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--------- Factors for converting English units to
MAP SHOWING DISCHARGE DATA AT GAGING STATIONS AND MISCELLANEOUS SITES, International system (SI) units
FLOOD-FREQUENCY CURVES FOR SELECTED STREAMS, AND RAINFALL DATA. Ml Bhisbok nits B To obtain SI units
Cubic feet per second (ft*/s) 0.02832 Cubic metres per second (m?*/s)
Cubic feet per second Cubic metres per second
per square mile [ (ft*/s)/mi?] .0109 per square kilometres [(m?/s) /km?]
Feet (ft) .3048 Metres (m)
: Inches (in) 2.54 Centimetres (cm)
Figure 1.—Map of Oklahoma showing location of the report area. Square miles (mi?) 2.590 Square kilometres (km?)
Miles (mi) 1.609 Kilometres (km)
Acre-feet 1,233 Cubic metres (m?*)
L e e e T T T T T T T T T T T T T EREs
e “Lake capacity 1,879,000 acre-feet
E T220
(231.65 cubic metres x 107)
1706 | } 4210
_ 1600} Lake storage 200
INTRODUCTION STORM RUNOFF Flood Height and Discharge ﬁ aaob Hn
Heavy and intense rainfall of October 10 and 11, 1978, Runoff from the storm resulted in record-breaking The height of a flood at a gaging station is usually i T
caused wide-spread flooding along many streams in north- floods on many streams in north-central Oklahoma (table stated in terms of gage height, or stage, which is the S OL x
central Oklahoma. This report shows the distribution and 2). Several long-time residents in areas where flooding was elevation of the water surface above a selected datum plane. . i = Sl
amounts of rainfall, and the magnitude and frequency of most severe reported that stream stages during the October For this report, all peak stages at gaging stations are re- - &
flood discharges at several sites in the area (sheet 1) and 1973 flood were higher than any previous stages since at ported as feet above the gage datum which usually approxi- o e
the extent of flooding in the Enid area (sheet 2). i least 1889. The long-term gaging stations on Turkey Creek mates the same level as the streambed. 8 sl L 150 =
The report area includes approx1mate}y 8,100 1}112 near Drummond (site 20), and Salt Fork Arkansas River The rate of discharge of a stream is the volume of <Zi 7 &)
(21,000 km?) in north-central Oklahoma (fig. 1). Major near Tonkawa (site 8) reached all-time maximum stages and water that passes a particular location in a specific period 2 -140 @
streams within the area are the Salt Fork Arkansas, Cimar- discharges. The 1923 peak stage was higher than the 1973 of time. The discharge rates at particular locations for this = Mk Lo
ron, Arkansas, and Chikaskia Rivers. The Cimarron and peak stage for the Arkansas River at Ralston (site 12); flood are expressed in cubic feet per second (ft3/s) and = e 130 =z
Salt Fork Arkansas Rivers are major tributaries to the however, the peak discharge of the October 1973 flood was represent the peak discharge which generally occurs at the ksl Foo w
Arkansas River, and the Chikaskia River is a major tribu- greater because of subsequent channel scour. The Chikaskia time of maximum stage or height of the flood. The maxi- = g
tary to Salt Fork Arkansas River. River reached its highest recorded stage since 1923 and mum stages and peak discharges for gaging stations and L 900 |- - =
The extent of flooding in the Enid area (sheet 2) was caused extensive flooding in the town of Blackwell. Figure the peak discharges at miscellaneous sites are shown on the > \;W\\//\//\A//\//\_ Ly
delineated on the topographic map by field inspection and 3 shows the Chikaskia River near the time of its peak stage principal map on sheet 1 and are listed in table 2. S 400 ke
by using flood profiles based on high-water marks obtained in the Blackwell area. Peak discharges at miscellaneous sites were determined L 40
by field surveys. The flood boundaries show the limits of The 1957 flood was larger in areal extent and certain by indirect methods using hydraulic formulas for flow in o 7
flooding from the October 1973 storm. : ; isolated storms have caused higher peak unit discharges, open channels, flow over road embankments, and flow i | _—Mean daily inflow - 30
e due DRI N R but the October 1973 flood is documented as having the through contracted openings at bridges and culverts. Sites e | 5 11080
formulating effective flood-plain zoning that could minimize highest magnitude of peak unit dicharge over such a large for indirect measurements were selected shortly after the
existing and future flood problems. area. The October 1973 flood was also outstanding in terms flood. A transit-stadia survey of each site was made to -y Lty - 10
of devastation because the greatest intensity of rainfall was determine (1) the water-surface profile as represented by O}Q—l-_ D S s sy —— S [
centered over the large urban area of Enid. high-water marks, (2) the cro'ss—sectlonal propertl‘es of the S B RS G AR e L N e
All the flood runoff from the storm drained into Key- str_'eam chlannel and glOOd plall)n, k(3) tth 5 gdeorzetly o}f] e OCTOBER 9-25, 1973
stone Lake at the confluence of the Arkansas and Cimarron ng%&;‘tzert or roadway embankment, and (4) roughness ,
STORM RAINFALL Rivers. The lake is located a few miles east of the report LA L . Figure 4.—Graphs showing mean daily inflow and volume of water in
i 3 area. The mean daily inflow and change in the lake storage _Peak unit discharge, which is generally expressed in Kevatone Lake
Rainfall data for the October 1973 storm were collected : Sl cubic feet per second per square mile, (ft3/s)/mi2, or cubic y -
: Aol T . resulting from the storm runoff are shown in figure 4. : ) 3 OF
by the National Weather Service and the U.S. Geological metres per second per square kilometre (m?/s)/km? is an
TR S ‘ Although the lake stage and the amount of water stored SRR : : :
Survey. Amounts and distribution of rainfall are shown by . : indication of flood intensity. During the October 1973 flood,
; i T 2 during this flood was the peak of record, the lake had ; v .  floc ring .
