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C1lAJ.~TER I 

JXl'RODDC'J ION 

Many floods occur :in the lfo:Lte.d States each y<.·a.:, sort<e caused from 

ri:ver flooding which may have a 15-·hour to 10-day d11K:-·to·-pe2Jc, while 

others \·t:i.11 be causEd by flash f1ooo:Lng which may have a vex.y short 

pe~1:king time, FJo,Hi forecasting :requirements for a comllm.nity, cit:h 

"t •. t r• ·· •--i " ,. •b" "'-' 'h •· " " h ,... i • t •· .. ., • ·· · -" .; · t" "' <· ·- h ' (' l) · " ' t· ~ a e vI ...... _,e,. ·""··•J-.D • a\C cLE.D. C.E: .EX!<.J.llPu .• l.l n~. pa~-L 'j . goVc .. rDIDLt1.,. 

reaction from a flood, (2) requests from flood prone areas and (3) 

c.oop<~r.n ti.ve prograrns -wi. th gove.rrunent:i 1 a gE-'nr.::ien. The maj or.i ty of 

flood forecast points now in existence in the United State~ are for the 

river floods, hut the. disasterous f12sh f:loods of the p.;.ist six years 

have brought to issue th.a.t forecasting procedures should be available 

for all f loodable coP.rnuni ties. The populous move::aer.t to rural 1 iving 

and the increase of camping has made people more cogniznnt of the flood 

pla:ln are.as wbere they are now or maybe :trihabi tj.ug. These areas. 

were. a.1,.:ays potential flood areas but heretofore were UJ'i.nhabitfjl. 

l"he occurrence :!.n the past few years of heavy rains brings t(.) 1ssv.e 

the ever present threat that: the Probable Haxiun.m1 Storm does not 

exist and that. it can occm: in ~ny 1oc.s1:i ty. 'l11e functional Flash 

Flood Hydrologist must investigate these newly developing flood 

plains along W'i.th other little known basins to update the current: 

Flood Forecasting Program, and to develop areas of fOJ:eca.:::;7-ing 

respousib:i.l:i ty. 

1 
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A flash flood is considered to be a flood that occurs with very 

little warning and that constitutes an unusual event. In general, flash 

floods are defined as damag:tng floods that occur ·wi.thin four to s:Lx hours 

of the time that the causat:tve rainfall occurs. Aside from artifically 

induced hazards such as dam failures, flash floods are generally the 

result of relatively intense rainstorms. Precise estimation of the 

critical rainfall intensity that is capable of producing flash flooding 

on any specified watershed is difficult, as many watershed and se.dsonal 

factors influence the hydrologic response, however, those areas suscept-

ible to rainfall intensities of severe magnitude may be considered to be 

areas with potential hazards due to flash flooding. 

If rainfall intensities of severe magnitude can be considered to be 

the.causative mechanism of flash flooding, then almost all areas of the 

United States can be considered to be areas of possible flash flooding, 

as most areas of the United States have experienced rainfall intensities 

of severe magnitude.· Even so, flash floods are most common in the arid 

and semi-arid regions of the west and southwest. This is due, in part, 

. to. the meteorological and physiographic conditions that frequently can 
I 

lead to the development of large convective thunderstorm cells that are 

capable of producing large amounts of rainfall in short periods of time. 

-
Formulation of practicable forecasting procedures -requi~es the 

development and operation of the Flash Flood Forecast Program. The 

Flash Flood Forecast Program must provide communiti~s in the United 

States with information concerning the flash-flood potential of 

streams in the communitles and surrounding areas. In addition, when 

approaching storms or other conditions deem it necessary, flash-flood 

~arnings are issued to appropriate community authorities and media so 



that actions to reduce property damage and loss of life may be init-

iated. 'fliree basic methods of providing flash-flood warnings have 

been used or proposed by State and governmental agencies. The first 

approach employs conventional flood forecast techniques at the com

munity level. Under the guidance of the local hydrolog:Lc service of 

a responsible government agency, the community establishes a network 

of rainfall and river observation stations. As coudit:i.ons warrant, 

information concerning rainfall rates, stream stages, and observed 

storm movement is eollected by a warning representa-tive. Flash-flood 

warnings are issued by the warning representative as necessary. If 

radar is available in the area, ·warnings may be based on radar track

ing and rainfall measurement, as well as observational reports from 

the observer network. 

The second approach involves use of a recently developed flash

flood alarm mechanism. As rising stages in headwater streams or 

tributaries reach a predetermined height, an alann located at a con

tinuously occupied public authority is activated by telephone or r?dio 

signal. The trlgger of the alarm system is an automatic stage meastiring 

device located some distance upstream of the community. The positioning 

of the triggering device, both geographically and vertically, must be 

determined from consideration of expected warning times and required . 

evacuation times. 

The third approach is dependent upon the skill and alertness of the 

rainfall forecaster. Warpings of possible flash floods are issued on 

the ba~is of rainfall reports received by the meteorologist during the 

progress of the storms and the meteorologist's estimate of the continu

ing intensity of the storm. Telemetered rain gages can provide informa-
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tiori: on storm intensities, and radar surve::l.llance can prov:i.de :i .. nfor"-

mation concerning time of onset, duration, areal extent, a.nd inten-

~ity. 

The Arkansas a:nd Red River Basins in New Mexico» Oklahoma and 

T.exas in that portion west of the 100° longitude has been an area of 

little concern to flood forecasting. The general objective of thia 

study is to find a method of determ..i..ning the flash flood forecasting 

requirements of a co1Jll!lt.mity and then to app1.y this approach to the 

subject areas in New Mexico, Oklahoma and Texas. The objective will. 

also be to determine the data input requirement for a forecasting 

system including equipment. 

The specific objective of this research is to find an hydrolog-

ic model to pred:i.ct the flash flood potential of a community basc~d 

on the hydrological, geological and geographical variables for the 

Probable Maximum Storm. 

This. study will analyze the flooding potenU.al of the following 

communities.: 

New Mexico Oklahoma Texas 

Cimarron Valmora Beaver .Amarillo 

Clayton W:itrous Guymon Canadian 

Folsom Logan Canyon 

Raton Channing 

Springer Palo Duro 

Tucumcari Tascosa 

Ute Park 



This study involves actual on-·s:tt.e E'.J.'"))erimental, ,field trips into 

the proposed test communities. These experiniental sessions have been 

made to determine and establish hydr:nlogic parameters. 

During this study a way of forecasting any flash flood locat::i.on 

ha.s been developed and is presented in the final operational fo.:111 of 

tables. These forecast tables are designed to forecast flash floods 

from varied initial base flows and the table package should allow 

, immediate evaluation of a flash flood threat. 

This study also <levelops a relationship between the community 

and the possible number of deaths that could occur from auy storm. 

The death relationship is shown in a Flood Potential Scale of one 

through ten (Table I). 

The flash flood potential of a community is shown as a·table 

with ratings of oue to 10. The table. is called the Flash Flood 

Potential Scale.. This type of presentation of tbe flood threat is a 

new approach in the hydrologic field. The Flash Flood Potential 

Scale is s;boilar to the Richter scale for earthquakes, except that 

the ·Flash Flood Potential Scale is shown in unit values of une 

through lOP rather than the power of 10. 

Number one of the Flash Flood Potential ~cale is equal to no 

significant flooding. Number 10 is equal to a catastrophic flood. 

Numbers one through five of tbe scale rate the i~~reasing flood po

. tential with no loss of life. Numbers six through 10 of the scale 

predict the.increasing chance of loss of life (Table I). 



TABLE I 

FLASH FLOOD POTENTIAL SCAI.E 

1 = No Significant Flooding. 

2 = Some Street and Low Land Flooding. 

3 - Street and Some Residential Flooding. 

4 = Y..ajor Street and Residential Flooding. 

5 = Stream I<'loodin.g and Property Loss, Very Light. 

6 = Stream Flooding with Chance of Loss of Life and 

Property Loss, Light. 

7 = Stream Floodinr, with Probable Loss of Life (O to 50) 

and Property Loss, Moderate. 

8 =Stream Flooding with Loss of .Life (50 to 150) and. 

Property Loss, Major. 

9 ""' Stream Flooding ·with Loss of Life (150 to l100) and 

Property Loss, Major. 

10 = Catastrophic Flood. 

6 



Synopsis of Following Chapters 

") 
I 

Chapter II contains a revi.ew of literature on hydrologfe equ.stJons, 

. 
~ystems, Models and Mnltiplc Regression /malysi.i:: .. 

Chapter III is conc.e:::-ned w:i.th the development of the Flash Flor)(l 

ModelP which includes the application of the. MIT Catchment Models HEC-2 

program and Statistical Ana1ysis. 

Chapter IV is concerned with the Application of the Flash Flood 

ModeL This Chapler presents the results of the Model in its aµplica-

tion to the twenty-five original source basins and the four test 

basins. 

Chapter V cl:i.scusses the results of Chapter IV. 

Chapter VI and VII are the Sumn:r..1.ry j Conclunions, and Suggest:i.ons 

for future study. 



CHAPTER II 

LITERATURE REVIEW 

· Hydrologic Equat:Lons, Systems and }k>del 

Leo R. Beard (1) 'Worked on a generalized evaluation of Flash-

Flood Potential. The first criterion developed in this study is the 

flash-flood magnitude index. .This index is defined as the ratio of 

the magnitudes of rare flood events to common flood events, and is 

indicative of the relative severity of rare flood events. Because 

of the relatively small variation in the observed ske~ coefficients 

for use in annual maximum stream flow frequency analysis, the stan-

dard deviation of the logarithms of annual maximum streamflows was 

considered to be an adequate estimation of the flash flood magnitude 

index. The second criterion developed '\JaS the flash-flood warning 

time index. This index is an inverse measure of the average warning 

time available during relatively rare flood events, and is, there-

fore, a direct measure of the intensity of expected flash-flood 

magni.tudes. The warning time index of a location was defined as the 

average of the ratio of peak flow to 3-day flo~, computed for the top 

107. of the observed annual peak flows of the location. It was found 

-
that a larger value of flash-flood warning time index indicates less 

av~rage warning time and higher intensity of flooding than does a 

smaller value. 

B 
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Jerald F. McCain and Robert D. Jarrett (2) a~v~loped frequency 

stotlies for Colorado" Their study cont::iins inforn,,'1tiou of the 5_, 10, 

50, lOOt 500 year floods at sites on natural-flow streams in Colorado. 

The report used the Log Pearson Type Ill :wetbod for fitting a fre-

quc::ncy curve to gagint;-stat:ion data and rnu1 tiple--regress:ion tech-

niques for regionaliza.t.ion or' transferriui=; the results to ungaged 

baHins. The three basic methods used were: 

1. Flood Information at Gaged Sites. 

· 2. Flood In£orw1 ti.on Near Gaged Sites on the Same Stream. 

3. Flood In.:formaticm at Uugaged. Sites. 

Q'.J:(W) 

where 

+ 

N + E 

XE 
QT(R) 

(2.1) 

- the weighted discharge for recurrence interval T, 

the station value of the flood for recurrence 

interval T, 

the regression value of the flood for recurrence 

:i.nterval T, 

N "" the number of years of station data used to compute 

Q , and 
T(S) 

E = the equ'ivalent years of record for QT{R). 



Flood Information Ne.ar Gaged Eites nn the Same Strc.am (2) 
-~~···~-.--··--· --·---~---·----·~--------·~----------·-~·---·-·-.. --.-.------··------~~-·---·-------· 

where 

{} 
''f(G) 

peak discb;:trge at ung2ged s:ite for recurrence 

QT(G' . ) 

.r\1 

f..l:, 

x 

interval T, 

= weighted average discharge at gaged 

recurrence interval T, 

= drainage crea at ungaged site 

:: drain2ge area .a t gaged site, and 

-- e~..:poDent for each f:lood region 

Flood lnfonnation at Unga~ed Sites (2) -----------------· -~------~------·--·------·-· 

where 

site. for 

(~l.3) 

Yt "" a flood characteristic, either peak discharge o:r peak 

flood depth, for recurrence interval t; 

X , X = basin and climatic parameters 
l 2 

a - regression constants; and 

b b = regression coefficients 
I' 2 

TI)e research µas developed from a flood f requ~ncy analysis of 
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gaging-station data and a nml tiple--regression analysis· of flood 

characteristics and basin and climatic parameter of 258 gagei.l basins 

in Colorado and adjacent states. Annual peak discharges through 

September 1973 "'ere fitted to the Log Pearson Type III distribution. 

Subjective appraisal of high and low outliners was made based on the 

reasonableness of the computed flood-frequency curves.· High out-

liners cause frequency curves to estirr2te extremely large flood dis-

charges, especially for large positive skewness. Low outliners 

caused.large negative skewness but increased the standard deviation 

of the frequency distribution. Standard multiple regression tech-

niques were used to develop equations by relating flood character-

istics at gaged sites t:o basin and climatic parameters. 

The resulting equations developed by McCain and Jarrett for 

Colorado and New Mexico for the Arkansas and Canadian River basins 

were: 

0.552 0.460 

'Q5 :::: 7SA s- (2.4) 
B . 

QlO = 
' 0.528 

144A SB 
0-336 

(2. 5) 

Q50 = 891A 0. 482 s 0.154 
·n (2. 6) 

0.463 0.086 
(2.7) QlOO = 1770A SB 

Q500 = 5770 0.432 -
A 

(2.8) 

QpMS = 30 560 °· 375 (2. 9) 
'. A 

-0.334 
D5 - 22. s - (2. 10) s 

D10 = 35.5 s -0.462 
s 

(2.11) 
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D50 "" 52.1 s -e.soo (2,,12.) s 

D100 "" 59.3 C' -0 • .517 (2 .. 13) ds 

77.3 s -0.533 (2. llt) ·Dsoo .... 
s 

=156.2 s -0.703 (? \ ") 
DPMS "'"'· ' .L _,, 

s 

where 

Q 
n 

- Peak di sc:harge in cfs; 

A = Drainage area in square miles; 

n :; Flood frequency; 

PNS == Probable rr;.aximu10 storm; 

D = Depth in feet. 

·v. B. Sauer (3) developed flood-frequency studies for rural and 

urban areas in Ol:lab01na and portious of ;idjacent stc.tes. The gt:veral 

form of the equation is: 

QX(U) = ~~Q_? (~-·-1)_ + .~.X(7-I12_ (2.'l6) 

6 6 

where 

QX(U) = Urban peak discharge for r~currence interval, X; 

_RL = Adjustr1ent factor to account for the effect of 

urban development; 

QX - natural peak discharge for recurrence interval, X; 

~ = rainfall-i~tensity ratio for recurrence interval X. 
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·The result:i.ng equation developed by Sauer for OkJ.ahom.a nnd por-

tions of adjacent states were: 

Q.50 

QlOO 

Gsoo 

QPMS 

where 

0.498A0· 66 ,.o. 40 1.58 
:::: ;.:> p 

o.67 0.42 1. lr4 
"" 1. OBJA s p 

5 4 o. 69 o. 4 7 1.12 
"" . OA s p 

0 70 0 4 Q 1. 01 9. lf-1A • S • u P 

=l 9. 4Al.05 S0.58 P0.84 

Sr SA2.10 0.82 0.54 
;:: .. .. ) • - .t.";.. s p 

Qn = Peak discharge j_n Cf 8; 

n = Flood frequency; 

PMS = Probable maximum storm. 

(2.17) 

(2.18) 

(2.19) 

(2.20) 

(2.21) 

{ .. 2''1) ./-. ,_ 

The standard error of prediction for these. equations is on the 

order of ~ 40 percen5. 

Wilbert 0. Thomas, Jr. (4) developed techniques for estimating 

flood depths for Oklahoma streams. The purpose of the report was to 

present techniques for estimating flood depths for both natural and 

urban streams in Oklahoma. 

The study by W. O. Thomas, Jr. (4) shows _that for less than 

bank.full _discharges a basin-wide relation exists between stream depth 

and discharge when discharge is of equal frequency of occurrence at 

all sites. It was proposed a general equation of the form: 

(2.23) 



14-, 

where 

D "" average· cross-sec tio1t depth 

C&F ... constants for a given frequency. 

Thomas (4) found this type of relation applicable for 

greater than bank.full discharges 1-11 New Jers.:-:y, nn.d for simpl:tc.i.ty 

mocli.fied the equation to: 

(2.24) 

where 

h = height of the water surface above the average channel bottom 

Q2. 33= mean annual flood discharge 

C&f = constants for a given frequency 

In this study by 1110mas flood depths ·,;ere ce~crnined at 132 gag:i.ng 

stations throughout the State and these were related to basin, climatic, 

and channel geometry characteristics by multiple regression techniques. 

The analysis indicated that contributing drainage area, A, and the 

2-year 24-hour rainfall are the two most useful variables for estirna

ting flood depths in Oklahoma and portions of adjacent states .. 

The regression equation used was in the following form, 

Dx ..,, aAblC 

where 

Dx = peak flood de~th in feet, 

A. = contributing drainage area in square. mi.les, 

I = the 2-year 24-hour rainfall in inches, 

(2.25) 
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a regretsion constant, 

b,c regression coefficients. 

The following equat5.ons were defined and indic2.ted by regr<~sslon 

analysis: 

D5 0.53 A0.24 I.l.60 

,.6.o. 22 1. 40 
D10 0.85 -,-.- .L 

o.:w 1.14-
D50 -· 1.58 A I 

DlOO -- 1. 95 A0.19 .• 1.06 
l. 

A0.17 0.91 
D500 :::.2.85 I 

0.16 o. 75 
DP1·1S == 6.25 A I 

where 

D --- Depth, iil feet; 

n = Flood frequency; 

PHS = Probable maxj_rnum storm. 

(2.2.6) 

(2.27) 

(2. 28) 

(2.29) 

(2.30) 

(2.31) 

P. R. Jordan and 'I' ... 1. lrza (5) developed a technlqU:e of dete:c-min::Lng 

"t d d £ f r. 1 00·~,. ·'n 17 '.-tn<"!a~ In thei:. re1 -ort fJ.oods wer" ma._gni u e an _ reqnency o -'-- .._ -.J..~ i •·"· ;.:, ti. r "'" 

found to be related most sign:Uic~:mtly 1:o the contributing drainage and 

the 2-year 24--hour ·rainfall. The scope of the study was limited "to peak 

flows and does not consider the shape or volume of the flood hydrograph. 

Equations developed by this study are applicable to unregulated drainage 

basins :i.n Kansai:;, ranging in area from O. 4 to 10, 000 square miles. 

The method of frequency analysis used to determine the N-year flood 
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peak at gaging stations V.'as the f:1.tting of a "Log Pearson Type III" dis-

tribution. This distribution uses three parameters-· .. -the mean) standard 

deviation, and skewness coeffid.ent-·-calculated from the logarithms of 

the original data •. Adjustments to the Log Pearson Type III frequency 

were made, where warranted, by one or both of 'the following conditions: 

1. Historical data--Informat:i.on identifying the highest flood 

during a period longer than the period of gaging station 

operatio11. 

2. Low outliners--One or two exceptionally lo-w-peak flows that 

have a large effect on the skew'!less coefficient., and thus· 

effect the computed flood magnitudes for large recurrence 

intervals. 

The final regression equations developed by Jordan and Irza are 

listed below: 

where 

Q = Peak discharge, in cfs; 

n = Flood frequency; 

-PMS Probable maximum storm. 

Q5 3 . 98 Aco.548 P24.752 (2.32) 

Q10 9. 92 AC0.525 p 23.591 (2.33) 

0.523 2.821 
(2.34) Gso = 47.6 A p c . 2 

Q100 = 83.8 A 0.524 
c 

p 2.52.9 
2 (2.35) 

0.524 1.98 
(2.36) Q500 = 2?2. Ac P2 

QPMS 
= 1101. Ac0.523 Pz0.56 (2.37) 
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David M. Hershfield (6) in 1961 developed the Rain.fall Frequency 

Atlas of the United States, referred to as Technical Paper /~O. Until 

about 1953, economic and engineering design requiring rainfall frequency 

data was based largely on Yarnell~s Paper (7) which contains a series of 

generalized maps for several combinations of durations and return periods. 

Yarnell's maps are based on data from about 200 first order Weather 

Serv1.ce stations. 

Tite data for Technical Paper 40 was divided into three cate-

gories. First, there was the recording-gage data from long-record 

first-order Weather Service stations; second the recording-gage data 

of the hydrologic network which are hourly reports, and finally, the 

very large amount of non-recording gage_data with observations made 

once a day. 

The factors considered in tlJe construction of the isopluvial 

maps were availability of data, reliability of the return period 

-
estimates and the range of duration. There was much data available 

for construction of the 2-year 24-hour maps (Figure 1) and 

these are deemed most significant. The probable maximum precipita-

tion (PMP) relationsh:tp uses a combination of physical model and 

several estimated meteorological parameters. Tbe main purpose of the 

PMP method is to provide complete safety design criteria in ca~es 

where structure failure would be disastrous. The PMP relationship 

is based on a 10-squar~ mile value of Hydrometeorological Report No. 

33 (8) (Figure 2). 



2--YT:":l\.f( 24·-lIOTJR. RA.INF l\T_JL (IJ>ICI-IF~S) 
• ! • . 

·-
Figure. 1. 2-Year 2.4-Hour Map, Rainfall Frequiency 

·Atlas of the United States, Technical 
Paper 40 (6) 
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Figure 2. Probable H.~ximmn Precipitatiou, F'11infa1.l 
Frequency Atlns of the United St.ates 
TecHnical Paper .40 (6) ' 
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Digital Computer Models 

Weather Service raver Forecast System _____ ___,, __ ~.----.--·--....--

The National '''eather Service River Forecast System is called 

ffwS HYDRO 14 (9). 'The program was developed by the National Weather 

Service (Nl-lS) and the basic portion of the system is tbat it vas de·

veloped around the hydrologic cycle. The Model has a primary re-

quirement input from a gaged location and, therefore, could not be 

easily allocated to an ungaged area. 

Sacramento Model 

The Sacramento Model was developed from the Stanford Mode.1 (10) 

and the NWS Hydro 14 :Model. The Sacrasento Hodel attempts to simulate 

streamflow by simulating all of tbe significant components of the 

hydrologic cycle in a more simplified manner. Burnash has tried to 

associate each variable in the Model with a recognizable counterpart 

in the physical ·world. This Model is one mor.e developed to fit the 

larger, historic basins rather than the ungaged small ba3in where 

most flash flooding occurs. 

HIT Catchment Hodel 

The MIT Catchment Model (11) represents movement of \..'ater over 

the 0c:atchment surface.and through the network (Figure 3). 

model recognizes that surface geometry is extremely irregular and 

impossible to represent in complete detail in either a physical or a 





:Figure 4. Typica.1 Natural Catchment 
MIT Catchment Model 
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mathema ti.cal mo cl el. A reductionist effect was used to replace the 

natural· complexities "With a number of siu;ple elements such as over

land flow planes, stream segments, pipe lengths, etc. A suitable 

combination of an appropriate m.nnber of these simple elements :l.B 

assumed sufficient to model the behavior of an entire catchment. 

Illustrated in Figure 4 is an example catchment. A possible 

combination of overland flow segments and stream flo"W segments 

would appear as a detailed model of this catchment. Consider the 
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drawing of a simple catchment stream element as pictured in Figure 5. 

Rain falls on the overland flow surfaces of this simple catchment. If 

the surface is perv-ious, then the rain will soak (infiltrate) into t!he 

ground and there will be no runoff. If the intensity of the rainfall 

exceeds the infiltration rate, then there will be rain excess, and 

runoff toward the stream channel will occur. The water runs off in 

the form of sheet flow or overland flow, and the motion of this 

water is described mathem.atically by means of the kinematic wave ap

proximation. It is noteworthy to realize that the kinematic wave 

theory was originally intended to be used to describe flow in chan-

nels, but with respect to overland flow; the water is considered to 

flow in very wide channels one unit of length (i.e., 1 foot) in width 

(y/b <<l y = depth~ b •width). 

Some of the basic considerations governing the development 

phase of the MIT catchment model were: 

1. That the model would be based on sound physical reasoning. 

2. That the parameters were to be directly related to the 

physical characteristics of the catchment and insofar as 

possible to be directly measurable from map or field data. 
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Figure 5. Simple Conceptual Catchment 
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3. That the model would be subject to e:xi>erimental verifica-

ti on. 

4. That the model "Would be based on sound_hydrologic param-

eters. 

5. The modei would be as simple as possibJe. 

6. That the time period could be from a few minutes to .several 

hours. 

7. That historic rainfall or runoff data would be eliminated or 

minimized. 

B. That the model would handle any size catchment. J·. 

9. That flow distributed over the surface of the catchment would 

be modeled as planes of overland flow. 

10. That the flow from the ove.rland planes would be collected by 

streamflow segments as lateral inflow and then passed down-

stream to other stream segments. 

The MIT Catchment Model defines the following parameters: 

Overland Flow. In the direct runoff of a vegetated catchment, 

the water trickles over, through, and under a highly irregular sur-

face. The flow regime varies between laminar and turbulent, and the 

flow among the stems and debris of dense vegetation may at times 

resemble rJ.ow 'througn porous media. It is clear, that a vigorous 

mathematical 'description of this phenomenon would· require solution . 
of the continuity and momentum equations at an exceedi~gly small 

scale> both areally and temporally. Although computer techniques for 

solving these equations on single elements of homogeneous surface are 



well established, the amount of field data needed to implement and 
/ 

verify the extension of these methods to the detailed variatlons of 

natural surfaces, the computer size, and the computational expense 

necessary for the solution of the resulting vast systems of equations 

are inconsistent with the insensitivity of catchment response to this 

microscale of variability. 

The important characteristic of overland flow is that the water 

is distributed over a wide area at a very small a'rerage depth until 

it reaches a well-defined stream channel. 

Streamflow. For modelling of the stream segments many routing 

techniques are available, ranging from solutions of the full non-

linear continuity and momentum equations through progre.ssively 

simplifled or linearized forms of these equations to simple para-

metric storage modc~ls. It would be desirable to use a form of these 

equations which is compat1.ble with the overland flow model require-

ments and which \JOuld represent those nonlinearities important to 

the dynamic behavior of the catchment. 

Lighthill and Whitham (12) i.n their comprehensive considera-

tions of the fluid mechanics of flood movement in rivers, have 

separated the effects into dynamic and kinematic waves~ both of 

which are initially present. They show that for Froude numbers less 

than 2, the dynamic component decays exponent1.ally and the kinematic 

wave ultimately predominates. Woolhiser and Liggett (13) indicate 

that the rate of damping of the dynamic component will be large 

enough to justify neglecting the dynamic effects provided that 
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where 

so = 

J, ::::: 

y = 

F = 

k = S oL > Jo 
yFz 

Slope of the stream; 

Length; 

Depth of flow; 

Froude number. 

(2.38) 

Use of the kinematic form of the unsteady flow equations allows 

particularly simple numerical solutions (since all disturbances 

propagate only in the dO\l.'D.stream direction), while retaj.ning some of 
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the non-linear effects of the full dynamic form. The successful ap-

plication by Wooding (14') of this approach to natural catchments 

ranging from O. 84 square miles to 3383 square mi.les has led to the 

adoption of the kinematic approach as the basic routing element. 

111e Kinematic Wave Equation. The kinematic wave equation for 

an overland flo~ segment is 

if + *- .,, (i - f) I 43200 

q = 
m 
·c 

a y 
c 

(2.39) 

(2.40) 
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where 

y = the depth of flow (ft); 

q "" the :ra.te of flow (cfs/f t); 

t "" t:i.me (sec); 

>.:: .., distance along the segment (ft); 

i "" the. :rainfall intensity (in/h:r); 

f = t.he infiltratfon rate (in/hr). 

In equat:l.on (2. 39) both· i and f ir • .ay vary with x and t. 

The difference i - f m.ay be treated as an ef fe.ct1ve. rainfall rate 

(which by e:onvent:ion in bydro1ogy is neve·r negat:l.ve), or the. water 

remaird.ng on the. surfac.e when f exceeds i n:iny be p1?.rmitted to 

conti.nue to percolnte into the soil. The fact th.at f ine.y vary with 

x causes the model to simulate runoff only from those lo ca ti<:. as 

where i exceeds f. 

where 

Thi:! corresponding equat:i.on for. the strea.."n ai::gments is 

ClA + .~.9. "' q 
dt cix: 

Q ... 
ms. 

a A· 
a 

A "'"' Crcss-secti()nal area of flc>'w (f t 2); 

Q ,.., Dfacharge r~te (cfs); 

q "" Lateral :tnflow rate of overland flow (cfs/f t). 

