27 inches 
fell in less than one hour at Hanna. The Farm Creek Basin area is 8.1 
square miles. It is estimated from the available data that about 1.25 
inches of precipitation fell over Farm Creek Basin in 60 minutes. 
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Putting this data into the procedure, a total peak flow of 3650 CFS i.s 
realized. The measured maximum discharge was 4300 CFS; however, research 
data and logic indicate the duration may have been smaller which would 
yield a higher peak flow than was forecast. 

In using this· self-help procedure it is very important that caution 
be used since the variables employed are sensitive and an error in the 
data can result in significant changes in the forecast. Data listed in 
Table II and plotted on Figure 3 are the test data used in the study devel­
opment. 

VI. CONCLUSION 

This self-help procedure should be an effective tool to aid meteorolo­
gists in alerting communities when time from rainfall to flood peak is 
relatively short. To effectively use this procedure, it is very benefi­
cial for personnel from each office to review hydrology in as many drain­
ages as possible. Since the procedure provides a reasonable estimate of 
the peak flow from the contributing area, it is necessary that a review 
of high flows be made to determine the extent of the damages for each 
basin of concern; hopefull~ a similar type procedure can be autom~ted for 
use in AFOS. 

NOTE: 1) Most of the test data used to develop these charts were 
obtained from subarea I. Consequently, additional test 
data verified best using subarea-I charts. However, it 
is suggested that for specific areas charts correspond­
ing to that area be used. But it is felt that if data 
are limited for any area and questions exist with the 
results obtained in subareas II or III, the subarea-I 
chart may be used as an adequate backup. 

2) These procedures are drawn in scale to fit most flash­
flood events. This was done to facilitate clarity and 
accurate use of the figures. The flows of record for 
entire regions such as El Dorado, Nevada; Tonto Creek, 
Arizona (Arizona Labor Day storm 1970); Bruneo Wash, 
Arizona; Big Thompson, Colorado; Rapid City, South 
Dakota; and Heppner, Oregon; extend beyond the curves. 
Flows of these magnitudes are extremely difficult to 
measure adequately and errors tend·to cause erratic 
plotting points. 

However, peak-flow per-unit area on them is generally very high and 
approaching 1000 - 2000 CFS/square mile. When values obtained in the 
procedure extend beyond the curve, peak flows may be approaching record 
crests and immediate action should be considered. 
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TABLE II. 

LOCATION 

1. Las Vegas, NV 
2. Las Vegas, NV 

3. Las Vegas, NV 
4. Wickenburg, AZ 

5. Tucson, AZ 

6. Tucson, AZ 

7. Tucson, AZ 

8. Tucso,I, AZ 

9. Tucson, AZ 

10. Tucson, AZ 

ll. Tucson, AZ 

12. Drake, CO 

13. Las Vegas, NV 
14. Blanding, UT 

15. Bluff, UT 

16. Fielding, UT 

17. Morgan, UT 

18. Escalante, UT 

19. Hanna, UT 

20. Rite, UT 

21. Mexican Hat, UT 

22. Green River, UT 
23. Richfield, UT 

24. Annabelle, UT 

25. Cedar City, UT 

26. Rifle, CO 

27. Reno, NV 

28. Reno, NV 

29. Whitlow Dam, AZ 

30. Phoenix, AZ 

31. Scottsdale, AZ 

32. Gisela, AZ 

TEST DATA USED IN VERIFYING CURVE 

(Much more data were used to develop curves.) 

Contributing Area 
(Miles) 

12.0 

12.0 

32.0 

417.0 

35.5 

35.5 

35.5 

35.5 

35.5 

35.5 

35.5 

70.0 

22.0 

205.0 

340.0 

0.5 

0.2 

53.0 

8.1 

12.5 

33.0 

179.0 
16.6 

2.6 

28.0 

201.0 

17.1 

19.5 

100.0 

83.0 

142.0 

90.0 

BASIN 

Tropicanna Wash 

Flamingo Wash 

Las Vegas Wash 

Hassayampa River 

Sabino Canyon 

Sabino Canyon 

Sabino Canyon 

Sabino Canyon 

Sabino Canyon 

Sabino Canyon 

Sabino Canyon 

Big Thompson Canyon 

Eldorado Canyon 

Cottonwood Wash 

Cottonwood Wash 

Sleepy Hollow 

Weber Canyon 

Upper Valley Creek 

Farm Creek 

Farley Canyon 

Twin Wash 

Iron Wash 
Flat Canyon 

Twist Canyon 

Fiddlers Canyon 

Rifle Creek 

Whites Creek 

Galena Creek 

Queens Creek 

Indianbend Wash 

Indianbend Wash 

Tonto Creek 

DURATION 

4.5 hours 

4.5 hours 

4.5 hours 

24.0 hours 

30 minutes 

15.0 hours 

5 minutes 

10 minutes 

15. minutes 

10 minutes 

30 minutes 

4.5 hours 

50 minutes 

24.0 hours 

24.0 hours 

50 minutes 

50 minutes 

24. hours 

50 minut~s 

15 minutes 

30 minutes 

1.0 hour 
15 minutes 

1.0 hour 

30 minutes 

2.0 hours 

2.5 hours 

2.5 hours 

6.0 hours 

3.0 hours 

3.0 hours 

45 minutes 

DATE 

July 3, 1975 

July 3, 1975 

July 3, 1975 

Sept 5, 1970 

Sept 12, 1966 

Sept 26, 1962 

Aug 15-i6,. 1963 

Sept 14-15, 1964 

Sept 12-13, 1966 

Sept 6, 1970 

July 17, 1967 

Jul 31-Aug 1, 1975 

Sept 14, 1974 

Aug l, 1968 

Aug l, 1968 

July 30, 1958 

Aug 16, 1958 

Aug 2, 1959 

Sept 2, 1960 

Sept 8, 1961 

Aug 30, 1963 

Aug 19, 1965 
July 23, 1967 

Aug 17, 1965 

Aug 17, 1965 

Aug I 1963 

Aug 15, 1965 

Aug 15, 1965 

Aug 19, 1954 

June 22, 1972 

June 22, 1972 

Sept 4-6, 1970 
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APPENDIX A 

Rainfall duration curves for Areas 1, 2, and 3, as.well as 
total flow charts for 10 to 1000 CFS/square mile. 
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TOTAL FLOW 
(CFS) 