isohyetal lines on the principal map on sheet 1. An area of : Ph hob h Gi f Engineers the peak unit discharge at the indirect discharge measure-
approximately 500 mi? (1,300 km?) received more than 10 adequate capacity to store all the storm runoff. otograph by Kenneth Gill, U.S. Army, Corps of Eng t sit d f 140 (ft3/s)mi® [1.58 (m3/s)km?2] ; o : 1
ihien (5% ) of teittall s " Vs Figure 3.—Photograph of flooded Chikaskia River at Blackwell. Sl S e /s x Flood Frequency charge site on the principal map in sheet 1 and in table 2.
W e R e e H0E e on L oo oL Jeienion (ot ) & 1060 The flood discharges for many small streams within the The magnitude of the 100-year flood discharge for each
100 mit (260 knt®) received amounts of 15 to 20 inches (ft?/s)mi* [18.09 (m?/s)/km?] for Sand Creek tributary y iy . miscellaneous discharge site was computed with regression
(38 to 51 cm) o] Kretilin ke dischs dats shown tor Bo storm area exceeded the 100-year flood. Frequency of flood- : :
L g ; 4 (site 1) near Kremlin. The discharge o gg% ing at three gaging stations (sites 8, 12, and 20) was de- ©quations developed for streams in Oklahoma (Sauer, 1974a).
The National Weather Service station at Enid recorded i B e e Teid i ) s ol e rived by analyzing streamflow records at the three stations.  The 100-year flood varies with drainage area, channel slope,
15.68 inches (39.83 cm) of rainfall in 13 hours, 12 inches estimate because the high-water marks are unreliable, and The October 1973 flood peaks shown on the frequency curves and precipitation, and percent of urbanization. Channel
(30 cm) of that amount fell between 6:45 p.m. and 9:45 p.m. e s O e embankiion: soaut GEREcHT for sites 8 and 20 are shifted on basis of historical data. Slope used in computing the 100-year flood was determined
on Qctober 10 (flg. 2). The maximum intensity for a 1-hour striction are uncertain. ; e Saod toduins citee Tor | iy Croek wiase Dl from elevations at points 10 and 85 percent of the distance
perm%w.ra? ?13 1tn€}}l1esE(1.?(>i.5 tcrfg) betwe%l 8:00 pam(’l 211}11(1 20%0 mond (site 20) was computed by fitting the logarithms of along the channel from the measurement site to the drain-
.m. nfall at the Enid station greatly exceede e - 5 : 3 : S Bacin div
ger:r ffe:quency for all durations féportzd in U.S. Weather Table 2.—Summary of the October 1973 flood, basin characteristics, and historical data. annual peaks to a Pearson Type III distribution (Water age-basin divide.