(2.l~l) 

(2.42) 



The above kinematic wave equations contain the parameters 

a m a and m which may be est:imated from the Manning formula c' c' s 8 

q = 1.49 y 5/3 s 1/2 
n c c 

c 

as 

1. 49 1/2 
a = S 

c nc c 

m = 5/3 
c 

in the case of ove:rland flow or from the Manning formula 

as 

a 
s 

m 
s 

Q = 1.182 
n 

s 

1.182 
= n 

s 

= 4/3 

2/3 4/3 
(£ l A 

li+ji+zi-J 

[ IC J2'3 s 1/2 

l+ /l+z"2• 
s 

81/2 
s 

in the case of flow in a triangular channel. 

(2.43) 

(2.44) 

(2.45) 

(2.46) 

(2. 4 7) 

(2.48) 

The MIT catchment model solves the kinematic wave equations by 
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numerical techniques. The details of these techniques have been care-

fully developed over a period of many years to the point where reli-

able procedures have been programmed to automatically assure the most 

economical solution of these equations. These numerical procedure.s 



discretize time in steps of 6-t and distance in steps of Ax. 

Over any one time step, i and f are assumed to remain constant. 

Variables i and f also are assumed to remain constant over x. 

Variations with x of f can be represented in stepwise changes 

by a cascade of overland flow segments. Along any stream segment, 

the variable q changes continuously with time but is assumed 

constant over the length of the stream segment. 

Time of Concentration. One of the most important considera-

tions to reduce a catchment to a network of segments is the time it 

would take each segment to reach equilibrium when excited by a 

steady-state inflow. This time is called the time of concentration 

and may be derived from the kinematic wave equation. The time of 

concentration for a~ overland flow segment is 

(2.49) 

where i is the rate of rainfall excess (in/hr). The time of 
e 

concentration for a streamflow segment is 

ts = [ :: q J l/m s (2.50) 

where q is the equil,ibrium rate of lateral inflow to the stream 

from all adjacent overland flow segments and there is assumed to be 
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no upstream inflow to the stream segment. The time of concentration 
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for a simple model havir.g identical overland flow segments on each 

side of a stream segment would be 

= ( Lc ) l/mc + 
a~(i /43200) 

c e 

Although the time of concentration is important to reduce the catch-

ment to a minimum number of segmentsf lt should be noted that 

natural rainfall events do not occur at constant intensity, and the 

U.me of concentration cannot be observed in the field. 

Infiltration. .Although infiltration research has been conducted 

for many years, there still is no generally recognized adequate 

quantitative model of natural infiltration. Considering the complex 

combination of soil characteristics~ soil moisture conditions and 

other factors occurring in nature, this is not too surprising. 

Nevertheless, infiltration is important because it can influence not 

only the volume and intensity of direct runoff rates but the timing 

of the runoff hydrograph as well. The MIT catchment model has the 

capability of utilizing two different methods for determining infil-

tration, the Soil Conservation Service method (15) and Horton's 

method (16). Horton'~ method is a mathematical equation for defining 

the rate curve of infiltration capacity: 



RAINFALL .RATE 
INFILT,RATION RATE 

INFILTRATION CONTINUOUS UNTIL 
'NO MORE' WATER REMAl~~S ON 

FC 
' 

. THE OVER LAN 0 .FLOW SEGMENTS 

INFILTRATION 
CURVE 

AMOUNT OF 
RAINFALL THAT 
IS INITIALLY LOST 

RAINFALL CURVE' 

RUNOFF 

Aiv10UNT OF RAIN FALL 
TH1~T INF! L TR ATES 

00 TO DEPRESSlON 
STORAGE, !NTERCEPTJON. 

Figure 6. Infiltration Capacity Curve 
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-kt (2. 53) f = f + (f - f )e 
c 0 c 

where 

initial rate of infiltration capacity (in/hr) 

e base of natural logarithms 

k = constant depending primarily upon soils and vegetation 

t = time from start of rainfall 

f_ = steady state infiltration capacity (in/hr) 

See Figure. 6 •. 

The values of f , f and k are given-by the model user as da.ta 
0 c 

input and are placed on data c...1.rd mun.her 4. All prev:f..ous areas are. 

presumed to have the same infiltration properties. However, an over-

land flow segment does not have to be completely pervious. The 

percentage of imperviousness for each overland flow segment is specified 

in the data input and the model user can have a 1QO% impervious segment, 

a 1007. pervious segment or any combination thereof. 

In computing excess precipitation for any overland flow segment, 

the following equation is used: 

EP = (RAIN)(IMP)+(EXCESS)(l-IMP) (2.54) 

EP = excess precipitation 

RAIN ==amount of.rain falling in segment 

IMP = percentage of overland flow segment which is impervious 

(1-IMP) "" percentage of overlan¢l flow segment which is :Lmpervious 
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EXCESS = present rate of precipitation excess for pervious parts 

of tbe segment 

The second method for determining infiltration is through the use 

of the Soil Conservation Service Method. The method is explained fully 

in the SGS National Engineering Handbook, Section 4, "Hydrology", 

United States Department of Agriculture, 1972 (15) but it will be 

briefly explained here, since it is the method used in this example. 

The SGS has divided all the soils in the United States (including 

J?uerto Rico) into four major hydrologic soil groups. Group A (low run

off potential) are soils having high infiltration rates even when 

thoroughly wetted and consist chiefly of deep, well - to excessively 

drained sands or gravels. These soils have a high rate of water trans-

mission. Group Bare soils having moderate infiltration rates' even 

when thoroughly wetted and consist chiefly of moderately deep to deep, 

moderately well to well:-drained soils with moderately fine to moderately 

coarse textures. These soils have a moderate rate of water transmis-

sion. 'O·Group C are soils having slow infiltration rates when thorc;mghly 

wetted and consists chiefly of soils with a layer that impedes downward 

movement of water, or soils with moderately fine to fine texture. 

These soils have a slow rate of water transmission. Group D (high 

runoff potential) are soils having slow infiltration rates when 

thoroughly wetted and consists chiefly of clay soilt:t with a high swell-

ing potential, soils with a permanent high water table, soils with a . ~ 

clay pan or clay layer at or near the surface, and shallow soils over 

nearly impervious material. These soils have a very slow rate of .water 

transmission. 
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'Ihese four major groups are then broken down further by land use 

and treatment, by hydrologic soil-cover and by antecedent moisture con

ditions. The land use and treatment. class incorporates itema such as 

crop rotation, contouring, terracing, pasture, range, farm woodlots, 

commercial forests, straight-row farming, roads and urban areas. The 

second class, that of hydrologic soil-cover, is self-explanatory. The 

third class is the antecedent moisture conditions. This class :J.s di

vided into three areas. A soil can be A11C-I, a condition of watershed 

soils where the soils are dry but not to the wilting point, and when 

satisfactory plowing or cultivation takes place. AMC-II is the average 

cause for annual floods, that i·s·, an average of the conditions which 

have preceded the occurrence of the maximum annual flood on numerous 

watersheds. AMC-III is the condition of the soil when heavy rainfall 

or light rainfall and low temperatures have occurred during the five 

days previous to the given storm and the soil is nearly saturated. In 

this example AMC-II was considered in all cases. 

Thus, the major soil type, land use, and ground cover were deter

mined for each overland flow segment of the catchment. Assuming that 

we.use AMC-II, the SCS National Engineering ·Handbook was consulted and 

from this manual, a certain curve was found. The curve number is au 

arbitrary number used with the SCS method. 
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Multiple Regression Ar.alysis (17)(18) 

If there are m variables to correlate,· including one dependent and 

m-1 externally independent,_the general equation.for multiple linear 

regression is 

(2.55) 

where B0 is the intercept_and Bi is the multiple regression coefficient 

of the dependent variable Y on the independent variable X. with all 
l 

other variables kept constant, m = numb'er of variables. 

The principal results for the multiple regression model (equation 

(2.55) can be shown in matrix form. 

To express the multiple linear regression model 

Y. 
1 

(2.56) 

In the general form, the multiple re'@ression model (4. 3) .. is then 

where 

y 

B 

x 

£. 

XB + y = 
nxl nx(m+l) (m+l)xl 

E 

nxl 

is a vector of observations 

is a vector of parameters 

' 
is a matriX of constants 

is a vector of independent normal 

expectation E(E) = 0 and 

Variance-covariance matrix o2 {c:) = 

(2.57) 

random variables with 

021. 
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The least squares normal equations for the general multiple linear 

regression (4.4) are: 

(X'X)' = B + X' y (2.58) 

(m+l)x(m+l) (m+l)xl (m+l)n ·nxl 

and the least squares estimators are 

b = ('X')-1 X'Y (2.59) 

(m+l)xl (m+l) (m+l) m+lxl 

Let the vector of the fitted values t 1 be denoted by Y and the 

vector of the residual terms, e 1 = Y1• 

The fitted values are represented by 

y = Xb 

and the residual vector by 

,.. 
e = y - y 

The sums of squares for the analysis of variances are: 

-2 
Sums of squares total = SSTOT = Y'Y - nY 

-2 Sums of squares regression = SSR •-= b' X' Y' - nY 

Sums of squares error = SSE e'e = Y'Y - b'X'Y' 

(2.60) 

(2.61) 

(2.62) 

(2.63) 

(2.64) 



The sum of squares total, as usual, has n-1 d_egrees of freedom 

associated with it. The SUll1 of squares error has n-(m+J.) degrees of 

freedom associated with it since m+l parameters need to be cst:iJii.ated in 

the regression function for model (l1. 4). Finally, the sum of squares 

regression has m+l-1 = m degrees of freedom. associated with it, repre-

sen.ting the number of X variables Xi ..... ,~for which a coefficient 

has been estimated. 

Table II shows these analyses of variance results, as well as the' 

mean squares MSR and l1SE: 

(Ml'.-:AN SQUARE REGRESSION) 

(MEAN SQUARE ERROR) MSE 

MSR 
sum of sauare regression 

m 

-~um ~~_guar~--~rror 
n-m+l 

(2 .. 65) 

(2. 66) 

The expectation of MSE is o2 , as for simple regression. Street and 

Torrie (18) 1 stated that the expectation of HSR is a2 plus a quantity 

which is positive if any of the Bk (k = 1, 

not zero. For instance, when m+l-1 = m 

E(MSR) = cr2 + B 2 
1 

Thus, if both B1 and B2 equal zero, E(MSR) 

...... ' m) coefficients is 

2, then 

(2.67) 

2 . . 2 a • Othenn.se, E(MSR)>cr • 
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T.ABLE II 

Al~OVA TABLE FOR GENERAL I,INEAR REGRESSION MODEL 

Source of 
Variation Sum of Square DF 

REGRESSION SSR b'X'Y' - n :y2 m· MSR SSR 
m 

ERROR SSE Y'Y - b'X'Y' n-m-1 MSE = SSE 
n-m+l 

TOTAL SSTO = Y'Y-nY2 

The coefficient of ~ultiple determi_nation, denoted by R2, is 

defined as follows: 

R2 = SSR 
SSTO 

1 SSE 
SSTO 

(2. 68) 

It measui:.es the proportionate reduction of total sum of squares 

variation in Y associated with the use of the set of X variables 

Xp ••••• , Xm. The coefficient of multiple. determination R2 reduces 

to the coefficient of simple determination r 2 (simple regression) when 
\ 

m = l; that ·is, when one independent. variable is in the model (equation 

(2.68). Thus, for R2 we have 

2 (2.69) 
0 < R < 1. 

R2 assumes the value of 0 when all bk= 0 (k = 1, ~····' m). R2 

takes on the value 1 when all obserV'ations fall directly on the fitted 
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response surf ace; that is, when Yi -· Y 5 for all i. 

The coefficient of multiple correlation R is the positive square 

root of R2 : 

R=V. (2.70) 



CHAPTER III 

DEVELOPMENT OF THE FLASH FLOOD MODEL 

Flash Flood Hodel 

To be able to walk across a drainage basin and from visual ob

servation predict the flows and stage for a varied condition of 

runoff has been the dream of many hydrologists. T'ne Flash Flood 

Model is an attempt to enable an hydrologist to be able to predict 

the max:!Jnum disaster and major floods that may occur to a community 

or to a basin by knowing a few basic basin parameters (Figure 7). 

Today the urban and rural residen.ts of our country are warned 

not to live in a flood plain. Many State and Federal agencies 

have l:btressed the point that the only real protection is to locate 

one's home or business above the 100 year flood plain. These 

governing bodies do not attempt to explain the possibility that a 

flood five t:!Jnes worse than the 100 year flood could occur. The de

velopment of this Flash Flood Model i.s an attempt to educate the 

citizenry and governing bodies that it is possible that a catastroph

ic flood could occur in their respective connnunities. 
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The specific purpose of the Flash ·flood Model is to provide to 

the hydrologist/engineer a tool to aid him to better analyze a basin. 

Consider that the Probable Maximum Storm only occurs twice a year in 

the United States, therefore, where it does occur, the.departure from 

normal hydrologic conditions is usually so great that. any understand-

ing of what could happen is beyond comprehension. 

The Flash Flood Model first establishes within its files the 

average rainfall/runoff values. The index to moisture conditions 

within a basin is the uni.versal application of the antecedent 

precipitation index Pa. The equation is: 

where 

P ""' Antecedent Precipitation Index (API) a 

ht = A constant 

Pt = Amount of precipitation which occurred t days 

prior to the storm. 

(3.1) 

In a day to day accounting of the index, there is advantage in assum-

ing that bt decreases with t according to a logarithmic recession, 

rather than as a reciprocal. 

Therefore 

where 

Pat = Paokt 

b = k~ 
t 

(3. 2) 



a = Coefficient 

k = Exponent 

o = Initial value of A.PI. 

then by letting t equal unit, 

kPao {3. 3) 

11ierefore, the index for any day is equal to a constant k times 

the index of the day before. The value of k is a function of the 

geographic area. Experience has shown that the k value in the 

plains area of the United States is 0.90. 
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The Flash Flood Model is one main computer model with two sub

routines. The sub-routines are the MIT Catchment sub-routine and the 

HEC-II sub-routine (Figure 7). The Flash Flood Model has with-

in its program four basic data arrays, namely, DATA TSA, DATA TSB, 

DATA TSC and DATA TSD ·(Figure 13). These data sets relate to 

soil moisture conditions in areas of four different ruey>ff capabili

ties. DATA TSA is for 0.25 inches of runoff to flood an average 

stream in a particular area, DATA TSB is for 0.50 inches, DATA TSC 

is for 0.75 inches and DATA TSD is for 1.00 inch. 

The four data sets were compiled from the rainfall/runoff curve 

relationship in Figure 13. These tables were keyed on the stream 

capacities of an area and the amount of rainfall required to cause 

stream flooding. 
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The next 1najor component of the model is the dat:a requirement 

as shown in Figures 9 and 10. 

The model will next interrogate the statistical equations to 

determine the positioning of the subject basin "Within the population 

of statistical data. The model will use the statistical equation 

developed from the "Best" 6 variables found by the maximum R-square 

improvement procedure. (A description of the statistical model is 

located further on in this chapter). In the "Best" procedure, the 

variables are RFPMS (rainfall/probable maximum storm), DENFLP (popu

lation density of flood plain), DRAINA (drainage area), RAINFAL 

(rainfall), SLOPCN (slope of channel), SLOPBAS (slope of basin). 

The main equation used in this subroutine is: 

DEATHS= -71.641 + 2.53RFPMS + 0.016DENFLP 
(3.4) 

O.lOlDRAINA 2.328RAINFL 

+ 2.414SLOPCH + 0.728SLOPBA 

Ne.xt in line of computation is the development of a stage dis

'Ocharge relationship called a rating. This rating employs the use. of 

empirical formulas (2)(4)(5). The option will exist to develop 

the rating by the noted empirical formula or by.other analytical 

means through use of the Corps of Engineers Hydrologic Engineer 

Center's Backwater Program called "REC-II" (19). 
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The majority of these empirlcal equations will be in the. form: 

(M) (L) 
~=(Constant) (Drainage Area) (Slope. of Basin) (3.5) 

where 

or 

where 

Q = Flow in CFS 

n = Flood frequency 

M -- Exponent for drainage area 

L = Exponent for slope of bci.sin 

Stage= (Constant)(Drainage Area)(M)(2 hour storm)+ 
n 

Constant 

Stage = Gage height in feet 

n = Flood frequency 

M - Exponent for drainage area 

(3.6) 

The model will next position the community within the Flash 

Flood Potential Scale. The program will determine the potential 

death number and then locate its number position in the seal~ be-

tween one to ten. 

The model will next calculate hydrologie: parameters from basic 

information supplied as noted in Table V. It is in this parameter 

calculation step of the model that the time to peak, unit graph 

peak, channel slope, overbank slope, 100 year flow, 100 year gage 

height, probable maximum storm flow depth, number pf rainfall gages 

required and number of river stations required are determined. 
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The time of concentration is determined by the equation: (20) 

T = (( 11. 9) (RM) 3 • O) 
c 

.lili0.35 
(3.7) 

where 

Tc Time of concentration; 

RM Distance of stream> in miles; 

nh Difference in height of basin. 

The time to peak is determined by the equation: (20) 

Tp=((Dur/2.0)+(0.6)(Tc.))(.7) (3. 8) 

where 

T = Time to peak; 
p 

Dur = Rainfall duration in yours; 

T = Time of concentration. 
c. 

The unit graph peak is determined by the equation: (21) 

UG= ((DA) (640)) ( (2/ (Tp +Tr)) (3. 9) 

where 

UG = Unit graph peak~ in cfs; 

DA = Drainage Area> in miles; 

Tp = Time to pe?k; 

T = Time of recession. 
r 
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The model will next write all output on the disk, waiting for <1 

later command to print results. 

The model next investigates the input data for dam break. 

information. If dam data is available, then flow from a total wash 

out break and a breach break will be determined in terms of flow and 

downstream stage. 

Peak outflow from a complete reservoir washout is calculated 

by: (22) 

QR. = (8/27)(B)(32.2)0.S(DEPTR)l.S 
es 

(3.10) 

where 

QRes = Discharge in cfs; 

B = (2) (Reservoii:~pacit)'.:) 
{Depth of Reservoir)(Length of Reservoir) 

DEPTR = Depth of Reservoir 

The MIT Catchment Model (23) 

The basic equations of the MIT Catchment Model were described 

in chapte-r II. The -MIT Catchment Model is used as a subroutine to 

the Flash Flood Model. It is used to calculate the time to peak 

and peak flow from a predetermined study storm, or operationally for 

unusual storm events. 

The data sheet for compili.ng the data input for the MIT Catch-

ment Model is shown in Figures 11 and 1.2. 

- . 
The computer cards for the Flash Flood Model is listed in Figure 13.. 
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C PROGRAM lABL 
REAL MLCilY 

Computer l'rogram 

Flash Flood Model 

DIMENSION DNAMEl13loC~AME(13l 
DIMENSION TSAC209l, TSB12091o TSCl209), TSDl209lo TSEl88} 
DIMENSION ZBl23ll• TSl9?4loZEELVl2310l,ZAl2310l 
DIMENSION RRFFllllt FFFF12ll10ATE12l1STA1E13) 
COMMON STAGEl7)tEV15l•Ol7loQXl10loOATU, 
COMMON BASINl13l•REACHl13l 
COMMON RF1111.FFC2ll•EELVC2lolll 
DATA TSAI 

i .01. .2e, .52, .e1. 1.21. 1.66. 2.&4. 3.71, 4.eo. 6.98, e,90, 
l ,03, .21, ,43, ~69• 1.06• 1.48• 2.42, 3,45, 4,55• 6,75, B.66• 
l .oo, .15, ,34, ,57, ,92, 1.30. 2.21. 3.22. 4.30t 6.52, 8,41. 
l .oo, .12, .2a. ,49, .a1, 1.11, 2.os. 3.os, 4.11. 6.35, 8,23. 
i .oo, .os, ,19, ,37, .63, ,92, 1.11, 2.e.1, 3.12, 5.96, 1.s1, 
1 .oo, .01, ,13, .29, .s2, .so, 1.48, 2.40, 3,43, s.68, 1.so, 
1 .oo, .oo, .01. .22. ,40, .61. i.39, 2.29, 3.3o. s,49, 7,31, 
l ~oo, .oo, .oo, .11. .33, .sa, l.3o, 2.2s, 3.2s. s.4o, 1.21, 
i .oo, ,oo •• oo, .10 •• 2a. ,49, 1.os, 1.82. 2.10. 4,95, 6,10, 
1 .oo, .oo. .oo, .01. .1a. .3a, .as, 1.58, 2.42, 4.56, 6.28· 
1 .oo. .oo, .oo. .oo. .10. .29, .76. 1.42. 2.23. 4,31, 5,96. 
1 .oo, .oo, .oo •• oo·, .oi+ •• 21. ,35, 1.2s1 2.031 4.02, s.671 
1 .oo, .oo, .oo, .oo. .oo. .is. .s&, 1.10, 1.a4, 3.7a, 5,35, 
1 .oo. .oo. .oo. .oo. .oo. .oa. ,47, i.06. 1.781 3.11, s.401 
1 .oo •• oo, .oo •• oo •• oo •• 03, .38 •• 94. 1.63. 3.58. 5,19. 
1 .oo, .oo. .oo. .oo. .oo, .001 .29, .s2. 1,q9~ 3.39, 4,981 
1 .oo •• oo, .oo •• oo •• oo •• oo, .21, .69, 1.47. 3.34, s.os. 
1 .oo, .oo, .oo, .oo, .oo, .oo, .11, ,55, 1.15, 2.7G; 4 0 22, 
1 .oo. .oo. .oo. .oo. .oo. .oo. .01. .46· 1.03, 2.65. 4.11/ 

DATA TSB/ 
1 .oo,· .oo, .oo •• co, .oo •• oo •• 02, .3s, .92, 2.42, 3,83. 
i .oo, .oo, .oo, .oo, .oo, .oo, .oo, .2s, .eo, 2.31, 3,73, 
i .21, .s2, ,89, 1.31, l.s2, 2,33, 3.38, 4.44, s.491 7.58, 9,ss. 
1 .11. .43, .74, 1.121 1.62. 2.13, 3,181 4.25• 5.31. 7,43, 9.39. 
1 .10. .321 .5Jt .89. 1.32, 1.78. 2.811 3.89. 4,95, 7.13, 9,061 
1 ,OG,· .26, ,49, ,77, 1.17~ 1.611 2,57, 3.64, 4.73, 6.92, 8,84, 
i .02, .1e. .39, .6s. 1.01, i.41, 2,34, 3,37, 4,46. 6.61, 8,57. 
i .oo, .13, .3o, .s2. .es, 1.23, 2.12, 3,12, 4,19, G.42, s,31, 
1 .oo, .os. .231 ,42t .69. 1.01. 1.851 2.83. 3.89· 6.13, 7,99, 
1 .oo, .04, .11. .34, ,59, .ea, 1.63, 2.ss, 3.62. s.s1. 1.11. 
i .oo, .oo, .101 .2s. .4s. .1s. 1.41. 2.2e, 3,31, s.56, 1,31, 
1 .oo, .oo, .oe, .22, ,44, .10. 1,35, 2.1s, 3.21. s.46, 1.26, 
i .oo, .oo, .01, .13, .31, .sq, 1.1s, i.90, 2.82, s.01, 6,83. 
1 .oo, .oo, .oo, .01, .2s, .'+s, 1.01, 1.14, 2.61. q.s2, 6.ss, 
1 .oo, .oo, .oo. .oo. .11, .36, .es, 1.541 2.3s, 4.51, 6.21, 
1 ,oo. .oo. .oo. .oo. .10. .2a. ,74, 1.36, 2.11. 4.22, s.a9. 
1 .oo, .oo. .oo. .oo. .o5. .21. .63, 1.20. 1.96. 3,96, 5,56. 
1 ,oo, .oo, .oo. .oo. .oo, .is. .s3, 1.01, 1.76. 3,11, s.22, 
1 .oo, .oo, .oo. .oo, .oo, .o&, ,41, 1.02, 1.83, 3,79, 5.46/ 

OAlA TSC/ 
1 .oo, .oo, ,00; .oo. .oo. .oo. ,33, .87. 1.73· 3.72. 5.5lt 
1 .oo. .oo. .oo. .oo. .oo. .oo. .26. .76. 1.51. 3.39, 5.031 
1 .oo. .oo, .oc. .oo. .oo. .oo. .21, .69. 1.47. 3,34, 5,051 
1 .oo, .oo, .ob, .oo, .oo, ,oo, .16, .&o, i.22, 3,02, 4,57, 

Figure 13,' Flash Flood Model 
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l ,34, .77, 1.22. 
l .2s. .60, 1.00. 
1 .22, ,54, 
1 ,lG, .42, 
1 .12, .34, 
1 .03, .24, 
l .oo, .15, 
l .oo, .15, 
l .oo, .07, 
1 .oo, .01, 
1 .oo, .oo, 
l .oo, .oo, 
l .oo, .oo, 

.92. 

.11, 

.61. 
• 'I 9. 
,38. 
,34, 
,23. 
• 1 5' 
• 10. 
,07, 
• 0 0. 

1 .oo. .oo, .oo. 
l .oo, .oo, 

DATA TSO/ 
1 ,oo, .oo, 
1 .oo, .oo, 
1 .oo, .oo. 
1 .oo, .oo, 
1 .oo, .oo, 
1 .oo .•• oo, 
l .so, l.oo, 
1 ,381 .83t 
1 .30, .69, 

• oo. 

• 00. 
.oo, 
,oo. 
• 0 0. 
• 0 0. 
.oo, 

1.50, 
1.30. 
1.12, 

1.70· 2.21. 2.73. 
1.44. 1.96. 2.47, 
1,34, 1.85, 2.37, 
l.os, 1.sa, 2.09, 

• 92. 1,36. 1.83 • 
,78. 
,661 
,57, 
• IJ 3. 
,35, 
.25, 
.22. 
• 11 • 
.05, 
• 0 0' 

• 0 0 • 
• 0 0. 
.oo. 
, 0 D, 

1,16. 
,97, 
.92, 
.12. 
,59, 
.48 • 
,40, 
• 30 ., 
.22. 
.14, 

.01. 

.oo, 

.oo. 

.oo, 
.oc. .oo, 
.oo •• oo, 

2.00, 2.so, 
1.79· 2.31. 
1.58. 

1.63' 
1.4~~. 

1.30. 
1.08. 

,93, 
.75. 
,67, 
,54, 
,44, 
.35 • 

.26, 

.16. 
,09, 
.oa, 
.03, 
.oo, 

1 .22. ,54, .• 92. 1.34. 
1 .19, .46, .s1, 1.21. 

2.10. 
1.85, 
1,71, 
1,54, 
1. 4 0. 
1.09, 

3,00, 
2.e2. 
2.61, 
2.37, 
2.23, 

i .is, .41, 
l .13, .3E,, 
1 ,04, .22, 
l .01. .161 
1 .• oo, .14, 
1 ,00, ,08, 
1 .oo.,. .04, 
1 .oo, .oo, 

OAlA TSE/ 
1 .oo, .oo, 
1 .oo, .oo, 
1 ,oo, .oo, 
l .oo, .oo, 
1 .oo. .oo. 
l .oo, .oo, 
1 .oo. ,oo. 
1 ,OO, •DO, 

DATA RRFF/ 

.10, 
,64, 

.36· 

.31. 

.23, 
• 18 ,· 
.13, 

.oo, 
• oo. 
• 0 0. 
• oo, 
.oo. 
.oo, 
.oo. 
• oo, 

1. 04. 
,95, 
• 71 • 
• 61• 
• 54 ' 
,42, 

,29, 

.16. 

.is • 
• 1 0. 
• 0 0. 
• oc, 
.oo, 
• oo. 
.oo • 

1 .s. 1.0, 1.5, 2.0, 2,5, 
DATA FFFF/ 

.96. 

.88, 

.69, 
,61, 
.s1, 

,32, 
.21, 
.19, 
• 11, 
.os • 
,03, 
.oo. 
• 00. 

2.05, 
1.90, 
1.s1, 
i.35 • 
1.26, 
1,01, 

.90, 

.79, 

.6l. 