PEAK FLOW 
PER 

UNIT AREA 
(100 CFS) TOTAL AREA (SQ MILES) 

10 20 30 40 50 60 70 so 90 100 

2,6 2600. 5200. 7800. 10400. 13000. 15600. 18200. 20800. 23400. 26000. 

2.7 2700. 5400. 8100. 10800. 13500. 16200. 18900. 21600. 24300. 27000. 

2.8 2800. 5600. 8400. 11200. 14000. 16800. 19600. 22400. 25200. 28000. 

2.9 2900. 5800. 8700. 11600. 1'1-500. 17400. 20300. 23200. 26100. 29000. 

3.0 3000. 6000. 9000. 12000. 15000. 18000. 21000. 24000. 27000. 30000. 

3.1 3100. 6200. 9300. 12400. 15500 •. 18600. 21700. 24800. 27900. 31000. 

3.2 3200. 6400. 9600. 12800. 16000. 19200. 22400. 25600. 28800. 32000. 

3.3 3300. 6600. 9900. 13200. 16500. 19800. 23100. 26400. 29700. 33000, 

3.4 3400. 6800. 10200. 13600. 17000. 20'1-00. 23800. 272oo. 30600. 34000. 

3.5 .5500. 7000 • 105UU. 14000. 17500. 21000. 24500, 28000. 31500. 35.000. 

3.6 3600. 7200. 10800. 14400. 18000. 21600. 25200. 28800. 32400. 36000. 
I 

1-' 3.7 3700. 7400. 11100. 14800. 18500. 22200. 25900. 29600. 33300. 37ooo. ~ 
I 

3.8 3800. 7600. 114 0 u. 15200. 19000. 22800. 26600. 30400. 34200. 38000, 

3.9 3900. 7800. 11700. 15600. 19500. 23400. 27300. 31200, 35100. 39000. 

4.0 4000. 8000. 12000. 16000. 20000. 24000. 28000. 32000. 36000. 40000. 

4.1 4ioo. 8200. 12300. 16400. 20500. 2'+600. 28700. 32800. 36900. 41000. 

4.2 4200. 84-0v. 12600. 16800. 21000. 25200. 29400. 336oo. 37800. 42000. 

'1-.3 4300. 8600. 12900. 17200. 21500. 25800. 30100. 3'+400. 38700. LJ3000. 

'+.4 4-400. 3800. 13200. 17600. 22000. 26'+00. 30800. 35200. 39600. 4'1-000. 

4.5 4500 .• 9000. 13500. 18000. 22500. 27000. 31500. 36000. 40500. 45000. 

1+.6 4600. . 9200. 1j800 • 181+00. 23000. 27600. 322UO. 36800. 4-1400. 46000. 

4.7 4700. 9 1tUO. 14-lUO. 18800. 23500. 282UO. 32'::.100. -17600. 42300. 47000. 

4.8 4800. 9600. 144-00. 19200. 24_000. 28800. 33600. 38400. 43200. 48000. 

4.9 4900. 9800. 14700. 19600. 24500. 29400. 34300. 39200. '+'+100. 49000. 

5.0 5000. 13000. 15000. 20000. 25000. .30000. 35000. LJ.oooo. 45000.- 50000. 
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31500. 37800. 

.~20GO. 38400, 

32500. 69000, 

33000. 39600. 

33500. 1~0200 • 

34llOO. 40800. 

345LIO. 414ll0. 

.35000. 1f2000. 

.3~500. 42600. 

.36000. 1t320U, 

70 

35700. 

36400. 

37100, 

37800. 

3U500, 

39200, 

39900. 

40600. 

41300. 

42000. 

42700, 

43400. 

44100. 

44600. 

45500. 

46200. 

46900. 

l.f76oo. 

48300, 

1+9000, 

49700. 

50400, 

80 

110800. 

IH600. 

42'+00, 

'+.3200, 

44 0 0 0. 

44800, 

45600, 

46'+00, 

47200, 

48000. 

48800, 

49600. 

50400, 

51200. 

52000, 

52800, 

53600, 

54400, 

55200. 

56000. 

~68l.l0, 

:J76JU. 

90 

4-5900, 

46800. 

47700, 

48600, 

'+9500. 

50 1.00. 

51300, 

52200, 

53100, 

54000, 

54900, 

55800, 

56700, 

57600, 

56500, 

59400, 

60300, 

bl200, 

62100. 

63000. 

63900. 

64-uuo. 

100 

51000, 

52000, 

53000, 

54-000, 

55000, 

56000, 

57000, 

58000. 

59000, 

60000. 

61000, 

62000, 

63000, 

64000. 

65000, 

66000, 

67000, 

6Booo. 

69000. 

70000. 

71000. 

72000, 

7,3 7300, 146GO. 219GO. 29200. 56500. 43~00. 51100, ~U400, ~5700, 73000, 

1,11 7 4 oo. 1~aoo. 2~2ou. 29600. ~?ooo. 44400. s1aoo. 592oo. 66600. 74000. 