Bureau Technical Paper No. 40 (1961). Table 1 'QY-IOWS paif- i Hood B LR Resources Council, 1967). The curve was adjusted to give Comparisons of the peak unit discharge of the October
o llintenos oo thg 100—v.ear frequen-cv and fhé Maximum 6 ] gront 22 fevious recorceC maximum weight to flood frequency values calculated with regression 1978 flood with computed 100-year peak unit discharge for
Ootober 1‘973‘%torm #aiatall for various nesonlbnts of lime . ! B av:::ae Chiiabal = Dk Butio to Date equations developed for streams in Oklahoma (Sauer, 1974a). streams in the storm area are shown in figure 5. The com-
> i 3 S‘tlf G:‘%;:Ig‘ azle Channel precipi%a- 100-pyear of Gt 100-year of P Period of Hitoieal iatommatitn The flood frequency curves for Salt Fork Arkansas River puted values were plotted versus drainage area only, thus
b :u?nber Stream name and location area  slope tion flood peak height Discharge  flood peak height Discharge record : near Tonkawa (site 8) and Arkansas River at Ralston (site the shaded area represents the range of 100-year floods
(mi2) (ft/mi) (in) (ft3/sec) (ft) (ft3/sec) (ft) (ft3/sec) %Z)t}?elig comput’:Ie‘ad by fitt(iir_lg the lqgarithms of annual peaks for sefllecte(ii .streams ifn the report. aréa: dThe comdputiddl(f)o-
) SR S s S | S - 40 1 07150580 Sand Creek tributary near Kremlin 721 193 280 4270 10/10 112 12,000 281 6/ 5/64 68 540  1964-74 Tthree .feettliighgrllghan highest s ae;glsi‘:é e 311& 1 ﬁ;gh’;‘l?‘;‘c‘{wrence e {}fgrefg’cdts ‘:Ehj;i"iin"gl Eif:gzsaé?on et e
L : : s i i average interval of time between exceedances of the in- effects of urbanization were computed by considering the
14— T35 2 Wildhorse Creek near Hillsdale 5.08 36.0 29.0 4,780 Haos - 6,280 131 A e i St e e b e . : dicated flood magnitude. For example, a flood of 100-year natural flood frequency curves for the Enid area, rainfall
s o %) 3 Wildhorse Creek near Pond Creek 116 154 29.0 28,400 w1 . 102000 Sadly < sl el SRR R e e R Highest stage in at least 62 years recurrence interval has a 1 in 100 chance, on the average, intensity, percentage of drainage area with impervious
e & as reported by local residents of occurring in any given year. The fact that a major flood surface, percentage of drainage area served by storm sewers,
el L0 “EJ 4 Pond and Osage Creeks near Jefferson 173 6.2 28.0 23,400 AR 24,300 LR oSt AR S e e I Dy A e Highest stage in at least' 73 years occurs in one year does not reduce the probability of a flood and equations developed from urban studies in other parts
LZ) A & = as reported by local residents as great or greater occurring within the same year or during of the country. Figure 5 shows that the magnitude of the
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Table 1-Summary of rainfall intensities during the 21 Turkey Creek near Hennessey 385 6.1 28.5 41,400 10/11 . 52,700 i £ S e e e G e o 5 E 100}= e é E
October 1973 storm and 100-vear 22 07159100 Cimarron River at Dover 10,787 8.03 20.1 147,000 10/11 21.81 62,000 8 yr? 1974 e w 1(% Peak discharge measurements il )
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i:rliimlgg National Weather Service 25 Boggy Creek at Lahoma Road at Enid _ 6.91 24.2 29.0 6,340 10710 Rt ? e TR T e I ST R S i with those shown on principal map(sheet 1) %
100-year frequency station at Enid 26 Old Channel Boggy Creek at Lahoma Road at Enid 38 107  29.0 900° - 10700 . 1,660 .21 CYLRERE S A DA L TR and listed in table 2. 3]
fleslme taper 0. 4 Retoben G 27 Boggy Creek Diversion Canal below Rupe Ave. | | | £
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: 29 Skeleton Creek below Boggy Creek near Enid 71.1 16.3 29.0 25800  10/10 - __ __ 60,600 2B e L Figure 5.—Graphs showing comparison of peak unit discharge of October
6 6.1 (15.5) 14.0 (35.6) 30 07160500 Skeleton Creek near Lovell 410 84 290 750000 10/11 29.66 30,000 17yr*  5/16/57 3458 75200 1949-74 1975 flood with eompute 100-year Slocd.
12 7.2 (18.3) 15.57 (39.6) 31 07160550 West Beaver Creek near Orlando 13.9 23.8 30.0 7,800 10/11 6.05 762 <2yrd 7/ 1/68 104 3,500 1964-74
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Rainfall during the thobgr 1973 storrrp s 54, HElEeHy Flood Damage agricultural damage. Parts of Osage and Pawnee Counties
of the rr§ean annual_premplta‘glon of 29.1? mches (74.0 _cm)‘ 1 Weighted with station data The record-breaking floods caused nine persons to lose Wwere also declared disaster areas by the President because
at the Weather. station at Enid, ar}d ‘app1ox1matelyr_7‘t1nﬁeb 2 Adjusted for urbanization effects their lives. Flood damage was most severe in Enid; however, of agricultural damage. Thousands of acres of topsoil and
greater than thev normal October rainfall of 2.27 inches : R ot the towns of Blackwell, Dover, Jefferson, and Tonkawa were winter wheat crops were lost by erosion.
(5.77 em). Th‘? t.otarl rainfall of 15'6§ m_CheS (39'8:.” cm) facurren.ce e e also severely damaged. In addition, highways, county roads, Damage caused by the flood was estimated at $78
exceeded the highest recorded 24-hour total of 12.3 inches * Field estimate ; ) ; : : bridges, city streets, and railroads were damaged con- million by the Oklahoma Civil Defense.
(3L.2 cm) in the State for any October since records began 5 Historical measurement made in old channel Boggy Creek; drainage area approximately equal to drainage area for Boggy Creek diversion canal below Rupe Avenue at Enid (site 27). S Keystone Lake had adequate capacity to store all the
in 1892. NA Ratio to 100-year flood not applicable because of runoff from outside the drainage basin. The President of the United States declared the City storm runoff, thus preventing severe flood damage to the
of Enid, and Garfield, Grant, Kay, Kingfisher, and Noble City of Tulsa on the banks of the Arkansas River down-
Counties disaster areas because of extensive residential and stream from Keystone Lake.
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