.57, 

.so, 
• li 3 • 
.35, 
.21, 
.14 • 
.06, 

3,0, 4,0, 

3.76. 4,79, 5,821 7.86, 9,85t 
3.52. 4,57, 5,61. 7.69, 9,66. 
3,42, q,q7, 5.53, 7.Gl, 9.59, 
3.14, 4,21, 5.27. 7,40, 9,35, 
2.8a, 3,95, s.03, 1.18, 9,12, 
2.67, 3,73, 4,80t 6,94, 8,88, 
2,45, 3,51. 4,57, 6.70, 8.&4. 
2.21, 3.22. 4,30. 6.52, 8,41t 
1,94, 2.92, 3,98, 6,19, 8,07, 
1.77. 2.73, 3,77, 5.96, 7.83, 
1.41, 2.28. 3,31. 5.56, 7.37. 
1.39, 2.29, 3.30, 5,49, 7,31, 
1.26, 2,15, 3,14, 5.28, 7,12 • 
1,09. 1.96. 2,9~. 5,05, 6,89t 

.93, i.1a, 2,73, Lt.83, 6,65/ 

,77, 1,59, 2,53, 4,Gl, 6.42, 
,66, 1.43, 2,tt3, 4,48, 6,33, 
,54, 1.23, 2.13, 4.16, 5,96t 
,47, 1.06, 1,78. 3.77, 5,40, 
.41, .97, 1.67, 3.54, s.12, 
,33, .84. 1.51. 3.28, 4.82, 

4.oo, s.oo, 6.oo, a.00,10,00, 
3.e5. 4,e7, 5.89· 7.91, 9,91, 
3.65. 4.69. 5.73. 7.78, 9,77, 
3,42. 4,47, 5.53· 7.61, 9.59. 
3.28, 4.34, 5.54. 7,50, 9,47. 
3.10, 4.16. 5.23. 7,36, 9,31, 
2.9&, 4,03, 5.10, 1.2s, 9.19, 
2.47, 3.51, 4.60. 6,80, 8,71, 
2.21. 3.29· 4.37· 6.59, 8,48t 
2.15, 3.16, 4.23. 6.46, 8,35, 
1,85, 2.83, 3,89. 6.13, 7,99, 
1.66, 2.61~ 3,66, 5.91, /J.75, 
1,54, 2.47, 3,50, 5,71, 7,55/ 

1.40. 2.40, 3.43, S.52, 7,42, 
1.19, 2.18, :5,21. 5.28, 7,18, 
1,10, 1.84, 2,73, 4,98, 6,73, 

.87. 1.75, 2,76. 4.81, 6.70 • 

.e3, 1.s1. 2,35, 4,46, 6,16, 
,66, 1,30, 2,09, 4,11. 5,77, 
.s1, 1,14, l,9o. 3.83, s,q5, 
.41. 1.02, 1,83, 3,79, 5,46/ 

s.o, 6,o, e.-0, 10.01 

1 1.0, 1,2, 1,4, 1·6• 1,8, 2,0, 2.2, 2,4, 2.6• 2,8, 3,0, 3,2, 3,4t 
13.6• 3,5, 4.0, 4.2, q.q, 4.6. 4.8, 5.01 

DO 4311 I = l.11 
4311 RFII> = RRFFlll 

00 4312 I = 1.2~ 
4312 FFCI> = FFFFIIl 

DO 5600 I = 1.209 
5600 TSCI> = TSACll 

DO 5601 I = 210,418 
5601 TSCIJ : TSBll-209) 

Figure 13 •. (continued) Flash flood ~odel 



5602 

5603 

5£,0lf 
5559 

l Oq 
5561 

5'1 

103 

1300 

&f001 

'1002 

'1003 

lfl61 

lf005 

4006 

'1007 

lf008 

&f012 

lf.015 

'1016 

4017 

lf018 

lf019 

lf000 

61?>0 

DO 5602 I = 419,627 
TS!IJ = TSCCI-'118) 
DO 5603 I = 6281836 
TS!Il = TSDII-6271 
00 560'1 I = 837,924 
TS<Il = TSE!l-8361 
READ(S11041END=5560)8AS!N 
FORMAT1l.3A4) 
READCS1541REACH 
FORMAT!13A41 
REA0(511031DATE 
FORMATl2A4l 
READl511300lSTATE 
FORMAT!3A4l 
READ(514001)STATEN 
FORMAT<F2.0) 
READ(5,40021RFPMS 
FORMAllF5.ll 
READ(5,4003lDENFLP 
FORMAT!F6,l) 
READl5141611DENTOT 
FORMATIFlO,Ol 
REA0(514004JDRAINA 
FORMAT<FB.ll 
READl5w4005lRA!NFA 
FORMATIF6.2) 
READC514006JSLOPCH 
FORMA11F6,1J 
READ(5140071SLOPBA 
FORMATIF6.l) 
READ(5,4008JSLOPSI 
FORMATIF6.l) 
READl514012JTY 
FORMATIF6.2J 
READl5t4D141TPP 
FORMATIF6.2l 
READl5•4015lUNITT 
FORMATIF8.2l 
READl514016lHIGH 
FORMAT(F7.ll 
READl5140171ZERO 
FORMATCF7.ll 
READl5t4018lDUR 
FORM A Tl F4. ll 
READl511fD19lRM 
FORMATIFE..2) 
READl514000lANPC 
FORMATIF6.2l 
READl516996JFSI 
FORMATIF5.21 
READl516984JQQPMS 
FORMAT<FlO.Ol 

56 

DEATHS =IC-~l.E.~13J+l2.S355•RFPHS>+<.016!•DfNFLP)+!-D.l005•DRAINA> 
l+C-2.328~•RAINFAl+t-2.~l•SLOPCHl+l0.72S3•SLOP8AJ) . 

IFCSLOPSI-16.18730,873118731 
DEATHS = DENFLP**•~ . 
SCALE = £>. 

Figure 13. ·,(c~~tinued) Flash Flood Model 



GD TO lfOlflf 
6731 CONTINUE 

MINRAF =0.15•PMS 
IFISTATEN-1.llf010140ll,4010 

4011 0111=0.o 
Q(2l=75.•0RAINA••.552•SLOPBA••.lf60 
Q(3l=1~4.•DRAJNA••.528•SLOPBA••.336 
Q(4)~8~l·•DRAINA••,482•SLOP8A••,154 

Q(51=1770,•DRAINA••0.46~*SLOP8A••.OeG 

0(61=5770,•0RAINA••0.432 
Q(7):10020,•DRAINA••0.375 
JF(QQPMS-1.1698916988~6988 

6988 Q(7) = QQPMS 
&989 CONTINUE 

STAG[( 1 l =ZERO 
STAGE(21=122••SLOPCH••f-,33411+ZERO 
STAGEl3l=<3s.ss•SLOPCH••l-.462ll+ZERO+l.5 
STAGE11fl=152·l•SLOPCH~•!-.50)1+ZER0+3. 
STAGEl51=159.3•SLOPCH••!-.5331)+ZERC+4,5 
STAGEC61 = (77,3•SLOPCH*•C-.553}l+ZER0+6. 
STAGEC7l=<l36,2•SLOPCH••<-.703ll+ZERO 
GO TO 40l.3 

qOlO Q(l):Q,O 
0(2):0.50•0RAINA•~0.66•SLOPCH•*0,40•AN~C**l,58 

Q(3)=1,08•DRAI~A••0.67•SLOPCH••0.42•AN~C••1,44 
Q(q):5.40•DRAINA•*0,&9•SLOPCH••0.~7•AN~C*•1.12 

Q(5)=9.14*DRAINA•*0.70~SLOPCH•*0,48•AN~C**l.Dl. 

0(6l=24.lf•ORAINA••0.72*SLOPCH•~o.~s~A~?C 

Q(7l=80,2•DRAINA**0.75•SLOPCH•*0•75•AN~C 
JF(QQPMS-1,0l6987o698f 16986 

6986 Q(7l = QQPMS 
6987 CONTINUE 

ST AGE.11 l =ZERO 
STAGEC2l=I0,53•DRAINA**0.24•TY••1.60l+ZERO 

~STAGE13l=I0,83*DRAINA••0.22•TY••l.40l+ZER0+1.5 
STAGEC4l=(l,58•DRAINA**D.20*TY**l.lql+ZER0+2,5 
STAGEl51=11.95•0RAINA••0,19•TY**l.OEl+ZER0+3. 
STAGEl61=C2,85•DRAINA*•0,17•TY••0.9ll+ZER0+4, 
STAGEC7>=<6.25•DRA1NA**O•l6*TY**0.75l+ZERO 

'1013 CONTINUE 
OlFF=HIGH-ZERO 
IFITPP-0.251402014021,4021 

lf020 TC:((ll.9*RM**3.l/OIFFl**0.35 
TP=CCOUR/2,)+(0.6•TCll•.7 
XK=0.43+0.0003•DRAINA*640, 
TR=l,36•XK 
UNIT= ORAINA•640.•1,0•12,/CTP+TR)) 
GO TO 4022 

lf021 TP=TPP 
UNIT = UNITT 

~022 CONTINUE 
IFCDENFLP-l.l7710t771117711 

7710 DEATHS = O. 
GO TO 4023 

7711 CONTINUE 
IFCDEATHS-2,014023,403404034 

~023 JFClSTAGEC2l-STAGEflll-2,l4025,4026140~b 

Figure 13. (continued) F1.ash Flood Model 
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1!026 
4028 
4030 
4032 
403q 
4036 
4038 
401!0 
401;2 
4025 

4027 

4029 

4031 

4033 

i+035 

4039 

7712 

7713 

7715 
77H., 

401+6 
l.f Olf 7 
4048 

4049 
4050 

1;051 

'1052 

q053 

4055 

!Fl CSTAGEt21-STAGE11l l-ll.14027,1!028,4028 
IF ( CST AGE I 2 l -ST AGE I l l l -6. l 4 0 2 9, 'I 0 3 0 , lt 0 3 0 
1FtlSTAGEC2)-STAGEClll-~.l403114032.4032 
IF! ISTAGE12l-STAGE!l l l-10. )403314034,403'{ 
IF!DEATHS-2.1403514036,4036 
JF!OEATHS-50.)4037,4038•4038 
IF!DEATHS-150.)403914040,4040 
IFIDEATHS-400.J404114042.4042 
IF!DEATHS-10000.J4D43•4044,4044 
SCALE=l. 
GO To q Qlflf 

SCALE::2. 
GO TO 'l01l4 
SCALE=3. 
GO TO 401l4 
SCALE=4, 
GO TO 4044 
SCALE=5. 
GO TO 404'1 
SCALE= 6. 
GO TO 40'+4 
SCALE=7. 
GO TO 404'+ 
SCALE=8. 
GO TO 4044 
SCALE=9. 
GO TO 40'14 
SCALC: = 10 0 

corHHJUE 
IFISLOPSI-5.0l77l217713t7713 
DEATHS 3 IDRAIHA*SLOPSll**•5 
SCALE = 6, 
CONTINUE 
IFIDEATHS-1,17715•7716,7716 
DEATHS = 0,0 
CONTINUE 
RAGA~O = DRAINA**•5 
RVGANO = RM/6, 
IF!~VGAN0-1.0)40461'1047•4047 

RVGANO = 1. 
IFCTP-2,l40481'1049,'+049 
FFA = 1. 
GO TO _'1050 
FFA = o. 
CONTINUE 
WRITE<614051l DATE 
FORMATC1H1,/////,66X12A'll 
WRITEt6,4052lBASIN 
FORMAT[//1l9X113A4) 
WRITfl614053lREACH 
FORMATC/•19X•l3A4l 
NSCALE = SCALE 
WRITE(614054lNSCALE 
FORMAT!///,15X,•FLOOD POTENTIAL IS ESTI~ATED AT •.12.• OF A SCALE 

lOF 1 TO 10•) 
\/RITE(f,.40551 
FORMAT(//115X~•FLOOD POTENTIAL SCALE IS LISTED BELOW;'> 

Figure. 13. {continued) Flash Flood Model 
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\.IRITEl6140561 
4056 FORMATl/•18X•'l =NO SIGNIFICANT FLOODING.•) 

\.IRITEl614057l 
4057 FORMATl/•18X•'2 =SOME STREET AND LCW LAND FLOODING.') 

\./RITEIG,40581 
4058 FORMATl/•18X•'3 =STREET AND SOME RESIJENTIAL FLOODING.•) 

\./RITE!6,4059l 
4059 FORMATt/•18X•'4 =MAJOR STREET AND RESIDENTIAL FLOODING.') 

\./RITE(6,40601 
4060 FORMATl/•18X• '5 = STREAr. FLOODIIJG Al\D ?ROPERTY LOSS, VERY LIGHT.'> 

IJRITE(6,406ll 
q061 FORMATl/•18X•'6 - STREAM FLOODING WITH CHANCE OF LOSS OF LIFE AND 

1 ' ) 
\.JRITEl61410ll 

4101 FORMATC22X,•PROPERTY LOSS, LIGHT.') 
\./RITE!G,40621 

4062 FORMATl/•18X•'7 =STREAM FLOODING WITH PROPABLE LOSS OF LIFE (0 TO 
1 I ) 

WRITE16,41021 
4102 FORMATl22X,•50) AND PROPERTY LOSS, ~OO[RATE.'I 

l./RITE(6,40631 
4063 FORMAT<l•l8X•'B =STREAM FLOODING \./ITH LOSS OF LIFE 150 TO 1501 AN 

lD •') 
WRITEl6•4103l 

4103 FORMAT<22X,•PROPERTY LOSS, MAJOR.') 
\.IRITE(6,40b41 

4064 FORMAT(/•18X•'9 =STREAM FLOODING WITH LOSS OF LIFE 1150 TO 400) 1 ) 

WRITE(f.,l.\lOz+l 
q104 FORMATt22X,•AND PROPERTY LOSS, MAJOR.*) 

WRITE(6,4065l 
4065 FORMATl/•l8X•'l0 =CATASTROPHIC FLOOD.') 

NDEAD = D[,HHS 
WRITE!6,41051NDEAD 

ql05 FORMAT(///,l8X•'POSSIBLE DEATHS FROM P~OBABLE MAX STORM WOULD BE' 
lo 15 l 

WRITE(6,4066l 
4066 FORMATl///,35X,'RIVER FORECAST CENTER'! 

WRITEC6,406"7l 
q067 FORMA11/•38X•'TULSA OKLAHOMA') 

WRITE!6140681DATE 
q068 FORMATtlHl,////////,66X•2Aq) 

WRITE!6o4069l8ASIN 
4069 FORMAT(//,19Xol3A4l 

WRITE(6,4070IREACH 
4070 FORMATl/•19X•llA4l 

\.JRITE(f>,40711 
q071 FORMAT(///,JBX•'PERTINENT DATA•) 

WRITE(6,4072)DRAINA 
q072 FORMATl/•18X•'DRAINAGE AREA= '•Fb.~1• SQUARE MILES') 

WHITE!6,4073lSLOPCH 
4073 FORMATl/•15~•'CHANNEL SLOPE= •,F6.l•' FEET/MILE'>. 

WRITEl6t4074lSLOPSI 
4074 FORMATl/•l8X•'OVERLANO SLOPE= '•F7.lo' FEET/MILE') 

WRITEtf>,l.\075lHIGH 
4075 FORMATj/•lBX•'MAXIMUM HEIGHT OF BASlN = '•F7olo' FT MEAN SEA LEVEL 

1 ') 
WRITEf6,q0761ZER.0 

Figure 13. (conti"rrued) Flash flocxi Jlodel 
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4076 FORMATC/•lBX•'ZERO OF LOCATION - '•F7.l•' FEET MEAN SEA LEVEL'~ 
IFIFSI-1.016999,699816998 

&998 FS = FSI 
GO TO 6997 

6999 FS = STAGE12l-ZERO 
6997 CONTINUE 

WRilE(6,4077lFS 
4077 FORMAT(/,lBX•'FLOOO STAGE= '•F7.1,• F[ET') 

NfW = QC2l/10. 
ln'RITEl6,4112lNNO 

q112 FORMAT(/•lBX•'FLOOD STAGE FLOW= '•141'0• CFS') 
XG = STAGEt51-ZERO 
NNXG = XG 
WRITEl6140781NNXG 

4078 FORMAT(/•18X•'FLOW DEPTH FROM 100 YEAR FLOOD: '1I61•, FEET•) 
lGG = Q(5l/100, 
WRITE(6,4113lIGG 

4113 FORMAT(/•l8X•'l00 YEAR FLOOD FLOW= •,15.•oo. CFS') 
PMS : lRFPMS*RAINFAl/100, 
WRITE(6,5110lPMS 

5110 FORMAT(/•l8X•'PHOBABLE ~AXIMUN PRECIPITATION STORM= •.rs.2. 'INCH 
lES') 

PNSS = STAGE(71-ZERO 
WRITE(6,4114,PMSS 

· 4114 FORMAT(/•lBX•'DEPTH FROM PROBABLE MAXl~llN PRECIPilATION STORM='• 
lflj,O,• FEET') 

WRITE(6,41401TP 
41110 FORMAT{/1l8X•'TlME 10 PEAK= '•F4.lt 1 HOURS•) 

NUNIT = UNIT/100. 
WRITEl614141lNUNIT 

q1ql FORMATl/1l8X•'UNIT GR~PH PEAK= c,Jq,•oo. CFS'l 
NOQQ = Q(7)/lOOO. 
WRITEl6t4115lNQOQ 

q115 FORMATl/tl8X•'PROyABLE MAXIMUM PRECIPITATION STORM FLOOD FLOW='• 
lig,•ooo. CFS'> 

NGAG = RAGANO 
WRITE!6,4130lNGAG 

4130 FORMAT(//,18X1•NUNBER OF RAINFALL GAGES RE,UIRED = '•13) 
NRVRG = RVGANO 
WRITEl6•4131lNRVRG 

4131 FORMATl/•18X•'NUMBER OF RIVER STATIONS REQUIRED= '•12) 
READC51lDllDAM 

101 FORMAT!F2.0l 
C DAM BREAK PROGRAM 

IFIDAM-1.)41211106,106 
C SRDAA = SURFACE ACRES 
4121 READ(51491DNAME 
49 FORMATl13A4l 

READl5117lSRDAA 
17 FORMATtF7.2) 
C DEPTH = ~AX DEPTH OF RESERVOIR AT DAM 

REA0(5,18lDEPTM 
18 FORMATCF7.2J 
C CAP = RESERVOIR CAPACITY 

CAP = SRDAA•0.4•DEPTM 
READC5119lRESLN 

C RESLN = RESERVOIR LENGTH 

Figure 13. (continued) Flash Flood Model 
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19 FORMATIF5.2l 
B = 2.*CAP/OEPTM•RESLN 

c ORES = PEAK OUTFLOW OF REsrRVOIR 
QRES = (B./27.J•B•32.2•*•5•DEPTM**1•5 
TK = CAP/QR[S•6D. 

C TK = TIME IN MINUTES 
READl5di01T\ol 

60 FORMATIF7.1) 
REA0(5,5llOEPTH 

61 FORMATCF7.ll 
CP = (T~/12.*DEPTHl)•*2• 
QPQ = CP*q,•(DEPTH••2.5l 
CAPB = SRDAA*0.4•DCPTH 
REA0(5,70JCAPBB 

70 FORMATIF12.ll 
IF<CAPBB-1.171172,72 

72 CAPS = CAPBB 
71 CONTINUE 

TKK = CAPB/QPQ•50. 
REA0(5,201CNAME 

20 FORMAT(l3Aq} 
RE AD I 5 , 2 1 l ~1 LC I TY 

21 FORMATIF6.21 
DSSTAG = IDEPTH*D.55)/l~LCJTY•*0.351 
TIM =l[l.q86*2.8l*!CSLOPCH/5280.l••D.Sll/.Dl6 
TIME = TlM•0.6812 
TRAVL = TIMEICMLCITTl 

C DAM BREAK PRINT OUT 
WRITE(6,3074lOATE 

3074 FORMAT11Hl,/////,66X,2A4l 
WRITE!6,3075l8ASIN 

3075 FORMATl//,19X,13A4l 
WRITE!6,3076)REACH 

3076 FORMATl/•19X•l3A41 
WRITE!6,3077l 

3077 FORMAT!///,14X•'DAM BRE~K DATA FOR THE BASIN') 
WRITE!6,3078lONAME 

3078 FORMATl/•14X•'NAME OF DAM IS •,13A4) 
WRITEl6~4079lCNAME 

4079 FORMATl/•14X•'NAME OF CITY DOWNSTREAM FROM DAM IS '•20Aq) 
WRITE(6,q080lSRDAA 

4080 FORMATl/•14X•'SURFACE ACRES= •.r10.o> 
WRITEl6•408llOEPTM 

4081 FORMATl/•l4X•'DEPTH OF THE WATER AT TH~ DAM= '•F6.2•' FEET•) 
\.IRITE!6tq082lCAP 

4082 FORMATl/•14X•'RESERVOIR CAPACITY= '•Fll.11 9 A~RE-FEET 1 ) 

WRITE(6,4083l RESLN 
4083 FDR"A1(/•14X•'RESERVOIR LENGTH= 1 1Fs.1.• MILES') 

NQU(S = QRES/1000. 
WRITEl6•4084lNQUES 

4084 FORMATl/•14X•'PEAK CFS FLOW OF TOTAL DAM BREAK: '•l6o'OOO. CFS') 
WRITE!6,4085lTK 

4085 FORMATl/•14X•'RESERVOIR TIME TO PEAK AT SPILLWAY: '•F5.2•' MINUTE 
lS'l 

WRITE!6,4086) 
4086 FORMATl//1lqX, 1WE!R BREACH -- MOST PR03ABLE WAY OF DAM FAILURE•) 

\.IRlT((6,4087lTW 

Figure 13. (contimed) Flash Flood Model 
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4087 FORMAT(/•l4X••WIDTH OF BREACH= '•F7.l•' FEET") 
WRITE16,4088lDEPTH 

!j088 FORt\ATl/•14X<'DCPTH OF BREA.CH= '•F?.•.•' FEE'Pl 
NQPO :.: OP0/1000. 
MRITE(G,40891NCPO 

4089 FORMAT(/t14X•'PEAK FLOW AT BREACH= •.yq,•ooc. CFS•) 
\.IRlT[(F..,,4090lH<K 

4090 FORMATl/•14X•'PEAK Tl~E IN MINUTES AT 3REACH = '1F4.D•' MINUTES') 
l.'RIT[!61 1<0911 

4091 FORMAT(//,14x,•oowN STREAM EFFECT FRO~ BREACH') 
\.IRlTEl6•4092lOSSTAG 

4092 FORMAT!/•14X••STAGE AT CITY DOWN STREA~ WlLL BE NEAR '•F6.21 1 FEET 
1.) 
WRITEl61409~lTRAVL 

4093 FORMATl/tl4X•.'PEAK TRAVEL TIME TO CITY UILL BE: 'F4,lt 1 HOURS') 
l 06 CONTINUE 

READl514120)MORDAM 
4120 FDRMATIF2,0l 

IFIMORDAM - 1.)4121,4122,4122 
4122 CONTINUE 

READ(511301lZONE 
1301 FORM/i,T!I2J 

FSS = FS 
EV<ll - .S+ZERO 
[V(2) = (FSS*.25J+ZERO 
EV(3l = lFSS*.Sl+ZERO 
EV(4) = !FSS•.751+ZERO 
EV15l = FSS + ZERO 
CALL RATING 
QX(6) -· OX!5l*2• 
QX!7) = GX!5l*<~. 
GXlB) = QX(5l*4• 
OXC9l = QX(51*5• 
OXllOl = QX(5)•6. 
READ(5,31lTZ 

31 FORMAT(F4.2) 
READ(5,59lDATUM 

59 FORMAT(F4.0) 
IFITZ~.25)34133.34 

33 K = 1 
DO 35 I = 1,231 
ZBlil=TSlKl*UNIT*TZ 

35 K :: K+ 1 
GO TO 301 

34 IFlTZ-.501 q0,39140 
39 K = 232 

DO 'fl I = 1,231 
ZB<Il=TS<Kl*UNIT•TZ 

ql K = K +· 1 
GO TO 301 

40 IFCTZ - .751qq,43,qq 
&+3 K :: 463 

DO 45 I = 1,231 
ZBlil=TSIKl•UNIT•TZ 

45 K : K + ·1 
GO TD 301 

If'+ K :: 6'31f 

Figure 13.{continued), Flash F1.ood Model 
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DO 4£. I = 1.231 
ZB(Il=TS(K)•UNIT•TZ 

·'IG K : K + l 
. 301 COIHINUE: 

J = 1 
DO 3501 K = 1110 
oo 3501 l = 1,231 
ZA(Jl = ZBII)+QXCKl 
J = J + 1 

3501 CONTINUE 

8033 
307 
80_3 

51 
52 

50 

6677 

5312 

5313 

DO 803 I=l,2310 
DO 8033 K = 2,20 
IF<O<Kl-ZA(Ill8033o3qS,306 
ZZHIG = Q(Kl 
ZZLOW :: Q(K-ll 
ZZELE = STAGE<K-ll 
ZZZEL = ST AGE lK l 
ZZXZ = ZZZEL - ZZELE 
ZQOX = (ZAIIl-ZZLOWl/IZZHlG-ZZLOW) 
ZZXXZ :: ZZXZ•ZQQX 
ZSSS :: ZZELE + ZZXXZ 
GO TO 307 
ZSSS:: ISTAGEIKJ) 
GO TO 307 
CONTINUE 
ZEELVIIl =· (ZSSS - ZERO! 
corHINUE 
IF (DATUM-1.01so.s1.s1 
DO- 52 I = 112310 
ZEELV!Il = ZEELV<Il + ZERO 
FSS = FS 
K :: 1 
DO £.677 l = 1,21 . 
DO 6677 J :: ltll 
EELV(I,Jl : ZEELVIKl 
K=K+l 
BASEQ = OX!l I· 
CALL STAGG !BASt°<~•ZERO,PASEF> 
CALL TABLE IDATE,STATEoZONEt BASE~1BASEF1FSS•ZER00TP 

K = 232 
DO 5312 I = lo21 
DO 5312 J = loll 
EELV<I~J) = ZEELVCKI 
K : K+l 
BASEQ = GXl2l 
CALL STAGG IBASEQoZERO,RASEF) 
CALL TABLE (DATE1STATE,ZONE1 8AS~~·BASEF1FSStZEROoT? 

K ::. ~63 
DO 5313 I =1•21 
DO 5313 J = loll 
EELVIIoJl :: ZEELVIKl 
K = K+l 
BASEQ = QX13l 
CALL STAGG (BASEQ,ZERO,?ASEFJ 
CALL TABLE IDATEoSTATEoZONEo BASE~•BASEFtFSS1ZEROtTP 

K :: 69'+ 
DO 531'+ I = 1., 21 

Figure 13. (contirrued) Flash Flood Model 
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DO 53l'i J = 1.11 
EELV<I•J> = ZEELVtK) 

53l'i K = K+l 
BASEO = QXC!i> 
CALL STAGG IBASEOtZERO,RASEF> 
CALL TAOLE CDATE,STATE,ZONE, BASE~·BASEFtFSS•ZERO.TP•RFl 

K = 925 
DO 5315 I = 1.21 
DO 5315 J = 1.11 
EELVCI.J> = ZEELV(K) 

5315 K = K+l 
BASEQ = QX(5) 
CALL STAGG CBAS[Q,ZERO,RASEF> 
CALL TABLE tDATE.STATEoZONEt BASE~.BASEF·FSStZEROtTP•RF) 

K = 1156 
DO 5316 I = 1.21 
DO 5316 J = i.11 
EELVl!•JI = ZEELVCKI 

5316 K = K+l 
BASEQ : QX!6) 
CALL STAGG !BASEOtZERO~RASEFl 
CALL TABLE !DATE.STATE.ZONE, BASEd•BASEF,FSS•ZEROtTP•RF) 
K = 1387 
DO 5317 I = 1.21 
DO 5317 J = 1.11 
EELV<.l•JI = ZEELV<K> 

5317 K = K+l 
BASEQ = QX t7 I 
CALL STAGG CBASEOtZERO,PASEFl 
CALL TABLE !DATE.STATE.ZONE, BASE~•BASEF.FSS•ZERO,TP•RFl 

K =. 1618 
DO 5318 I = 1,21 
DO 5:?>18 J = i.11 
EELV!ItJI = ZEEL.VCKI 

5318 K = K +1 
BASEQ = QX I a 1 · 
CALL STAGG !BASEQ,zERO,PASEFI 
CALL TABLE !DATEtSTATEtZONE, BASE~·BASEF•FSStZERO.TP•~F) 

K = l81i9 
DO 5319 I = 1.21 
DO 5319 J = i.11 
EELV(J,J) = ZEELVCK) 

5319 K = K+l 
BASEO = OXC91 
CALL STAGG IBASEQ,ZERO,PASEFI 
CALL TABLE tDATE•STATE.ZONEt BASE~•BASEF•FSStZEROtTP•RF) 

K = 2080 
DO 5320 I = 1.21 
DO 5320 J = 1.11 
EELV(l,JJ = ZEELVIK) 

5320 K = K +1 
BAS[Q = OX (10 I 
CALL STAGG IBASEO•ZEROtPASEFl 
CALL TABLE tDATE.STATE1ZONE, BASE~·BASEF•FSStZERO•TP•RFl 
GO TO 5559 

5560 CONTINUE 
STOP 

Figure 13. {continued) . Flash Flood Model . . . 