7.5 1~00. l5~oo. ?25Uo. Juooo. 37soo. 4sooo. j25uo. 6oooo. 675oo. 75ooo. 



PEAK FLOW 
PEH 

UNIT AHEl\ 
(100 CFS) 

7.6 

7.7 

7.B 

7.9 

a.o 
8.1 

8 2 . ) 
8.3 

B.LJ. 

I 8 o 5 
1-' 

'f 8.6 

8.7 

8.8 

8.9 

9.0 

9.1 

'3. 2 

9.3 

9.LJ. 

9.5 

9.6 

9.7 

9.U 

9.9 

10 

7600. 

7700. 

7800. 

7900. 

aooo. 
8100. 

8201). 

8300. 

81+00. 

13500. 

860u. 

8700. 

BBOO. 

8900. 

90llO. 

9100. 

9200. 

9300. 

':J4 0,0. 

9501). 

9600. 

·nJn. 
'-)800. 

''J9 0 l). 

TOTAL FLOW 
(CFS) 

TOTAL AREA (SQ MILES) 
20 

15200. 

15400. 

15600. 

151300. 

160lll1. 

16200. 

16400. 

16600. 

30 

22800. 

23100. 

231+00. 

23700. 

24000. 

2'+300. 

21+600. 

2Lf.900. 

'tO 

,30400. 

30800. 

31200. 

31600. 

'32000. 

.32LJ.OO. 

32800. 

33200. 

50 

38000. 

38500. 

39000. 

39500. 

Li-0000. 

4-0500. 

Li-1000. 

41500. 

16dOO. 25200. 33600. 42000. 

17000. 25500. 3Li-OOO. Li-2500. 

17200. 25800. 3Li-L!-OO. 4-3000. 

1740J. 26100. 3LJ.800. Li-3500. 

17600. 

171300. 

16000. 

lB2uO. 

18400. 

18600. 

18BOO. 

1900Q. 

19200. 

l'J4UO. 

1'-J6LIO. 

1'1dl..Uo 

26400. 35200. 

26700. 35600. 

27000. 36000. 

27300. 36Li-OO. 

27600. 36800. 

27900. 37200. 

2820Ll. 37600. 

28500. 38000. 

21180 0. 381+00. 

;?91UO. ~(1800. 

2"J4UU. 39200 • 

2'J7UU • 39600 • 

Lf.'+OOO. 

1+4500. 

'+5000. 

45500. 

lfbOOO. 

46500. 

1+7000. 

1+7500. 

48000. 

'• 8500. 
49000. 

Lf.';l500. 

60 

Lf.5600. 

46200. 

46800. 

'+7400. 

48000. 

Lf.8600. 

1+9200. 

'+9800. 

70 

53200. 

53900. 

54600. 

55300. 

56000. 

56700. 

57400. 

58100. 

50'tOO. 58800. 

51000. 59500. 

51600. 60200. 

52200. 60900. 

52800. 

531+00. 

51+000. 

54600. 

55200. 

55800. 

56'+00. 

57000. 

57600. 

:,13200. 

58800. 

t:J9400. 

61600. 

62300. 

63000. 

63700. 

64400. 

65100. 

65800. 

66500. 

67200. 

67900. 

68600. 

69300. 

80 

60800. 

61600, 

62400, 

63200, 

64000. 

64800. 

65600. 

66400. 

67200. 

68000, 

68800. 

69600, 

70400. 

71200. 

72000. 

72800, 

7.3600. 

74400. 

75200. 

76000. 

76800. 

77600. 

78400. 

79200. 

9Q 

68400, 

69300. 

70200. 

71100, 

72000, 

72900. 

73800, 

7'+700, 

75600, 

76500. 

77400. 

78300. 

79200, 

80100. 

81000. 

81900. 

82800. 

83700. 

84600. 

85500, 

86400. 

137300. 

l:W200 • 

d';llOO. 

100 

76000. 

77000, 

78000, 

79000, 

aoooo. 
81000, 

82000. 

83000. 

84000, 

85000, 

86000, 

87000, 

88000, 

89000. 

90000. 

91000. 

92000. 

93000. 

94000. 

95000. 

96000. 

97000. 

98000. 

99000. 

10. 0 10 0 0 l). ~ 0 (I 0 n. 3 U 0 0 0. lJ. 0 0 0 0. 50 0 0 0. 6 0 0 0 0. 7 0 0 0 0. ci 0 0 0 0. 9 0 0 0 u.. 10 0 0 0 0. 



PEAK FLOW 
PEH 

UN IT M~EA 
(100 CFS) 

I 
f-' 
'-.1 
I 

0,1 

0,2 

0,3 

0.4 

0,5 

0,6 

0,7 

o.a 
0,9 

1,0 

1,1 

1,2 

1,3 

1.4 
1 ,­.. ) 
1,6 

1.7 

1,U 

1,9 

2,0 

2.1 

2,2 

110 120 

1100. 1200. 

2200, 2400. 

3300, 3600. 

4400. 4800. 

5500. 6000. 

6600, 7200. 

7700. 8!f00. 

uauo. 96no. 
9900. lll800. 

11000. 12000. 

1210J. 13200. 

13200, 

14301. 

15400, 

16~00, 

17600. 

1fl70d, 

l<.iROO, 

?.0900, 

220DJ, 

2611).), 

;>Lj .?ll (]. 

1'~ ~~ \) (). 

15600. 

16JOJ, 

1Booo. 
192uu. 

2 ()'I 0 IJ • 

21600. 