END 
~UBROUTINE RATING 
COMMON STAGEI 7l1EVISJ,QC 7),QXllOltDATUH 
DO 1 1PI I = 1•5 
DO llf K =217 
IF ISTAGE<KJ-EVIIllllftl2•13 

13 HIGH = QIKJ 
XLOW = QIK-11 
OIFF = HIGH-XLOW 
HHI = STAGEIKI 
HHL = STAGEIK-11 
HHH = HHI-HHL 
HA = IEVII>~HHLl/HHH 
AFLOW ::: HA*DIFF 
QX(l) = AFLOW + XLOW 
GO TO 1'14 

12 QXIIl = CIKl 
GO TO l'llf 

14 CONTINUE 
141f CONTI NU[ 

RETURN 
END 
SUBROUTINE STAGG IBASEQ,ZER01BASEFJ 
~OMMON STAGE( 7J,EV15),QI 7),QXllO)tDATUM 
DO 8033 K = 2,7 
IF(QIKl-BASEQJ8033,31J5,306 

306 ZZHIG = Q(K) 
ZZLOW = QIK-1> 
ZZELE = STAGE!K-ll 
ZZZEL = STAGECK) 
ZZXZ = ZZZEL - ZZELE 

-ZQQX = IBASEO-ZZLOWl/IZZHIG-ZZLOW) 
zzxxz = zzxz~zoQx 
ZSSS : ZZELE + ZZXXZ 
GO TO 307 

345 ZSSS = !STAGEIKJI 
GO TO 307 

8033 CONTINUE 
307 BASEF = IZSSS~ZEROJ 

IFIDATUM-l.Ol55•56156 
56 BASEF = BASEF + ZERO 
55 CONTINUE 

RETURN 
END 
SUBROUTINE TABLE IOATE,STATE1ZONE1 BASE01BASEFtFSS1ZER01 

lTPJ 
DIMENSION DATE1211STATEl31 
COMMON STAGE! 71,EVISl,Q( 7),QXllO),OATUM 
COMMON BASINl13ltREACHl13l 
COMMON RFllll1FF!2lloEELV(2l•lll 
WRITEl6110331DATE 

1033 FORMATC1Hl,/////,66Xo2Alf) 
IF<TP-13. l56o57o57 

56 WRITEl6t4700l 
lf700 FORMAT!lH t21fXt 1 FLASH FLOOD FORECASTIN~ TABL( 1 ) 

GO TO 58 
57 WRIT[(6tlf701~ 

Fi~ure 13. (continued) .Flash F1.ood Model 
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'1701 
58 . 

1302 

1303 

1044 

53 

2001 
5303 
5304 

107 

113 

108 

5024 

59 

109 

106 

305 

6969 
. 1112 

110 

112 

FORMAT(lH ,21x,•FLOOO FORECASTING TABL~') 

CONTINUE 
WRITE(6,l302lSTATE 
FORMAT(//,55x,•STATE OF '•3A4) 
WRJTEl611303lZONE 
FORMAT!/•55X•'FOR[CAST ZONE '•12) 
WRITE(6,1044lBASIN 
FORMATl//112X113A4J 
WRITEl6153lREACH 
FORMATl/•12X•l3A4l 
WRITEl61200ll 
FORMAT!lH .26x.•cREST GAGE HEIGHT Ih FEET') 
FORMATl///,25X1 1CURRENT FLOW= •,F7,o,• CFS') 
FORMATl/•25X•'INITIAL STAGE~ '•F7.1•' FT'I 
WRITEl615304lBASEF 
WRITEl6,107l 
FORMATllH ,) 
WRITE I 6, 113 l FSS 
FORMATllH ,116X1'FLOOO STAGE= '•F5.1o' FT,') 
WRITE16,108l ZERO 
FORMATllH ,46X1'GAGE ZERO= 'oF7,2•' FT,-MSL'l. 
WRITE(6,50211lTP 
FORMATllH t46X1'TIME TO PEAK= '•F4ol•' HOURS'i 
WRITEl6i59) 
FORMATllH ,•FLASH FLOOD') 
WRITEl6,109l 
FORMATllH ,•GUIDANCE'•l9X1•INCHES OF RAINFALL IN 3 HOURS') 
WRITEl6,106l RF 
FORMATllH ,•VALUES*'•11F6,ll 
WRITEl6163l 
FORMATllH .1ox.•---------------------------------------------

1-------------•) 
WR I TE I 6, 3 0 5 l I FF I I.> • I EEL VI I, J) • J= 1•11 l • I =1 '21 ) 
FORMAT!lX1F4.l1' l 11llF6,ll 
WRITE16.6969l 
FORMAT!lH •'*AVAILABLE rORM LOCAL ~EATHER SERVJCE OFFI~E') 
FOf)MATllHO,) 
WR IHI 6 • 1112 l 
WRITEl611lOl 
FORMAT11H0o28X1 1RIVER FORECAST CENTER') 
WRITEl61112l 
FORMATllH 131X•'TULSA OKLAHOMA•) 
RETURN 

Figure 13. (continued) Flash Flood Model 
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Multiple_ Regression Analy_si§_ 

In this study, a multiple regression technique is used as a 

way to find the number of deaths. 

Annual peak flow of the drainage area will be expressed as a func.-

tion of drainage basin characteristics and climatic conditions by using 

multiple regression analysis as an equation of the form 

y = F(Xl, Xz, X3······Xn) 
I 

where 

Y = dependent variable death 

F = the function, for example, linear function or logarithmic 

function 

x1 , x2 , X3' ••••. Xn .. drainage basin population characteristics 

and climatic conditions 

The weighted least squares will be. used to adjust the best fit of 

the equation when the residuals have different. variances. 



CHAPTER IV 

APPLICATION OF THE FLASH FLOOD MODEL 

Flood History of Source Data and Hydrologic 

Information of Study Area 

Major Historic Death Storms 

Folsom. The great disaster that struck Folsom, New Mexico 

(24), August 27, 1908, was the most destructive flood·ever witnessed 

by people of northeast New Mexico. It was caused by a. cloudburst 

west of town. on the headwaters of the Dry Cimmarron. Just after a 

' beautiful rain :i.n the evening, the sun set upon a happy and prosper~ 

ous little town of 800 inhabitants. The next morning it rose in a 

clear sky upon a scene of destruction, death, desolation and horror. 

A lady who lived <Pmiles up the river telephoned the Central 

telephone office that the most terrific flood that had ever been 

known here was advancing upon the town. The telephone operator, 

Mrs. Rooke, faithfully warned all that she could warn of the impend-

ing danger. Her office was a small building which turned over as 

the flood struck it, extinguishing the light and carrying this brave 

and faithful lady to her death. 

The water soon began to spread over the town in high rolling 

waves. The railroad bridge west of tovm held it in check for awhile, 

then it broke and let loose a mighty volume of water that swept 
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everything along with it. The stream was now nearly half a mile wide 

and was at least five feet deep in the streets and rushing along with 

a mad torrential velocity that picked up houses and floated them off 

like chips. Eighteen people. lost their lives in this great north

eastern New Mexico disaster. 

_Rapid City. The Rapid City Flood (25) that occurred on June 9, 

1972, was one of the most destructive to occur in the midwest for 

many years. Rapid City, South Dakoka, with a population of 44,000, 

is located about 3,000 feet above sea level. 

Rapid Clty takes i.ts name from; and is divided by, Rapid Creek, 

a typical, boisterous mountain stream draining melted snow and rain 

waters from the rugged rocky crests and spruce-covered slopes ,of the 

central portion of the Black Bills. The creek has its headwaters 

near 7, 14.0-foot Crooks Tower, just south of Cheyenne Crossing and 34 

miles west of Rapid City. As its name suggests, its waters race 

4,000 feet downhill to the city, controlled only by a dam at Pactola 

about midway between the city and the stream's origin. The rushing 

waters are only momentarily delayed as they pass through Canyon Lake 

at the western edge of the city. Then they accelerate as they race 

through the narrow gap, cut over the ages by the stream and framed by 

Dinosaur Hill on the right bank and "M" Hill on the left bank. The 

waters of the stream then flow along the main business district of 

the city on ~heir way to join the Cheyenne River, 30 miles to the 

southeast on the prairie. 

The flooding was not restricted to Rapid Creek but was equally 

serious to the north on Box Elder Creek, and to the south on Spring 
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and Battle Creeks, which also flow into the Cheyenne,River. Fortun

ately, the latter two creeks do not travel through large population 

centers. 

Fifteen inches of rain fell at Nemo ou Box Elder Creek.and 14.5 

inches in about 5 hours near Sheridan Lake, located on the divide he

tween Spring Creek and Rapid Creek, southwest of Rapid City. This 

set the stage for the great flood on Rapid Cre.ek and the utter 

.destruction of two-thirds of the City of Keystone on Battle Creek. 

(Figure 14). 

The heavy sustained rainfall for a period of 3 to 6 hours was 

centered just to the west and northwest of Rapid City as shown in 

Figure :7.. This precipitation averaged about four times the 6~hour 

amounts that are to be expected once every 100 years in the area. 

The resulting runoff produced record floods along Box Elder, Rapid, 

Spring, and Battle.Creeks. Preliminary calculations by the U. S. 

Geological Survey indicate that Rapid Creek had a peak flow of about 

31,200 cubic feet per second, 3 miles above Canyon Lake Dam at 

10:45 p.m., and 50,600 cubic feet per second, more than 10 times the 

flow of any previous flood of record, in downtown Rapid City at 

12: 15 a.m. High:_water 11..arks have been used to establish a high 

stage of 15.5 feet at the Rapid City gage, which reads 9.0 feet when 

the creek is bank full. 

It appears that the relatively sm.~11 volume of water normally 

stored behind the Canyon Lake (about 192-acre-feet) would have con

tributed little to the downstream flooding~ The flood waters above 

Canyon Lake Dam carried debris whic.h clogged the spillway so that 
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Figure 14. Total Rainfall During Evening of 
June 9 into Morning of June 10, 1972 
Rapid City, South Dakota (25) 
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the reservoir pool temporarily became 11 to 12 feet oeeper than 

normal. 'I11e total storage at this time was about 1, 000 acre feet 

which i.s five times the normal capacity. Dam failure at 10:45 p.m. 

released this water ca.using a giant wave that devastated the urban 

area in its path and drowned more than 150 people during the next .. 
two hours. 

Bi_g_Thompson. The Big Thompson Flood (26) (27) (28) (29C was 

one of the most costly flash floods in terms of both lives and 

property damage ever to occur in Colorado and the western United 

States. Only the disastrous Rapid r.ity Flood is of comparafile-magn1·-

tude. Although destruction was the greatest in the Big Thompson 

Canyon, serious flooding occurred on the Cacte laPoudre River and on 

several streams draining the adjacent foothills, including Soldier 

Canyon and Rist Canyon areas. 

The storm cost 139 lives, with five persons still missing in 

mid-October, and an estimated $28.8 million in damage. In the Big 

Thompson Canyon alone, 316 homes were totally destroyed and 73.re-

ceived major_ damage; 56 mobile homes 'il.Tere lost and 52 businesses 

destroyed. Yet conditions could have been far more severe. · Flood 

peaks on the rr~instream and on North Fork were not synchronou~. The 

North Fork peaked at 2140 MDT at approximately 8,700 cubic feet per 

second (c.f.s.) some 40 minutes after the mainstream'bad peaked at 

Drake at the confluence. Further~ore, Dry Gulch, a small wa~ersbed 

of approximately four• square miles nes.r the head of the B~g lbompson, 

received extremely heavy precipitation. Its flow eroded 6,000 cubic 

yards of material from the base of Olympus Dam which holds back Lake 



Figure 15. Before Big Thompson Flood, Natural Disaster 
Survey Report 76-1, National Oceanic and 
Atmospheric Administration (15) 
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Figure 16. After Big Thompson Flood, Natural Disaster 
Survey Report 76-1, National Oceanic and 
At:mospheric Ad:minis tration (15) 
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Estes. Had the dam failed, damage would have been increased b; 

orders of magnitude (Figures 15 and 16). 

Approxi.mate timing of flood peaks has been determined, in part, 

from eyewitness accounts. The Big Thompson peaked about 8:00 p.m. 

at Glen Comfort, 9:00 p.m. at Drake, 9:30 p.m. at the Loveland power 

plant (about halfway between Cedar Cove and Midway), and 11:00 p.m. 

at the mouth of the canyon. The flood at Dry Gulch, near the head of 

the canyon, was in response to a late burst of rainfall, for its peak 

discharge was recorded at 10:30 p.m. The flood on the North Fork was 

' due to heavy rainfall near Glen HaVen. . Its peak discharge near 

Drake came at' 9:40 p.m. See Figure 17 for Big Thompson rainfall map. 

Velocities associated with these high flows were also extreme. 

Velocities of 25 feet per second clearly were not uncormnon. Stream 

banks and much of the U. S. Highway 34 were undercut and removed, 

trees and nmnerous structures including the Loveland power plant were 

swept away. The largest clast that can be docwnented to have moved 

has a maximum intercept of 22 feet. The largest structure to be re-

moved was the nine-foot diameter pipe which spanned the mouth of the 

canyon. 

Tremendous quantities of material were transported by the flood. 

It has been estimated by one worker that 40 percent of the flow vol-

ume consisted of debris. Most of the coarse debris was deposited in 

the canyon, while most of the flotsam was carried completely out of 

the canyon. 

Flash floods are merciless destroyers. The incredible destruc-

tive power and speed with which large volumes of water rush down 
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Figure 17. Total Rainfall During Evening of 
July 31, 1976, Big Thompson C'.anyon, 
Colorado 
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mountain slopes and across canyon floors make them killers. The B:I.g 

Thompson flash flood which struck on the evening of July 31, 1976, 

was no exce{>t:ton. 

Hays Flood. IT ,_-,ays, Kansas flood (18) in 1951 was a disastrous 

flash flood that occurred on Big Creek tributary of the Smoky Hill 

River on the 22nd of May. The flood waters caused six deaths and 

very heavy property losses in parts of Hays, Kansas, where flood 

depths were reported as great as 15 to 20 feet. The disaster was 

the worst in the history of Hays with blocks of the city and campus 

of Fort Bays State College inundaled. This flooding followed very 

intense rains which fell over a limited area centered about 4 miles 

west and upstream from Hays near Yocemento. A later bucket survey 

reveals that the 12-inch 48-hour isohyet encompassed about three 

square miles and the 8-inch isohyet abou_t 25 square miles. The bulk 

of the rain appears to have fallen in a 3 or 4-hour period beginning 

around 8:00 p.m. on the 21st, although rain continued until about 

7:00 a.m. on the 22nd, and from 1 to 2 inches fell in the. same area 

the night of the 20-21st. ;Big Creek went over its banks at Hays at 

about 12:30 a.m. on the 22nd, rose very rapidly and apparently 

crested at about 2:00 a.m. Heavy damages resulted from the flash 

flood with preliminary estimates placed at near 2 million dollars. 

Basic Storm Data 

The Folsom, Rapid City, Big Thompson and Bays Flood were listed 

as the type typical in the west with which people of the area are 



familiar. To create a base for study of a possible relation1:1hiF. 

between community ra:!.nfall and death, 21 additional floods were 

selected ·from a· 37 year period, 1949 thr·ough 1976. The first con

dition for selecti.on was loss of life.. Next a variable geographic 

selection was maintained so that nearly all segments of the United 

States were repre.sented. It was noted that many floods resulted in 

the death of from 2 to 4 people, but to vary the population of the 

data, only one or two floods were used when the death count was 

nearly the same. 
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Table III is a listing of the floods that were selected for the 

statistical analysis. All floods are of the flash flood type rather 

than river flood. These communities were selected at random. 



TABLE III 

LIST OF FLOODS FOR ORIGINAL DATA BASE - DEATH STORMS 

Station Name and 
location 

Folsom, New Mexico 

Hays, Kansas 

Merrill, Iowa 

Heber Springs, Arkansas 

Hamburg, Iowa 

Charleston, W. Virginia 

Sapulpa, Oklahoma 

Sanderson, Texas 

Greeley, Colorado 

Colorado Springs, Colorado 

Dallas, Texas 

Wheeling, W. Yirginia 

¥.aury, Virginia 

Neison Count, Virginia 

Payson, Arizona 

New Braunfels, Texas 

Rapid City, S. Dakota 

Logan County, W. Virginia 

Las Vegas, Nevada 

San Antonio, Texas 

San Antonio, Texas 

Stream Date 

Dry Cimarron 8-27-1908 

Big Creek 5-21-1951 

Floyd River 6-8-1953 

Little Red River 8-13-1957 

E. Nishnabotna Rvr. 7-1-1958 

Local Creek 7-30-1961 

Euchee Creek 6-7-1962 

Sanderson Canyon 6-11-1965 

South Platte Basin 6-16-1965 

Cheyenne Creek 7-24-1965 

Sabine Basin 4-20-1966 

Local Creek 7-4-1969 

James River 7-4-1969 

Huffman's Hollow 7-4-1969 

Mogdlon Run 9-20-i970 

Guadalupe River 5-11-1972 

Rapid Creek 6-9-1972 

Buffalo.Creek 2-26-1972 

· El Dorado Canyon 9-14-1974 

Balcones Escarpment 11-23-1974 

'Balcones Escarpment 3-26-1973 
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Data 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 



TABLE III (Cont'd) 

LIST OF FLOODS FOR ORIGINAL DATA BASE ·- DEATH STORMS 

-----------· 

Station Name and 
Location 

Cairo, Illinois 

Las Vegas, Nevada 

Nicholas County, Kentucky 

Big Thompson Canyon, Colorado 

Stream Date 

Local Creek 3-26-· 1973 

Virgin River 7-10-1975 

Bobtown Creek 8-10-1975 

Big TI1ompson Cr. · 8-1-1976 
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Data 
Number 

22 

23 

24 

25 

To test the Flash Flood Model conclusions from the original 25 

data base floods, data from four additional floods was compiled to be 

analyzed. (See Table IV). 



TABLE IV 

LIST OF FJ,OODS FOR TEST DATA BASE - . DEATH STORMS 

Station Naroe and 
Locatj_on 

Colorado Springs, 
Colorado 

Enid, Oklaboma 

Pueblo, Colorado 

Tulsa, Oklahoma 

---·----

Stream 

Montllllent Creek 

Boggy Creek 

Fountain Creek 

}lingo Creek 

Date 

May 30-31, 1935 

October 12, 1973 

June 3-4, 1921 

June 1, 1976 

Data 
Nmnber 

1 

2 

3 

4 
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Statistical Model 

Flood data was obtained from 2.5 historic flood sites throughout 

the United States. The collected data begins in 1949 and extends 

through a portion of 1976. In the search for data the main concern 

was to collect flood death information. The largest flood recorded 

during the period was the one on Rapid Creek in South Dakota and the 

smallest was a flash flood in Arizona where two persons died. The 

sampling was selected so as, not to over emphasize any particular 

death count or regional location. The data collected was based more 

on the flash flood type of occurret1.ee rather than the long time-to-

peak d_ver flood (30-43). 

The parameter which proved to be most significant for th:is 
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study was found to be the RFPMS (Rainfall/Probable Maximum Storm) 

which is the proportion of Rainfall to Probable Maximum Storm. This 

most significant test was determined by using the statistical package 

called "Stepwise Regression" from the Statistic System Package Pro

gram (44). S~e Table IV for listing of input data for Statistical 

Model and Table V for definition of terms. 

A procedure named STEPWISE (44) was used for statistical analy

sis. The STEPWISE procedure applied four techniques to find which 

variables of a collection of independent variables should most likely 

be included in a regression model. 

Only one Statistical Analysfs System (SAS) variable may be 

specified as the dependent variable. The last variable in the 



VARIABLES statement is taken to be the dependent variable, and the 

other variables in the VARIABLES statement are taken to be. inde.pen

dent variables. 

The four techniques of STEPWISE used here are the following: 

Forward Selection 

This technique finds first the single-variable model which pro

duces the largest R2 statistic. R2 is the square of the multiple 

correlation coefficient; it is expressed as the ratio of the regres

sion sum of squares to the (correct~d) total sum of squares. For 

each of the other independent variables, STEPWISE calculates au 

F-statistic reflecting that variable' E contributi.on to the model 

were it to be included. If the F-sta.tement for one or more variables 

has a significance probability greater than the specified "signifi

cance level for entry," then the variable with the largest F-statis

tic is included in the model. F-statistics are again calculated for 

the variables still remaining outside the model, and the evaluation 

process is repeated. Variables are thus added one by one to the 

model until no variable produces a significant F-statistic. 

Backward Elimination 

In this technique, calculations are first performed for a model 

including all the independent variables. Then variables are deleted 

one by one until all the variables remaining in the model produce 

"partial" F-statistics significant at the specified "significance 

level for staying in" (at each step, the variable showing the small

est contribution to the model is the one deleted). 



Maximum R2 Improvement 

This technique was developed by calculating regressions on all 

possible subsets of the independent variables. This technique does 

not settle on a single model. Instead, it looks for the "best" one

variable model, the 11best" two--variable model, and so forth. It 
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finds first the one-variable model producing the highest R2 statistic. 

Then another variable, the one which would yield the greatest in

crease in R2, is added. Once this two-variable model is obtained, 

each of the variables in the model is compared to each variable not 

in the model. - For each comparison, the procedure determines if re-

moving the variable in the model and replacing it with the presently 

excluded variable would increase R2, After all the possible com-

parisons have been made, the switch which produces the largest in

crease in R2 is made. Comparisons are made again, and the process 

continues until the procedure finds that no switch could increase R2 • 

The two-variable model thus settled on is cons:!.eered the "best" two

variable model the technique can f i.nd. The technique then adds a 

third variable to the model, according to the criteria used in add

ing the second variable. The comparing-and-switching process is re

peated, the "best" three-variable model is discovered, and so forth. 

This technique differs from the STEPWISE technique in that here all 

switches are evaluated before any switch is made. In the STEPWISE 

technique, removal of the "worst" variable may be accompli-shed with

out consideration of what adding the "best" remaining variable would 

accomplish. 



Minimum R2 Improve~ent 

This technique closely resembles the one just described. Here, 

though, when a sw:i.tch is to be made, the switch which produces the 

smallest increase in R2 is the one actually perfonned. :For a given 

number of variables in the model, the maximum R2 improvement 

technique and· the minimum R2 improvement. technique wlll usually pro-

duc.e the same "best" model. More models of a g:i.ven size will be 

considered when the latter technique is applied. 

The parameter which proved to be most significant for this 

study was found to be the RFPMS (Raihfall/Probable Maximum Storm) 

which is the proportion of Rainfall to Probable Maximum Storm. 

Definition of terms used in the STEPWISE regression is shown in 

Table V. Originally, the study included five additional terms but 

these terms were found less significant than the eight chosen, be-

cause the five terms deleted were either directly related to or re-

fleeted in the eight variables chosen or the significance was minor. 

The data input for th~ statistical model is shown in Table VI. 

This table lists the input data from the 25 original basins. 

85 



TABLE V 

DEFINITION OF TERMS FOR ANALYSIS OF VARIANCE TARLE 

Variable 

DEATHS 

DRAINA 

RAINFA 

RFPHS 

DENT OT 

DENFLP 

SLOP CH 

SLOP BA 

SLOPS I 

Definition 

= Number of persons killed (dependent variables) 

= Drainage area in square miles 

= Amount of rainfall, in inches 

= Rainfall/probable maximum rainfall 

= Population/size, total 

= Population/size, flood plain 

= Slope channel feet/mile 

= Slope basin feet/mile 

= Overland slope feet/mile 

In thi.s stepwise regression procedure, several regressions are 
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computed; the first one includes all eight basin and climatic charac

teristics: rainfall/probable maximum storm, population density of 

flood plain, drainage area, rainfall, total population density of 

communi.ty, slope of the channel, slope of the basin, and slope of the 

over land. A "back-wa.rd elimination" computer ·program will make the 

first computation, elllninate the least s:i.gnificant variable, and recom-

pute the regression, then continue the elimination process. 

In the "Forward Selection, Stepwise" it was found that three 



TABLE VI 

DATA INPUT FOR STATISTICAL MODEL 

·--- .. -~,_,,,_ .... _..,._, __ ,....,~ ... ~ 
DEATHS OR.hlNA RAlNFAL PRDMAXS R 0 PrlS OL llF! i"'L SLOf'CHrl•Dr.tJT01 J1 SLOP(l~.S Sl.Cl"SlO 

l 16 90 ll.o 22,C 5£..ll z.ouu 33. (l 0 : 2000 Bl.OD 300.0D 
2 (, 25 12.0 25.8 ~f,.5 ;:>quo 7.oo Z,bO 0 I ?V~OO •ll, OQ 

3 111 22 l:!<.D 25.l 51.8 2tl0t e.oo 1210 2~·. 0 0 '<0. l {) ... . 3 (,0 I\. 0 30.1 2fq ~ 26E.f, 1.00 :0025 ;>l. 00 37.00 
5 19 70 12.0 25.£ ~b.9 2800 8,;>0 ;?97l 2f .• 20 l{~ .. 20 

' 22 30 5,0 2ll. 0 17.'3 . 2857 1~.00 5B8l 2:;. ()Q q2,PO 

·' 2 7 e.o 28. 'J 27.7 500 5!:'. 00 J.DD ll u. oc :i;o.co 
e 22 112 • 12.0 30,2 39,7 '~ 00 ! 0 .. 00 3067 25.00 60.tlO 

'3 1.1 2f. s.o 20.2 39. f, 1700 76.0Q ]20& ·no.oo ~:;o,oo 

lO 3 12 7.0 22.e 30.7 l~OO 110,PD SDO .370, ()0 &25,00 
.l l 27 37 7. f, -31. a 2G. 5 1815 

' 
., • 30 .t Q#/_, 1 8.00 13,00 

..12 37 110 ~3.0 27.2 5q,5 750 38. cc 2272 (;(,, 00 170,00 

.13 12r. '30 21.0 27.2 :1'.l.3 · 1111 ;; U .• DO 11' e~·. 01 35,02 
lll 511 10 25.D 27.2 31.'3 l 167 ~a.oo 227 %.OD 190~ Of) 

.15 23 26 5,8 10. 0 56.0 ;>£,£,(, 55,CO 1500 lqo.oo 350,00 
.11. l& 35" l f,. 0 31,5 50,f) 3100 1.00 ~5~5 3,CO 10.0D 
::17 23& 100 15,0 l '3. 8 75.8 2771 28. Ov ~870 120,00 320.00 
J.8 ll8 qQ £,. 0 27.2 7.2. 0 t>IDO 2~ .. 00 ~28& 117ill0 3qo.oo 
1'!1 ~ 23 3.5 17 ,4 20.l 2£,q 3 3b .. DO L222 l&i0.00 '110.CG 
20 13 310 10,0 31.~ 31 • 7 :noo l. 00 ~ 5~5 3.00 ll. 00 

:21 .. 260 13. 0 31,5 ~1.0 2&7$ l.:i'D '1~!)0 ?>,30 12,00 
22 10 2 ... 0 10.0 2e.1 35 ,f, ::ioco o.3o """' ~.5!1 7,00 
'23 2 20 s.1 

17 ·-
2':1." 1700 ;:iq,oo lbbb 1'<0.00 0.:!10. 00 

?II 2 115. ". 5 2f., 1 17.2 ·150 o.~6 {,(.f, 1 .• 1'0 f., 00 

~5 11111 70 12.0 22.1 s ... :5 3063 25, .. 0 l!'..E.£. E.5,~D !!5,tiO 

0 o. .. 
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variables were deemed significant at the 0. 500 significance level. The 

three variables were RFPMS (rainfall/probable maximum storm), · DENFI,P 

(population density of the flood plain) and drainage area.. The output 

from the analysis is shown in Table VII. 

Regression ·equation based on the three variables would be· 

Deaths = -83. 252 + (1. 66 7) RFPMS + (O. 283) DENFLP + (-0.115) 

DRAINA {4.1) 
(Table VII) 

In the-"Backward Selection, Stepwise" it was found that two 

variables were deemed significant at the 0.100 significance level. The 

two variables ~ere RFPMS (rainfall/probable maximum storm) and DEMFLP 

(population density of the flood plain). 1be output from the analysis 

is shown in Table VIII. 

Regression equation based on the two "back-ward" variables would 

be: 

Deaths = -82. 882 + (1. 601) RFPMS + (0. _021) DENFLP (4.2) 

In the statistical analysis "Maximum R-Square Improvement11 'it was 

found that variable RFPMS (rainfall/probable maximum storm) is the best 

one variable found by the maximum R-square improve.ment procedure. 

Regress:i.on equation based on the "Best" one variable would be: 

Deaths 18. 393 + (1. 276) RF'PMS (4.3) 

The output from the "Maximum R.2 Improvement" analysis is shown in 

·Table IX. 



TABLE VII 

LINE.AR MODEL EQUATIONS - DEATHS REU ... TED 

TO EIGHT V.ARI.t"J3LES -· FORWARD SELECTION 

-------·-------------------

No. of 
Variables 

3 

No. of 

Equation 

Deaths -83.252 + 1.067 RFPMS 
+ O. 024 DENFLP -
0.115 DR.AINA 

TABLE VIII 

Vari.ables 

. RFPMS 
DENFI~P 

DR.AINA 

LIKEAR MODEL EQUATIONS ~ DEATHS RELATED 

TO EIGHT VARIABLES - BACKWARD SELECTION 

Variables Equation Variables 

2 DEATHS = -82. 882 + 1. 601 RFPMS RFPMS 
+ O. 021 DENFLP DE11FLP 

Observed 
Significant 

Level 

.0006 

.0059 

.2655 

Observed 
Significant 

Level 

.0010 

.0094 
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TABLE IX 

LINE.AR MODEL EQUATIONS - DEATHS RELATED 

TO EIGHT VARIABLES - MAXIMUM R2 IMPROVEMENT 

Observed 
Significant No. of Best 

Variables Equations Variables Level 

2 DEATHS = -82.882 + 1.607 RFPMS . RFPMS 0.0010 
+0.021 DENFLP DE'NFLP 0.0094 

3 DEATHS = -83.253 + 1.667 RFPMS RFPMS .o. 008 
+0.024 DENFLP DENFLP 0.0059 
-0.115 DRAINA DRAINA 0.2659 

'! DEATHS = -81. 251 + 2. 292 RFPMS RF PMS 0.0391 
+o.023 DE.NFLP DENFLP 0.0115 
-0.083 DRAINA DRAINA 0.5195 
-2.606 RAINFL RAINFL 0.5307 

5 DEATHS • -83.024 + 2.361 RF PMS RF PMS 0.0400 
" 

+0.021 DENFLP DENFLP 0.0489 
-0. 097 DRAINA DRAINA 0.5661 
-2 .171 RAil-IT AL RAINFAL 0.5150" 
+o.003 DENTOTA DENTOTA 0.6667 

6 DEATHS = -71.641 + 2.536 Rl!'PMS RF PMS 0.0349 
+o.016 DENFLP DENFLP 0.0897 
-0.101 DRAINA DRAINA 0.5964 
-2.328 RAINFA RAINFA 0.5967 
-2.414 SLOPCH SLOPCH 0.1281 
+0.728 SLOPBA SLOP BA 0.1365 

7 DEATHS = -63.577 + 2.974 RF PMS RFPMS 0.0279 
+o. 017 DENFLP DENFLP 0.0840 
-0.106 DRAINA DRAINA 0.6185 
-4.396 RAINFL RAINFA 0.628 
.!.2.721 SLOPCH SLOP CH 0.0998 
+1. 079 SLOPBA SLOP BA 0.0998 
-0.141 SLOPSI SLOPS I 0.5933 
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No. of Best 
Variables 

8 . 

·TABLE IX (Continued) 

Equations 

DEATHS = -66.316 + 2.968 RFPMS 
+o.019 DENFLP 
-0.111 DRAINA 
-4.352 RAINFA 
+o.002 DENTOT 
+1.069 SLOPBA 
-2.659 SLOPCH 
~0.140 SLOPSI 

Variables 

RF PMS 
DENFLP 
DR.AINA 
RAINFA 
DENT OT 
SLOPBA 
SLOP CH 
SLOPS I 

Observed 
Significant 

Level 

0.0320 
0.1524 
0.6176 
0.5931 
0 .. 8227 
0.1142 
0.1234 
0.5760 
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The minimum R-square improve.ment model was run on ~he previous 

listed eight variables. The results are much the same as th~ maximum 

R--square improvement model. 

"Best" 1 variable 

Deaths -- -18.393 + (1.276) RF.PMS (4.4) 

"Best" 2 variables 

Deaths = -82. 882 + (l. 607) RFPMS +(O. 021) DENFLP .(4.5) 

"Best11 3 variables 

Deaths= -83.252 + (1.667) RFPMS + (0.024) DENFLP (4. 6) 

+ (-0.115) DRAINA 

"Best" 4 variables 

Deaths = -81. 252 + (2. 292) RFPMS + (0. 023) DE1'1FLP {4. 7) 

+ (-0.083) DRAIN.A.+ (-2 .. 6_06) R.h.INFAL 

"Best" 5 vari.ables 

Deaths = -83.824 + (2.361) RFPMS + (0.021) DENFLP 

+ (--0. 097) DRAINA + (-2. 771) R.i\INF.l<.L + (0. 003) 

DENTOT 
-' 

"Best" 6 variables 



Deaths == - 71. 641 + (2. 536) RFPMS + _(O. 016) DENFLP + 

(-0.101) DRAT.NA+ (-2.328) RAINFAL + (-2.414) 

SLOPCH + (0.728) SLOPBA 

"Best11 7 variables 
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Deaths -63.577 + (2.973) RFPMS + (0.017) DENFLP + 

(-0.106) DR.AINA+ (-4.396) RAINFAL + (-2.721) 

SLOPCH + (1.079) SLOPBA + (0.141) SLOPS! 

(4 .10) 

"Best" 8 variables 

Deaths== -66.316 + (2..968) RFPMS + (0.016) DENFLP. + 

(-0.111) DRAINA + (-4.352) RAINFAL + (0.002) 

DE:NTOT + (L 069) SLOPBA + (-2. 659) SLOPCH + 

(-0.140) SLOPSI 

(4.11) 

The equation developed through the 11best11 of six in the minimum 

R2 selection was 0 determined to be the most representative of the 

family of equations created. The 11best11 of six equations has as the 

independent variables; drainage area (DRAINA), amount of rainfall 

(RAINFA), the ratio of probable maximum rainfall to storm rainfall 

(RFPMS), density of flood plain (DENFL), slope of channel (SLOPCH), 

and slope of basin (SLOPBA). The selection was made this way due to 

(1) R2 value of 0.56 and (2) the availability of source ·aata. 
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Flash Flood Model 

Applj.cation of the Flash Flood Model for the purpose of more 

realistic proj.ection of flood flows is easily done. The Flash Flood 

Model is designed to solve many hydrologic. problems when the data 

base is complete or partially complete. For this study measurements 

and calculations were made during field trips as if workiµg in a 

laboratory on a miniature river basin. This study was, in fact, a 

laboratory research project on site for the creation of practical 

data. During the field trips it was found that many times certain 

basic measurements could not be obtained easily. As a result of this 

problem, several options were·built into the program allowing the 

model to calculate a hard to determine parameter or to accept a 

specific input measurement. Items that are optional for entry in the 

Flash Flood Model are: time to peak, unit graph peak, flood stage, 

maximum probable storm and type of empirical equations to be used. 

There are many times when calculated data must be checked by histori-

cal information. One instance of the need of the selection capa-

bility is when, by local stream improvement, a natural flood stage 

has been revised due to the construction of a flow way. 

The creation of the master files for Antecedent Precipitation 

Index (API) values (Data files TBA, TBB, TBC and TBD) makes it pos-
. ' 

sible for their use by the design. hydrologist. Through the use of 

these API files or tables~ it is possible to create any soil moisture 

condition required of a design Enginee~. The water balance char-

acteristics of any hydrologic model are critical. The model must 



predict what the soil moisture is as closely as possible. In this 

Flash Flood Model the system of percolation, soil moisture, storage> 

drainage, and evaporation characteristics are represented in the 

master API files. All variables in the water cycle are important 

to the hydrologic process. The main element of this, or any other 

flow model, is that, by its use it is possible to forecast or deter

mine what the basin streamflow will be from a particular storm. 1be 

very nature of a flash flood will minimize certain hydrologic param

eters while maximizing other parameters. 

In the Flash Flood Model the g~ographic API files allow the 

modeler to select the logical file, or if a particular conditfon 

exists, the modeler may theoretically move the basin 200 miles east 

or west. 
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The determination of the time to peak and unit graph may be done 

by the model, but if possible a site investigation should be made to 

establish what the local community.uses for a flood stase. The en

gineer must be careful .to tie in theory wJ.th the local datum base, 

as a forecast scheme that would forecast for an unknown bridge or 

non-local datum control condition could result in a disastrous situ

uation rather than a good forecast. Many times two forecast schemes 

may be required for one community, one scheme for the natural creek 

bed in the rural areas, and one scheme for the improved channel 

section through town. 

The Flash Flood Potential Scale, which is a subroutine output 

in the Flash Flood Model, is designed to present to local, state and 

Federal agencies what could occur from a flood caused by rains of a 

·Probable Maxi.mum Precipitation (PMP) Storm. Thfa Flash Flood 
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Potential Scale is divi.de.d :!..n values of one through ~en. The scaJ.e 

includes conditions from no flood to catastropbic floods. The scale 

is determined i.n the mode.l by calculation of the possible deaths 

that may occur from the PMI' storm. The "Flash Flood Model may also 

be run with rainfall less than from a Pl{P ·storm, and if this is done~ 

then a death count related to the subject storm will be given. 

In this research of a forecast scheme fo·r the test commuuj_ties 

in the states of New Mexico, Oklahoma and Texas the design was to de

velop the Flash Flood Potential Sc.ale for the PMP storm. The basic 

data from the design basin was compiled into the data requirements, 

as snown in Figure 6.. A typical Flash Flood Potential Scale is 

shown in Table r, The Flash Flood Model was run and the resulting 

Flash Flood Potential Scale determinations are listed in Table X. 

Flash Flood Potential Scales for each test community are listed 

in Appendix A. 

A typical Flash Flood Potential Scale with calculated 

death count and Scale number is shown in Figure 18 • 

. Flash Flood Forecasting schemes were developed for all design 

basins and are shown in Appendix B. · 

A typical Flash Flood Forecasting Scheme is shown in Figure 19. 



TABLE X 

SUMMARY OF :FLASH FLOOD MODEL' S 

POTENTIAL SCALE DETERMINATIONS 

Location of 
Community 

Cimarron, New Mexico 

Clayton, New Mexico 

Folsom, New Mexico 

Raton, New Mexico 

Springer, New Mexico 

Tucumcari, New Mexico 

Ute Park, New Mexico 

Valmora, New Mexico 

Watroust' New Mexico 

Beaver, Oklahoma 

Guymon, Oklahoma 

Kenton, Oklahoma 

Amarillo, Texas 

Canadian, Texas 

Palo Dura State Park, 

Tascosa, Texas 

Texas 

No. of Possible 
Deaths 

53 

76 

80 

115 

116 

125 

104 

76 

112 

0 

61 

117 

27 

0 

108 

64 
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Flash Flood 
Potential Scale 

Number 

8 

8 

8 

8 

8 

8 

8 

8 

8 

6 

8 

8 

6 

6 

8 

8 
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CIMARRON RIVER, CIMARRON• NEW MEXICO 

EAGLE NEST LAKE TO CIMARRON 

FLOOD POTENTIAL IS ESTIMATED AT 8 OF A SCALE OF 1 TO 10 

FLOOD POTENTIAL SCALE IS LISTED BELOW; 

1 = NO SIGNIFICANT FLOODING. 

2 = SOME STREET AND LOW LANJ FLOODING. 

3 = STREET AND SOME RESIDENTIAL FLOODING. 

4 = MAJOR STREET AND RESIDE~TIAL FLOODING. 

5 = STREAM FLOODING AND PRO?ERTY LOSS, VERY LIGHT. 

6 = STREAM FLOODING WITH CHANCE OF LOSS OF LIFE AND 
PROPERTY LOSS, LIGHT~ 

7 = STREAM FLOODING WITH PRJPABLE LOSS OF LIFE (0 TO 
50) AND PROPERTY LOSS~ ~ODERATE. 

B = STREAM FLOODING WITH LOSS OF LIFE (50 TO 150) AND 
PROPERlY LOSS, MAJOR. 

9 = STREAM FLOODING WITH L0SS?OF LIFE (150 TO 400} 
AND PROPERTY LOSS, MAJO~. 

10 = CATASTROPHIC FLOOD. 

POSSIBLE DEATHS FROM PROBABLE MAX STORM WOULD BE. 5~ 

Figure 18. Typical Flash Flood Potential Scale> 
Ci_marron, New Mexico 
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FLASH FLOOD FORECASTING TABLE 

STATE OF N MEXICO 

.FORECAST ZONE 2 

CIMARRON RIVER, CIMARRON, ~[lo/ rli:.:XICO 

EAGLE NEST LAKE TO Cl"i!IRRON 
CREST GAGE HEIGhT IN FEET 

INITIAL STAGE = l. 2 FT 

FLOOD STAGE = '1.8 FT. 
GA·GE ·ZERO = 61100.UO FT.-MSL 
TIME TO PEAK = 2 < .. HOURS 

FLASH FLOOD-
GUIDANCE INCHES OF RA INF ALL IN 3 HOURS 
VALUES* o.s 1.0 l.S 2.0 2.5 3.0 ... 0 s.o 6.0 8.0 10.0 

---------------------------------------------------------------
1. 0 I 1.5 2.0 2.5 3.1 3.9 11.7 6.1 7. 5 7.9 8.8 9.7 
1.2 l 1.5 1.8 2.3 2.9 3. (, '!. 4 5.8 7.2 7.9 8.8 '). f, 

1.4 I 1.4 1.7 2~1 2.s 3.2 3.8 5.3 6.7 7.7 8.(, ';l. 5 
l. (, I 1.3 1.6 1.9 2.3 2.9 3.6 5. 0 . 6.'I 7.6 8.6 9. 4 
1.8 l 1.2 1.5 1.8 2.2 2.7 3.3 4.7 6.1 7.5 8.4 9.3 
2.0 I 1.2 1.4 1.7 2.0 2.5 3.0 1+. 4 5.7 7.1 8,3 9.2. 
2.2 I 1.2 1.3 1.5 l. 8 . 2.2 2.7 11. 0 5.3 6.7 8.2 9.0 
2.'I I 1.2 1.3 1.5 1.7 2.1 2.5 3,( 5.0 6.'I a.1 8.9 
2. (, I 1. 2 •• 1~2 1.4 1.6 1.9 2.3 3.3 q,f, 6.0 a.o a.e 
2.8 I 1.2 1.2 1.3 1.s l.9 2.2 3.2 l! • It 5.8 7.9 8.7 
3.0 I 1.2 1.2 1.2 l.4 1.7 2.0 2.9 '1,0 5.3 7.8 8.5 
3.2 I 1.2 1·. 2 1.2 1.3 1.6 1.9 2.7 3.8 5.1 7.7 8. 'T 
3.4 I 1 .• 2 l.2 1.2 1.2 1.5 1.7 2.5 3.5 II• 7 7.5 8.3 
3. f, I 1.2 1.2 l.2. 1.2 1.4 1. f, 2.3 3. 2 It. It 7.2 B.l 
3.8 I 1.2 1.2 l.2 1.2 1.3 l.5 2.1 3.0 !j. 1 6.8 s.o 
". 0 I 1.2 1.2 l.2 1.2 1.2 1.4 2.0 2.8 3.8 f,. 5 7.8 
4.2 I 1.2 1.2 1.2 1.2 1.2 1.3 1.8 2.7 3.9 f,. 6 7.9 
'l.!J. 1 1.2 1.2 1.2 1.2 1.2 1.2 1.7 2.5 3.8 6.5 7.9 
q. f, I 1.2 1.2 1.2 l.2 1.2 1.2 1. f, 2.3 3.4 f,. 1 7.7 

". 8 I 1.2 1.2 1.2 1.2 1.2 1.2 1.5 2.2 3.4 6.0 7.8 
s.o I 1.2 1.2 1.2 1.2 1.2 1.2 1. 'I 2.1 3.0 s. (, 7.5 .. AVAILABLE FORM LOCAL l.IEATHER SERVICE OFFICE 

Figure 19· Flash·Flood Forecasting Scheme C~~~rron, New Mexico 



100 

The Flash Flood Model caculates unknown parameters and relists 

·given known parameters in a format cB.lled the Pertinent Data Sheet. 

The Pertinent Data Sheet is calculated during each run of the 

' 
Flash Flood Model. An example .of the Pertinent Data Sheet is shown 

in Figure 20. During each run of the Flash Flood Model the computer 

will search the input data for dam break information. If data is 

found to operate the dam break routine, the Flash Flood Model will 

calculate the maximum flow from a complete -washout of the dam or it 

will calculate a flow from a breached dam. In most cases a dam will 

fail by breach. The breach, in most situations,must be estimated in 

terms of width and depth. The Flash Flood Model calculates the 

breach flow in maximum flow at the dam face, and then will predict 

the height of the flood and travel time to the town downstream. See 

Figure 21 for an example.of the dam break sheet. 
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CIMARRON RIVER, CIMARRON, NEW MEXICO 

EAGLE NEST LAKE TO. ClM.D.RRON 

PERTINEf\JT DAT.ll. 

DRAINAGE AREA - 98.20 SGUA~E MILES 

CHANNEL SLOPE = 88.0 FEET/MILE 

OVERLAND SLOPE = 1100.0 FEET/MILE 

MAXIMUM HEIGHT OF BASIN = 3038.0 FT MEAN SEA LEVEL 

ZERO OF LOCATION = 6qOo.o FEET MEAN SEA LEVEL 

FLOOD STAGE - i+.B FEET 

FLOOD STAGE FLOW = 7030. CFS 

FLOW DEPTH FROM 100 YEAR FLOOD = 12. FEET 

100 YEAR FLOOD FLOW = 40000. CFS 
'D. 

PROBABLE MAXIMUN PRECl~IiATION STORr~ :::- 24,00INCH[S 

DEPTH FROM PROBABLE MAXI~UN PRECIPITATION STORM = 22a FEET 

TIME TO PEAK = 2.4 HOURS 

UNIT GRAPH PEAK = 4300. CFS 

PROBABLE JV1AXIMUM PRECIPIT/\.TION STORM FLOOD FLOW =h5800. CFS. 

NUNBER OF RAINFALL GAGES RC~UIRED = 9 

NUMBER OF RIVER STATIONS RE~UlRED - 3 

Figure 20. Pertinent Data Sheet, Cimarron, New Mexico 



CIMARRON RIVER, CiriARRON, NEW MEXICO 

EAGLE NEST LAK~. TO CIMARRON 

DAM BREAK DATA FOR THE BASIN 

NAME OF DAM IS EftGLE NEST 

NAME OF CITY DOWNSTREAM FROM DA~ IS CIMARRON 

SURFACE ACRES -= 27G8,, 

DEPTH OF THE WATER AT THE DAr. = 89.00 FEET 

RESERVOIR CAPACITY = 9a5qo.7 ACRE-FEET 

RESERVOIR LENGTH = 1.8 MILES 

PEAK CFS FLOW OF TOTAL DAM BREAK = 5626000. CFS 

RESERVOIR. TIME TO PEAK AT SPILLWAY = 1.05 MINUTES 

WEIR BREACH -- MOST PROBABLE WAY OF DAM FAILURE 

WIDTH OF BREACH = 70.0 FEET 

DEPTH OF BREACH ~ 60.0 FEET 

, PEAK FLOW AT. BREACH = 37000. CFS 

'PEAK TIME IN MINUTES AT BREACH -· 15.8 MINUTES 

DOWN STREAM EFFECT FROM BREACH 

STAGE AT CITY DOW~ STREAM WILL 3E NEAR 13.92 FEET 

PEAK TRAVEL TIME TO CITY WILL B~ = 1.2 HOURS 

Figure 21. Dam Bre~k Sheet, Eagle Nest Dam, New Mexico 
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MIT Catchment Model 

The MIT Catchment sub-routj.ne is used in the Flash Flood Model 

as a means of determining the unit graph storm or the peak flow from 

a particular storm. Its use is optional, either the peak flow and 

time to peak -will be determined through hydrologic basin determina

tion as shown in Chapter III, or the MIT Catchment through its more 

definite control of basin runoff characteristics. Whenever the user 

of the Flash Flood Model desires a more accurate determination of 

basin outflow than average utility control, the ~ITT Catchment Model 

is used for determination of flow hydrograph. See figure 22 for 

typical output from the MIT Catchment YJ.Odel. 



SEGllf.NT UPSll\(Al'I SEGKCNTS 
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OF2 
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Figure 22. 

TYPICAI, EXAMPLE 
MIT CATCHMI~I:r.C MODEL 

DA TA IN-PUT SUHMARY 

NUMBER Of 5[GK£NTS : 3 
DT : ~.DOD HZNUl[S 

OUlPUT :SAMPLING lNT[il';'Al ::: 5.oo 1'11NV7[$ 
NUMB[R OF RAIN G•GC& ~ 1 

IOPi >: !l 
NUl'IB(R OF STOR~S = 1 

NUMBER or SEASONS = 0 
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i..o l.•101) IO• (I 
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COl'IPUTATION SEDUENC[ 
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Typical Example - MIT Catchment Yiodel 
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c.~r.o 

o.o~l'.i 
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ll~. 
f.5. ....... 
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TYPICAL EXi\JffLE 

MIT CATCHHE:NT MODEL 

RAINI<'ALL DATA SHEET 

CIMARRON RIVERt CIMARRON, NEW MEXICO 

TH11[ 
(MIN) 
60.00 

120.00 
180.00 
240.00 

1 

RJ\INFli.LL DATA 
INTENSITY (IN/HR) 

.'+ • 0 fJ 
11·. 0 0 

l) ~ 0 0 
. 3.00 

Figure 22. (cont'd) MIT Kinematic Catc1unent Model 



TIME 
(MIN) 

' 5. 0 0 
10.00 
15.00 
20.00 
25.00 
30 .. 00 
35.00 
40.00 
45.00 
50.00 
55.00 
60.00 
65.00 
10.00 
75.00 
80.00 
85.00 
90.00 
95.00 

100.00 
1os.oo 
110.00 
115.00 
120.00 
125.00 
130.00 
135.00 
llf0 .. 00 
145.00 
150.00 
155.00 
160.00 
165.00 
170.00 
175.00 
180.00 
185.00 
190.00 
195.00 
200.00 

TYPICAL EXAMPLE 
MIT CATCHMENT MODEL 

OUTFLOW HYDROGRAPH 

CIMARRON RIVER, CIMARRON, NEW MEXICO 
OUTFLOW HYOROGRAPHS FOR SEGMENTS 
OFl OF2 SW3 

o.o 
-o.oo 
o.oo 
0.01 
0.02 
0.03 
o.ott 
0.06 
0.09 
0.12 
O.l5 
0.18 
0.30 
0. lf 4 
0.61 
OeBO 
1. 01· 
1.23 
1. :+8 
1 .. 74 
1.99 
2.22 
2 • 1u. 
2.55 
2.so 
2.LJ3 
2.31.J 
2.24 
2.14 
~-04 
1.96 
1.87 
1.80 
1.74 
1.69 
1.;6Lf. 
1.5'+ 
1.tt5 
1 .• 36 
1.29 

0. 0 ' 
o.oo 
o.oo 
0.01 
0 ~.02 
0.03 
0.04 
0.06 
0.09 
0 .. 12 
0.15 
o.1a 
0 ,.30 
0.41.f. 
0.61 
0 .. 80 
1.01 
1.23 
1 •. 48 

o.o 
0.01 
1.59 

11.58 
47.51 

140v06 
334 .. 19 
689.16 

1278.29 
2188.36 
3519.06 
53El2.3B 
8401.95 

13588.00 
21829.39 
34138.04 
5l568.91 
75082.06 

105352 .. "t4 
1.74 142547.12 
1.99 186061.81 
2.22 23LP1'08.87 
2.'+l 285221 .. r+'t 
2.55 335594.44 
2.50 3ao1.tt+3.3?, 
2.43 415319.0G 
2.3Li- 439l~39,69 

2.24 453284.31 
2.14 458062.62 
2.04 455379.56 
1.96 4'+7210.06 

. 1.87 435425.31 
1.80 421519.87 
l.7'+·406795.,31 
1.69 392215.06 
1.6'+ 378390.50 
1.54 364573.00 
1.45 ,350042.56 
1.36 335229.56 
1.29 320440.50 

Figure 22. (continued) MIT Kinematic Catchment Model 
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TIME 
(MIN) 
205.00 
210.00 
215.00 
220.,00 
225.00 
230.00 
235.00 
240 .. 00 
245.00 
250.00 
255.00 
260.00 
265.00 
270.00 
275.00 
280.00 
285.00 
290.00 
295.00 
300,00 
305.00 
310.00 
315.00 
320.00 
325.00 
330.00 
335.00 
340.00 
345.00 
350.00 
355.00 
360.00 
365.00 
370.00 
375.00 
380.00 
385.00 
390.00 
395.00 
LJ00.0-0 

Figure 22. 

TYPICAl.:. EXAJ."'1PLE 
MIT CATCB.1'11.'.'.N"T HODEL 

OUTFLOW HYDROG.PAPH 

CIMARRON RTVER1 CIMARRON~ NEW MEXICO 
OUTFLOW HYOROGRAPHS FOR SESMENTS 
OFl CF2 SW3 

l.23 1.23 305902.69 
1.17 1.11 291793.~q 
1.12 1.12 278258.81 
1e07 1.07 265413 •. 75 
1.03 
0.99 
0.96 
0.93 
0. 81~ 
0.76 
0.70 
0.63 
0.58 
o.53 
o.~B 
0. lfl{. 

0.110 
0.37 
0.34 
D.31 
0.29 
0.21 
0.25 
0.23 
0.21 
0.20 
0.18 
0.17 
0.16 
0.15 
o.1q 
0.13 
0.12 
0. ~1 
0. fl 
0.10 
0.09 
0.09 
o·. oa 
0,;08 

1.03 
0.99 
0.96 
Oo93 
0.54 
0,7S 
0.10 
0 .. 63 
0.58 
0.53 
0. '+ 8 
0. Lf 4 
0~40 

o.37 
0 .. 34 
0,31 
0.29 
0.21 
0.25 
0.23 
0.21 
0.20 
0.18 
0.17 
0,16 
0.15 
0. ltf 
0.13 
Owl2 
0.11 
0.11 
0.10 
0.09 
0.09. 
D.08 
0;,08 

2533 1tl.!. G9 
242105 .. 69 
2~'H. 7·20. 56 
222189.69 
212b8:3,.9t.i. 
202504,56 
191869.81 
1B097L~ .. ~}0 
1&9993~<t4 

159085.69 
1<~8~19't ~25 

13804't.12 
128138,25 
118754.69 
109944.69 
101734.19 

9412&.94 
87109.62 
80656.00 
74732 •. 62 
69302.06 
643·25. 63 
59765,.Ltl 
55.585. 66 
51752,96 
48236.52 
45008.09 
420tt2~DO 

393llJ. 86 
36805,,45 
3tp+9q. .. 46 
32364.37 
30399.,28 
28584.69 
26907.52. 
25355.85 

(continued) MIT Kinematic Catchment Model 
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CMIN) 

405.00 
410.00 
415.00 
tt20.00 
l.J.25.00 
L+30.QQ 
435.00 
440.00 
445.00 
'i50. 00 
455.00 
t~G0.00 

465.00 
470~00 

475.00 
480.00 
485.00 
490.00 
495.00 
500.00 
505,00 
510.00 
515.00 
520.00 
5~5.00 
530.00 
535.00 
540.00 
545.00 
550.00 
555.00 
560.00 
565.00 
570.00 
575.00 
580.00 
585.00 
590.00 
595.00 
600.00 

Figure 22. 

TYPICAf. EXAMPLE 
MIT CATCBHENT MODEL 

OUTFLOW HYDROGRAPH 

CIMARRON RIVERt CIMARRON, NEW MEXICO 
OUTFLOW HYOROGRAPHS FOR SESMENTS 
OFl OF2 SW3 

0.07 D.07 23918~84 
0.01 b.07 22586.68 
·0.07 Oq07 21350.45 
0.06 0.06 20202.09 
0.06 0.06 1913q.21 
0.06 D.06 18140.15 
o.os o.o5 17213.84 
o.os 
o.os 
0. 0 ·
o. o 5 
0. Ott 
0.04 
0 e Ott 
Oo04 
0~04 

0.03 
0.03 
o.o3 
0.03 
0.03 
0.03 
0 .. 03 
0" 03 
0.03 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
o .• 02 
0.02 
0.02 

o.os 
0.05 
o.os 
o.os 
0 e 04 
0 ~ OLt 
0. 0 l~ 
o.ott 
0 ~ 0 Lj. 