228DJ, 

c:t~ou'l. 

252uo. 

-~6 1t ,)I). 

TOTAL FLO vi 
(CFS) 

TOTAL AREA (SQ MILES> 

130 140 150 160 

1300. 1400, 

2600, 2800, 

3900, 4200, 

5200, 5600, 

6500, 7000, 

7500, BLIOO, 

9100. 9800, 

:10400, 11200, 

11700, 12600, 

13000, 14000. 

14300, 15400, 

15600, 16800, 

16YOU, 18200, 

1U200, 19600, 

19~uu. 21ooo. 

?ObGO. 22400, 

22100, 23800, 

?3 1100. 25200. 

2. 1l 7 u ll • 2 6 6 () {I • 

:? 6 [j () u • 2ll 0 [) (l • 

27300, 2Y40U. 

2dGOO. 30HOU. 

1500. 

3000. 

4500. 

bOOO. 

7500, 

9000. 

10500. 

12000. 

13500. 

15000, 

16500. 

18000. 

19!:>00, 

21000. 

;,'2500, 

2'f000, 

2osoo. 
27000, 

21J500. 

30000. 

31~00, 

33000, 

1600. 

3200. 

1~800. 

6400. 

8000. 

9600. 

11200. 

12800, 

144-00, 

16000. 

17600. 

19200. 

20800. 

224-00, 

2 '• 0 0 0 • 

25600. 

27200. 

~8500. 

30400. 

320011. 

63600. 

35200, 

170 

1700, 

3400. 

5100. 

6800. 

8500, 

10200. 

11900, 

13600, 

15300, 

17000. 

18700. 

20'~00. 

22100. 

23800. 

25500. 

27200, 

28900. 

30600. 

32300, 

?>4000, 

.'S57UO, 

37400. 

180 

1800. 

3600, 

5400. 

7200. 

9000. 

10800. 

12600. 

14400. 

16200, 

18000, 

19800. 

21600. 

23400. 

25200, 

27000. 

20£'.00. 

00600. 

.S24 0 0. 

.:54200, 

.:56000. 

37800. 

39600. 

190 

1900. 

3800. 

5700. 

7600. 

9500. 

11400. 

13300. 

15200. 

17100. 

19000. 

20900, 

22800, 

24700. 

26600. 

28500. 

30400, 

.:52300, 

34200. 

3b.l00, 

38000, 

3'i9ou. 

41tl00, 

200 

2000. 

4000. 

6000. 

8000. 

10000. 

12000. 

14-000. 

16000. 

18000, 

20000. 

22000, 

2 1fOOO. 

26000. 

28000. 

30000. 

32000. 

34000. 

36000. 

38000, 

40000. 

lf2000. 

44000, 

2,:3 ;!5oUO. r?7t)li:l. ;~·)'.JUO, .32200, ;)•1500, 3ti80o·. 39lOiJ.· •H4uo. 4:1700, Lf600U, 

2,'1 ~64ll·). ;,;_:11\J•.i. -u~uG, 336:Jo. 3?ooo. ~t\4oo. 40buu. 432oo. 1l56oo. ••Bo&o. 

2, J 27~() u • .'HI 0 :) r,. .)2)ll 0. .3')0 00. ?.l"JU 0, lJ UO U 0, 112!:100. 1t50 U U • 11750 0 • 50000 • 



TOTAL FLOirJ 
{CFS) 

PEAK FLOw 
PER 

UNIT AI<EA 
TOTAL /\REA (SQ MILESJ (100 CFS) 

110 12U 130 140 150 160 170 180 190 200 

2.6 28600. 31200. 33800. 36400. 39000. 41600. 44200. ' 46800. 49400. 52000. 

2.7 29700. 32ttoo. 35100. 37800. 40500. 43200. lf.5900. LJ.B6oo. 51300. 5LJ.ooo. 

2.a 30800. 33600. 36400. 39200. tt2ooo. 4Lf.800. 47600. 50LJ.OO. 53200. 56000. 

2.9 .31900. 3't800 • 37700. LJ.0600. 43500. ·Lf.6LJ.OO. 49300. 52200. 55100. 5Booo. 

3.0 . 33000. 3600Q. 39000. 42000. 45009. Lf.8000. 51000. 5Lf.OOO. 57000. 60000 • 

3.1 34100. 37200. 40300. Lf.3400. Lf.6500. 49600. 52700. 55800. 58900. 62000. 

3.2 35200. 38400. 41600. 44800. 48000. 51200. 54Q.OO. 57600. 60800. 64000. 

3.3 36300. 39600. 42900. Q.6200. 't9500. 52800. 56100. 591tOO. 62700. 66ooo. 

3.4 37400. 4ooou. 44200. 47600. 51000. 5Lf.400. 57800. 61200. 6'1-600. 68000. 

.3.5 68500 • 42000. 45500. 49000. 52500. 56000. 59500. 63000. 66500. 70000. 
I 

3.6 39600. lt3200. 1~6800. 50400. 54000. 57600. 61200. 64800. 68400. 72000. 1-' 
00 
I 

3.7 40700. 4tt-400. 48100. 51800. 55500. 59200. 62900. 66600. 70300. 74000. 

3.8 41800. 45600. 491.00. 53200. . 57000. 60800. 64600. 68400. 72200. 76000. 

3.9 42900. ~c;aao. 50700. 54600. 58500. 62400. 66300. 70200. 74100. 78000. 

4.0 44000. lfaooc. 52000. 56000. 60000. 6ttooo. 68000. 72000. 76000. 8oooo. 

4.1 45100. 4-9200. 53300. 57Li·OO. 61500. 65600. 69700. 73800. 77900. 82000. 