0.03 
o.o3 
0~03 

0.03 
0~03 

0.03 
0.03 
0.03 
0.03 
0.02 
0.02 
0 .. 02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
(t. 02 
0.02 
0.02 
0. 0.2 
0.02 

16349~77 
1551-+2 « 95 
l!.!788.f'>O 
14082'191.8 
13422.31. 
12802.75 
1222.1 .. 35 
11675.27 
11161.85 
10678 .. 71 
10223.67-

97'31LI. 71 
9,::,39»99 

9007.82 
f.3.646.64 
8305,05 
7981.70 
7675.41 
7385.05 
710·3.59 
6848.07 
6599.62 
6363.42 
6138.73 
5924~84 

5721.09 
5526.90 
534-1,70 
5164.56 
499E.2Q 
'+834 •. 98 
4b80,87 
4533.47 

(continued) MIT Kinematic Catchment Model 
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CB.APTi:.ll V 

RESULTS 

Flash Flood Hod€.l 

Death Potential ScaJe 

The data test bed was supplied tiy the orig::tual twenty-five loca.-· 

tions. Statistical an.alys:i.s wa.s madf: and results indicated that a pro-

jection of possi.ble deaths that could occur, could indeed be made. 

Once the equation with the best fit was deterrri:i.e.d, an analysis was 

made to see just how the developed equation ~m.:.ld forecast the source 

data. Forecast values were detf.!.rmined for each input data point. It 

is shown that the residual value was as high as 92 and as low as 

-52. (Table VI) for a plotting of the relationship between the forecast 

value and the observed value. The statisti.cal equation was applied 

back against the original input data to determine the relationship 

between forecast residual and observed deaths1 (Figures 23 and 

24). The final statistical eqw.ition (best of six variables) is not 

the ultimate equation, It appears that the developed equat1.o:n has 

a bias to under forecast. 

To further test the statistical equation an addition.al set of 

death data was applied against the Flash Flood Model. The second set 

of data was compiled from storms in the southwest. Two of the new 

storms are from Oklahoma and two are from Colorado. See Table XII 
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TABLE XI 

COMPARISON OF DEATHS 

Station Location Observed No. Forecast No. 
and Stream Name Date of Deaths of Deaths 

Tulsa, Oklahoma June '76 3 4 
Mingo Creek 

Enid, Oklahoma Oct. '73 9 8 
Boggy Creek 

Pueblo, Colorado June '21 78 60 
Fountain Creek 

Colorado Scprings, May '35 18 22 
Colorado, Monument 
Creek 
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for comparison data between reported deaths and forecast deaths. In 

the second set of data it shows that.the confidence level is :t 25%, 

which is better than the original data set. The second set of storms 

shows further the worth of the Flash Flood Potential in that predic-

tions are close and certainly do give an indication of how great a 

disaster might occur. As stated for the test data of the original set 

and now for this second set of data, it appears that the statistical 

equation may have a bias to under forecast the death count. In the 

second set, . the forecast death count for the flood in T.ulsa and Colo

rado Springs is over forecasted, but not to the extent it under fore

casted the Enid and Pueblo floods. 

The subroutine for the development of the potential death count 

was, in the beginning, designed as a tool whereby through its use a 

community could be pre-warned of the approximate death count that 

could occur from the PMP storm. The data w1-11 seldom reach the limit 

of the PMP storm so the Flash Flood Model will accept any storm rain-

. fall and then give a potential death count. 

Flood Forecasting Schemes 

Through the utilization of the Antecedent Precipitation Index 

master files as shown in lines 11 through 96 of Figure 1'1, the Flash 

Flood Model makes it possible to forecast any rise in any stream. 

1'he forecast tables are dependent on basin parameters, allowing quick 

"look-up" forecasts of 'floods and which permit on-the-spot updating 

as the storm progresses. 

To present the reliability and worth of the Flash Flood tables, 
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a comparison of forecasts was made. (See Table XII). niis table was 

compiled from recent rises in local streams over the past two years. 

The table lists the forecasts made by the Sacramento Model, the. 

Existing Manual Model (the old data historic AI'I method) and the Flash 

Flood Model. The Sac·ramento Model and Manual !'fodel are currently 

used for public forecasts, the Flash Flood Model is to be used when 

time prohibits use of the big model and.is to be used as a backup 

system. In the majori.ty of the floods the Flash Flood Model was not 

checked-or looked at until after the forecast was made. Many times 

the Flash Flood Model was not referred to at all. As stated, in the 

majority of cases; the Flash ·Flood Model was not ref erred to until 

the issuance of the forecast, but in the case of the two major differ-

ences, the Augusta, Kansas and Bartlesville, Oklahoma floods, the 

tables were used by the opera·tional hydrologist. A statistical 

analysis was then run on the list of forecasts. The analysis of 

Variance Table in'ci.icated that the forecast of the Flash Flood Model 

holds 98% of the control of the true forecast, or the observed.yalue. 

The statistical analysis gave an equation: 

True Forecast= (-1.167) + ((0.018) non-flash flood (5.1) 

m-0del) +((0.999) flash flood model) 

it was thus dictated to use 0.999% of the value of the Flash Flood 

Model and to use 0.018% of the non-Flash Flood Model schemes. 

The Flash Flood Yi.ddel will calculate the equipment needed to 

satisfy the data needs. The Model will also enable the hydrologist 

to predict dam breaks in terms of the flow at the breached dam and 

the stage and time of travel to the community downstream. 
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TABLE XII 

COMPARISON OF FORECASTS 

Method of Forecast 
Sacra- Flash 
men to ¥.anual Flood Observed 
Model Model Hodel Value 

Station - Stream - State Date Feet Feet Feet Feet 

------· 
Canadian, Canadian R. Ok. 5-77 8 9.4 9.05 

Waurika, Beaver Cr. Ok. 5-77 873 msl 873 msl 873 msl 

Beggs, Deep Fork R. Ok. 5-77 23 15 12.59 

Sperry, Bird Cr. Ok 5-77 28 23.5 23.12 

Owasso, Bird Cr. Ok. 5-77 30 24.5 24.95 

Bartlesville; Caney R. Ok •. 7-76 19 11 11.2 

Augusta, Walnut R. Ks. 7-76 38 34. 33.8 

El Dorado, Whitewater R. Ks. 7-76 26 24 23.5 
I>. 

Ki:µgfisher, Uncle John C. Ok. 5-77 25 22 22.5 

Kingfisher, Kingfisher c. Ck. 5-77 25 18 21.5 

Copan, Caney R. Ok. 5-77 22 22 18.4 

Ramona, Caney R. Ok. 5-77 25.5 26 23.5 

Blackwell, Chikaskia R. Ok. 5-77 22 24 22.2 

Murdock, Ninnescah R. Ks. 5-77 9.7 10 9;16 

Blue, Blue R. Ok. 5-77 25 13.5 9.3 

Caney, Caney R. Ok. 5-77 24 15.9 14.6 



CHAPTEli VI 

SUMMARY AND CONCUiS IONS 

Summary 

After analysis of 25 drainage basins by using the STEPWISE re·-

gress:Lon techniques relating df.:aths to eight drainage basin character-

istics and clj_matic conditions, the following results we.re noted. The 

ratfo of Rai.nfall to Probable Maximum Precipitatj_on (RFPMS) was found 
. . 2 

to be the most. significant in terms of both R (coefficient.of deter-

mJ.nation) and the observed significance level of the coefficient. 

Although the RFPMS w-as most significant, an equation developed in the 

minimum R2 was used as it included six basin, population and climatic 

conditions. In this equation the variables lli<'P:HS, Rainfall (RA.INFJ,) 

and slope of channel (SLOPCH) were deemed more significant than the 

density of flood plain (DE1'1FLP), drainage area (DRAINA) and slope of 

the basin (SLOPBA). The potential death coun.t was determiued for the 

new seventeen test basins. The calculated death count was then set 

against the step limits of flood potential scale and a scale number 

was determined for each basin. 

Each of the seventeen test basins were investi.gated for flood 

stage, unit graph flow, 100 year flow stage and flow; depth of flow 

from Probable Maximum Precipitation Storm, the number of index rain 
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gages and stream gages and where there is an upstream·dam, the down-

stream time-to-peak and stage were detennined. For each basin a set 
' 

of flash flood tables were generated to further present to the city 

officials the flood potential of their connnunity. (45) 

An operatfonal Flash Flood Model had. never been developed in the 

United St.ates, but with the continued community development in the 

flood plain some method of quick alert had to be developed. The Flash 

Flood Model is designed so that it can be used to create flood param-

· eters for a corr.rr:unity long before any flood occurs, or it may be used 

operationally during a flood. 

The Flash Flood Potential Scale was developed from twenty-five 

original floods. The accuracy was tested against the original twenty-

five locations and also again.st four additional locations. The Flash 

Flood Potential Scale should only be use.d as an indication or trend 

of the number of deaths which could occur from a particular storm. 

Conclusions 

The objective of this research was to create a way of predict-

ing the possible deaths and damage that could occur due to the 

Probable Maximum Precipitation Storm. To enable practical applica-

tion of the model, a Flood Potential Scale was developed to assist 

the hydrologist or layman in determining what relation a particular 

basin has to other basins of similar characteristics. 

Through utilizatio,n of the Flash Flood Model on 17 test basins 

the model was found to be a most useful tool for the members of the 

community. Before, when a flood occurred in a basin, few had any 
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i.dea of the great disaster that could befall a community. The Flash 

Flood Model will allow the City Engineer or Civil Defense Dir:e-.ctor 
... 

of a local .city to tmderstand the magnitude of a flood which could 

occur. 

The model will help to create individual data sets for many basins, 

which up. to now were believed to be non-·fJoodable. 

The model will also help the responsible Federal, State, County or 

City officials in development of a flood plain. Now it can be presented to 

the community an estimat:e of \.lhat the ultimate, probable stage could be 

'.ezpected in a particular reach or at a specific location. Along with 

estimate of probable maximt1m stage, the model ·Will determine. the 

time-to-peak and unit graph peak, t.he lOC-year flow and stage and for 

each Joca.tion a flash flood table -..dll be de.veloped with varying 

initial stages. The Flash Flood Table vr.Lll allow on the spot fore-

casting.for any storm, at any initial antecedent precipitation index 

T"he model· will al·so treat: ·the sudden dam break and will develop the 
,. 

flow wave and route the flrn,· down 'stre2Jll :Ln terms of stage and travel 

time. 

The Flash Flood Model and Flash Flood Potential Scale is original 

in the basic hypothesis, in concept and application. Application is 

now being made by some Engineering firms. 



CHAPTER VII 

SUGGESTIONS FOR FUTURE STUDY 

The follow:i,ng suggestions for future study would be useful for 

flash flood forecasting in the high plain·s and the entire United 

States. 

1. Compile an ultra complete falsh flood ·vs deaths data set 

with 300 or 1nore points covering 100 years of data. 

2. Use a multiple regression technique to predict flows at 

different storm frequencies. 

3. Use additional data input of miies of roads in flood plains, 

time of storm and t:i.lne period since last major rise. 

4. To investigate the resultant deaths of the same community or 

one similar in floods of ample -warnings versus no warning at 

all. 

5. To completely combine the momentum, kinematic and HEC-2 

program into one conclusive basin.design program. 
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PERICA CREEK• CLAYTON1 NEW MEXICO 

TOTAL LOCAL AREA 

FLOOD POTENTIAL IS ESTIMATED AT 8 OF A SCALE OF 1 TO 10 

FLOOD POTENTIAL SCALE IS LISTED BELOW; 

1 - NO SIGNIFICANT FLOODING. 

2 - SOME SlREET AND LOW LANJ FLOODING, 

3 = STREET AND SOME RESIDENTIAL FLOODING~ 

4 = MAJOR STREET AND RLSIOE~TIAL FLOODING. 

5 =STREAM FLOODif\IG Ai\.10 Fi~O?EHTY -LOS.St VERY LIGHT• 

6 = STREAM FLOODING WITH CH~NCE OF LOSS OF LIFE AND 
PROPERTY LOSS, LIGHTe 

7 =STREAM FLOOOif\IG ~JITH PRDPABLE LOSS OF LIFE (Q TO 
50.) ANQ PROPERTY Loss. ~ODERAlE. 

8 - STREAM FLOODING WITH LOSS OF LIFE (50 TO 150} AND 
PHDPEHTY LOSS, 'MA JOH. 

9 - STREAM FLOODING WITH LOSS OF LIFE (150 TO 400) 
AND PROPERTY LOSS, M~JD~~ 

.. 
10 = CATASTROPHIC FLOOD. 

POSSIBLE DEATHS FROM PROBABLE MA~ STORM WOULD BE 7~ 



1~ 

DRY CIMARRON, FOLSOM, NEW ME~ICO 

TOTAL DRAINAGE AREA 

FLOOD POTENTIAL IS ESTIMATED AT 8 OF A SCALE OF l TD 10 

FLOOD POTENTIAL SCALE IS LISTEJ BELOW; 

1 = NO SIGNIFICANT FLOODING. 

2 = SOME STREET AND LOW LANJ FLOODING. 

3 = STREET AND SOME RESIDENTIAL FLOODING. 

4 = MAJOR STREET AND RESIDENTIAL FLOODING. 

5 = STREAM FLOODING AND PROPERTY LOSS, VERY LIGHT. 

6 = STREAM FLOODING WITH CH~NCE OF LOSS OF LIFE AND 
PROPERTY LOSS, LIGHT. 

7 = STREAM FLOODING WITH PROPABLE LOSS OF LIFE (0 TO 
50) AND PROPERTY LOSS, ~ODERATE. 

8 = STREAM FLOODING WITH LOSS OF LIFE (50 TO 150) AND 
PROPERTY LOSS, MAJOR. 

~ 

9 = STREAM FLOODING WITH LOSS OF LIFE (150 TO 400) 
AND PROPERTY LOSS, MAJOR. 

10 = CATASTROPHIC FLOOD. 

POSSIBLE DEATHS FROM PROBABLE MAX STORM WOULD BE 80 



RAILROAD CANYON, RATON, NEW MEXICO 

TOTAL. DRAINC\GE AREA 

126 

FLOOD POTENTIAL IS ESTIMATED AT B OF A SCALE OF 1 TO 10 

FLOOD POTENTIAL SCALE IS LISTE} BELOW; 

1 = NO SIGNIFICANT FLOODING. 

2 = SOME STREET AND LOW LANJ FLOODING. 

3 = ·s T RE E T AND S 0 ME R E S I D EN T I Al FL 0 0 D I NG ~ 

4 - MAJOR STREET ANO RESIDENTIAL FLOODING. 

5 - STREAM FLOODING AND PROPERTY Loss~ VERY LIGHT. 

6 = STREAM FLOODING WITH CHANCE OF LOSS OF LIFE AND 
PROPERTY LOSS, LIGHT. 

7 = STREAM FLOODING WITH PRJPABLE LOSS OF LIFE lO TO 
50) AND PROPERTY LOSS, ~OOERATE. 

8 - STR~AM FLOODING wqTH LOSS OF LIFE C50 TO 150) AND 
PROPERTY LOSS, MAJOR~ 

9 = STREAM FLOODING WITH LOSS OF LIFE (150 TO 400) 
AND PROPERTY LOSS, MAJO~. 

10 = CATASTROPHIC FLOOD. 

POSSIBLE DEATHS FROM PROBABLE MAX STORM WOULD BE 115 
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CI~ARRDN RIVER, SPRINGER, NEW MEXICO 

90 SQUARE MILES ABOVE SPRINGER• TOTAL = 2673 

FLOOD POTENTIAL IS ESTIMATED AT 8 OF A SCALE OF 1 TO 10 

FLOOD POTENTIAL SCALE IS LISTED BEL.OW;· 

1 = NO SIGNIFICANT FLOODING. 

2 = SOME STR[ET AND LOW LAN) FLOODING. 

3 = STREET AND SOME RESIDENTIAL FLOODING. 

4 = MAJOR STREET AND RESIDE\ITIAL FLOODING .. 

5 - STREAM FLOODING AND PROPERTY LOSS, VERY LIGHT. 

6 = STREAM FLOODING WITH CHANCE OF LOSS OF LIFE AND 
PROPERTY LOSS, LIGHT. 

7 = STREAM FLOODING WITH PRDPABLE LOSS OF LIFE (0 TO 
50) AND PROPERTY LOSSt ~ODERATE. 

"' . B = STREAM FLOODING WITH LOSS OF LIFE (50 TO 150) AND 
PROPERTY LOSS, MAJOR. 

9 = STREAM FLOODING WITH LOSS OF LIFE (150 TO 400} 
AND PROPERTY LOSS, MAJO~. 

10 = CATASTROPHIC FLOOD. 

POSSIBLE dEATHS FROM PROEABLE MAX STORM WOULD BE 116 
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CONCHAS CANALt TUCU~CARI, NEW MEXICO 

TOTAL DRAI!\AGE.' f,REA 

FLOOD POTENTIAL IS ESTIMATED AT 8 OF A SCALE OF 1 TO 10 

FLOOD POTENTIAL SCALE IS LISTED BELOW; 

1 = NO SIGNIFICANT FLOOOINGs 

2 - SOME STREET AND LOW LAN~ FLOODING. 

3 = STREET AND SOME RESIDENTIAL FLOODING. 

q = MA00R STREET AND RESIDE~TIAL FLOODING. 

5 = STREAM FLOODING AND PRO?ERTY LOSS, VERY LIGHT. 

6 = STREAM FLOODING WITH CHANCE OF LOSS OF LIFE AND 
PROPERTY LOSS, LIGHT. 

7 = STREAM FLOODING WITH PRJPABLE LOSS OF LIFE CO TO 
50) AND PROPERTY LOSS, ~ODERATE. 

~- = STREAM FLOODING WITH LOSS OF LIFE cso'Cjo 15Db AND 
PROPERTY LOSSt MAJOR, 

9 - STREAM FLOODING WITH LOSS OF LIFE (150 TO 400) 
AND PROPERTY LOSS, MAJO~~ 

10 = CATASTROPHIC FLOOD. 

POSSIBLE ciEATHS FROM PROBABLE MAX STORM WOULD BE 125 
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CIMARRON RIVER, ·UTE PARK, NEW MEXICO 

EAGLE NEST TO UTE PARK 

FLOOD POTENTIAL IS ESTIMATED AT 8 OF A SCALE OF 1 TO 10 

FLOOD POTENTIAL SCALE IS LISTE) BELOW; 

1 = NO SIGNIFICANT FLOODING. 

2 = SOME STREET AND LOW .LAN) FLOODING. 

3 = STREET AND SOME RESIDENTIAL FLOODING. 

q = MAJOR STREET AND RESIDENTIAL FLOODING. 

5 - STREAM FLOODING ANO PRO?ERTY LOSS, VERY LIGHT. 

6 - STREAM FLOODING WITH CHANCE OF LOSS OF LIFE AND 
PROPERTY LOSS. LIGHT. 

7 = STREAM FLOODING WITH PRJPABLE ~oss OF LIFE (0 TO 
50) ANO PROPERTY LOSS, ~ODERATE. 

8 = STREAM F Ll>o 0 DI NG W I TH L 0 SS 0 F L I FE'? . ( 5 0 T 0 1 5 0 ) AND 
PROPERTY LOSS, MAJOR. 

g = STREAM FLOODING WITH LOSS OF LIFE li5D TO 400) 
AND PROPERTY LOSS, MAJOR. 

10 = CATASTROPHIC FLOOD. 

POSSIBLE DEATHS FROM PROBABLE MAX STORM WOULD BE 10~ 
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WOLF CREEK, VALMORAt NEW MEXICO 

TOTAL DRAI~hGE AREA 

FLOOD POTENTIAL IS ESTIMAlEO AT 8 OF A SCALE OF 1 TO 10 

FLOOD POTENTIAL SCALE IS LISTEJ BELOW; 

1 ::: NO SIGNIFICANT FLOODirJG. 

2 - SOME STREET AND LOW L~NJ FLOODING.· 

• 3 ::: STREET AND SOME RESIDENTIAL FLOODING~ 

4 = MAJOR STREET AND RESIDE~TIAL FLOODING. 

5 - STREAM FLOODING AND PRO?ERTY Loss~ VERY LIGHT~ 

6 - STREAM FLOODING WITH CHANCE OF LOSS OF LIFE AND 
PROPERTY LOSS, LIGHT. 

7 = STREAM FLOODING WITH PRJPABLE LOSS OF LIFE {0 TO 
50) AND PROPERTY LOSS, ~ODERATE. 

B = STREAM Fl?OODING WITH LOSS OF LlFE (50 TO 150) AND 
PROPERTY LOSS, MAJOR. 

9 = STREAM FLOODING WITH LOss· OF LIFE (150 TO 400) 
AND PROPERTY LOSS, MAJO=r. 

10 = CATASlROPHIC FLOOD. 
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MORA RIVER, WATRJUS, NEW MEXICO 

90 SQUARE MIL[S flBOV( Wl1TROUSt TOT.Ci.l = 670 

FLOOD POTENTIAL IS ESTIMATED AT 8 OF A SCALE OF 1 TO 10 

FLOOD POTENTIAL SCALE IS LISTED BELOW; 

1 = NO SIGNIFICANT FLOODING. 

2 = SOME STREET AND LOW LANJ FLOODING. 

3 - STREET ANO SOME RESIDENTIAL FLOODING. 

4 = MAJOR STREET AND RESIOE~TIAL FLOODING. 

5 - STREAM FLOODING AND PRO?ERTY Loss~ VERY LIGHT. 

G - S T RE A M F L 0 0 D I NG W I TH C IV~ NC E 0 F L 0 SS 0 F L l FE AN o· 
PROPERTY LOSS, LIGHTo 

7 = STREAM FLOODING WITH PRJPABLE LOSS OF LIFE (0 TO 
50) AND PROPERTY LOSS, MODERATE. 

B = STREAM FLOODING WITH LOSS OF LIFE l500TO 150) AND 
PROPERTY LOSS1 MAJOR. 

9 = STREAM FLOODING WITH LOSS OF LIFE (150 TO 400) 
AND PROPERTY LOSS, MPJO~. 

10 = CATASTROPHIC FLOOD. 

POSSIBLE DEATHS FROM PROBABLE MAX STORM WOULD BE 112 
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NORTH CANADIAN RIVER AT BCAVER, OKLAHOMA 

LOCAL AREA• GUY~ON TO BEAVER 

FLOOD POTENTIAL IS ESTIMATED AT 6 OF A SCALE OF 1 TO 10 

FLOOD POTENTIAL SCALE JS LIST[) BELOW: 

1 - NO SIGNIFICANT FLOODING, 

2 = SOME STREET AND LOW LANJ FLOODING. 

3 - STREET AND SOME RESIDENTIAL FLOODING. 

4 - MAJOR STREET ANO RESIDE~TlAL FLOODING. 

5 - STREAM FLOODING AND PRO?lRTY LOSSt VERY LIGHT. 

G - STREAM FLOODING ~JTH CHANCE OF LOSS OF LIFE AND 
PROPERTY LDSSi LlCHT. 

7 - STREAM FLOODING WITH PR8PAGLE LOSS OF LIFE (0 TO 
50) AND PROPERTY LOSS1 ~ODERATE, 

B -- S i'R E AM F L O 0 D I N G W~I TH L 0 SS 0 F L I FE ( 5 0 T 0 1 511 ) AND 
PROPERTY LOSS, MAJOR. 

9 - STREAM FLOODING WITH LOSS OF LIFE (150 TO 400) 
ANb PROPERTY LOSS, MAJOR. 

10 = CATASTROPHIC FLOOD. 

POSSIBLE DEATHS FROM PROBABLE MAX STORM WOULD BE 0 
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NORTH CANIDIAN RIVER AT GUYMON, OKLAHOMA 

LOCAL AREA,· STATE HY 95 TO BEAVER 

FLOOD POTENTIAL IS ESTIMATED AT 8 OF A SCALE OF 1 TO 10 

FLOOD POTENTIAL SCALE IS LISTE~ BELOW: 

1 = NO SIGNIFICANT FLOODING. 

2 = SOME STREET AND LOW LAND FLOODING. 

3 = STREET AND SOME RESIDENTIAL FLOODING. 

q = MAJOR STREET AND RESIDE~TIAL FLOODING. 

5 = STREAM FLOODING AND PRO?ERTY LOSS, VERY LIGHT. 

6 = STREAM FLOODING WITH CH~NCE OF LOSS OF LIFE AND 
PROPERTY LOSSi LIGHT. 

7 = STREAM FLOODING WITH PRJPABLE LOSS OF LIFE < a TO 
50) AND PROPERTY LOSSt .~ODERATE. 

8 = STREAM FLOODING"WITH LOSS OF LIFE (50 TO 150) AND 
PROPERTY LOSSt MAJOR. 

9 = S"{REAM FLOODING WITH LOSS OF LIFE (150 TO 400) 
AND PROPERTY LOSS, MAJO~. 

10 = CATASTROPHIC FLOOD,. 

POSSIBLE DEATHS FROM PROBABLE MAX STORM WOULD BE 61 
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LOCAL CREEK, KENTON, OKLAHOMA 

TOTAL DRAINAGE AREA 

FLOOD POTENTIAL IS ESTIMATED AT B OF A SCALE OF 1 TO 10 

FLOOD POTENTIAL SCALE IS LISTED BELOW; 

1 - NO SIGNIFICANT FLOODING. 

2 - SOME STREET AND LOW LANJ FLOODING. 

3 = STREET AND SOME RESIDENTIAL FLOODING, 

4 - MAJOR STREET AND RESIDE~TIAL FLOODING. 

5 = STREAM FLOODING AND PRO?ERTY LOSS, VERY LIGHT. 

6 = STREAM FLOODING WITH CH~NCE OF LOSS OF LIFE AND 
PROPERTY LOSS, llGHTo 

7 - STREAM FLOODING WITH PRJPABLE LOSS OF LIFE !O TO 
50) ANO PROPERTY LOSS, ~ODERATE. 

8 :::: STREAM FLOODING WITH LOSS ci?-:- LIFE (50 TO 150) AND 
PROPERTY LOSS, MA,JOR. 

9 = -STREf~M FLOODING WITH LOSS OF LIFE {150 TO 400) 
AND PROPERTY LOSS, M/1.JOR. 

10 = CATASTROPHIC FLOOD. 

POSSIBLE DEATHS FROM PROBABLE MAX STORM WOULD BE 117 
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LOCAL CREEKv AMA~l~Lo~ TEXAS 

TOTAL DRAIN4~E AREA 

FLOOD POTENTIAL IS ESTIMATED AT 6 OF A SC~LE OF 1 TO 10 

FLOOD POTENTIAL SCALE IS LISTED BELOW; 

1 = NO SIGNIFICANT FLOODING. 

2 = SOME STREET AND LOW LAND FLOODING. 

3 = STREET ANO SOME RESIDENTIAL FLOODING. 

4 = MAJOR STREET AND RESIDENTIAL FLOODING. 

5 - STREAM FLOODING AND PROPERTY Loss~ VERY LIGHT. 

6 - STREAM FLOODING WITH CH~NCE OF LOSS OF LIFE AN0 
PROPERTY LOSS~ LIGHT. 

. 7 = STREAM FLOODING WITH PROPABLE LOSS OF LIFE ( 0 TO 
50) AND PROPERTY LOSS, '10DERATE. 

8 = STREM"! FLOODING WITH LOSS OF LIFE (50 TO 150) AND 
PROPERTY LOSS, MAJOR. 

9 = STREAM FLOODING WITH LOSS OF LIFE (150 TO '+00) 
A'ND PROPERTY LOSS, MAJOK. 

10 - CATASTROPHIC FLOOD. 

POSSIBLE DEATHS FROM PROBABLE MAX 5TORM WOULD BE 27 
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CANADIAN RIVERt cnNADIANt TEXAS 

BELOW SANFORD RESERVOIR 

FLOOD POTENTIAL IS ESTIMATED AT 6 OF A SCALE OF l TO 10 

FLOOD POTENTIAL SCALE IS LISTE0 BELOW; 

1 - NO SIGNIFICANT FLOODING. 

2 = SOME STREET AND LOW LANJ FLOODING. 

3 = STREET AND SOME RESIDENTIAL FLOODING. 

4 - MAJOR STREET ANO RESIDE~TIAL FLOODING& 

5 - STREAM FLOODING AND PRO?ERTY LOSS, VERY LIGHT. 

' 6 = STREAM FLOODING .WITH CHANCE OF LOSS OF LIFE AND 
PROPERTY LOSS, LIGHT. 

7 - STREAM FLOODING WITH PR~PABLE LOSS OF LIFE (0 TO 
50) AND PROPERTY LOSS, ~ODERATE. 

8 = STREAM FLOODING 'WITH Lc?ss OF LIFE (50 .TO 150) AND 
PROPERTY LOSS, MAJOR. 

9 = SJREAM. FLOODING WITH LOSS OF LIFE (150 TO 400) 
AND PROPERTY LOSS, MAJO~ .. 

10 -- CATASTROPHIC FLOOD. 

POSSlBLE DEATHS FROM PROBABLE MAX STORM WOULD BE 0 



PALO DURO CANYON STATE PARK NR. CANYONt TEXAS 

TOTAL DRAINAGE BASIN ABOVE GAGE 

1'1'.'7 
,)I 

FLOOD POTENTIAL IS ESTIMATED AT 8 OF A SCALE OF 1 TO 10 

FLOOD POTENTIAL SCALE IS lISTEJ BELOW; 

1 - NO SIGNIFICANT FLOODING~ 

2 = SOME STREET AND LOW LANJ FLOODING. 

3 = STREET AND SOME RESIDENTIAL FLOODING, 

4 = MAJOR STREET ANO RESIDENTIAL FLOODING, 

5 = STREAM FLOODING AND PRO?ERTY LOSS, VERY LIGHTo 

6 = STREAM FLOODING WITH CHANCE OF LOSS OF LIFE AND 
PROPERTY LOSS~ LIGHT. 

7 =STREAM FLOODING WITH PRJPABLE,LOSS OF LIFE 10 TO 
50) AND PROPERTY LOSSt ~ODERATE~ 

,.._ 
B = STRGAM FLOODING WI~H LOSS OF LIFE l50 TO 150) AND 

·PROPERTY LOSS, MAJOR, 

9 = STREAM FLOODING WITH LOSS OF LIFE (150 TO 400) 
AND PROPERTY LOSS~ MAJO~. 

10 = CATASTROPHIC FLOOD. 

POSSIBLE DEATHS FROM PROBABLE MAX STORM WOULD BE 108 
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LOCAL CREEK, BOYS RANCH, TEXAS 

TOTAL DRAINAGE AREA 

FLOOD POTENTIAL IS ESTIMATED AT 8 OF A SCALE OF 1 TO 10 

FLOOD POTENTIAL SCALE IS LISTED BELOW; 

'O·. 

1 = NO SIGNIFICANT FLOODING. 

2 - SOME STREET AND LOW LAND FLOODING? 

3 = STREET AND SOME RESIDENTIAL FLOODING. 

4 - MAJOR STREET AND RESIDENTIAL FLOODING, 

5 - STREAM FLOODING AND PRO?ERTY LOSS, VERY LIGHT. 

6 - STREAM FLOODING WITH CH4NCE OF L.OSS OF LIFE AND 
PROPERTY LOSS, LlGHT. 

7 = STREAM FLOODING WITH PRDPABLE LOSS OF LIFE (0 TO 
50) AND PROPERTY Loss~ ~ODERATE~ 

8 = ST RE-AM FLOODING lHTH LOSS OF LIFE ( 50 TO 150) AND 
'PROPER TY LOSS, MA JOH~ 

9 = STREAM FLOODING WITH LOSS OF LIFE (150 TO 400) 
AND PROPERTY LOSS, M/.iJO~. 

10 = CATASTROPHIC FLOODe 

POSSIBLE DEATHS FROM PROBABLE MAX STORM WOULD BE 64 
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FLASH FLOOD FUHECASTlNG TAGL( 

STATE OF N MEXlCO 

FOR[CAST ZONE 1 

PERICA CREEK, CLAYlONt NEW MEXICO 

lOT~L LOCAL AREA 
CREST GAGE HClGhT IN FEET 

lNI11Al STAG[ = 0.7 F'f 

FLOOD STAGE = 2.7 FT. 
GAGE ZERO= 4980.00 FT.-MSL 
TIME TO PEAK - 1.8 HOURS 

FLASH FLOOD 
t;UIDANCE llKHES OF RA.IlffALL IN 3 HOURS 
VALUES* 0,5 1,0 1.s 2.0 2.s 3.o 4.o s.o 6.o 

2.3 3,9 1.0 l 1.3 5.3 6.1 
2.0 3.2 l.2 J 1.2 5.0 5,8 
1.7 2 <' . ;) 1.4 I l.O 3 .. 9 5.3 
1.5 2.2 L!S I 0.9 3.1.f 5.l 
1. 2 1,9 1.8 I o.·r 2.& 1;.5 
1.1 1,6 2 • 0 1 0 • 7 2 • 3 ~ • '( 
0.9 1.4 2,2 I 0.7 2.0 3,0 
O.B 1.2 2. q I O. 7 1 ~ 7 2 ~ 5· 
o.7 1. 0 2~6 I 0.1 1.5. 2.2 
0.1 0.9 2 ,Cl ·I 0. 7 1. 4 2. l 
0.1 'QJ. 7 3,0 I 0.7~ 1.1 1.6 
0.1 0.7 3.2 1 o.7' o.9 1.5 
0.1 0.7 3,«t I C.7 0.7 1.2 
0. 7 0.7 3.6 I 0,7 0.7 1.0 
0.1 0 • -, 3.8 I 0.1 o.7 o.e 
o.7 0.1 it.o l o.7 0.1 0.1 
0 -, 0. 7 o I ••• 2 l 0.7 - 0.7 0.1 
0. 7 ' 0.7 11.i+ I 0.7 o.7 o.7 
0 • ., O.? lt.6 I 0,7 0.7 0.7 

lt.8 I 0.7 0.7 D.7 0.7 0.7 
s.o I 0.1 o.7 0.1 0.1 0.1 

* AVAILABLE FORM LOCAL WEATHER SERVICE 

(. '9 E'..4 '3. 3 9.6 
6. (, 8.1 

"'. 2 
9.b 

b.O 7. f, 9.0 9.5 
5.8 7 .. 2 8.8 9.4 
5 .,l.t f,. 9 8. !.} 9.:; 
!:i, 2 {,. 5 8.0 9.2 
l.j. 5 G.l 7. (, 9.0 
3.9 5,8 7,,2 8.7 
3.3 5 •• 11 6,B 8.3 
3,0 5. 1; (,. 6 o.2 
2.4 ~1. l 6.2 7-6 
2·. 1 ll. 5 G,O 7.3 
1.8 3 • ., 5,6 (,. 9 
1.& _ 3fl2 5" lt c;. (, 
1.3 2.7 5.1 (,. 3 
1.1 2.3 :; ... a 6.0 
0.9 2.0 4. 6 6.1 
0.1 l.7 3.8 5.9 

- 0. 7 1.s 3.3 5. f. 
0.1 1. ~- 3,0 5.5 
0.7 1.2 2.6 !'i. 2 

OFFIC!:: 

e.o n:;.o 

10.4 11. 2 
10. lj 11.l 
10. 3.- 11.0 
10.2 10.9 
lG.1 1 0. s 
10.0 10,7 

9,9 10.6 
9,8 10.5 
9.7 10. I.! 
9,6 10,3 
9.5 10. ;:> 

9.'t 10.1 
9.3 9.9 
9.2 '3 • B 
9.1 9.7 
B,9 9,5 
9.0 9.6 
8,9 9,7 
B.'-i 9,5 
.6.3 9.5 
7.9 9,3 



FL.fl.SH FLOOD 
GUIDANCE 
VALUES* D,5 

1. 0 l 1.5 
,_ • 2 l 1.1.! 
1.4 I 1. 3 
1. 6 l 1.2 
1.8 1 1.2 
2.0 I 1.1 
2.2 I 1.1 
2.4 I 1.1 
2. (, I l.1 
2.8 I 1.1 
3.0 l 1.1. 
3.2 I 1.1 
3.4 I 1.1 
3.6 I 1.1 
3.8 I 1.1 
lj. 0 I 1.1 
'1. 2 I 1.l 
lj • lj I 1.1 
4.6 I l .1 
lj. 8 I 1.1 
s.o I 1. J. 

--

* AVAILABLE FORM 
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FLASH FLOOD rOR[CASTJNG TABLE 

STATE OF N MEXICO 

FORCCAST ZONE l 

DRY CIMARRON, FOLS0Mt NE~ M[iICO 

1. 0 

2.0 
1,8 
1 .• 7 
1,6 
l.,. 1t 
l.4 
1. 3 
1.2 
1.1 
l . l 
1.1 
1.1 
1.1 
1.1 
1.1 
1.1 
l,1 
1.1 
1 • J. 
1.1 
1.l 

LOCAL 

TOTAL DRAINtGE ~REA 
CR[Sl GAG[ HEIGHT IN FEET 

I.JHTlAL STAGE ::: 1.1 FT 

FLOOD SlAGE = 4.6 FT. 
GAGE ZERO = 6390.00 FT.-MSL 
TIME TO PEAK = 2.3 HOURS 

INCHES OF RAINFALL" IN 3 HOURS 
1.5 2.0 2.5 3.0 4,0 s.o 6.0 8,0 10.0 

2.6 3. 3 4.1 '+. 9 6.5 7.5 8.1 9.1 10.1 
2. Lt 3.0 5.8 4,6 6 .. 2 7. 4 8,0 '9. () :l.O • 0 
2.1 2 , [, 3.3 4.1 5.7 '7. 3 7.8 8.9 9,9 
1.9 2.4 3.1 3,8 5.3 6.9 7.7 8. 8 . 9,7 
LB 2.2 2.8 

3 • '" 
4,5 6.5 7.5 8.7 ':!. 6 

1 •. G 2 ~ 0 2.5 .. ,, 
~ "G £:. r. 1 7. ti e. s · 9.5 .J • &-

1.5 1.8 2.3 2.8 lj • 2 5.7 7.3 8. IJ 9.3 
1.4 1.7 2.1 2.b 3.8 5.3 E..9· 8.3 5.2 
1.3 1.6 1.9 2.4 3. "• i;.a 6. ti 8.1 9.0 
1,3 1 t" . ;; 1.9 2. :i; 3,3 ". 7 6.3 8. D. 8.9 
J.. 2 1. '+ 1. 7 2.0 3.0 If. 2 5.7 7.-j. B.7 
1.1 l.3 1.6 1. ~~ 2.8 i;.o 5.4 7.7 8.6 
1.1 1.1 1.11 l. 7 2 c . ;:} 3,7 5.0 7.6 8. 'l 
1.1 1.1 1.3 1 • f, 2.4 3. lj tt.7 7.4 8.3 
1.1 1.1· 1.2 1.5 2.2 3.1 ti. 3 7.3 8.1 
1.1 1.1 1. l l.'l 2.0 2,9 4.0 7,0 7.9 
1.1 1.1 1.1 1.2 1.8 2.8 lj .1 7 .·2 8.0 
1.1 l.l Ll 1. l 1.7 2. f, t1. 0 1.0 8.1 
1 .• 1 1 .. 1 1.l l.1 l.G 2. 4 3.6 6.5 7.e 
1.1 1.1 1.1 Ll 1.5 2.3 3.5 6.5 7.8 
1.1 L1 l. l 1.1 1.4 2.1 3.l 6.0 7,6 

WEtlTHER SERVICE OFFICE 



FLASH FLOOD 
GUIDANCE 
VALUES* 0.5 

1.0 I 1.2 
1.2 I 1.1 
l,4 I 1.0 
1,6 I 0.9 
1.8 I 0.8 
2.0 I 0. 7 
2.2 I 0.1 
2. i; I 0.7 
2.6 I 0.7 
2.8 I D.7 
3.0 l 0.1 
3.2 I 0. 7 '-
3.4 I' o.7 
3~6 I 0.7 
3.8 I 0.1 
q • 0 I 0 .. 1 
·Ii. 2 I 0.7 
q • 'I I 0.1 
li.6 I D.7 
If .·a I 0.7 
5.0 I 0.7 

• AVAILABLE FORM 
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FLASH FLOOD FORtCASTING lABLE 

SlATE OF N MEXICO 

FORECAST ZONE 1 

RAILROAD CANYON• RATON; N~W MEXICO 

1. 0 

1,9 
1.7 
1,5 
1.3 
1.1 
1.0 
0,9 
0,8 
o.7 
0.1 
0. 7· 
0.1 
o.7 
o.7 
D.7 
0.-, 
o.7 
o.7 
0.1 
o.7 
o.7 

LOCAL 

TOTAL DRAINAGE ~RCA 

CREST GAGE HEIGHT IN FEET 

INITIAL STAGE = o. 7 FT 

FLOOD STAGE = 2 0 9 FT. 
GAGE ZfRO = 6780,00 FT.-MSL 
TIME TO PEAK_~ l,7 HOURS 

INCHES OF RAINFALL'. lN 3 HOURS 
1.5 2.0 2.5 3.0 4.0 5.0 G.O 8,0 10.0 

2.8 4 •. 1 5,4 5.9 7. 0 8. 0 B.9 9.9 10.3 
2.4 3.5 5,1 5.7 (,. 8 7.B fl. 8 9.8 10.3 
2.1 2.8 lf.1 5 .11 6. '1 7.5 B. 5· 9.7 10.2 
l • '3 2.5 3.7 5 .. 1 f>.2 7.2 8.3 9.7 10.2 
1. f, 2.2 3.1 4 • 11 5 .. 9 7.0 8,0 9.6 10.l 
1.4 l.9 .2. 7 3.0 5.7 £,,7 7.B 9.f, 10.0 
1.3 1.7 2.3 3.1 5,.5 6.4 7.5 '9. 5 9,9 
1.1 1.5 2.1 2.8 5.1 f,. 2 7.2 9,3 9.9 
1. 0 1.3 1.8 2.5 lj. 4 5.9 f,. 9 9.0 9.8 
0.9 1.2 l.8 2. 'l- 1t. 2 5.8 b.B 8,9 9.8 
0.7 o• o l.lf 2. 0' 3.6 5.5 6.4 [,. 6 9.7 
0.1 0.9 1.3 1.8. 3.1 5,3 f,.2 B. l.J 9.6 
0.1 0.7 1.1 1. f, . 2. 7 ti• B i;.o a.1 9.5 
0.1 0.1 1.0 1.4. 2, II· 4.3 5.8 7.B .9. 3 
0.7 0.1 o.e 1.2 ·2.2 3.8 5.6 7.5 9.0 
0.7 0 •. 7 0.7 l.1 2.0 3,3 5. If 7.3 8,7 
0.7 0.1 0.7 0.9 1.7 3.2 5,4 7, lj B.9 
0.7 0.7 0.1 0.7 1.5 2.8 5,.3 7.3 9.0 
0.1 0.1 0.7 o.7 1.3 2.5 4. 8 1.0 8.5 
0.1 o.7 0.7 ·o. 1 1.2 .2.3 'I .-i; .(,. 9 l.6 
0.7 0.1 o.7 0.7 1.1 2 •. 1 ?>. 8 6.6 8.1 

\./EAT HER SERVlCE OFF Ict:· 



FLASH FLOOD 
GUIDANC[ 
VAL\J[S>t 0.5 

1. 0 I 2.2 
l .. 2 I 2. {) 
1, lj I 1.8 
1 • (, I LG 
l . r. I 1.5 
2.0 l l.'t 
2.2 I 1. 4 

2." l 1. 4 
2.6 I 1.lf 
2.e I 1.4 
3,0 I p·4 
3.2 I • 4 •• 
z,. lj I 1.'l 
3.6 I 1.4 
3.8 I 1.4 
't • 0 I 1 • 't 
4.2 I 1. ti 
4.4 l 1.4 
lj • b I 1.4 
ll. 8 r 1.4 
s.o I l. If 

* f1VAILABLE FORM 

FLASH FLOOD FORtCASTING TABLE 

STATE O~ N MEXICO 

FORECAST ZONE ·1 

CIMARRON RIVER, SPRINGER, ~[~ MEXICO 

90 SQUARE MJLES ABOVE SPRING~R, TOTAL = 2&73 
CREST GAGE HEIGhT IN FEET 

1.0 

3,3 
?J. 0 
2.6 
2.4 
2.1 
1. 9 
1.7 
1.6 
1. 4 
1.4 
1,4 
1. 4 
1. 'l 
l.4 
1. 4 
1.4 
l • If 
1.4 
1.11 
1.4 
1 • 't 

LDC AL 

INITIAL STll.GE :;: l. If FT 

FLOOD STAG[ = 5.6 FT. 
GAGE ZERO= 5770,00 FT.-MSL 
TIME TO PEAK = 1.9 HOURS 

INCHES OF HA INF ALL' IN ?> HOURS 
1.s 2.0 2.s 3.o q.o s.o 6.o 8,0 10,0 

If. 7 (,. 2 1.B 8.8 10.0 11.2 12, lj 13,9 11!. 3 
4.1 ~\ ~ 5 7.l B~S 9.B 11. 0 12.2 13.9 .14. 3 
3.G ••• 7 &.2 7. (, 9,3 10.6 l. l.. 9 13,8 llf. 2 
3.2 ~.2 5.7 7,1 9. (l 10.3 11.f, 13.7' 14.2 
2.8 3e8 5.1 t:..5 8.5 10,0 1'J..2 13,4 l 't. 1 
2 ... • ::> 3.:, 4 .. 5 5 ,, 9 D.5 CJ. 7 10.9 13 .. 2 1 1~. 1 
2.3 3.0 3.9 5.1 7.9 9.3 10.6 l3.D 14o0 
2.n 2.7 3.6 " • G. 7.2 0 • -. "'- j 0. 3 12.7 13. 'J 
1.8 2.3 3.~ 4. 2 6,5 8.7 9.9 12.5 13.9 
1.7 2.2 3.0 lj. 0 6.3 8. i; 9.8 12 .1! 13.8 
1. 4 1.~ 2. f, 3. it 5,6 8. (I 9.3 12.0 13. f, 

1 •Lt 1~7 2.3 3 .1 5.1 ., • 5 9.1 11. 7 13.3 
1.11 L4 2.0 2.7 4. 5 f .• 9 8.8 11. 3 13.0 
1.4 1. lj 1.8 2.. 11 4.1 E,3 8.f, 11. 0 12.8 
l.'l 1.1! l.6 2.2 3,7 5,8 8,2 10.7 12.5 
1 • 4 l. 4 1. '+ 2.0 3.4 5.3 7.6 10 .11 12.1 
l.4 l, 11 1.4 LG 2.9 5.2 7.8 10,5 12. ti 
1.4 l • 4 1. t.t 1.4 2.6 l,f. b 7.5 10. 't 12.11 
1.4 1.4 1.4 1.4 2.4 4.2 6.8 iu.o. 11. 9 
1.4 1. ,4 :.. • tJ 1. !.~ 2.2 3.9 G.7 '3. '3 11.9 
1. '+ 1.4 l. If 1.4 2.0 3.6 5.9 9.f, 11.4 
~JE:ATHCR SEHVlC[ OFF IC~ 
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FLASH FLOOD FOR[CASTING TABLE 

STATE DF N MEXICO 

FOHLCAST. ZONE 
., 
L 

CONCHAS CANAL, TUCUMCARI• ~[W MEXICO 

Fl,;\SH FLOOD 
C:Ul f;f>.NCE 

1.0 

TOTAL DRAINAGE AREA 
- CREST GAGE HEIGHT IN FEET 

INITIAL ST/l.GE :: 0.7 FT 

FLOOD STAGE = 2.g FT. 
GAGE ZERO = u10D,OD FT.-MSL 
TIME TO PEAK = 2.3 HOURS 

JNCHES OF RAINFALL: IN 3 HOURS 
1.5 2.D 2.5 3.D 4.D 5.D 6.0 e.o 10.0 

-----------------------------------------------------------·----
i.. 0 I 1.8 ·:) .·5 5. r; ·(;. 7 ll • 0 9. ~: 10,0 10.7 11.3 ·12~2 12.3 
1.2 I 1. f, 2. [) 5.l b .. 2 7. ~i 8-B 9.9 '.Jo. b 11 .• 2 121". 2· 1 '> ., <. • .:> 

1. !; ! l "2 2 .. 2) I< • 0 5" r; 6.7 1. ·:i 9 .. 7 l [). 4 j 1. 0 12.1 12.3 
l. f, I LO 2.0 3.2 5.3 (,. ;4 ., r: 

i ~ .J ·:i • (, 10.2 10~9 12.1 12e3 
1.8 I 0,8 1 • f, 2. f, 4.5 5.9 7. 0 ~.2 10.0 10.7 l2" (J 12.2 
2.0 I 0.1 1,4 2.2 3.5 ~). 5 6 .. =- 8,7 9.S 10' 5 11. 9 12.2 
2.2 I 0,7 1.1 1.9 2.8 l~ ... 8 5v9 e.1 9.7 10.'t l:t. 7 12,2 
2. lt I 0.7 c0,9 1. f, 2.1.! 4.0 ~). b 7.5 5.6 1 Cl 0 2 11. 5 12.2 
2.6 I o.7 o.7 1.2 2.D 3., 2 t)" 2 7.0 9.1 10.0 11,3 12.2 
2.B I 0.1 0.1 1.1 , '8 2.9 '+ • B 6.8 8.9 ·9.9 11.3 12.2 
3.0 I 0.1 0.1 0.8 l.lt 2.3 3.6 6,3 8.2 5"7 11.1 12.1 
3.2 l 0,7 0.1 0.7 1.1 2,. 0 ?,9 5,9 7,8 9,6 l0.9 11.9 
~.4 I 0.1 o.7 o. 7 0.1 1.6 2,5 5.5 7.3 9.3 10.7 :u .• 7 
3. f, I 0,7 o.7 0,7 0. 7 L,2 2. !. 5.1 f,. 8 B.B 10 .. 5 11. 5 
3.8 I 0.7 0 • ., 0.7 0.7 1.0 1.e 1·!. 3 6. i; 8. i; 10. ii ll.3 
&j. 0 I 0.7 0 • 7 D.7 0.1 0. 7 l.5 :~. 5 6.1 7.9 10.2 11.1 
lj. 2 I 0.1 o.7 0.7 0.7 o.-, l. 0 2.7 t..O 8,0 10.3 11.3 
lj • i; I 0.7 0,7 0,7 (). 7 0.1 0.7 2. I+ 5.6 7.8 10.3 11,3 

. i;. 6 I 0.7 o.7 0.1 0.7 0.7 0.7 2.. 0 5.3 7.2 10.1 11.0 
i;. 8 I 0.7 0.1 0.1 0.7 0.1 0.1 :l.. 8 q,a 7.1 10,0 11. 0 
s:o l 0,7 0.1 0.7 0.7 0.7 0.1 1.5 4.1 (,. 5 9.B l0.8 

• AVAILABLE FORWLOCfl.l \.IEATHG< SERVICE OFF l Ct: . 



FLASH FLOOO 
SUIDt>.Ni::E 
VALU[S"- 0.5 

1.0 I l. It 
1.2 I L4 
1,4 I 1.2 
l. f, r 1.1 
1.8 1 Ll 
2.0 I 1. 0 
2.2 I l.O 
2.4 I 1.0 
2·. f, I 1.0 
2.8 I 1.0 
3.0 I l. 0 •• 
3.2 I ·1.0 
3. It I 1.0 
3,(, I 1.0 
3.8 I 1.0 
'I• 0 1 1.0 
4.2 I 1.0 
q. 'I I 1.0 
'I.[, I 1.0 

". 8 I 1.0 
5,0 I l. 0 

• AVAILABLE FORM 
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FLASH FLOOD FORECASTING TABLE 

STATE OF N MEXICO 

FORCCAST ZONE 2 

CIMARRON RIVER, UTE PARK. ~EW MEXICO 

~: .1 
1.9 
l.7 
1.5 
1,4 
1.3 
l..2 
1.1 
1.0 
l • 0 
1.0 
1.0 
1.0 
1.0 
l.O 
l. 0 
1.0 
LO 
1.0 
1.0 
1. 0 

LDC AL 

EAGLE NEST 10 UTE PARK 
CREST GAGE HEIG~T IN FEET 

INlT If.IL STl<G[ :: l.O FT 

--
Fl DOD SlAGE = 4.1 FT. 
GAGE ZERO= 7405.0D.FT.-MSL 
TIHE 10 PEAK - l.B HOURS 

lNCHCS OF RAHJi'.11l.L' IN ~ HDUHS 
i.s 2.0 2.s ~.a 4.o s.a &.o 

2.8 3 .. b t; • [, 5~7 7 •. l 7.7 8.'+ 9.8 10,9 
2.5 3.2 4.2 5 ,, :1 b « ~1 7.6 e" 3 9.7 10.8 
2.2 2.8 3.6 4' (, (,. f, 7 ,;If (\ .1 9. 5 ' l.C. 6 
2.0 2.& 3.3 4 ~ ~: f,,1 7.2 7.9 9, If ~. 0: 5 
i.a 2 4) 3 3.0 :;.e, 5,7 7._0 7.8 9.2 l 0, tt 
1.6 2.1 2.7 ~ ~ ~) :, • 2 b.9 7.6 9,0 10.2 
1.5 1.9 2. tt 3'f 0 1+ • ., b. 7 7. I.! B.B 10.0 
1.1. 1.7 2.2· 2,B '•. 3 f,,2 7.2 B.7 9.9 
1.2 1.5 2. It 0 2.5 3.B 5.G 7.0 8.5 9.6 
1.2 1.5 1..9 2 ,, 4 3.7 5.4 &.9 8. '1· 9.& 
1.1 1.3 1.. 0 2.1 3.,) l.J • B 6.7 8.1 9.3 
1.0 1.2 1. 5 1.9 3.0 I.! i; . - 6.2 e.o 9.1 
1.0 1. 0 1.4 1.7 2.1 lj .1 5.8 7.8 8,9 
1. 0 l. 0 l.2 LG ., c 

·L • ...J :. • 7 5.3 7J., 8,7 
l. 0 1.0 1.1 1,4 2.3 :!) • q It .9 7. 'f 8.5 
1.0 1.0 1.0 ~-. 3 2.1 3.1 lj. s 7.3 8.2 
1.0 1.0 l. () 1.1 1.8 3.0 I{. 7 7,3 8.4 
1.0 .1. 0 1.0 1.0 1. "7 2.7 lj. 5 7' "S 8. ct 
1.0 1. 0 l.O 1.0 1.5 2.5 4.0 7.1 8.1 
1.0 l. 0 1.0 1. 0 1. '+ 2.4 3.9 7,0 8.1 
1.0 1.() 1.0 1. 0 ). • 3 2.2 3 .1; 6.B 7.8 

WEATHER S[RVlCE OFFlCi:: 
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FLASH FLOOD FDHECAST!NG TAf3LE 