4.2 1~6200. 50400. 54600. 58800. £.3000. b7200. 71400. 75600. 79UOO. 84000. 

4.3 '+7300. su,oo. 55900. 60200. 64500. 68800. 7310G. 77400. 81"/00. 86000. 

LJ..4 lf840n. 521300. 57200. 61600. 66000. 70400. 74800. 79200. 83600. 88000. 

4.5 49'5UJJ. ~4000. 5t3::iUO. 63000. b7500. 72000. 76500. 81000. 85500. 90000. 

4.6 506uO. 'J":>2Dn. 5':}dUO. . 64L~OU. 69000. 736uo. 78200 • 82800. 87400. 92000. 

4.7 51701). 56400. 61100. 658011. 70!:100. 75200. 79900. 84600. 89300. 94000. 

lf.!:l 52t300. 57500. 62400. 67200. 72000. 76800. t31600. 86400. 91200. 96000. 

4.9 53900. Sti8UO. 631UU. 686Ull. 73500. 7i3400. 83300. 88200. 93100. 98000. 

5.0 'Y:iOUO. 6[) I) lJ.1. e)o o o. 70000. 75000. bOOUO. 85000. 90000. 95000. 100000. 



PEAK FLO...J 
PER 

UNIT AKEI\ 
(100 CFSl 

5.1 

5.2 

5.3 

5.4 

5.5 

5.6 

ll.O 120 130 

TOTAL FLOW 
(CFSI 

TOTAL 1\HEA (SQ 1"1ILESI 

140 150 160 

56100. 61200. 6b300. 71400. 76500. 81600. 

57200. b240J. 67600. 72800. 78000. 83200. 

53300. 63600. 68900. 7~200. 79500. 84800. 

5940U. 6~800. 70200. 75600. BlOOD. 86~00. 

60500. 66000. 71500. 77000. 82500. 88000. 

616UO. 672oo. 12aoo. 78400. a4ooo. 896oo. 

170 180 190 200 

86700. 91800. 96900. 102000. 

8840o. 936oo. 9B8oo. 10~ooo. 

90100. 95400. 100700. 106000. 

91800. 97200. 102600. 108000. 

~3500. 99000. 104500. 110000. 

95200. 100800. 106400. 112000. 

5.7 62700. 68400.- 74100. 7380J. 85500. 91200. 96900. 102600. 108300. 114000. 

I 
I-' 
\.0 
I 

s.a 63a0u. 6960o. 754ou. a12oo. 67ooo. 92aoo. 986oo. 1044oo. 1102oo. 116ooo. 

5.9 

6.0 

6.1 

6.2 

6.3 

&.4 

6.5 

6.6 

6.7 

6.1.1 

6. ') 

7.o 

7.1 

7.2 

7.~ 

7 .lf 

7. ') 

6'+900. 

SbOOO. 

67100. 

'"8200. 

•;9 3 (J 0. 

70400. 

71500. 

7?6.JO. 

73700. 

741:!00. 

7~'Jou. 

rtnu n. 
7 tll!) u • 

7':>20ll. 

·\(J 3 0 tl. 

') 1lf 0 0 • 

~~~,]I) • 

7013UO • 

72000. 

73201. 

74~00. 

7560 I) o 

lnHOO. 

7 H t) 0 0. 

TJ20I), 

:w•lU·l. 

a1600. 

32>1(J[l, 

:.l 1t tl 0 f) • 

~J :) ·~ L ~.l • 

'.H>40 :1. 
'l7(,0d. 

illlll 0 ') • 

'JO!.lJIJ. 

76700. 82600. 88500. 94400. 100300. 106200. 112100, 118000. 

7HOOO. s4ooo. ~oooo. 96000. 102000. 10BOoo. 114000, 120ooo. 

79300. 65400. 

~)0600. 86800. 

ti 1 ') 0 0 • u !;\ 2lJ () • 

Y1500. 97600. 103700. 109800, 115900, 122000, 

93000. 99200. 105400. 111600. 117800. 124000. 

94500. 100800. 107100, 113400, 119700. 126000. 

U620U, A96UO, 96000, 102400, 10HBOO. 115200, 121600. 128000, 

A45oo. Ylooo. 97500. 104ooo. 110500, 111000, 123500, 130ooo~ 

B5JOO, 92400, 99000. 105600. 112200. 118800. 125400, 132000. 

n1loll. 93a~u. lllOsoo. lll72oo. 1139oo. 12o6oo. 1273oo. U4ooo. 

~84UU, 9~200, 102000. lUBHOO, 115600, 122400, 129200. 156000, 

li'Hou. ':lhGou. 1UJ5oo. 110400, 1173oo. 1~tt2oo. Ulloo. 1.1Booo. 

91ooo. Yaooo. 1usooo. 112ooo. 119ooo. 12&ooo. 133ooo. 14oooo. 

~~~oo. 994ou. lUb500, 1136oo. 12o1oo. 1~7Boo. 1349oo. 1~2uoo. 

'.3 3(, 0 U • 1 0 U 8 0 U • , 1 0 [I 0 0 0 , 11 !) 2 0 0 • 12 2 4 U 0 • 12 9 6 U 0 • 1 .% i.W 0 • 1 4 4 0 0 U • 

'J ·-+ 9 u u • 1 u 2 2 o u • 1 u 9 '.> o u • 11 h no o • 12'• 1 o o • 1 614 u u • 1 ,~ Ii 7 o u • 1 'f boo o • 

~;;;~oo. lLI.5bllO. 111ooo. 11}400. 125,100. lj.52oo. 1-tOe1oo. 1'HODO. 

9 7 ~-j :j 0 • 1 !.) 1-j 0 0 () • 112 ':J ll 0 • 1 ~ J ,J 0 0 • 1 ;,:· 7 'j u ll • 1 .b Q 0 0 • 14?:) 0 () • 1 "'J 0 () 0 0 • 



TOTAL FLOW 

PEAK-FLOW 
( CFS) . 

PER 
UNIT AKEA 
(100 CFS) TOTAL AREA (SQ MILES) 

110 120 130 l~O 150 160 170 tao 190 200 

7.6 83600. 91200. 98aoo. 106~oo. u~ooo. 121600. 1292oo. 136aoo. 1~~~oo. 152ooo. 

7,7 8~700, 92~oo. 1oo1ou. 101aoo, 1155oo~ 1232oo. 13o9oo. 1386oo, 1~63oo. 154ooo. 

7,8 85800, 93600. 101400, 109200, 117000, 12~800, 132600, 140~00, 148200, 156000, 

7,9 36900, 94800. 102700, 110600, ~18500, 126400, 134300, 142200, 150100, 158000, 

8,0 aaooo. 96000. 104000, 112000. 120000, 128000. 136000. 144000, 152000, 160000, 
-

8,1 89100, 97200. 105300. 11~400. 121500. 129600,, 137700. 145800. 153900. 162000, 

8,2 90200, 981JOO, 106600, 114800, 123000, 131200, 139400, 147600, 155800, 164000, 

8,3 91300, 99600, 107900, 116200, 124500, 132800, 141100, 149400, 157700, 166000, 

8,4 92400, 100800. 109200, 117600, 126000, 1314-400, 142800, 151200, 159600, 168000, 

8,5 93500, 102000, 110500, 119000i 127500, 136000. 144500. 153000, 161500, 170000, 

I 
8,6 91J600, 103200, 111800, 120400, 129000, 137600. 1~6200, 151f.800, 1&3400~ 172000, 

N -
0 8,7 95700, 104400. 113100. 121800, 130500, 139200~ 147900, 156600, 165300, 174000, 
I 

8,8 96800, 105600. 114400, 123200, 132000j 140800, 149600, 158400, 167200, 176000, 

8,9 97900, 106800, 115700~ 124600, 133500, 142400, 151300. 160200. 169100. 178000, 

9.0 99000, 108000. 117000. 126000. 135000, 144000. 153000. 162000, 171000, 180000, 

9,1 100100, 109200. 1183UO. 127400. 136500. 145600, 154700, 163800. 172900, 182000, 

9.2 101200. 110400. 119600, 128800, 136000, 147200, 156400, 165600, 174800, 184000, 

9,3 102300. 111600~ 120900. 130200, 139500. 148800, 158100, 167400. 176700, 186000, 

9,4 103400, 112800~ 122200. 131600, 1~1000, 150400, 159800, 169200. 178600, 188000, 

9,5 104500~ ~14000, 123500. 133000~ 142500. 152000. 161500, 1710oo. 160500. 190000, 

9,6 105600. 115200. 124600. 134400, 144000. 153600. 163200, 172800. 182400, 192000, 

9.7 106700. 116400. 12610u. 135800. 145500, 155200. 16490o. 174600, 104300. 194000, 

9,8 107800. 117600. 127400, 137200. 147000, 156800. 166600, 176400, 186200, 196000, 

9,9 108900. 118800. 128700. 1386UO, 148500. 158400. 168300, 178200, 188100. 198000, 

10,0 110000, 120000. 130000. 140000. 150000, 160000. 170000. 180000. 190000, 200000, 



lOTAL FLOW 
(CFS) 

PEAK FLOW 
PER 

UNIT AREA 
TOTAL AREA (SQ MILES) (100 CFS) 

210 220 230 240 250 260 270 280 290 300 ' 

0,1 2100, 2200. 2300. 2400. 2500. 2600, 2700. 2600, 2900, 3000, 

0,2 4200, 4400. 4600. 4000, 5000, 5200, 5400. 5600, 5800, 6000, 

0,3 6300, 6600. 6900~ 7200, 7500. 7800. 8100. 8400, 8700, 9000. 

0.4 8400, 8800. 9200, 9600, 10000, 10400, 10800, 11200, 11600, 12000, 

0,5 10500, uooo. 11500. 12000, 12500. 13000. 13500. 11.000. 14500, 15000. 

0,6 12600. 13200, 13800, 14'+00, 15000, 15600, 16200, 16800, 17400, 18000, 

0,7 14700, 15400. 16100, 16600, 17500, 18200, 18900. 19600, 20300, 21000, 

o.o 16800, 17600. 18400. 19200, 20000, 20800, 21600. 22400. 23200, 2'+000, 

0.9 18900, 19800. 20700. 21600, 22500. 2.3400. 24.300, 25200, 26100, 27000. 

l.o 21000. 22000. 23000. 24000. 25000. 26000. 27000, 28000, 29000, 30000. 

I 1.1 23100. 21+200. 25300. 26400. 27500, 28600. 29700. 30800. 31900, 33000, 
N 
I-' 1.2 25200. 261~00. 27600. 26000~ 30000. 31200. .32400, 33600, 34800, 36000, I 

1 • .3 27300, 28600. 29900, 31200. 32500. 33800, 35100, 36'+00, .37700, 39000, 

1,4 29400. 30800. 32200. 33600. 35000. 36400. 37800, 39200, ~0600, ~2ooo. 

1,5 31500. 33000. 34500, 36000, 37500, 39000, 40500, 42000, 43500, 45000, 

1,6 .33600, ;:s5200. 36800, 38400. 40000, 41.600, 43200, 44800, ~6400, 48000. 