STATE OF N MEXICO 

FORECAST ZONE l 

i.JOLF CRE[K, VALMORf,, NE~ MEXICO 

·10TAL DRAINAGE AR!:A 
CREST GAGE HEIGHT IN FEET 

IN IT I AL STAGE ::: 1. 4 FT 

FLOOD STAGE = 5.8 FT. 
GAGE ZERO = 6315.00 FT.-MSL 
THIE TD PEAK ·- 3.0 HOURS 

FLASH FLOOD 
GUIDANCE INCHES OF RAINFALL' IN 3 HOURS 
VALUES* o.s 1. 0 1.s 2.0 2.5 :~. 0 4.0 5.0 b. 0 s.o 10.0 

---------------------------------------------------------------
1.0 I 1.9 2.6 3.4 4.3 5.4 t>.3 8.1 9.0 9.7 10. 9 .· 12.1 
1.2 I 1.8 2.'t 3.0 3. 9 Lf • 9 (o • 0 7.8 B.9 9.5 10 0 8 12.D 
1 • 11 I 1.7 2.1 2.1 3.4 1;. 3 5.3 7.1 8.7 9' I.\ 10.6 11.8 
l.G I 1.6 2.0 2.5 3.1 1;. 0 I.\. 9 b. 7 8.6 9.2 10.5 11.7 
1. 8 I 1.5 1.8 2.3 2.8 3.6 4.5 6.3 8.1 9.0 10.4 11.s 
2.0 I l.4 1.7 2.1 2.6 3.3 " • 1 6.0 7.7 8.9 10.2 11.3 
2.2 I 1. lj 1.6 1.9 2. 3 . 2 .. 9 3.6 5 .11 7.2 8.7 10.0 11.2 
2.4 I 1.11 1.5 1.8 2.2 2.7 3.3 s.o 6.8 8.5 ·9. 9 11. 0 
2.6 I 1. 4 •• 1.4 1.7 2.0 2.5 3.1 ·lj. 5 6.2 8.o 9.7 10.8 
2.8 I 1. 4 1.4 l.G 1.9 2. If 3.0 l.j. 4 6.1 7.8 9. 6 10.7 
3,0 I 1.4 1.4 1.5 1.7 2.1 2.b 3.9 5.5 7.2 9 ·" 10.5 
3.2 I 1.4 1.4 1.4 l.G .2. 0 2.4 ·· 3.G 5~2 G.8 9.3 10.3 
3.4 I 1.4 1.4 l. If 1.4 1.8 2.2 3.3 'I. 8 6 .11 9.1 10.1 
3.G I 1.4 1.4 1.4 1. li 1.7 2.0 3.D lj. 4 6.1 8.9 9.9 
3,8 I 1.4 l. If 1.4 1.4 1.6 1.9 2.8 4.0 5.7 B, 7. 9.7 
I!. 0 I 1.4 1.lf 1.4 l. '+ 1.4 1.8 2.6 3.8 5.2 8.G 9.5 
l.j. 2 r 1.1.j 1.4 1.4 1.4 1.4 1.6 2.3 3,G 5.lf 8.6 9.6 
4.4 I 1,'t 1.4 1. q 1.4 1. '+ 1.1+ 2.2 3.3 5.2 8.6 9.7 
11. 6 I 1.4 l. l.j 1.4 1 • '+ 1.4 1. '+ 2.0 3.1 i;. 7 a.1 9. ti 
lj • 8 I l. If 1.4 l. If 1.4 1.4 1.4 1.9 2.9 4.6 s.1 9.4 
5.0 I · 1. If 1.4 1.4 1.ll l.tt 1.1.! 1.8 2.7 l.j .1 7.5 9.1 

* AVAILABLE FORM LOCAL l./EATHER SERVICE OFFICE 



FLASH FLOOD 
GUIDANCE 
VALUES* 0.5 

l. 0 I 1.9 
1.2 I 1.8 
1.4 I 1.6 
l. f, I 1.5 
1.8 I 1 .1.;. 
2.. 0 I 1. t.; 
2.2 I 1.4 
2.4 I l. 't 
2.b I 1. 1l 
2.8 I 1.4 
3.0 I 1., 4 
~.2 I 1.4 
3.1! I 1.1+ 
3.t. I 1.4 
3.8 I l. 'I 
ij. 0 I 1.1! 
'l.2 I 1. lt 
4 • 11 I 1. 't 
4. f, I 1.4 
4.8 I -1.4 
5.0 I -· 1.4 

~ 

• AVAILABLE FORM 

FLASH FLOOD FORECASTING TABLE 

STATE OF N MEXICO 

FORECAST ZONE l 

MORA RIVER, WATROUS. NEW MEXICO 

90 SQUARE HILES ABOVE WATR~US. TOTAL = 670 
CREST GAGE HEIGHT IN FEET 

1. () 

2.7 
2.5 
2.2 
2. r) 
1,8 
1.1 
1 .. 6 
1.5 
1.4 

INITIAL SH.GE- = Lit FT 

FLOOD STAGE = 5.5 FT. 
GAGE ZERO = 6450.0D FT.-MSL 
TIME TO PEAK = 3~2 HOURS 

INCHES OF RAINFALL" IN 3 HOURS 
1.s 2.0 2.s 3.o 4.o s.o ~.o s.o 10.0 

3.7 4.7 6.0 7.1 8.G '3. 4 10.2 11.8 13.0 
3.3 Lt• 3 5 .. 5 G.6 8.5 9.3 10,l 11. 7 12.9 
:?'.. 9 3.7 4.8 5.9 B.1 9.0 9.5 11. 5 . 12.7 
2. f, 3.4 4. (f 5.5 7. (, B.8 9.7 11.3 12.& 
2.4 3.0 4. (J s.o 7,1 8,6 9 .. 5 ,_ 1 ,;1. 12." 5 
2.1 2.1 3. f, 4.5 b"G B.4 9.3 10.9 12.3 
2.0 2.5 3.1 4.0 6.0 8.2 9.0 l0.7 12.1 
1.8 2.2 2.9 3.6 5.6 7.6 8.8 10.s 11, 9 
1..6 2.0 "' ' c..,, 0 3.3 5.0 7.0 8.6 10.3 11.7 

1.4 "Q. 6 1.9 2.5 0.2 11. 8 6.8 8.5 10.2 11.G 
1,4 1. 4 l.7 2.2 2.8 t1. 3 6.1 8.1 9.9. 11.3 
1.1+ 1.1! 1. 6 2 .. 0 2.5 1l. 0 5,8 7.7 9,7 11.1 
1.'+ 1.4 1.1! 1.8 2.3 :, • f, 5.3 1.2 '9. 5 10.8 
1. if 1.4 1. I.I 1.6 2.1 T ".> 

.;;:i • ._,I 4.9 b "T 
• I 9.3 10.5 

l. I.I 1.1. 1 .1! 1.5 1.9 3. (J 'I;, 5 6.3 9.1 10.3 
1.4 1.4 1 •. 4 1.4 1.8 2.1 t.} ~ l 5.8 8.9 10.0 
1.'t 1.4 1.4 l.lf 1.5 2. It ,, • t:l 6. 0 8,9 10.2 
l.4 1.1+ 1.1< 1.4 1.4 2.2 3. [, 5.8 B.9 10.3 
1.4 1.4 1 .. 4 l.'t 1. q 2.0 3.3 5.3 8.f. 9.9 
1 • i; 1.4 l.'t 1.4 1.lt 1.9 3.l s.·2 8.6 9.9 
1.1! 1.4 1.4 1.4 l. lf 1.8 2.9 lj. 5 8.4 9.5 

LDC AL WEATHER SERVICE: OFF IC:.: 



FLASH FLOOD 
GUIDANCE 
VALUES* 0,5 

1. 0 I 11.E> 
1.2 I 11.7 
1.4 r 11. 5 
1 • (, I 11 •I.; 
1.8 I 11.3 
2.0 I 11.3 

. 2.2 I 11.3 
2. 4 l 11. 3 
2.6 l 11.3 
2.8 I 11. 3 
3.0 I 11.3 
:;. .2 I 11.3 
3.4 I 11. 3 
3,G l 11.3 
3.8 I 11.3 
lj. 0 I 11. 3 
4. 2 I 11. 3 
4. lf I 11,3 
4.6 I 11.3 
&; • 8 I l l. 3' 
s.o I 11.3 
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FLASH FLOOD FORECASTlNG TABLE 

STATE OF OKLAHOMA 

FORECAST ZONE 20 

NORTH CANADIAN RIVER AT 2EAVER, OKLAHOMA 

1.0 

12,5 
12,3 
12.0 
11. 9 
11. 7 
11.s 
11. 5 
11. 4 
11. 3 
11. 3 
11.3 
11,3 
11.6 
11.3 
11.3 
11.3 
11. 3 
11. 3 
11.3 
11,3 
11.3 

LOCAL AREA, GUYMON TO 3EAVER 
CREST GAGE HEIGHT IN FEET 

INITIAL STAGE = 11.3 FT 

FLOOD STAGE = 15.0 FT. 
GAGE ZERO = 236e.oo FT.-MSL 
TIME TO PEAK = B.9 HOURS 

INCHES OF RAINFALL IN 3 HOURS 
1.5 2.0 2.5 3,0 4,0 5.D 6.D 8,0 10.0 

13.3 1 '!. 3 15.2 15.5 16. 6 l7. 5 18.3 19,2 20.0 
1 3. 0 13,9 15,0 15.5 16. If 17.3 J. 8. 2 19. l J. 9. 9 
12.(, 13. 3. 14.3 15.2 lb •. 1 17.0 18.0 l9.0 19.8 
12. lj 13.l 14.0 15.0 15.9 1 f.. 8 17.7 18\1 9 19.7 
12.2 12.8 13 ,, (, 14,5 15.7 1 6. (, 17. 5 18,8 19,S 
12.0 12.5 13.2 1 l\. l 15 .. 5 16 .. 3 17. 3 18,7 19.5 
11. 8 12.2 12.9 13.b 15.2 lb.1 l "i'. 0 18.G 19.4 
ll. 7 12.l 12.6 13.3 15.0 15.9 lb. B lB.5 19. 2. 
11. 5 11. 8 12. 1.J. 13.0 14.5 15.G lb. 5 18.4 19 •. l 
11.5 11. 8 12.3 12 •. 9 14.4 15.5 l (,. 4 18.3 19.1 
11.3 ll ~ (, 12.0 12.5 13.9 15~3 lb .1 18,0 18.9 
11.3 11. 4 11. 8 12,3 13,6 15.1 15.9 17.8 18.8 
11.3 11. 3 11.7 12.1 13.2 14.8 15.7 17. 5. 18,£, 
11.3 11.3 11. 5 ll.9 13.0 1 lf • It 15.5 17. 3 18.5 
11.3 11. 3 11. If 11.e 1~.7 1 lf. 0 15.3 17,l 18 • '• 
11. 3 "11.3 1L3 11.6 12.5 13.7 15.1 lG,8 18.2 
11. 3 11. 3 ll.3 11. 4 12.2 13.6 15.2 16.9 18,3 
11.3 11. 3 11.3 11.3 12.0 13.3 15.1 lb. 9 18.3 
l 1.3 ll. 3 11.3 11. 3 11.9 ·13.0 14.8 16,G :18.0 
ll.3 11. 3 11.3 11. 3 11.8 12.9 14.7 1G.5 113. 0 
11.3 11. 3 11.3 11.3 11. f; 12.7 14.1 H..2 17.6 .. AVAILABL[ FORM LOCAL \.J[ATH[R SERVI Cl OFFICE 



FLASH FLOOD 
G!JlDANC[ 
VALUES* O .. ?~ 

l. 0 I 2.1 
L2 I 2.0 
1 • Lf l L9 
1.6 I 1.8 
1.8 I 1.8 
2 •. 0 I l. 7 
2.2 I l.7 
2.4 I 1.7 
2.6 I l. 7 
2.B I 1. 7 .... 
3.0 I l. 7 
3.2 I l. 7 
3. 4 I 1. 7 
3.6 I 1.7 
3.8 I 1.7 
I.!. 0 I . 1. 7 
4.2 I 1. 7 

·4, If I l. 7 
lj. b I l.7 
4.8 I 1. 7 
5,0 I 1. 7 

• AVAILABLE FORM 
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FLASH FLOOD FORECASTI~G TABLE 

STATE OF OKLAHOMA 

FORECAST ZONE 21 

NDR1H CANlnlAN R:VER AT GUY~ON, OKLAHOMA 

l.O 

2.7 
2.5 
2.3 
2. 2. 
2.1 
2.0 
1.9 
1. fl 
1. 7 
l. 7 
1.7 
1.7 
1. 7 
1.7 
1.7 
1. 7 
1. 7 
1.7 
l. 7 
1. 7 
1. 7 

LOCAL ~~[~, STATE HY 95 10 RfAV~R 
r~L~T CAGE hEIGHT JN rcET 

l l·H T II> L ST AG [ ::: 1 ... 7 FT 

FLOOD STAGE = 6.9 rr. 
GAGE ZERO : 2970,00 FT.·MSL 

R.t.INFALV IN 3 HOURS 
3o0 4,0 5.0 8.0 10,0 

3 .. 3 4.1 5. t) 5.5 7. f, 8.9 10.0 11. l '.i.2. 0 
3.1 ?:;r,. 7 I{ " E, :_:1 .. t; 7.3 g,7 ~-). 9 11. n· 11.9 
2.8 3.3 u ., 

• i • ..i. 1.J ' .,~ (,,8 B .. 2 S.6 10.B 11. 8 
2. (, 3 .. 1 3.8 lj 'b b. t4 7.9 9.3 10.7 11. ·r 
2. l! 2,9 3.6 1l. 3 5.9 ., • b 9.0 10.6 11.s 
2.3 2.7 3,3 ?> <:) ' ; ~). 5 7.2 !l. E. l0,5 11.4 
2.1 2.5 3. (I . 3.6 s.1 6,B 8.2 10.3 ll. 3 
2.0 2.3 2.,B 3,3 If. 7 f,. 4 7.9 1.0.2 11.l 
1.9 2.2 2.b 3.1 '-l'.) 3 s.a .7. 5 10.1 :n1. o 
1.9 2.1 2.5 3.0 4.2 5.7 7.3 10.0 10.9 
1.8 2.0 2.3 2.7 ?,. • B 5.2 6.8 9.8 1 0. 7 
1.7 1.9 2.2 2 .. 5, 3. [, 4.9 f,. 4 9.4 10.6 
1.7 1.7 2.0 2.4 3.3 4,5 6.0 9.0 10.4 
1.7 1.7 l.9 2.2 3.1 I.!. 2 5.6 8.7 10.2 
1.7 1.7 1.e 2.1 2.9 3.9 5.3 8.3 10.1 
1.7 1.7 1. 7 2.0 2.7 3.7 4.9 B,O 9.9 
1.1 1. 7 1. 7 1.S 2.5 3.& 5.0 8.1 10.0 
1. 7 1.7 1.7 1.7 2.3 3.3 4.8 e.o 10.0 
1.7 1.7 1.7 1.7 2.2 3.1 '+. 5 .7. f, 9.7 
1.7 1.7 1. 7 1.1 2.1 3,0 lt.4 7.5 9,7 
1. 7 1.7 L7 1. 7 2.0 2.8 3.9 7.1 9,l 

LOCAL \.!LATHER SERVICE OFFICE 
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FLASH FL~OD FORECASTING TABLE 

STATE OF OKLAHOMA 

FORCCAST ZONE 21 

LOCAL CREEK, KENTON, OKLAHOMA 

TOTAL DRAINAGE AREA 
CREST GAGE HEIGHT IN FEET 

INIT l AL SY AGE = 1.9 FT 

FLOOD STAGE = 3.8 FT~ 
GAGE ZERO = 4290.DO FT.-MSL 
TIME TO PEAK = 1.9 HOURS 

INCHES OF RAINFALL IN 3 HOURS 
FLASH FLOOD 
GU!DANC[ 
VALUES* 0.5 1.0 1.s 2.0 · 2.s 3.o 11.0 s.o 6.o 

1.0 I 3.0 q.6 6~5 7.3 8.3 
1.2 1 2.8 4.1 s.o 6.9 7.9 
1.4 l 2.4 3.5 5.1 6.5 7.3 
l.b l 2.2 3.2 4.5 6.1 7.0 
i.a r 2.0 2.a 3.9 s.11 6.7 
2.0 1 1.9 2.s 3.4 11.b &.4 
2.2 I 1.9 2.3 3.1 4.1 5.7 
2,4 I 1.9 2.1 2.a 3.6 5.1 
2.G I 1.9 1.9 2.4 3.2 4.4 
2.B I 1.9 1.9 2.3 3.0 4.2 
3.0 I 1.9 1.9 1.9 2.6 3.5 
3.2 I 1.9 1.9 1.9 2.3 3.2 
3.4 I 1.9 1.9 1.9 1.9 2.B 
3.6 I 1.9 1.9 1.9 1.9 2.4 
3.8 I 1.9 1,9 1.9 1.9 2.2 
q.o I 1.9 1.9 1.9 1.9 1.9 
4.2 I 1.9 1.9 1.9 1.9 .1.9 
q.4 r 1.9 i.9 1.9 1.9 1.9 
4.6 r 1.9 1.9 1.9 1.9 1.9 
4.8 I 1.9 1.9 1.9 1.9 · 1.9 
5.0 I 1.9 1.9 1.9 1.9. 1.9 

• AVAILABLE FORM LOCAL WEATHER SERVICE 

9,3 
8.9 
8.2 
7.9 
7.5 
7.1 
6.7 
(,. 4 
6.0 
5.7 
lt.8 
4.2 
3.7 
3.3 
3.0 
2.7 
2.2 
1.9 
1.9 
1.9 
1.9 

OFFICE: 

10.8 
10.8 
10.1 
9.7 
9.3 
8.9 
8. ti 
7.9 
7.5 
7.4 
1.0 
6.7 
6. If 
6.0 
5.3 
lj. 7 
t;.. 0 
3.f, 
3.2 
3.0 
2.7 

11. 3 11.8 
11. 2 11..7 
11. l ·11.6 
11, 0 11.4 
10.8 11. 3 
10.7 1.1.2 
10.2 11.1 
9.7 11 -~~. 
9.2 10.8 
9.D 10.8 
8.5 10.2 
8.1 9.8 
7~7 9 ... 
7 • L! 9.0 
7.1 8.6 
6.B 8.2 
f.;. 7 8.3 

. 6. 4 8.l 
6. J. 7.7 
5.7 7.6 
s.1 7.1 

B.O 10.0 

l2.7 13.5 
12.7 13.5 
12.5 13. l-f 
12.4 13,3 
12.3 13.2 
12.2 13.1 
12.1 12.9 
12.0 12.8 
11.8 12.6 
11,8 12.6 
11.b 12,4 
11.5 12.3 
11.3 12.1 
11.2 12.0 
11.1 11.8 
11. 0 11. 7 
11.0 11.8 
11.0 11.8 
10.8 11.G 
10.e 11.6 
10.5 11.q 



FLASH FLOOD 
GUIDANCE 
VALUES* 0.5 1. 0 

FLASH FLOOD FORECASTING TP.BLE 

CANADIAN RIVERt CANADIAN• TEXAS 

BELOW SANFORD RESERVOIR 
CREST GAG[ HE!GhT IN FEET 

INITIAL STAGE ::: s.s FT 

151 

STATE OF l[XAS 

FORECAST ZONE 1 

FLOOD STAGE = 17.l FT. 
GAGE ZERO = 701.50 FT.-MSL 
TIME T~ PEAK = 7.0 HOURS 

INCHES OF RA INF ALL: IN 3 HOURS 
l.5 2.0 2.5 3.0 4.0 5.0 G.O e.n io.o 

---------------------------------------------------------------
1. (I I B.9 9.4 l 0. (l j {l. 7 11. 5 12 •If 14.1 15.8 17.2 18.3 19.4 
l.2 I 8.8 9.2 9.S '.I 0, 11 11.2 12.0 13.8 15.5 1'7.1 18,; ~. 19.3 
1 • 4 l 8.7 9.1 9 .-• ::> l 0. 0 10.7 11. 5 13.2 11!. 9 16.7 18.1 19. l 
1. (; I 8.6 9.0 9.3 '9 .T:I 10.5 11.2 12.8 l'l. 5 1€ •• 3 1s.o 19.0 
1.8 I 8.6 8.8 9.2 9.6 10.2 10.9 12.4 14 .1 . 15.9 17.9 18. 9-
2.0 I 8.5 -8.8 9.0 9. IJ 9.9 l 0. ('., 12.0 13.7 15.4 l7.7 18.7 
2.2 I 8.5 8. -, 8.9 9.2 9. 7· 10.2 11.6 13.2 14.9 17. £, 18.6 
2.4 I 8.5 8.f. 8.8 9.1 9.5 10.0 11.2 12.8 14. 5 17.4 18.4 
2.6 I 0.s .8. 5 8.7 9.0 9.3 9.8 10.9 12.3 14.0 17. 3 18.2 
2.8 I 8. 5 ~ 8.5) B.7 e.9 °';. 3 9. 7?·-10. 8 12.l 13.8 17.2 18.2 
3.0 I 8.5 8.5 8 .. 6 8.8 9.0 9 .1~ 10 .'I '.1.1. 7 13.2 16.9 l7.'3 
3.2 I 8.5 8.5 8.5 8.7 9.0 9.3 10.2 11.4 12.8 16.5 17.8 
3. 'l I 8.5 8.5 8.5 8.5 8.8 '3. l 9.9 ·11.1 12.4 15.'3 17.G 
3.6 I 8.5 8.5 8.5 8.5 a.1 9.0 9.8 10.8 12.1 15.5 l7.4 
3.8 I 8.5 8.5 8.5 8.5 8. (, 6 a .... 9.6 10.5 11.8 .15.0 17 .3 
lj. 0 I 8.5 e.s 8.5 e.5 8.5 8.8 9. '+ 10.3 11.'t l'l. 6 17.1 
'lo 2 I 8.5 8.5 e.5 e.s 8.5 8.6 9.2 10.2 11.5 14.8 17.2 
4. 'l I 8.5 8.5 e.s 8.5 8.5 8.5 9.1 10.0 11.'l l'+.6 17.2 
'I. 6 I e.5 B.5 8.5 8.5 .8. s 8.5 9.0 9.8 11.0 11! .1 - H,8 
4.8 I 8.5 8.5 8.5 8.5 8.5 8.5 8.9 9.7 11.0 ll!. 0 16.8 
s.o I 8.5 0.s e.s 8.5 8.5 8.5 8.8 9.5 1o..5 13.5 16.0 

~ AVAILABLE FORM LOCAL l./[ATH[R SERVICE OFF ICE: 
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FLASH FLOOD FORECASTING TABLE 

STATE OF TCXAS 

FORECAST ZONE It 

PALO DURO CANYON STATE PARK NR. CANYON, TEX~~ 

FLASH FLOOD 
GUJDANCE 
VALUES* 0.5 1. 0 

10TAL DRAINAGE BASIN ABOVE GhGE 
CREST GAG[ HEIGHT IN FE[T 

INI11AL STAGC ::: o.7 FT 

JNCHES OF Rl<INFALL' 
1.5 2. D 2.5 3. (l 

FLOOD STAGE = 3.D FT. 
EAGE ZERO = 2780,00 FT.-MSL 
TIME TO PEAK = 2.8 HOURS 

I I! 3 HOURS 
;i "0 5.0 (,. 0 B.O 10.0 

---------------------------------------------------------------
1. 0 ! 0.9 1. 4 1.9 2. (, 3 I)~) 4 , .. 

"-> E. • G e.'" 9.1 10.& 11. 8 
1.2 I 0. El l.2 1.7 .?. • 3 3 'fc 2 4 ~ 1 6.2 b ., 

·~ 
9,0 10, I[ J.l. 7 

l. If I 0.7 1.1 1~5 2. l. £:. 9 :3. 7 5.8 7.7 B.B J. D ~ 3 u. 5 
1.6 I 0.7 1. 0 L4 1.9 2. ;:; 3. Lt 5. Q. 7 • '! 2-. 7 10.2 J.1. tt 
1,8 .I 0.-, 0,9 1.2 1 • (, 2.2 2.9 I~' 7 6,7 8,4 9.9 ll .1 
2,, 0 l 0.1 0,8 1.11 l. 4 1.9 2. f, '• .1 '0 ~ 1 8.l 9.7 l 0. '.1 
2.2 I 0.7 0.1 0.9 1.3 1. ·r 2.3 .~)" 9 5.9 7.9 9.6 10.8 
2 .11 I 0. -; o.7 0.1 1. 0 l.5 2.l o.7 t• C.'\ 

.• l., •• 7.8 9.5 10.8 
2.6 I 0.1 o. ·r o.-, 1. I) 1.4 1 ":; 3.2 '•. 9 6.7 9.2 10.4 
2.8 T 0.1 0.1 0.7 0.8 l.2 l.6 2.8 ... 4 &.2 9.0 10.1 .. 
3.0 I 0.1 o.7 0.7 (J. 7 1.0 1.4 2 "!J 4. (\ 5,8 8,8 9.9 
3.2 I 0.7 o.7 0.1 0.1 tl. 8 10) .2. 1. f, 3"G 5.4 8,6 9.7 
3,q I 0.1 o.7 0.7 o .. 7 0.7 1.1 2.0 ~.3 5.0 8. 11 9.5 
3,6 I o.7 o.7 0. 7 0.1 0.7 0,9 1.8 3,2 If, B 8 • '! 9.5 
3,8 I 0.7 0,7 0.1 o.7 0.1 0.8 1. f, 2.9 lj .s 8.3 9. r; 
q. 0 I 0.1 o.7 0.1 ·o.7 0.1 0.1 1. If 2.6 4.2 e.o 9.2 
lj. 2 I o.7 0,7 0.7 o.7 0.1 0.7 1.2 2.3 4.1 7.9 9.3 
If.If I 0.1 0. -, 0. 7 0.1 0.1 0.7 1.0 2.0 :.'i. '+ 6,8 8.7 
lj. 6 I 0.7 o.7 0.7 0.1 0.7 0.7 0.9 1.8 3.1 6.6 8.7 
lj. 8 I ll. 7 o.7 0.7 o.7 0.1 o.7 o.s 1. (, 2.9 6,2 8,5 
s.o I 0.7 o.7 0.1 0.1 ll. 7 0.7 ·0.1 ·1. '+ 2.6 6.0 8. 4 

• AVAILABLE FORM LOCAL 'WEATHER SERVICE OFF lCE. 
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FLASH FLOOD FOR EC fl ST HJG 1 ABLE 

STATE OF T[XAS 

FORECAST ZOrJE 3 

LOCAL CR[[I{, BOYS RAl\CH• l[XAS 

TOTAL DRAINAGE f>REn. 
CR[ST G.t:\G[ H[lGhT IN FEET 

INITIAL STAGE = 1.2 FT 

FLOOD STAGE ·- 5.o FT. 
Gil.GE 2T.RO = 3180,00 FT.-MSL 
TIME TO PEAK = 2.5 HOURS 

FLASH FLOOD 
GUJOA!JC:E !NCHES OF R;.\lNFhLL lN 3 HOURS 
VALUES* o.s 1.0 1 '"'5 2.0 2.5 3.0 ll. 0 :; • 0 f.. 0 fj. 0 10.0 

---------------------------------------------------------------
1.0 l 2.2 3.6 5.2 (;. 9 8,0 8-. 7 10.1 11. t; 12. 'I 13. 0 13.6 
1.2 I ~~. 0 3,2 '-l. 6 6.1 7,8 8. 4 9.B 11. 2 12. 'I 13,, 0. 13,f, 
1. 11 I 1. 7 2.7 3.9 5.2 6.9 8. (! 9. if 10.8 12.0 l 2.. 9 13.5 
l. (, I 1.5 2.4 3.4 I.\. 7 6.3 7.7 9,0 10.5 .l l. 8 12. 11 13. It 
1.8 I l. 3 2.0 3.0 lj. 2 5.7 7.3 8.7 1{).1 11. 5 12.8 13.3 
2.0 I 1.2 1.8 2.6 3.6 5.0 b. (, 8.4 9,8 11. 2 12.7 13.2 
2.2 I 1 ., .c 1.6 2.3 3.1 4.3 5.7 8.1 9.4 10.e 12,6 13.1 
2.4 I 1.2 1.4 2.0 2.8 3.9 5 .. 2 7.8 9.0 10. l! 12,5 13. l 
2. f:, l 1.2 1.2 1.7 2.4 3.4 lj. b 7.3 8.6 10.0 :l.2. 4 13.0 
2.8 I l.2 1. 2 1.6 2.2 3.2 4.4 7.1 8,5 9.9 12.4 12.9 
3.0 I 1.2 1.2 1.3 l • 8 2u6 3.7 6.3 B.1 9. I.! 12.1 12,8 
3.2 I l.2 1.2 1.2 1. 6 2 .• 4 3.3 5.7 7.9 9.1 ll, 9 12.7 
3 .ti I 1.2 1.2 1.2 l.2 2.0 2.,9 5.0 7.6 8.8 11,5 12.6 
3.E. l 1.2 1.2 1.2 1..2 1.7 2 ,. . ;:; 4.6 7.1 s.5 11. 2 12.5 
3.8 I 1.2 . 1.2 1.2 1.2 LS 2.2 l.f,1 6.5 8.2 10.9 12. il 

". 0 I 1.2 1,2 l.2 1.2 1.2. 1.9 3.6 5,9 7.9 10,6 l.2.3 
It. 2 l 1.2 1.2 1.2 1.2 1.2 l.5 3.1 5.7 e.o 10.7 12.lt 
... q. J. 1.2 1.2 1.2 1.2 1.2 1.2 2.7 5.1 7,9 10,6 12.4 ... (; I 1.2 1.2 1.2 1.2 1.2 1.2 2.4 1·1. 6 7~6 1 o. l 12.1 
'I. 8 I 1.2 1.2 1.2 l.2 1.2 l.2 2.2 ll .. 3 7. 6 10,l 12.1 
s.o l 1.2 l.2 1.2 1.2 1.2 1 '• • c. 2.0 3.9 6.-5 9. f, 11.t. 

"' AVAIL.C\BLE FORM LOCAL WEATHER SERVICE OFFICE 
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