1,7 35700, 37 1~00. sgluu. 40BOO. 1•2500. 44200, 1~5900, 1+7600. 4'3300, 51000, 

1,8 37800, 39600. 41400, 43200, 45000, 46800. 40600, 50400, 52200, 54000, 

1,9 .39900. 41HUO, ~.3-,uo. 456uu. 1nsoo. 49400, 51300, 53200, 5tilOO, 57000, 

2,0 42000, 44000. 46000, 48000, 50000. 52000. 54000, 56000, 58000, 60000, 

2.1 44100, 46201). 48300, 50400, 52500. 54600. 56700, 58800, 60900, 63(100, 

2.2 46200. 481.00. 50600. 52000, 55000. 5720'0. 59400. 61600, 63800, 66000, 

2. :~ 1H3300, 50600. 52900. 55200. 57500. 59800. 62100, 64400, 66700, 69000, 

2,4 50400, 52BOO. 5':i200, 57600, 60000, 62400. 64800, 67200, 69600, 72000, 

2,5 :52500, 5~000. 5150ll. 60000. 62500. 65000, 67500, 70000, 72500, 75000, 



TOTAL FLOW 
(CFS) 

PEAK FLOW 
PER 

Ui\IIT Af<EA 
(100 cFS) TOTAL AREA ( SQ I"JlLES) 

210 2~0 23o 240 250 260 270 280 290 300 

2.6 54600. 57200. 59800. 62400. 65000. 67600. 70200. 72800. 75400, 78000, 

2.7 56700. 59400. 62100. 6'1-800. 67500. 70200. 72900, 75600. 78300, 81ooo. 

2.8 58800. 61600. 641.J.OO. 67200. 70000. 72800. 75600. 78400. 81200, 84000, 

2.9 60900. 63800. 66700. 69600. 72500, 75400. 78300. 81200. 84100, 87000, 

3.0 63000. 66000. 69000. 72000. 75000. 78000. 61000. 64000. 87000. 90000. 

3.1 65100. 68200. 71300. 74400. 77500. 80600. 83700. 86800. 89900. 93000, 

3,2 67200. 70400. 73600. 76800. 80ooo. 83200. 86400. 89600, 92800, 96000, 

3.3 69300, 72600. 75900. 79200. 82500. 65800. 89100. 92400. 95700. 99000. 

3,'1- 71'+00. 7'+800. 78200. 81600. 85000. 881.J.OO. 91800. 95200. 98600. 102000, 

3.5 7350,0. 77000,; 80500. 8'+000. 87500. 91000. 9'+500. 98000, 101500. 105000, 

I 3.6 75600. 79200. 82800. 86'+00. 90.000. 93600. 97200. 100800, 10'+400, 108000, 
N 
N 3.7 77700. 81'+00. 85100. 68800. '32500. '36200. '39900. 103600, 107300. 111000. I 

3.8 79800. 83600. 87'1-00. 91200. 95000. 98800, 102600. 106'1-00, 110200. 11'+000, 

I J.9 81900 0 85800. 89700. 93600. 97500. 101400. 105300. 109200, 113100. 117000. 

IJ..o 8'+000. asooo. 92000. 96000. 100000. 10'+000. 108000. 112000. 116000. 120000, 

'+.1 86100. 90200. 94300. 98'+00. 102500. 106600. 110700. 11'+800. 118900. 123000. 

'+.2 38200. '321tOO. 96600. 1ooaou. 105000. 109200. 113'+00. 117600. 121800. 126000. 

'+.3 '30300. 9'+.;oo. 98900. 103200. 107500. 111800. 116100. 120'1-00. 12'+700. 129000. 

'+.It 92'tUO. 961300. 101200. 105600. 110000. 114400. 118800. 123200. 127600. 132000. 

'+.5 9't500. 99000. 103500. 108000. 112500. 117000. 121500. 126000. 130500. 135000. 

'+.b ':l66.UU • 101200. 105ROU. 11.0Lt0 0. 115000. 119600. 12'+200. 128800. 133ttoo. 138000. 

4.7 '38700. 103400. 108100. 112800. 117500. 122200. 126900. 131600. 136300. 1'+1000. 

'+.a 10uaoo. 105600. 110400. 115200. 120000 .• 12 1+800. 129600. 134400. 139200. 1'+4000. 

4. ~~ 10~900. 107[100. 112700. 117600. 122500. 127400. 132300. 137200. 142100. 1'+7000. 

5.0 10:>00Ll. llLIOOO. 115uOU. 120000. 125000. 130000. 135000. 140000. t45ouo. 150000. 



TOTAL FLOW 
(CFS) 

PEAK FLOW 
PER 

UNIT AKEA 
TOTAL AREA (SQ MILES) (100 CFS) 

210 220 230 240 250 260 270 280 290 :300 

5,1 107100. 112200. 117300. 122400, 127500. 132600. 137700, 142800, 147900, 153000, 

5,2 109200, 114400. 119600. 124800. 130000. 135200, 140400. 145600, 150800, 156000, 

5,3 111300, 116600. 121900. 127200, 132500, 137800. 143100. 148400. 153700, 159000, 

5.4 113400, 118800. 124200. 129600, 135000, 140400, 145800, 151200, 156600, 162000, 

5,5 115500 •. 121000. 126500. 132000. 137500, 143000, 148500, 154000, 159500, 165000, 

5.6 117600. 1~3200. 128800. 13q.400. 140000. 145600. 151200. 156800, 162400, 168000, 

5.7 119700, 125400. 131100, 136800. 142500. 148200. 153900, 159600, 165300, 171000. 

5.8 121800. 127600. 133400. 139200. 1 1.5000. 150800, 156600, 162400, 168200, 174000, 

5,9 123900. 12'-JSOO. 135700. 141600. 1'H500. 153400. 159300, 165200, 171100, 177000, 

6.0 126000. 132000. 138000. 1'P•ooo. 150000, 156000. 162000, 168000. 174000, 180000, 

I 6,1 128100. 134200. 140300. 146400. 152500. 158600, 164700. 170800. 176900. 183000, 
N 
w 
I 6,2 130200. 136400. 142600. 148800. 155000. 161200. 167400. 173600, 179800, 186000. 

6,3 132300. 138600. 11.4900. 151200, 157500. 163600. 170100. 176q·OO. 182700, 189000, 

6. ~~ 13'~400. 140800, 147200. 153600. 160000, 166400. 172800, 179200, 185600. 192000. 

6,5 U6500. 143000. 11~9500. 156000. 162500. 169000, 175500, 182000. 188500, 195000, 

6.6 138600. 145200. 151800. 158400.; 165000. 171600. 178200. 184800, 191400, 198000~ 

6,7 140700, 147400. 154100, 160800, 167500. 174200. 180':JOO, 187600, 194300, 201000. 

6,8 142800, 149600. 156400. 1b3200, 170000. 176800. 103600, 190400, 197200, 204000, 

6,9 141t900, 151800. 158700. 16'::1600. 1'72500. 179400. liH?300 • 193200, 200100, 207000, 

7.0 l'HOOO. 154000. 161000. 168000. 175000. 182000. 189000. 196000, 203000, 210000, 

1,1 149100, 156200. 165300, 17040(). 177500. 184600, 191700, 198800, 205900. 213000, 

7,2 1'::11200. 159400. 165600. 172800. 1aoooo. 187200. 194400, 201600, 208800. 216000, 

7,3 153300, 160600. 167900. 175200. 182500. 1b9800. 1<J7100, 20it400, 211700, 219000. 

7.4 155400. 162flOO. 17J200, 177600. 1t.l5ooo. 192400. 199800, 207~00, 214600. 222000, 

7.5 157500. 16')000. 172~00. 180000. 187')00. 195000. 202500. 210000. 217500, 225000. 



TOTAL FLOW 
lCFSl 

PEAK FLOW 
PER 

UNIT AH§A 
noo cF , TOTAL AREA (SQ MILES! 

210 220 230 240 250 260 270 280 29o 300 

7.6 159600. 167200. 174800. 182400~ 190000. 197600. 205200. 212800. 220400. 228000. 

7.7 1617oo. 1694oo. 177100. 184800. 192500. 200200. 207900. 215600. 223300. 231000, 

7,8 163800. 171600. 179400. 187200. 195000. 202800~ 210600. 218400. 226200. 234000, 

7.9 165900. 173800. 1817oo. 1896no. 197500,-205400~ 2133oo. 2212oo. 2291oo. 237ooo. 

a.o 168000. 176000. 184000, 192000, 200000, 208000. 216000, 224000. 2~2000, 240000, 

8,1 170100, 178200. 186300, 194400. 202500. 210600. 218700. 226800. 234900. 243000, 

8,2 172.200. 1804UD. 188600, 196800, 205000. 213200. 221400. 229600 0 237800. 246000, 

8.3 174300. 182600. 190900. 199200. 207500. 215800. 224100. 232400. 240700. 249000, 

8.4 176400. 18480 0. 193200. 201600. 210000. 218400. 226800, 2.3.5200. 243600, 252000, 

8.5 178500. 187000. 195500. 204000, 212500. 221000. 229500. 238000, 246500, 255000. 

I 8,6 1130600, 189200. 197800. 206400. 215000. 223600, 232200, 240800, 249400, 258000. 
N 
-!':-
I 8,7 182700. 191400; 200100. 208800. 217500. 226200~ 234900. 243600. 252300, 261000. 

a.s 184800. 193600. 202400. 211200. 220000. 228800. 237600. 246400. 255200. 264000. 

8.9 186900. 195800. 204700. 213600. 222500. 231400. 240300. 249200. 258100. 267000. 

9 •. o 189000. 19goao. 2o7oou. 216oou. 22sooo. 234ooo. ~43oon. 252ooo. 261ooo. 21oooo. 

9.1 i9L100. 200200~ 209300, 218400~ 227500. 236600, 245700. 254000, 263900, 273000, 

9,2 193200. 202400. 211600. 220800~ 230000. 239200. 248400, 257600, 266800, 276000. 

9.3 195300. 204600. 213900, 223200. 232500~ 241800~ 251100. 260400. 269700, 279000. 

9,4 197400, 206800. 216200, 225600, 235000. 244400. 253800. 263200. 272600, 282000. 

'J o'5 199500. 209000. 218500. 228000~ 237500. 247'000. 256500. 266000. 275500. 285000. 

9,6 201600. 211200. 220800. 230400. 240000. 249600. 259200. 268800, 278400. 288000, 

'.3. 7 203700. 21.5400, 223100, 232800. 242500. 252200. 261900. 271600, 281300. 291000. 

9,8 21J5800 • .:!15600. 225400. 235200. 245000. 25LJ-800. 26LJ-600. 274400. 284200, 294000. 

9.9 2:J79J::J. ~178UO. 227700. 237600. 247500. 257400. 267300, 277200. 287100. 297000. 

10.0 2lfJ0DfJ. 2200tHl. 230000. 2 1tOOOO. 250()00, 260000, 270000. 260000, 290000. .300000. 






